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Task: Classify the effects of new degrees of freedom

Many groups, e.g.: Chen and Wang 2009, Baumann and Green 2011, Noumi, Yamaguchi and Yokoyama 2013, 
Arkani-Hamed and Maldacena 2015; Arkani-Hamed, Baumann, Lee and Pimentel 2018, …

Amplitudes meets Cosmology:  
Arkani-Hamed, Benincasa, and Postnikov 2017; Benincasa 2018-2019; Arkani-Hamed, Baumann, Lee and Pimentel 2018;


Baumann, Duaso-Pueyo, Joyce, Lee and Pimentel 2019-2020; Hillman 2019; Green and Pajer 2020…
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Scattering in anti-de Sitter

…in AdS we have a pretty good understanding.

Can we adapt existing successful AdS techniques to dS?



. . .

<latexit sha1_base64="pLXFuThevrw27Kh2nIwSE813uM0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRSUG9FLx4r2A9oQ9lsNu3azW7YnQil9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YSq4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSmKWtSJZTuhMQwwSVrIkfBOqlmJAkFa4ej25nffmLacCUfcJyyICEDyWNOCVqp1RORQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhhfBRMu0wyZpItFcSZcVO7sdTfimlEUY0sI1dze6tIh0YSiDahkQ/CXX14lrYuqX6te39cq9Zs8jiKcwCmcgw+XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8Ab//j0Q=</latexit>

. . .

<latexit sha1_base64="pLXFuThevrw27Kh2nIwSE813uM0=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRSUG9FLx4r2A9oQ9lsNu3azW7YnQil9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YSq4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSmKWtSJZTuhMQwwSVrIkfBOqlmJAkFa4ej25nffmLacCUfcJyyICEDyWNOCVqp1RORQtMvV7yqN4e7SvycVCBHo1/+6kWKZgmTSAUxput7KQYTopFTwaalXmZYSuiIDFjXUkkSZoLJ/Nqpe2aVyI2VtiXRnau/JyYkMWachLYzITg0y95M/M/rZhhfBRMu0wyZpItFcSZcVO7sdTfimlEUY0sI1dze6tIh0YSiDahkQ/CXX14lrYuqX6te39cq9Zs8jiKcwCmcgw+XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8Ab//j0Q=</latexit>
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<latexit sha1_base64="5j0Pymbukkv2j3to6Wws4+mSSnA=">AAACGnicbZDLSgNBEEV7fMb4irp0MxiESDDMhIC6C+rCZQTzgEwMPZ2apEnPg+4aIQz5Djf+ihsXirgTN/6NnWQWmnih4XKqiuq6biS4Qsv6NpaWV1bX1jMb2c2t7Z3d3N5+Q4WxZFBnoQhly6UKBA+gjhwFtCIJ1HcFNN3h1aTefACpeBjc4SiCjk/7Afc4o6hRN2cXHfQkZYk9TspjR4CHhZT0JuTUuQaB9L7Y5Y7k/QGedHN5q2RNZS4aOzV5kqrWzX06vZDFPgTIBFWqbVsRdhIqkTMB46wTK4goG9I+tLUNqA+qk0xPG5vHmvRML5T6BWhO6e+JhPpKjXxXd/oUB2q+NoH/1doxeuedhAdRjBCw2SIvFiaG5iQns8clMBQjbSiTXP/VZAOqc0GdZlaHYM+fvGga5ZJdKV3cVvLVyzSODDkkR6RAbHJGquSG1EidMPJInskreTOejBfj3fiYtS4Z6cwB+SPj6wdYXaET</latexit>
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<latexit sha1_base64="tk5r9+uVANlKcDAhzLIkuUGQEtI=">AAACGnicbZDLSgNBEEV7fMb4irp0MxiEiCTMhIC6C+rCZQTzgEwMPZ2apEnPg+4aIQz5Djf+ihsXirgTN/6NnWQWmnih4XKqiuq6biS4Qsv6NpaWV1bX1jMb2c2t7Z3d3N5+Q4WxZFBnoQhly6UKBA+gjhwFtCIJ1HcFNN3h1aTefACpeBjc4SiCjk/7Afc4o6hRN2efOuhJyhJ7nJTHjgAPCynpTUjRuQaB9L7Y5Y7k/QGedHN5q2RNZS4aOzV5kqrWzX06vZDFPgTIBFWqbVsRdhIqkTMB46wTK4goG9I+tLUNqA+qk0xPG5vHmvRML5T6BWhO6e+JhPpKjXxXd/oUB2q+NoH/1doxeuedhAdRjBCw2SIvFiaG5iQns8clMBQjbSiTXP/VZAOqc0GdZlaHYM+fvGga5ZJdKV3cVvLVyzSODDkkR6RAbHJGquSG1EidMPJInskreTOejBfj3fiYtS4Z6cwB+SPj6wdbd6EV</latexit>

Mellin-Barnes representation in momentum space:

external legs internal legs
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<latexit sha1_base64="1EfAU2OrC/odhM1xreySCRie+eI="></latexit>

k1

<latexit sha1_base64="376T2Ep3XB968EQpNU9na3MR5Fo=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc9Zr0oRuNpP+iXK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2P3iKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPv0YBpSiyfOIKJZu5WREZYY2JdRiUXQrD88ippXVSDWvXyvlap3+RxFOEETuEcAriCOtxBA5pAQMAzvMKbp70X7937WLQWvHzmGP7A+/wBR7+QEw==</latexit>

k3

<latexit sha1_base64="9pNGNt6dhqK3GNEtdKuz7MdwH/I=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexqRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDRgsaiqpuuruihDNjff/LK6ysrq1vFDdLW9s7u3vl/YOWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzPz2I9WGKXlvJwkNBR5KFjOCrZMesl4Uo/G0f94vV/yqPwf6S4KcVCBHo1/+7A0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/OApOnHKAMVKu5IWzdWfExkWxkxE5DoFtiOz7M3E/7xuauOrMGMySS2VZLEoTjmyCs2+RwOmKbF84ggmmrlbERlhjYl1GZVcCMHyy39J66wa1KoXd7VK/TqPowhHcAynEMAl1OEWGtAEAgKe4AVePe09e2/e+6K14OUzh/AL3sc3SseQFQ==</latexit>

k4

<latexit sha1_base64="V9FFpBAON2XA3VFXyCGrHplLFag=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc9Zr0oRuNpv9YvV/yqPwdaJUFOKpCj0S9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfvAUnTllgGKlXUmL5urviQwLYyYicp0C25FZ9mbif143tfF1mDGZpJZKslgUpxxZhWbfowHTlFg+cQQTzdytiIywxsS6jEouhGD55VXSuqgGterlfa1Sv8njKMIJnMI5BHAFdbiDBjSBgIBneIU3T3sv3rv3sWgtePnMMfyB9/kDTEuQFg==</latexit>

kn

<latexit sha1_base64="t+IJQDJM/wacbDaYWQAtcrhMv2g=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqexKRY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6sJOEBZIMFY84JdZJj1kvjPB42lf9csWrenPgVeLnpAI5Gv3yV28Q01QyZakgxnR9L7FBRrTlVLBpqZcalhA6JkPWdVQRyUyQzQ+e4jOnDHAUa1fK4rn6eyIj0piJDF2nJHZklr2Z+J/XTW10HWRcJallii4WRanANsaz7/GAa0atmDhCqObuVkxHRBNqXUYlF4K//PIqaV1U/Vr18r5Wqd/kcRThBE7hHHy4gjrcQQOaQEHCM7zCG9LoBb2jj0VrAeUzx/AH6PMHpDOQUA==</latexit>

k2

<latexit sha1_base64="hB/+g/oJGoey7EOUdirw3Z896bM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGiB6DXjxGMImSLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jUo1oS2iuNIPETaUM0lblllOHxJNsYg47UTjm5nfeaLaMCXv7SShocBDyWJGsHXSY9aLYjSe9mv9csWv+nOgVRLkpAI5mv3yV2+gSCqotIRjY7qBn9gww9oywum01EsNTTAZ4yHtOiqxoCbM5gdP0ZlTBihW2pW0aK7+nsiwMGYiItcpsB2ZZW8m/ud1UxtfhRmTSWqpJItFccqRVWj2PRowTYnlE0cw0czdisgIa0ysy6jkQgiWX14l7Vo1qFcv7uqVxnUeRxFO4BTOIYBLaMAtNKEFBAQ8wyu8edp78d69j0VrwctnjuEPvM8fSUOQFA==</latexit>

u1, ū1
<latexit sha1_base64="Il7nOLyx/cu27bmIMy+ZSdOKZug=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUcJMq9Xuim5cVrAPaEKYTKft0MmDmUmhhP6JGxeKuPVP3Pk3Jmkpvg5cOJxzL/fe40WCK43Qp1FYW9/Y3Cpul3Z29/YPzMOjjgpjSVmbhiKUPY8oJnjA2pprwXqRZMT3BOt6k9vM706ZVDwMHvQsYo5PRgEfckp0KrmmGbu4YlcS2yMSxnMXu2YZWQhX0WUdIqtWxbjegNhCOVakDJZoueaHPQhp7LNAU0GU6mMUaSchUnMq2Lxkx4pFhE7IiPVTGhCfKSfJL5/Ds1QZwGEo0wo0zNXvEwnxlZr5XtrpEz1Wv71M/M/rx3p47SQ8iGLNArpYNIwF1CHMYoADLhnVYpYSQiVPb4V0TCShOg2rlIfQyFD/+/uKdKoWrlm1+4ty82YZRxGcgFNwDjC4Ak1wB1qgDSiYgkfwDF6MxHgyXo23RWvBWM4cgx8w3r8AeaCTDg==</latexit>

um, ūm
<latexit sha1_base64="VvQPYuz0E1CM/bOnzJCnn1AF50c=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUcKk1Wp3RTcuK9gHNCFMptN26EwSZiaFEvonblwo4tY/ceffmKSl+Dpw4XDOvdx7jx9xpjRCn0ZhbX1jc6u4XdrZ3ds/MA+POiqMJaFtEvJQ9nysKGcBbWumOe1FkmLhc9r1J7eZ351SqVgYPOhZRF2BRwEbMoJ1KnmmGXui4lQSx8cSxnNPeGYZWciuoss6RFatatv1BrQtlGNFymCJlmd+OIOQxIIGmnCsVN9GkXYTLDUjnM5LTqxohMkEj2g/pQEWVLlJfvkcnqXKAA5DmVagYa5+n0iwUGom/LRTYD1Wv71M/M/rx3p47SYsiGJNA7JYNIw51CHMYoADJinRfJYSTCRLb4VkjCUmOg2rlIfQyFD/+/uKdKqWXbNq9xfl5s0yjiI4AafgHNjgCjTBHWiBNiBgCh7BM3gxEuPJeDXeFq0FYzlzDH7AeP8CMpuThg==</latexit>

...
<latexit sha1_base64="AA/5oImLsFy7bJDYfxpvuop1FeI=">AAAB7XicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5cV7APaUCaTSTt2MhNmJoUS+g9uXCji1v9x5984SUvxdeDC4Zx7ufceP2ZUacf5tFZW19Y3Ngtbxe2d3b390sFhW4lEYtLCggnZ9ZEijHLS0lQz0o0lQZHPSMcf32R+Z0KkooLf62lMvAgNOQ0pRtpI7f4kEFoNSmXHdtyKc1GDjl2tuG6tDl3bybEkZbBAc1D66AcCJxHhGjOkVM91Yu2lSGqKGZkV+4kiMcJjNCQ9QzmKiPLS/NoZPDVKAEMhTXENc/X7RIoipaaRbzojpEfqt5eJ/3m9RIdXXkp5nGjC8XxRmDCoBcxehwGVBGs2NQRhSc2tEI+QRFibgIp5CPUMtb+/L0m7YrtVu3p3Xm5cL+IogGNwAs6ACy5BA9yCJmgBDB7AI3gGL5awnqxX623eumItZo7AD1jvXxojj54=</latexit>

sn, kn

<latexit sha1_base64="WLRnoSHyPAh60JnLoRl7Aw3Ja8s=">AAACCXicbVC7TsMwFHV4lvIqMLJYVEgMVZWgIhgrWBiLRAGpiSLHvSlWHSeybxBVlJWFX2FhACFW/oCNv8EtHXgdydLROefa1yfKpDDouh/OzOzc/MJiZam6vLK6tl7b2Lwwaa45dHkqU30VMQNSKOiiQAlXmQaWRBIuo+HJ2L+8AW1Eqs5xlEGQsIESseAMrRTWqI9wi5N7Cg39sjChKht+o/CjmA7L0EbqbtOdgP4l3pTUyRSdsPbu91OeJ6CQS2ZMz3MzDAqmUXAJZdXPDWSMD9kAepYqloAJiskGJd21Sp/GqbZHIZ2o3ycKlhgzSiKbTBhem9/eWPzP6+UYHwWFUFmOoPjXQ3EuKaZ0XAvtCw0c5cgSxrWwu1J+zTTjaMur2hK831/+Sy72m16reXDWqrePp3VUyDbZIXvEI4ekTU5Jh3QJJ3fkgTyRZ+feeXRenNev6IwzndkiP+C8fQJnNZrG</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

. . .
.

. . .
.

Mellin-Barnes representation

internalm
<latexit sha1_base64="hDnzNcxDuMV8GCivHMARAzNL6Q8=">AAAB6HicbVDLSgMxFM34rPVVdekmWARXQ6bVandFNy5bsA9oh5JJM21skhmSjFBKv8CNC0Xc+knu/Bsz01J8HbhwOOde7r0niDnTBqFPZ2V1bX1jM7eV397Z3dsvHBy2dJQoQpsk4pHqBFhTziRtGmY47cSKYhFw2g7GN6nffqBKs0jemUlMfYGHkoWMYGOlhugXishFXgldVCByyyXPq1Sh56IMS1IEC9T7hY/eICKJoNIQjrXueig2/hQrwwins3wv0TTGZIyHtGupxIJqf5odOoOnVhnAMFK2pIGZ+n1iioXWExHYToHNSP/2UvE/r5uY8MqfMhknhkoyXxQmHJoIpl/DAVOUGD6xBBPF7K2QjLDCxNhs8lkI1RSVv78vSavkemW33Dgv1q4XceTAMTgBZ8ADl6AGbkEdNAEBFDyCZ/Di3DtPzqvzNm9dcRYzR+AHnPcvJEGNTQ==</latexit>

legs

External leg, momentum          ki

<latexit sha1_base64="Uw1ZmYMP5JgLqIM+ChzBfTqkKZI=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqexKRY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6sJOEBZIMFY84JdZJj1kvjPB42uf9csWrenPgVeLnpAI5Gv3yV28Q01QyZakgxnR9L7FBRrTlVLBpqZcalhA6JkPWdVQRyUyQzQ+e4jOnDHAUa1fK4rn6eyIj0piJDF2nJHZklr2Z+J/XTW10HWRcJallii4WRanANsaz7/GAa0atmDhCqObuVkxHRBNqXUYlF4K//PIqaV1U/Vr18r5Wqd/kcRThBE7hHHy4gjrcQQOaQEHCM7zCG9LoBb2jj0VrAeUzx/AH6PMHnJ+QSw==</latexit>

Bridging the Gap between EAdS and dS

external Mellin variable, si

<latexit sha1_base64="czUeugsHjGLfPniAQyWCbZlB65w=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiQxtnVXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSuo6IELh3Pu5d57/IQzqSzrwyisrK6tbxQ3S1vbO7t75f2DtoxTQWiLxDwWXR9LyllEW4opTruJoDj0Oe34k6vc79xTIVkc3alpQr0QjyIWMIKVlm7lgA3KFcu8qFcdt4os07JqtmPnxKm5Zy6ytZKjAks0B+X3/jAmaUgjRTiWsmdbifIyLBQjnM5K/VTSBJMJHtGephEOqfSy+akzdKKVIQpioStSaK5+n8hwKOU09HVniNVY/vZy8S+vl6qg7mUsSlJFI7JYFKQcqRjlf6MhE5QoPtUEE8H0rYiMscBE6XRKOoSvT9H/pO2Ytmue37iVxuUyjiIcwTGcgg01aMA1NKEFBEbwAE/wbHDj0XgxXhetBWM5cwg/YLx9AruZjh0=</latexit>

k1 + . . .+ kn = 0

<latexit sha1_base64="F6IJNMP3as1kEm37RqY/w4lHFAs=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBKJREKroRim5cVrAPaEKYTCft0MlMmJkIJXTjxl9x40IRt/6DO//GaRtBWw9cOJxzL/feEyaMKu04X1ZhaXllda24XtrY3NresXf3WkqkEpMmFkzITogUYZSTpqaakU4iCYpDRtrh8Hrit++JVFTwOz1KiB+jPqcRxUgbKbAPMy+M4HAcuBWP9YRWlR+BXzqBXXaqzhRwkbg5KYMcjcD+9HoCpzHhGjOkVNd1Eu1nSGqKGRmXvFSRBOEh6pOuoRzFRPnZ9IsxPDZKD0ZCmuIaTtXfExmKlRrFoemMkR6oeW8i/ud1Ux1d+BnlSaoJx7NFUcqgFnASCexRSbBmI0MQltTcCvEASYS1Ca5kQnDnX14krdOqW6ue3dbK9as8jiI4AEfgBLjgHNTBDWiAJsDgATyBF/BqPVrP1pv1PmstWPnMPvgD6+MbLJqXuw==</latexit>

Translation invariance: s1 + . . .+ sn = const.

<latexit sha1_base64="MXGaAOavh33sAJjDZQy2hg/Joig=">AAACJ3icbVBNSwMxEM36WetX1aOXxSIIQtkVRS+K6MVjBfsBbSnZ7LQNZpMlmRXLsv/Gi3/Fi6AievSfmG57UOuDgcd7M8nMC2LBDXrepzMzOze/sFhYKi6vrK6tlzY260YlmkGNKaF0M6AGBJdQQ44CmrEGGgUCGsHt5chv3IE2XMkbHMbQiWhf8h5nFK3ULZ21Ee4xfyfVEGap6frZfluECs3+tCez01xMmZIGK1m3VPYqXg53mvgTUiYTVLull3aoWBKBRCaoMS3fi7GTUo2cCciK7cRATNkt7UPLUkkjMJ003yFzd60Suj2lbUl0c/XnREojY4ZRYDsjigPz1xuJ/3mtBHsnnZTLOEGQbPxRLxEuKncUmhtyDQzF0BLKNLe7umxANWVooy3aEPy/J0+T+kHFP6wcXR+Wzy8mcRTINtkhe8Qnx+ScXJEqqRFGHsgTeSVvzqPz7Lw7H+PWGWcys0V+wfn6Bmh8qLs=</latexit>

Dilatation Ward identities:

2⇡i � (const.� s1 � . . .� sn) =

Z 1

0

dz

z
zconst.�2(s1+...+sn)

<latexit sha1_base64="fi8POr6sVnh3p4Fz0GIYFRfBHws="></latexit>

(2⇡)d �(d) (k1 + . . .+ kn) =

Z
ddx eix·(k1+...+kn)

<latexit sha1_base64="KMTE1Tcv10s20sYQAXFIXSLXvQ0="></latexit>

(|ki|)�2si+�+
i � d

2

<latexit sha1_base64="GmeX2tjGdozeCKjaxL4fs6ZI4Gs="></latexit>

Poles in si

<latexit sha1_base64="czUeugsHjGLfPniAQyWCbZlB65w=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiQxtnVXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSuo6IELh3Pu5d57/IQzqSzrwyisrK6tbxQ3S1vbO7t75f2DtoxTQWiLxDwWXR9LyllEW4opTruJoDj0Oe34k6vc79xTIVkc3alpQr0QjyIWMIKVlm7lgA3KFcu8qFcdt4os07JqtmPnxKm5Zy6ytZKjAks0B+X3/jAmaUgjRTiWsmdbifIyLBQjnM5K/VTSBJMJHtGephEOqfSy+akzdKKVIQpioStSaK5+n8hwKOU09HVniNVY/vZy8S+vl6qg7mUsSlJFI7JYFKQcqRjlf6MhE5QoPtUEE8H0rYiMscBE6XRKOoSvT9H/pO2Ytmue37iVxuUyjiIcwTGcgg01aMA1NKEFBEbwAE/wbHDj0XgxXhetBWM5cwg/YLx9AruZjh0=</latexit>

ds2 =

✓
RAdS

z

◆2 �
dz2 + dx2

�

<latexit sha1_base64="jYb6wso/taTRy9BGdixaMajicQY="></latexit>



Mellin-Barnes representation in momentum space:

external legs internal legs

=

Z i1

�i1

ds1
2⇡i

. . .
dsn
2⇡i

du1

2⇡i

dū1

2⇡i
. . .

dum

2⇡i

dūm

2⇡i
<latexit sha1_base64="1EfAU2OrC/odhM1xreySCRie+eI="></latexit>

k1

<latexit sha1_base64="376T2Ep3XB968EQpNU9na3MR5Fo=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc9Zr0oRuNpP+iXK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2P3iKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPv0YBpSiyfOIKJZu5WREZYY2JdRiUXQrD88ippXVSDWvXyvlap3+RxFOEETuEcAriCOtxBA5pAQMAzvMKbp70X7937WLQWvHzmGP7A+/wBR7+QEw==</latexit>

k3

<latexit sha1_base64="9pNGNt6dhqK3GNEtdKuz7MdwH/I=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexqRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDRgsaiqpuuruihDNjff/LK6ysrq1vFDdLW9s7u3vl/YOWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzPz2I9WGKXlvJwkNBR5KFjOCrZMesl4Uo/G0f94vV/yqPwf6S4KcVCBHo1/+7A0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/OApOnHKAMVKu5IWzdWfExkWxkxE5DoFtiOz7M3E/7xuauOrMGMySS2VZLEoTjmyCs2+RwOmKbF84ggmmrlbERlhjYl1GZVcCMHyy39J66wa1KoXd7VK/TqPowhHcAynEMAl1OEWGtAEAgKe4AVePe09e2/e+6K14OUzh/AL3sc3SseQFQ==</latexit>

k4

<latexit sha1_base64="V9FFpBAON2XA3VFXyCGrHplLFag=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc9Zr0oRuNpv9YvV/yqPwdaJUFOKpCj0S9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfvAUnTllgGKlXUmL5urviQwLYyYicp0C25FZ9mbif143tfF1mDGZpJZKslgUpxxZhWbfowHTlFg+cQQTzdytiIywxsS6jEouhGD55VXSuqgGterlfa1Sv8njKMIJnMI5BHAFdbiDBjSBgIBneIU3T3sv3rv3sWgtePnMMfyB9/kDTEuQFg==</latexit>

kn

<latexit sha1_base64="t+IJQDJM/wacbDaYWQAtcrhMv2g=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqexKRY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6sJOEBZIMFY84JdZJj1kvjPB42lf9csWrenPgVeLnpAI5Gv3yV28Q01QyZakgxnR9L7FBRrTlVLBpqZcalhA6JkPWdVQRyUyQzQ+e4jOnDHAUa1fK4rn6eyIj0piJDF2nJHZklr2Z+J/XTW10HWRcJallii4WRanANsaz7/GAa0atmDhCqObuVkxHRBNqXUYlF4K//PIqaV1U/Vr18r5Wqd/kcRThBE7hHHy4gjrcQQOaQEHCM7zCG9LoBb2jj0VrAeUzx/AH6PMHpDOQUA==</latexit>

k2

<latexit sha1_base64="hB/+g/oJGoey7EOUdirw3Z896bM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGiB6DXjxGMImSLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jUo1oS2iuNIPETaUM0lblllOHxJNsYg47UTjm5nfeaLaMCXv7SShocBDyWJGsHXSY9aLYjSe9mv9csWv+nOgVRLkpAI5mv3yV2+gSCqotIRjY7qBn9gww9oywum01EsNTTAZ4yHtOiqxoCbM5gdP0ZlTBihW2pW0aK7+nsiwMGYiItcpsB2ZZW8m/ud1UxtfhRmTSWqpJItFccqRVWj2PRowTYnlE0cw0czdisgIa0ysy6jkQgiWX14l7Vo1qFcv7uqVxnUeRxFO4BTOIYBLaMAtNKEFBAQ8wyu8edp78d69j0VrwctnjuEPvM8fSUOQFA==</latexit>

u1, ū1
<latexit sha1_base64="Il7nOLyx/cu27bmIMy+ZSdOKZug=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUcJMq9Xuim5cVrAPaEKYTKft0MmDmUmhhP6JGxeKuPVP3Pk3Jmkpvg5cOJxzL/fe40WCK43Qp1FYW9/Y3Cpul3Z29/YPzMOjjgpjSVmbhiKUPY8oJnjA2pprwXqRZMT3BOt6k9vM706ZVDwMHvQsYo5PRgEfckp0KrmmGbu4YlcS2yMSxnMXu2YZWQhX0WUdIqtWxbjegNhCOVakDJZoueaHPQhp7LNAU0GU6mMUaSchUnMq2Lxkx4pFhE7IiPVTGhCfKSfJL5/Ds1QZwGEo0wo0zNXvEwnxlZr5XtrpEz1Wv71M/M/rx3p47SQ8iGLNArpYNIwF1CHMYoADLhnVYpYSQiVPb4V0TCShOg2rlIfQyFD/+/uKdKoWrlm1+4ty82YZRxGcgFNwDjC4Ak1wB1qgDSiYgkfwDF6MxHgyXo23RWvBWM4cgx8w3r8AeaCTDg==</latexit>

um, ūm
<latexit sha1_base64="VvQPYuz0E1CM/bOnzJCnn1AF50c=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUcKk1Wp3RTcuK9gHNCFMptN26EwSZiaFEvonblwo4tY/ceffmKSl+Dpw4XDOvdx7jx9xpjRCn0ZhbX1jc6u4XdrZ3ds/MA+POiqMJaFtEvJQ9nysKGcBbWumOe1FkmLhc9r1J7eZ351SqVgYPOhZRF2BRwEbMoJ1KnmmGXui4lQSx8cSxnNPeGYZWciuoss6RFatatv1BrQtlGNFymCJlmd+OIOQxIIGmnCsVN9GkXYTLDUjnM5LTqxohMkEj2g/pQEWVLlJfvkcnqXKAA5DmVagYa5+n0iwUGom/LRTYD1Wv71M/M/rx3p47SYsiGJNA7JYNIw51CHMYoADJinRfJYSTCRLb4VkjCUmOg2rlIfQyFD/+/uKdKqWXbNq9xfl5s0yjiI4AafgHNjgCjTBHWiBNiBgCh7BM3gxEuPJeDXeFq0FYzlzDH7AeP8CMpuThg==</latexit>

...
<latexit sha1_base64="AA/5oImLsFy7bJDYfxpvuop1FeI=">AAAB7XicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5cV7APaUCaTSTt2MhNmJoUS+g9uXCji1v9x5984SUvxdeDC4Zx7ufceP2ZUacf5tFZW19Y3Ngtbxe2d3b390sFhW4lEYtLCggnZ9ZEijHLS0lQz0o0lQZHPSMcf32R+Z0KkooLf62lMvAgNOQ0pRtpI7f4kEFoNSmXHdtyKc1GDjl2tuG6tDl3bybEkZbBAc1D66AcCJxHhGjOkVM91Yu2lSGqKGZkV+4kiMcJjNCQ9QzmKiPLS/NoZPDVKAEMhTXENc/X7RIoipaaRbzojpEfqt5eJ/3m9RIdXXkp5nGjC8XxRmDCoBcxehwGVBGs2NQRhSc2tEI+QRFibgIp5CPUMtb+/L0m7YrtVu3p3Xm5cL+IogGNwAs6ACy5BA9yCJmgBDB7AI3gGL5awnqxX623eumItZo7AD1jvXxojj54=</latexit>

sn, kn

<latexit sha1_base64="WLRnoSHyPAh60JnLoRl7Aw3Ja8s=">AAACCXicbVC7TsMwFHV4lvIqMLJYVEgMVZWgIhgrWBiLRAGpiSLHvSlWHSeybxBVlJWFX2FhACFW/oCNv8EtHXgdydLROefa1yfKpDDouh/OzOzc/MJiZam6vLK6tl7b2Lwwaa45dHkqU30VMQNSKOiiQAlXmQaWRBIuo+HJ2L+8AW1Eqs5xlEGQsIESseAMrRTWqI9wi5N7Cg39sjChKht+o/CjmA7L0EbqbtOdgP4l3pTUyRSdsPbu91OeJ6CQS2ZMz3MzDAqmUXAJZdXPDWSMD9kAepYqloAJiskGJd21Sp/GqbZHIZ2o3ycKlhgzSiKbTBhem9/eWPzP6+UYHwWFUFmOoPjXQ3EuKaZ0XAvtCw0c5cgSxrWwu1J+zTTjaMur2hK831/+Sy72m16reXDWqrePp3VUyDbZIXvEI4ekTU5Jh3QJJ3fkgTyRZ+feeXRenNev6IwzndkiP+C8fQJnNZrG</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

. . .
.

. . .
.

Mellin-Barnes representation

internalm
<latexit sha1_base64="hDnzNcxDuMV8GCivHMARAzNL6Q8=">AAAB6HicbVDLSgMxFM34rPVVdekmWARXQ6bVandFNy5bsA9oh5JJM21skhmSjFBKv8CNC0Xc+knu/Bsz01J8HbhwOOde7r0niDnTBqFPZ2V1bX1jM7eV397Z3dsvHBy2dJQoQpsk4pHqBFhTziRtGmY47cSKYhFw2g7GN6nffqBKs0jemUlMfYGHkoWMYGOlhugXishFXgldVCByyyXPq1Sh56IMS1IEC9T7hY/eICKJoNIQjrXueig2/hQrwwins3wv0TTGZIyHtGupxIJqf5odOoOnVhnAMFK2pIGZ+n1iioXWExHYToHNSP/2UvE/r5uY8MqfMhknhkoyXxQmHJoIpl/DAVOUGD6xBBPF7K2QjLDCxNhs8lkI1RSVv78vSavkemW33Dgv1q4XceTAMTgBZ8ADl6AGbkEdNAEBFDyCZ/Di3DtPzqvzNm9dcRYzR+AHnPcvJEGNTQ==</latexit>

legs

External leg, momentum          ki

<latexit sha1_base64="Uw1ZmYMP5JgLqIM+ChzBfTqkKZI=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqexKRY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6sJOEBZIMFY84JdZJj1kvjPB42uf9csWrenPgVeLnpAI5Gv3yV28Q01QyZakgxnR9L7FBRrTlVLBpqZcalhA6JkPWdVQRyUyQzQ+e4jOnDHAUa1fK4rn6eyIj0piJDF2nJHZklr2Z+J/XTW10HWRcJallii4WRanANsaz7/GAa0atmDhCqObuVkxHRBNqXUYlF4K//PIqaV1U/Vr18r5Wqd/kcRThBE7hHHy4gjrcQQOaQEHCM7zCG9LoBb2jj0VrAeUzx/AH6PMHnJ+QSw==</latexit>

Bridging the Gap between EAdS and dS

external Mellin variable, si

<latexit sha1_base64="czUeugsHjGLfPniAQyWCbZlB65w=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiQxtnVXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSuo6IELh3Pu5d57/IQzqSzrwyisrK6tbxQ3S1vbO7t75f2DtoxTQWiLxDwWXR9LyllEW4opTruJoDj0Oe34k6vc79xTIVkc3alpQr0QjyIWMIKVlm7lgA3KFcu8qFcdt4os07JqtmPnxKm5Zy6ytZKjAks0B+X3/jAmaUgjRTiWsmdbifIyLBQjnM5K/VTSBJMJHtGephEOqfSy+akzdKKVIQpioStSaK5+n8hwKOU09HVniNVY/vZy8S+vl6qg7mUsSlJFI7JYFKQcqRjlf6MhE5QoPtUEE8H0rYiMscBE6XRKOoSvT9H/pO2Ytmue37iVxuUyjiIcwTGcgg01aMA1NKEFBEbwAE/wbHDj0XgxXhetBWM5cwg/YLx9AruZjh0=</latexit>

k1 + . . .+ kn = 0

<latexit sha1_base64="F6IJNMP3as1kEm37RqY/w4lHFAs=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBKJREKroRim5cVrAPaEKYTCft0MlMmJkIJXTjxl9x40IRt/6DO//GaRtBWw9cOJxzL/feEyaMKu04X1ZhaXllda24XtrY3NresXf3WkqkEpMmFkzITogUYZSTpqaakU4iCYpDRtrh8Hrit++JVFTwOz1KiB+jPqcRxUgbKbAPMy+M4HAcuBWP9YRWlR+BXzqBXXaqzhRwkbg5KYMcjcD+9HoCpzHhGjOkVNd1Eu1nSGqKGRmXvFSRBOEh6pOuoRzFRPnZ9IsxPDZKD0ZCmuIaTtXfExmKlRrFoemMkR6oeW8i/ud1Ux1d+BnlSaoJx7NFUcqgFnASCexRSbBmI0MQltTcCvEASYS1Ca5kQnDnX14krdOqW6ue3dbK9as8jiI4AEfgBLjgHNTBDWiAJsDgATyBF/BqPVrP1pv1PmstWPnMPvgD6+MbLJqXuw==</latexit>

Translation invariance: s1 + . . .+ sn = const.

<latexit sha1_base64="MXGaAOavh33sAJjDZQy2hg/Joig=">AAACJ3icbVBNSwMxEM36WetX1aOXxSIIQtkVRS+K6MVjBfsBbSnZ7LQNZpMlmRXLsv/Gi3/Fi6AievSfmG57UOuDgcd7M8nMC2LBDXrepzMzOze/sFhYKi6vrK6tlzY260YlmkGNKaF0M6AGBJdQQ44CmrEGGgUCGsHt5chv3IE2XMkbHMbQiWhf8h5nFK3ULZ21Ee4xfyfVEGap6frZfluECs3+tCez01xMmZIGK1m3VPYqXg53mvgTUiYTVLull3aoWBKBRCaoMS3fi7GTUo2cCciK7cRATNkt7UPLUkkjMJ003yFzd60Suj2lbUl0c/XnREojY4ZRYDsjigPz1xuJ/3mtBHsnnZTLOEGQbPxRLxEuKncUmhtyDQzF0BLKNLe7umxANWVooy3aEPy/J0+T+kHFP6wcXR+Wzy8mcRTINtkhe8Qnx+ScXJEqqRFGHsgTeSVvzqPz7Lw7H+PWGWcys0V+wfn6Bmh8qLs=</latexit>

Dilatation Ward identities:

2⇡i � (const.� s1 � . . .� sn) =

Z 1

0

dz

z
zconst.�2(s1+...+sn)

<latexit sha1_base64="fi8POr6sVnh3p4Fz0GIYFRfBHws="></latexit>

(2⇡)d �(d) (k1 + . . .+ kn) =

Z
ddx eix·(k1+...+kn)

<latexit sha1_base64="KMTE1Tcv10s20sYQAXFIXSLXvQ0="></latexit>

(|ki|)�2si+�+
i � d

2

<latexit sha1_base64="GmeX2tjGdozeCKjaxL4fs6ZI4Gs="></latexit>

E.g. 3pt contact diagram, spins J1-J2-J3: 
s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

J1

<latexit sha1_base64="NLfRpVe1zGqjXxrdPAAhWmBcuEw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi3iqaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGN1O/9YRK81g+mnGCfkQHkoecUWOlh7ue1ytX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5N+lwhM2JsCWWK21sJG1JFmbHplGwI3uLLy6R5VvXOqxf355XadR5HEY7gGE7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8AyCWNeg==</latexit>

J2

<latexit sha1_base64="EqvWd6XvSHLOEFPJ0zopgQhO46Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGiB6DXsRTRPOAZAmzk9lkyOzsMtMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Gbmt564NiJWjzhOuB/RgRKhYBSt9HDXq/SKJbfszkFWiZeREmSo94pf3X7M0ogrZJIa0/HcBP0J1SiY5NNCNzU8oWxEB7xjqaIRN/5kfuqUnFmlT8JY21JI5urviQmNjBlHge2MKA7NsjcT//M6KYZX/kSoJEWu2GJRmEqCMZn9TfpCc4ZybAllWthbCRtSTRnadAo2BG/55VXSrJS9avnivlqqXWdx5OEETuEcPLiEGtxCHRrAYADP8ApvjnRenHfnY9Gac7KZY/gD5/MHyamNew==</latexit>

J3

<latexit sha1_base64="I8i7KO6lGkxtoCfAsFSfuhO14A0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqRI9BL+IponlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMbqZ+8wmV5pF8NOMY/ZAOJO9zRo2VHu66591iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZqRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP6Vn3IZJwYlmy/qJ4KYiEz/Jj2ukBkxtoQyxe2thA2poszYdAo2BG/x5WXSOCt7lfLFfaVUvc7iyMMRHMMpeHAJVbiFGtSBwQCe4RXeHOG8OO/Ox7w152Qzh/AHzucPyy2NfA==</latexit>

s1 + s2 + s3 =
d+ 2 (J1 + J2 + J3)

4

<latexit sha1_base64="j+LZBY6DJ67COBSruvk7nuWgNaI="></latexit>

k1 + k2 + k3 = 0

<latexit sha1_base64="xTnfX+fbmW5aXI78UTVJbxTviXU=">AAACCHicbZDLSsNAFIZP6q3WW9SlCweLIAglqYW6EYpuXFawF2hDmEwn7dDJhZmJUEKXbnwVNy4UcesjuPNtnLZRtPWHgY//nMOZ83sxZ1JZ1qeRW1peWV3Lrxc2Nre2d8zdvaaMEkFog0Q8Em0PS8pZSBuKKU7bsaA48DhtecOrSb11R4VkUXirRjF1AtwPmc8IVtpyzcO06/loOHbt028q/9DZheWaRatkTYUWwc6gCJnqrvnR7UUkCWioCMdSdmwrVk6KhWKE03Ghm0gaYzLEfdrRGOKASiedHjJGx9rpIT8S+oUKTd3fEykOpBwFnu4MsBrI+drE/K/WSZR/7qQsjBNFQzJb5CccqQhNUkE9JihRfKQBE8H0XxEZYIGJ0tkVdAj2/MmL0CyX7EqpelMp1i6zOPJwAEdwAjZUoQbXUIcGELiHR3iGF+PBeDJejbdZa87IZvbhj4z3L3FomFY=</latexit>



s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

kI

<latexit sha1_base64="IA/HR2RbXS+s+G3iFWC831Zd3ZQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF71FMA9JljA7mU2GzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/VbT1QbpuSDHSc0FHggWcwItk56zLpRjEaT3l2vXPGr/gxomQQ5qUCOeq/81e0rkgoqLeHYmE7gJzbMsLaMcDopdVNDE0xGeEA7jkosqAmz2cETdOKUPoqVdiUtmqm/JzIsjBmLyHUKbIdm0ZuK/3md1MZXYcZkkloqyXxRnHJkFZp+j/pMU2L52BFMNHO3IjLEGhPrMiq5EILFl5dJ86wanFcv7s8rtes8jiIcwTGcQgCXUINbqEMDCAh4hld487T34r17H/PWgpfPHMIfeJ8/bB+QKw==</latexit>

Mellin-Barnes representation in momentum space:

external legs internal legs

=

Z i1

�i1

ds1
2⇡i

. . .
dsn
2⇡i

du1

2⇡i

dū1

2⇡i
. . .

dum

2⇡i

dūm

2⇡i
<latexit sha1_base64="1EfAU2OrC/odhM1xreySCRie+eI="></latexit>

k1

<latexit sha1_base64="376T2Ep3XB968EQpNU9na3MR5Fo=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc9Zr0oRuNpP+iXK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2P3iKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPv0YBpSiyfOIKJZu5WREZYY2JdRiUXQrD88ippXVSDWvXyvlap3+RxFOEETuEcAriCOtxBA5pAQMAzvMKbp70X7937WLQWvHzmGP7A+/wBR7+QEw==</latexit>

k3

<latexit sha1_base64="9pNGNt6dhqK3GNEtdKuz7MdwH/I=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexqRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDRgsaiqpuuruihDNjff/LK6ysrq1vFDdLW9s7u3vl/YOWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzPz2I9WGKXlvJwkNBR5KFjOCrZMesl4Uo/G0f94vV/yqPwf6S4KcVCBHo1/+7A0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/OApOnHKAMVKu5IWzdWfExkWxkxE5DoFtiOz7M3E/7xuauOrMGMySS2VZLEoTjmyCs2+RwOmKbF84ggmmrlbERlhjYl1GZVcCMHyy39J66wa1KoXd7VK/TqPowhHcAynEMAl1OEWGtAEAgKe4AVePe09e2/e+6K14OUzh/AL3sc3SseQFQ==</latexit>

k4

<latexit sha1_base64="V9FFpBAON2XA3VFXyCGrHplLFag=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc9Zr0oRuNpv9YvV/yqPwdaJUFOKpCj0S9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfvAUnTllgGKlXUmL5urviQwLYyYicp0C25FZ9mbif143tfF1mDGZpJZKslgUpxxZhWbfowHTlFg+cQQTzdytiIywxsS6jEouhGD55VXSuqgGterlfa1Sv8njKMIJnMI5BHAFdbiDBjSBgIBneIU3T3sv3rv3sWgtePnMMfyB9/kDTEuQFg==</latexit>

kn

<latexit sha1_base64="t+IJQDJM/wacbDaYWQAtcrhMv2g=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqexKRY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6sJOEBZIMFY84JdZJj1kvjPB42lf9csWrenPgVeLnpAI5Gv3yV28Q01QyZakgxnR9L7FBRrTlVLBpqZcalhA6JkPWdVQRyUyQzQ+e4jOnDHAUa1fK4rn6eyIj0piJDF2nJHZklr2Z+J/XTW10HWRcJallii4WRanANsaz7/GAa0atmDhCqObuVkxHRBNqXUYlF4K//PIqaV1U/Vr18r5Wqd/kcRThBE7hHHy4gjrcQQOaQEHCM7zCG9LoBb2jj0VrAeUzx/AH6PMHpDOQUA==</latexit>

k2

<latexit sha1_base64="hB/+g/oJGoey7EOUdirw3Z896bM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGiB6DXjxGMImSLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jUo1oS2iuNIPETaUM0lblllOHxJNsYg47UTjm5nfeaLaMCXv7SShocBDyWJGsHXSY9aLYjSe9mv9csWv+nOgVRLkpAI5mv3yV2+gSCqotIRjY7qBn9gww9oywum01EsNTTAZ4yHtOiqxoCbM5gdP0ZlTBihW2pW0aK7+nsiwMGYiItcpsB2ZZW8m/ud1UxtfhRmTSWqpJItFccqRVWj2PRowTYnlE0cw0czdisgIa0ysy6jkQgiWX14l7Vo1qFcv7uqVxnUeRxFO4BTOIYBLaMAtNKEFBAQ8wyu8edp78d69j0VrwctnjuEPvM8fSUOQFA==</latexit>

u1, ū1
<latexit sha1_base64="Il7nOLyx/cu27bmIMy+ZSdOKZug=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUcJMq9Xuim5cVrAPaEKYTKft0MmDmUmhhP6JGxeKuPVP3Pk3Jmkpvg5cOJxzL/fe40WCK43Qp1FYW9/Y3Cpul3Z29/YPzMOjjgpjSVmbhiKUPY8oJnjA2pprwXqRZMT3BOt6k9vM706ZVDwMHvQsYo5PRgEfckp0KrmmGbu4YlcS2yMSxnMXu2YZWQhX0WUdIqtWxbjegNhCOVakDJZoueaHPQhp7LNAU0GU6mMUaSchUnMq2Lxkx4pFhE7IiPVTGhCfKSfJL5/Ds1QZwGEo0wo0zNXvEwnxlZr5XtrpEz1Wv71M/M/rx3p47SQ8iGLNArpYNIwF1CHMYoADLhnVYpYSQiVPb4V0TCShOg2rlIfQyFD/+/uKdKoWrlm1+4ty82YZRxGcgFNwDjC4Ak1wB1qgDSiYgkfwDF6MxHgyXo23RWvBWM4cgx8w3r8AeaCTDg==</latexit>

um, ūm
<latexit sha1_base64="VvQPYuz0E1CM/bOnzJCnn1AF50c=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUcKk1Wp3RTcuK9gHNCFMptN26EwSZiaFEvonblwo4tY/ceffmKSl+Dpw4XDOvdx7jx9xpjRCn0ZhbX1jc6u4XdrZ3ds/MA+POiqMJaFtEvJQ9nysKGcBbWumOe1FkmLhc9r1J7eZ351SqVgYPOhZRF2BRwEbMoJ1KnmmGXui4lQSx8cSxnNPeGYZWciuoss6RFatatv1BrQtlGNFymCJlmd+OIOQxIIGmnCsVN9GkXYTLDUjnM5LTqxohMkEj2g/pQEWVLlJfvkcnqXKAA5DmVagYa5+n0iwUGom/LRTYD1Wv71M/M/rx3p47SYsiGJNA7JYNIw51CHMYoADJinRfJYSTCRLb4VkjCUmOg2rlIfQyFD/+/uKdKqWXbNq9xfl5s0yjiI4AafgHNjgCjTBHWiBNiBgCh7BM3gxEuPJeDXeFq0FYzlzDH7AeP8CMpuThg==</latexit>

...
<latexit sha1_base64="AA/5oImLsFy7bJDYfxpvuop1FeI=">AAAB7XicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5cV7APaUCaTSTt2MhNmJoUS+g9uXCji1v9x5984SUvxdeDC4Zx7ufceP2ZUacf5tFZW19Y3Ngtbxe2d3b390sFhW4lEYtLCggnZ9ZEijHLS0lQz0o0lQZHPSMcf32R+Z0KkooLf62lMvAgNOQ0pRtpI7f4kEFoNSmXHdtyKc1GDjl2tuG6tDl3bybEkZbBAc1D66AcCJxHhGjOkVM91Yu2lSGqKGZkV+4kiMcJjNCQ9QzmKiPLS/NoZPDVKAEMhTXENc/X7RIoipaaRbzojpEfqt5eJ/3m9RIdXXkp5nGjC8XxRmDCoBcxehwGVBGs2NQRhSc2tEI+QRFibgIp5CPUMtb+/L0m7YrtVu3p3Xm5cL+IogGNwAs6ACy5BA9yCJmgBDB7AI3gGL5awnqxX623eumItZo7AD1jvXxojj54=</latexit>

sn, kn

<latexit sha1_base64="WLRnoSHyPAh60JnLoRl7Aw3Ja8s=">AAACCXicbVC7TsMwFHV4lvIqMLJYVEgMVZWgIhgrWBiLRAGpiSLHvSlWHSeybxBVlJWFX2FhACFW/oCNv8EtHXgdydLROefa1yfKpDDouh/OzOzc/MJiZam6vLK6tl7b2Lwwaa45dHkqU30VMQNSKOiiQAlXmQaWRBIuo+HJ2L+8AW1Eqs5xlEGQsIESseAMrRTWqI9wi5N7Cg39sjChKht+o/CjmA7L0EbqbtOdgP4l3pTUyRSdsPbu91OeJ6CQS2ZMz3MzDAqmUXAJZdXPDWSMD9kAepYqloAJiskGJd21Sp/GqbZHIZ2o3ycKlhgzSiKbTBhem9/eWPzP6+UYHwWFUFmOoPjXQ3EuKaZ0XAvtCw0c5cgSxrWwu1J+zTTjaMur2hK831/+Sy72m16reXDWqrePp3VUyDbZIXvEI4ekTU5Jh3QJJ3fkgTyRZ+feeXRenNev6IwzndkiP+C8fQJnNZrG</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

. . .
.

. . .
.

Mellin-Barnes representation

internalm
<latexit sha1_base64="hDnzNcxDuMV8GCivHMARAzNL6Q8=">AAAB6HicbVDLSgMxFM34rPVVdekmWARXQ6bVandFNy5bsA9oh5JJM21skhmSjFBKv8CNC0Xc+knu/Bsz01J8HbhwOOde7r0niDnTBqFPZ2V1bX1jM7eV397Z3dsvHBy2dJQoQpsk4pHqBFhTziRtGmY47cSKYhFw2g7GN6nffqBKs0jemUlMfYGHkoWMYGOlhugXishFXgldVCByyyXPq1Sh56IMS1IEC9T7hY/eICKJoNIQjrXueig2/hQrwwins3wv0TTGZIyHtGupxIJqf5odOoOnVhnAMFK2pIGZ+n1iioXWExHYToHNSP/2UvE/r5uY8MqfMhknhkoyXxQmHJoIpl/DAVOUGD6xBBPF7K2QjLDCxNhs8lkI1RSVv78vSavkemW33Dgv1q4XceTAMTgBZ8ADl6AGbkEdNAEBFDyCZ/Di3DtPzqvzNm9dcRYzR+AHnPcvJEGNTQ==</latexit>

legs

External leg, momentum          ki

<latexit sha1_base64="Uw1ZmYMP5JgLqIM+ChzBfTqkKZI=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqexKRY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6sJOEBZIMFY84JdZJj1kvjPB42uf9csWrenPgVeLnpAI5Gv3yV28Q01QyZakgxnR9L7FBRrTlVLBpqZcalhA6JkPWdVQRyUyQzQ+e4jOnDHAUa1fK4rn6eyIj0piJDF2nJHZklr2Z+J/XTW10HWRcJallii4WRanANsaz7/GAa0atmDhCqObuVkxHRBNqXUYlF4K//PIqaV1U/Vr18r5Wqd/kcRThBE7hHHy4gjrcQQOaQEHCM7zCG9LoBb2jj0VrAeUzx/AH6PMHnJ+QSw==</latexit>

Bridging the Gap between EAdS and dS

external Mellin variable, si

<latexit sha1_base64="czUeugsHjGLfPniAQyWCbZlB65w=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiQxtnVXdOOyon1AG8pkOmmHTh7MTIQS+gluXCji1i9y5984aSuo6IELh3Pu5d57/IQzqSzrwyisrK6tbxQ3S1vbO7t75f2DtoxTQWiLxDwWXR9LyllEW4opTruJoDj0Oe34k6vc79xTIVkc3alpQr0QjyIWMIKVlm7lgA3KFcu8qFcdt4os07JqtmPnxKm5Zy6ytZKjAks0B+X3/jAmaUgjRTiWsmdbifIyLBQjnM5K/VTSBJMJHtGephEOqfSy+akzdKKVIQpioStSaK5+n8hwKOU09HVniNVY/vZy8S+vl6qg7mUsSlJFI7JYFKQcqRjlf6MhE5QoPtUEE8H0rYiMscBE6XRKOoSvT9H/pO2Ytmue37iVxuUyjiIcwTGcgg01aMA1NKEFBEbwAE/wbHDj0XgxXhetBWM5cwg/YLx9AruZjh0=</latexit>

k1 + . . .+ kn = 0

<latexit sha1_base64="F6IJNMP3as1kEm37RqY/w4lHFAs=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBKJREKroRim5cVrAPaEKYTCft0MlMmJkIJXTjxl9x40IRt/6DO//GaRtBWw9cOJxzL/feEyaMKu04X1ZhaXllda24XtrY3NresXf3WkqkEpMmFkzITogUYZSTpqaakU4iCYpDRtrh8Hrit++JVFTwOz1KiB+jPqcRxUgbKbAPMy+M4HAcuBWP9YRWlR+BXzqBXXaqzhRwkbg5KYMcjcD+9HoCpzHhGjOkVNd1Eu1nSGqKGRmXvFSRBOEh6pOuoRzFRPnZ9IsxPDZKD0ZCmuIaTtXfExmKlRrFoemMkR6oeW8i/ud1Ux1d+BnlSaoJx7NFUcqgFnASCexRSbBmI0MQltTcCvEASYS1Ca5kQnDnX14krdOqW6ue3dbK9as8jiI4AEfgBLjgHNTBDWiAJsDgATyBF/BqPVrP1pv1PmstWPnMPvgD6+MbLJqXuw==</latexit>

Translation invariance: s1 + . . .+ sn = const.

<latexit sha1_base64="MXGaAOavh33sAJjDZQy2hg/Joig=">AAACJ3icbVBNSwMxEM36WetX1aOXxSIIQtkVRS+K6MVjBfsBbSnZ7LQNZpMlmRXLsv/Gi3/Fi6AievSfmG57UOuDgcd7M8nMC2LBDXrepzMzOze/sFhYKi6vrK6tlzY260YlmkGNKaF0M6AGBJdQQ44CmrEGGgUCGsHt5chv3IE2XMkbHMbQiWhf8h5nFK3ULZ21Ee4xfyfVEGap6frZfluECs3+tCez01xMmZIGK1m3VPYqXg53mvgTUiYTVLull3aoWBKBRCaoMS3fi7GTUo2cCciK7cRATNkt7UPLUkkjMJ003yFzd60Suj2lbUl0c/XnREojY4ZRYDsjigPz1xuJ/3mtBHsnnZTLOEGQbPxRLxEuKncUmhtyDQzF0BLKNLe7umxANWVooy3aEPy/J0+T+kHFP6wcXR+Wzy8mcRTINtkhe8Qnx+ScXJEqqRFGHsgTeSVvzqPz7Lw7H+PWGWcys0V+wfn6Bmh8qLs=</latexit>

Dilatation Ward identities:

(|ki|)�2si+�+
i � d

2

<latexit sha1_base64="GmeX2tjGdozeCKjaxL4fs6ZI4Gs="></latexit>

k1 + k2 = kI ,

<latexit sha1_base64="ZcMSuZUOI0wjWxn+BuVhycKo+SA=">AAACB3icbZDLSsNAFIZP6q3WW9SlIINFEJSSlIpuhKIb3VWwF2hDmEwn7dDJhZmJUEJ3bnwVNy4UcesruPNtnLYpaPWHgY//nMOZ83sxZ1JZ1peRW1hcWl7JrxbW1jc2t8ztnYaMEkFonUQ8Ei0PS8pZSOuKKU5bsaA48DhteoOrcb15T4VkUXinhjF1AtwLmc8IVtpyzf204/loMHLt4xmVL2Z0c+KaRatkTYT+gp1BETLVXPOz041IEtBQEY6lbNtWrJwUC8UIp6NCJ5E0xmSAe7StMcQBlU46uWOEDrXTRX4k9AsVmrg/J1IcSDkMPN0ZYNWX87Wx+V+tnSj/3ElZGCeKhmS6yE84UhEah4K6TFCi+FADJoLpvyLSxwITpaMr6BDs+ZP/QqNcsiul09tKsXqZxZGHPTiAI7DhDKpwDTWoA4EHeIIXeDUejWfjzXiftuaMbGYXfsn4+AYcMpgx</latexit>

k3 + k4 = �kI

<latexit sha1_base64="QSGD5iA8/INiBeAguoSTz3Rm4f0=">AAACB3icbZDLSsNAFIZP6q3WW9SlIINFEMSSaEU3QtGN7irYC7QhTKaTdujkwsxEKKE7N76KGxeKuPUV3Pk2TtsUtPrDwMd/zuHM+b2YM6ks68vIzc0vLC7llwsrq2vrG+bmVl1GiSC0RiIeiaaHJeUspDXFFKfNWFAceJw2vP7VqN64p0KyKLxTg5g6Ae6GzGcEK2255m7a9nzUH7onh1MqXxxN8cY1i1bJGgv9BTuDImSquuZnuxORJKChIhxL2bKtWDkpFooRToeFdiJpjEkfd2lLY4gDKp10fMcQ7Wung/xI6BcqNHZ/TqQ4kHIQeLozwKonZ2sj879aK1H+uZOyME4UDclkkZ9wpCI0CgV1mKBE8YEGTATTf0WkhwUmSkdX0CHYsyf/hfpxyS6XTm/LxcplFkcedmAPDsCGM6jANVShBgQe4Ale4NV4NJ6NN+N90pozsplt+CXj4xsiTJg2</latexit>

s1 + s2 + u =
d+ 2 (J1 + J2 + J)

4

<latexit sha1_base64="VMzlXtjLS6rmrvkcg7YP21moPKM="></latexit>

s3 + s4 + ū =
d+ 2 (J + J3 + J4)

4

<latexit sha1_base64="25ihm97ehNBHuPbpRzQ151KV3SY="></latexit>

E.g. 4pt spin J exchange: 

Two internal Mellin variables, u, ū
<latexit sha1_base64="v8p0qxwroKuVpwTT9/j+vlg2HG4=">AAAB8nicbVDLSsNAFJ3UV62vqks3g0VwISFpa7W7ohuXFWwtpKFMppN26GQmzEyEEvoZblwo4tavceffOElL8XXgwuGce7n3niBmVGnH+bQKK6tr6xvFzdLW9s7uXnn/oKtEIjHpYMGE7AVIEUY56WiqGenFkqAoYOQ+mFxn/v0DkYoKfqenMfEjNOI0pBhpI3nJGUz7AZIwmQ3KFcd23Kpz3oCOXau6bqMJXdvJsSQVsEB7UP7oDwVOIsI1Zkgpz3Vi7adIaooZmZX6iSIxwhM0Ip6hHEVE+Wl+8gyeGGUIQyFNcQ1z9ftEiiKlplFgOiOkx+q3l4n/eV6iw0s/pTxONOF4vihMGNQCZv/DIZUEazY1BGFJza0Qj5FEWJuUSnkIzQyNv78vSbdquzW7fluvtK4WcRTBETgGp8AFF6AFbkAbdAAGAjyCZ/BiaevJerXe5q0FazFzCH7Aev8C4RORJA==</latexit>

Internal leg, momentum  kI

<latexit sha1_base64="IA/HR2RbXS+s+G3iFWC831Zd3ZQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF71FMA9JljA7mU2GzGOZmRXCkq/w4kERr36ON//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/VbT1QbpuSDHSc0FHggWcwItk56zLpRjEaT3l2vXPGr/gxomQQ5qUCOeq/81e0rkgoqLeHYmE7gJzbMsLaMcDopdVNDE0xGeEA7jkosqAmz2cETdOKUPoqVdiUtmqm/JzIsjBmLyHUKbIdm0ZuK/3md1MZXYcZkkloqyXxRnHJkFZp+j/pMU2L52BFMNHO3IjLEGhPrMiq5EILFl5dJ86wanFcv7s8rtes8jiIcwTGcQgCXUINbqEMDCAh4hld487T34r17H/PWgpfPHMIfeJ8/bB+QKw==</latexit>

(|kI |)�2(u+ū)

<latexit sha1_base64="wW1ZwjMHa6jfzl18z1XossFBeH0="></latexit>



Mellin-Barnes representation in momentum space:

external legs internal legs

=

Z i1

�i1

ds1
2⇡i

. . .
dsn
2⇡i

du1

2⇡i

dū1

2⇡i
. . .

dum

2⇡i

dūm

2⇡i
<latexit sha1_base64="1EfAU2OrC/odhM1xreySCRie+eI="></latexit>

k1

<latexit sha1_base64="376T2Ep3XB968EQpNU9na3MR5Fo=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc9Zr0oRuNpP+iXK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2P3iKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPv0YBpSiyfOIKJZu5WREZYY2JdRiUXQrD88ippXVSDWvXyvlap3+RxFOEETuEcAriCOtxBA5pAQMAzvMKbp70X7937WLQWvHzmGP7A+/wBR7+QEw==</latexit>

k3

<latexit sha1_base64="9pNGNt6dhqK3GNEtdKuz7MdwH/I=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexqRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDRgsaiqpuuruihDNjff/LK6ysrq1vFDdLW9s7u3vl/YOWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzPz2I9WGKXlvJwkNBR5KFjOCrZMesl4Uo/G0f94vV/yqPwf6S4KcVCBHo1/+7A0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/OApOnHKAMVKu5IWzdWfExkWxkxE5DoFtiOz7M3E/7xuauOrMGMySS2VZLEoTjmyCs2+RwOmKbF84ggmmrlbERlhjYl1GZVcCMHyy39J66wa1KoXd7VK/TqPowhHcAynEMAl1OEWGtAEAgKe4AVePe09e2/e+6K14OUzh/AL3sc3SseQFQ==</latexit>

k4

<latexit sha1_base64="V9FFpBAON2XA3VFXyCGrHplLFag=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc9Zr0oRuNpv9YvV/yqPwdaJUFOKpCj0S9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfvAUnTllgGKlXUmL5urviQwLYyYicp0C25FZ9mbif143tfF1mDGZpJZKslgUpxxZhWbfowHTlFg+cQQTzdytiIywxsS6jEouhGD55VXSuqgGterlfa1Sv8njKMIJnMI5BHAFdbiDBjSBgIBneIU3T3sv3rv3sWgtePnMMfyB9/kDTEuQFg==</latexit>

kn

<latexit sha1_base64="t+IJQDJM/wacbDaYWQAtcrhMv2g=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqexKRY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6sJOEBZIMFY84JdZJj1kvjPB42lf9csWrenPgVeLnpAI5Gv3yV28Q01QyZakgxnR9L7FBRrTlVLBpqZcalhA6JkPWdVQRyUyQzQ+e4jOnDHAUa1fK4rn6eyIj0piJDF2nJHZklr2Z+J/XTW10HWRcJallii4WRanANsaz7/GAa0atmDhCqObuVkxHRBNqXUYlF4K//PIqaV1U/Vr18r5Wqd/kcRThBE7hHHy4gjrcQQOaQEHCM7zCG9LoBb2jj0VrAeUzx/AH6PMHpDOQUA==</latexit>

k2

<latexit sha1_base64="hB/+g/oJGoey7EOUdirw3Z896bM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGiB6DXjxGMImSLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jUo1oS2iuNIPETaUM0lblllOHxJNsYg47UTjm5nfeaLaMCXv7SShocBDyWJGsHXSY9aLYjSe9mv9csWv+nOgVRLkpAI5mv3yV2+gSCqotIRjY7qBn9gww9oywum01EsNTTAZ4yHtOiqxoCbM5gdP0ZlTBihW2pW0aK7+nsiwMGYiItcpsB2ZZW8m/ud1UxtfhRmTSWqpJItFccqRVWj2PRowTYnlE0cw0czdisgIa0ysy6jkQgiWX14l7Vo1qFcv7uqVxnUeRxFO4BTOIYBLaMAtNKEFBAQ8wyu8edp78d69j0VrwctnjuEPvM8fSUOQFA==</latexit>

u1, ū1
<latexit sha1_base64="Il7nOLyx/cu27bmIMy+ZSdOKZug=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUcJMq9Xuim5cVrAPaEKYTKft0MmDmUmhhP6JGxeKuPVP3Pk3Jmkpvg5cOJxzL/fe40WCK43Qp1FYW9/Y3Cpul3Z29/YPzMOjjgpjSVmbhiKUPY8oJnjA2pprwXqRZMT3BOt6k9vM706ZVDwMHvQsYo5PRgEfckp0KrmmGbu4YlcS2yMSxnMXu2YZWQhX0WUdIqtWxbjegNhCOVakDJZoueaHPQhp7LNAU0GU6mMUaSchUnMq2Lxkx4pFhE7IiPVTGhCfKSfJL5/Ds1QZwGEo0wo0zNXvEwnxlZr5XtrpEz1Wv71M/M/rx3p47SQ8iGLNArpYNIwF1CHMYoADLhnVYpYSQiVPb4V0TCShOg2rlIfQyFD/+/uKdKoWrlm1+4ty82YZRxGcgFNwDjC4Ak1wB1qgDSiYgkfwDF6MxHgyXo23RWvBWM4cgx8w3r8AeaCTDg==</latexit>

um, ūm
<latexit sha1_base64="VvQPYuz0E1CM/bOnzJCnn1AF50c=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUcKk1Wp3RTcuK9gHNCFMptN26EwSZiaFEvonblwo4tY/ceffmKSl+Dpw4XDOvdx7jx9xpjRCn0ZhbX1jc6u4XdrZ3ds/MA+POiqMJaFtEvJQ9nysKGcBbWumOe1FkmLhc9r1J7eZ351SqVgYPOhZRF2BRwEbMoJ1KnmmGXui4lQSx8cSxnNPeGYZWciuoss6RFatatv1BrQtlGNFymCJlmd+OIOQxIIGmnCsVN9GkXYTLDUjnM5LTqxohMkEj2g/pQEWVLlJfvkcnqXKAA5DmVagYa5+n0iwUGom/LRTYD1Wv71M/M/rx3p47SYsiGJNA7JYNIw51CHMYoADJinRfJYSTCRLb4VkjCUmOg2rlIfQyFD/+/uKdKqWXbNq9xfl5s0yjiI4AafgHNjgCjTBHWiBNiBgCh7BM3gxEuPJeDXeFq0FYzlzDH7AeP8CMpuThg==</latexit>

...
<latexit sha1_base64="AA/5oImLsFy7bJDYfxpvuop1FeI=">AAAB7XicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5cV7APaUCaTSTt2MhNmJoUS+g9uXCji1v9x5984SUvxdeDC4Zx7ufceP2ZUacf5tFZW19Y3Ngtbxe2d3b390sFhW4lEYtLCggnZ9ZEijHLS0lQz0o0lQZHPSMcf32R+Z0KkooLf62lMvAgNOQ0pRtpI7f4kEFoNSmXHdtyKc1GDjl2tuG6tDl3bybEkZbBAc1D66AcCJxHhGjOkVM91Yu2lSGqKGZkV+4kiMcJjNCQ9QzmKiPLS/NoZPDVKAEMhTXENc/X7RIoipaaRbzojpEfqt5eJ/3m9RIdXXkp5nGjC8XxRmDCoBcxehwGVBGs2NQRhSc2tEI+QRFibgIp5CPUMtb+/L0m7YrtVu3p3Xm5cL+IogGNwAs6ACy5BA9yCJmgBDB7AI3gGL5awnqxX623eumItZo7AD1jvXxojj54=</latexit>

sn, kn

<latexit sha1_base64="WLRnoSHyPAh60JnLoRl7Aw3Ja8s=">AAACCXicbVC7TsMwFHV4lvIqMLJYVEgMVZWgIhgrWBiLRAGpiSLHvSlWHSeybxBVlJWFX2FhACFW/oCNv8EtHXgdydLROefa1yfKpDDouh/OzOzc/MJiZam6vLK6tl7b2Lwwaa45dHkqU30VMQNSKOiiQAlXmQaWRBIuo+HJ2L+8AW1Eqs5xlEGQsIESseAMrRTWqI9wi5N7Cg39sjChKht+o/CjmA7L0EbqbtOdgP4l3pTUyRSdsPbu91OeJ6CQS2ZMz3MzDAqmUXAJZdXPDWSMD9kAepYqloAJiskGJd21Sp/GqbZHIZ2o3ycKlhgzSiKbTBhem9/eWPzP6+UYHwWFUFmOoPjXQ3EuKaZ0XAvtCw0c5cgSxrWwu1J+zTTjaMur2hK831/+Sy72m16reXDWqrePp3VUyDbZIXvEI4ekTU5Jh3QJJ3fkgTyRZ+feeXRenNev6IwzndkiP+C8fQJnNZrG</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

. . .
.

. . .
.

internalm
<latexit sha1_base64="hDnzNcxDuMV8GCivHMARAzNL6Q8=">AAAB6HicbVDLSgMxFM34rPVVdekmWARXQ6bVandFNy5bsA9oh5JJM21skhmSjFBKv8CNC0Xc+knu/Bsz01J8HbhwOOde7r0niDnTBqFPZ2V1bX1jM7eV397Z3dsvHBy2dJQoQpsk4pHqBFhTziRtGmY47cSKYhFw2g7GN6nffqBKs0jemUlMfYGHkoWMYGOlhugXishFXgldVCByyyXPq1Sh56IMS1IEC9T7hY/eICKJoNIQjrXueig2/hQrwwins3wv0TTGZIyHtGupxIJqf5odOoOnVhnAMFK2pIGZ+n1iioXWExHYToHNSP/2UvE/r5uY8MqfMhknhkoyXxQmHJoIpl/DAVOUGD6xBBPF7K2QjLDCxNhs8lkI1RSVv78vSavkemW33Dgv1q4XceTAMTgBZ8ADl6AGbkEdNAEBFDyCZ/Di3DtPzqvzNm9dcRYzR+AHnPcvJEGNTQ==</latexit>

legs

. . .
<latexit sha1_base64="a9hbPKvqXuVCCX47rtvaoTlFZv0=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRIrPnZFNy4r2Ae0oUwmk3bsJBNmboQS+g9uXCji1v9x5984SYOo9cCFwzn3cu89Xiy4Btv+tEpLyyura+X1ysbm1vZOdXevo2WiKGtTKaTqeUQzwSPWBg6C9WLFSOgJ1vUm15nffWBKcxndwTRmbkhGEQ84JWCkzkD4EvSwWrPrdg68SJyC1FCB1rD6MfAlTUIWARVE675jx+CmRAGngs0qg0SzmNAJGbG+oREJmXbT/NoZPjKKjwOpTEWAc/XnREpCraehZzpDAmP918vE/7x+AsGFm/IoToBFdL4oSAQGibPXsc8VoyCmhhCquLkV0zFRhIIJqJKHcJnh7PvlRdI5qTuNeuP2tNa8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL5a0nqxX623eWrKKmX30C9b7F9Tnj28=</latexit>

u1, ū1
<latexit sha1_base64="Il7nOLyx/cu27bmIMy+ZSdOKZug=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUcJMq9Xuim5cVrAPaEKYTKft0MmDmUmhhP6JGxeKuPVP3Pk3Jmkpvg5cOJxzL/fe40WCK43Qp1FYW9/Y3Cpul3Z29/YPzMOjjgpjSVmbhiKUPY8oJnjA2pprwXqRZMT3BOt6k9vM706ZVDwMHvQsYo5PRgEfckp0KrmmGbu4YlcS2yMSxnMXu2YZWQhX0WUdIqtWxbjegNhCOVakDJZoueaHPQhp7LNAU0GU6mMUaSchUnMq2Lxkx4pFhE7IiPVTGhCfKSfJL5/Ds1QZwGEo0wo0zNXvEwnxlZr5XtrpEz1Wv71M/M/rx3p47SQ8iGLNArpYNIwF1CHMYoADLhnVYpYSQiVPb4V0TCShOg2rlIfQyFD/+/uKdKoWrlm1+4ty82YZRxGcgFNwDjC4Ak1wB1qgDSiYgkfwDF6MxHgyXo23RWvBWM4cgx8w3r8AeaCTDg==</latexit>

um, ūm
<latexit sha1_base64="VvQPYuz0E1CM/bOnzJCnn1AF50c=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwUcKk1Wp3RTcuK9gHNCFMptN26EwSZiaFEvonblwo4tY/ceffmKSl+Dpw4XDOvdx7jx9xpjRCn0ZhbX1jc6u4XdrZ3ds/MA+POiqMJaFtEvJQ9nysKGcBbWumOe1FkmLhc9r1J7eZ351SqVgYPOhZRF2BRwEbMoJ1KnmmGXui4lQSx8cSxnNPeGYZWciuoss6RFatatv1BrQtlGNFymCJlmd+OIOQxIIGmnCsVN9GkXYTLDUjnM5LTqxohMkEj2g/pQEWVLlJfvkcnqXKAA5DmVagYa5+n0iwUGom/LRTYD1Wv71M/M/rx3p47SYsiGJNA7JYNIw51CHMYoADJinRfJYSTCRLb4VkjCUmOg2rlIfQyFD/+/uKdKqWXbNq9xfl5s0yjiI4AafgHNjgCjTBHWiBNiBgCh7BM3gxEuPJeDXeFq0FYzlzDH7AeP8CMpuThg==</latexit>

...
<latexit sha1_base64="AA/5oImLsFy7bJDYfxpvuop1FeI=">AAAB7XicbVDLSsNAFJ34rPVVdelmsAiuQtJqtbuiG5cV7APaUCaTSTt2MhNmJoUS+g9uXCji1v9x5984SUvxdeDC4Zx7ufceP2ZUacf5tFZW19Y3Ngtbxe2d3b390sFhW4lEYtLCggnZ9ZEijHLS0lQz0o0lQZHPSMcf32R+Z0KkooLf62lMvAgNOQ0pRtpI7f4kEFoNSmXHdtyKc1GDjl2tuG6tDl3bybEkZbBAc1D66AcCJxHhGjOkVM91Yu2lSGqKGZkV+4kiMcJjNCQ9QzmKiPLS/NoZPDVKAEMhTXENc/X7RIoipaaRbzojpEfqt5eJ/3m9RIdXXkp5nGjC8XxRmDCoBcxehwGVBGs2NQRhSc2tEI+QRFibgIp5CPUMtb+/L0m7YrtVu3p3Xm5cL+IogGNwAs6ACy5BA9yCJmgBDB7AI3gGL5awnqxX623eumItZo7AD1jvXxojj54=</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

sn, kn

<latexit sha1_base64="WLRnoSHyPAh60JnLoRl7Aw3Ja8s=">AAACCXicbVC7TsMwFHV4lvIqMLJYVEgMVZWgIhgrWBiLRAGpiSLHvSlWHSeybxBVlJWFX2FhACFW/oCNv8EtHXgdydLROefa1yfKpDDouh/OzOzc/MJiZam6vLK6tl7b2Lwwaa45dHkqU30VMQNSKOiiQAlXmQaWRBIuo+HJ2L+8AW1Eqs5xlEGQsIESseAMrRTWqI9wi5N7Cg39sjChKht+o/CjmA7L0EbqbtOdgP4l3pTUyRSdsPbu91OeJ6CQS2ZMz3MzDAqmUXAJZdXPDWSMD9kAepYqloAJiskGJd21Sp/GqbZHIZ2o3ycKlhgzSiKbTBhem9/eWPzP6+UYHwWFUFmOoPjXQ3EuKaZ0XAvtCw0c5cgSxrWwu1J+zTTjaMur2hK831/+Sy72m16reXDWqrePp3VUyDbZIXvEI4ekTU5Jh3QJJ3fkgTyRZ+feeXRenNev6IwzndkiP+C8fQJnNZrG</latexit>

=

Z i1

�i1

ds1
2⇡i

. . .
dsn
2⇡i

du1

2⇡i

dū1

2⇡i
. . .

dum

2⇡i

dūm

2⇡i
<latexit sha1_base64="1EfAU2OrC/odhM1xreySCRie+eI="></latexit>

. . .
<latexit sha1_base64="a9hbPKvqXuVCCX47rtvaoTlFZv0=">AAAB7XicbVDLSsNAFJ3UV62vqks3g0VwVRIrPnZFNy4r2Ae0oUwmk3bsJBNmboQS+g9uXCji1v9x5984SYOo9cCFwzn3cu89Xiy4Btv+tEpLyyura+X1ysbm1vZOdXevo2WiKGtTKaTqeUQzwSPWBg6C9WLFSOgJ1vUm15nffWBKcxndwTRmbkhGEQ84JWCkzkD4EvSwWrPrdg68SJyC1FCB1rD6MfAlTUIWARVE675jx+CmRAGngs0qg0SzmNAJGbG+oREJmXbT/NoZPjKKjwOpTEWAc/XnREpCraehZzpDAmP918vE/7x+AsGFm/IoToBFdL4oSAQGibPXsc8VoyCmhhCquLkV0zFRhIIJqJKHcJnh7PvlRdI5qTuNeuP2tNa8KuIoowN0iI6Rg85RE92gFmojiu7RI3pGL5a0nqxX623eWrKKmX30C9b7F9Tnj28=</latexit>

k1

<latexit sha1_base64="376T2Ep3XB968EQpNU9na3MR5Fo=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc9Zr0oRuNpP+iXK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2P3iKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPv0YBpSiyfOIKJZu5WREZYY2JdRiUXQrD88ippXVSDWvXyvlap3+RxFOEETuEcAriCOtxBA5pAQMAzvMKbp70X7937WLQWvHzmGP7A+/wBR7+QEw==</latexit>

k3

<latexit sha1_base64="9pNGNt6dhqK3GNEtdKuz7MdwH/I=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexqRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDRgsaiqpuuruihDNjff/LK6ysrq1vFDdLW9s7u3vl/YOWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzPz2I9WGKXlvJwkNBR5KFjOCrZMesl4Uo/G0f94vV/yqPwf6S4KcVCBHo1/+7A0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/OApOnHKAMVKu5IWzdWfExkWxkxE5DoFtiOz7M3E/7xuauOrMGMySS2VZLEoTjmyCs2+RwOmKbF84ggmmrlbERlhjYl1GZVcCMHyy39J66wa1KoXd7VK/TqPowhHcAynEMAl1OEWGtAEAgKe4AVePe09e2/e+6K14OUzh/AL3sc3SseQFQ==</latexit>

k4

<latexit sha1_base64="V9FFpBAON2XA3VFXyCGrHplLFag=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jmIckS5idzCZD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyc9Zr0oRuNpv9YvV/yqPwdaJUFOKpCj0S9/9QaKpIJKSzg2phv4iQ0zrC0jnE5LvdTQBJMxHtKuoxILasJsfvAUnTllgGKlXUmL5urviQwLYyYicp0C25FZ9mbif143tfF1mDGZpJZKslgUpxxZhWbfowHTlFg+cQQTzdytiIywxsS6jEouhGD55VXSuqgGterlfa1Sv8njKMIJnMI5BHAFdbiDBjSBgIBneIU3T3sv3rv3sWgtePnMMfyB9/kDTEuQFg==</latexit>

kn

<latexit sha1_base64="t+IJQDJM/wacbDaYWQAtcrhMv2g=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqexKRY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6sJOEBZIMFY84JdZJj1kvjPB42lf9csWrenPgVeLnpAI5Gv3yV28Q01QyZakgxnR9L7FBRrTlVLBpqZcalhA6JkPWdVQRyUyQzQ+e4jOnDHAUa1fK4rn6eyIj0piJDF2nJHZklr2Z+J/XTW10HWRcJallii4WRanANsaz7/GAa0atmDhCqObuVkxHRBNqXUYlF4K//PIqaV1U/Vr18r5Wqd/kcRThBE7hHHy4gjrcQQOaQEHCM7zCG9LoBb2jj0VrAeUzx/AH6PMHpDOQUA==</latexit>

k2

<latexit sha1_base64="hB/+g/oJGoey7EOUdirw3Z896bM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGiB6DXjxGMImSLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jUo1oS2iuNIPETaUM0lblllOHxJNsYg47UTjm5nfeaLaMCXv7SShocBDyWJGsHXSY9aLYjSe9mv9csWv+nOgVRLkpAI5mv3yV2+gSCqotIRjY7qBn9gww9oywum01EsNTTAZ4yHtOiqxoCbM5gdP0ZlTBihW2pW0aK7+nsiwMGYiItcpsB2ZZW8m/ud1UxtfhRmTSWqpJItFccqRVWj2PRowTYnlE0cw0czdisgIa0ysy6jkQgiWX14l7Vo1qFcv7uqVxnUeRxFO4BTOIYBLaMAtNKEFBAQ8wyu8edp78d69j0VrwctnjuEPvM8fSUOQFA==</latexit>

internalm
<latexit sha1_base64="hDnzNcxDuMV8GCivHMARAzNL6Q8=">AAAB6HicbVDLSgMxFM34rPVVdekmWARXQ6bVandFNy5bsA9oh5JJM21skhmSjFBKv8CNC0Xc+knu/Bsz01J8HbhwOOde7r0niDnTBqFPZ2V1bX1jM7eV397Z3dsvHBy2dJQoQpsk4pHqBFhTziRtGmY47cSKYhFw2g7GN6nffqBKs0jemUlMfYGHkoWMYGOlhugXishFXgldVCByyyXPq1Sh56IMS1IEC9T7hY/eICKJoNIQjrXueig2/hQrwwins3wv0TTGZIyHtGupxIJqf5odOoOnVhnAMFK2pIGZ+n1iioXWExHYToHNSP/2UvE/r5uY8MqfMhknhkoyXxQmHJoIpl/DAVOUGD6xBBPF7K2QjLDCxNhs8lkI1RSVv78vSavkemW33Dgv1q4XceTAMTgBZ8ADl6AGbkEdNAEBFDyCZ/Di3DtPzqvzNm9dcRYzR+AHnPcvJEGNTQ==</latexit>

legs

external legs internal legs

Bridging the Gap between EAdS and dS



ds2 =

✓
RAdS

z

◆2 �
dz2 + dx2

�

<latexit sha1_base64="jYb6wso/taTRy9BGdixaMajicQY="></latexit>

!D (u, ū)

<latexit sha1_base64="cLfMVj3TqB1op6536a7/Xvl3SbM=">AAACLnicbVDLSgNBEJz1bXxFPXoZDEIECbsSUG/iAzwqmETIhjA76U2GzD6Y6RHDsl/kxV/Rg6AiXv0MJzEHNRY0FFXdM90VpFJodN0XZ2p6ZnZufmGxsLS8srpWXN+o68QoDjWeyETdBEyDFDHUUKCEm1QBiwIJjaB/OvQbt6C0SOJrHKTQilg3FqHgDK3ULp77SQRd1s7Ocl9CiGUf4Q5H72aBNJBnJt+b0DI/YIqaPPeV6PZwt10suRV3BDpJvDEpkTEu28Unv5NwE0GMXDKtm56bYitjCgWXkBd8oyFlvM+60LQ0ZhHoVjZaIac7VunQMFG2YqQj9edExiKtB1FgOyOGPf3XG4r/eU2D4WErE3FqEGL+/VFoJMWEDrOjHaGAoxxYwrgSdlfKe0wxjjbhgg3B+3vyJKnvV7xq5eiqWjo+GcexQLbINikTjxyQY3JBLkmNcHJPHskreXMenGfn3fn4bp1yxjOb5Beczy8mQ6uq</latexit>

Bridging the Gap between EAdS and dS
Propagators in EAdS and dS take a universal form, constructed from 3 building blocks.
In EAdS we have:

' (z,k) = ↵ z
�+

⇥
O�+ (k) +O

�
z
2
�⇤

+ � z
��

⇥
O�� (k) +O

�
z
2
�⇤

<latexit sha1_base64="g74EkFubGp47u+Yg8cVhfNejITQ="></latexit>

Recall the general solution to the wave equation near the boundary of EAdS, z ! 0

<latexit sha1_base64="ZSOytknRUmox8A1TkhXVxdT/myk=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3bisYB/QDiWTZtrQTGZI7gh16Ee4caGIW7/HnX9j2s5CWw8EDufcS+45QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k+khzFx++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn83PnZIzqwxIGGv7FJK5+nsjo5ExkyiwkxHFkVn2ZuJ/XjfF8MrPhEpS5IotPgpTSWzEWXYyEJozlBNLKNPC3krYiGrK0DZUsiV4y5FXSeui6tWq1/e1Sv0mr6MIJ3AK5+DBJdThDhrQBAZjeIZXeHMS58V5dz4WowUn3zmGP3A+fwBfVY71</latexit>

:

Selected by !N (u, ū)

<latexit sha1_base64="3SM5MlitXAyHxug6Iu71kJnXJfs=">AAACLnicbVBNSwMxEM36bf2qevQSLEIFKbtSUG+iCJ5EwbZCt5RsOtuGZj9IJmJZ9hd58a/oQVARr/4M09qDWh8MPN6bSWZekEqh0XVfnKnpmdm5+YXFwtLyyupacX2jrhOjONR4IhN1EzANUsRQQ4ESblIFLAokNIL+6dBv3ILSIomvcZBCK2LdWISCM7RSu3jmJxF0WTu7yH0JIZZ9hDscvZsF0kCemXxvQsv8gClq8txXotvD3Xax5FbcEegk8cakRMa4bBef/E7CTQQxcsm0bnpuiq2MKRRcQl7wjYaU8T7rQtPSmEWgW9lohZzuWKVDw0TZipGO1J8TGYu0HkSB7YwY9vRfbyj+5zUNhoetTMSpQYj590ehkRQTOsyOdoQCjnJgCeNK2F0p7zHFONqECzYE7+/Jk6S+X/GqlaOraun4ZBzHAtki26RMPHJAjsk5uSQ1wsk9eSSv5M15cJ6dd+fju3XKGc9skl9wPr8AN8OrtA==</latexit>

Selected by

!D/N (u, ū) =
1

2
sin

�
⇡
�
u+ 1

2

�
�⌥ � d

2

���
sin

�
⇡
�
ū+ 1

2

�
�⌥ � d

2

���

<latexit sha1_base64="M6nlUR1ShwE9nH0f6YmWDpqgNUg="></latexit>

[↵!D (u, ū) + � !N (u, ū)]

<latexit sha1_base64="ae76W3J1HDVGFxEHz/mNz2QvFcY="></latexit>

⌦�,J

<latexit sha1_base64="l06O6t1t0mzdoNLPySgqlDZbsAs=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkoihbos6kLcWME+oAlhMr1ph04ezEyUEvspblwo4tYvceffOG2z0NYDFw7n3Mu99/gJZ1JZ1rdRWFldW98obpa2tnd298zyflvGqaDQojGPRdcnEjiLoKWY4tBNBJDQ59DxR5dTv/MAQrI4ulfjBNyQDCIWMEqUljyz7NyGMCBe5lwBV+T0ZuKZFatqzYCXiZ2TCsrR9Mwvpx/TNIRIUU6k7NlWotyMCMUoh0nJSSUkhI7IAHqaRiQE6Waz0yf4WCt9HMRCV6TwTP09kZFQynHo686QqKFc9Kbif14vVcG5m7EoSRVEdL4oSDlWMZ7mgPtMAFV8rAmhgulbMR0SQajSaZV0CPbiy8ukfVa1a9X6Xa3SuMjjKKJDdIROkI3qqIGuURO1EEWP6Bm9ojfjyXgx3o2PeWvByGcO0B8Ynz/MF5O3</latexit>

�
r2 �m2

�
⌦�,J = 0

<latexit sha1_base64="NxRzIhxXnj0Qgde49ujFj1WApzQ="></latexit>

Harmonic function,

boundary conditions

Dirichlet Neumann

= csc (⇡ (u+ ū)) [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="sPDkU1ODcIItyElZRgXNEtM3Nbw="></latexit>

= csc (⇡ (u+ ū)) [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="sPDkU1ODcIItyElZRgXNEtM3Nbw="></latexit>

contact terms

project onto Dirichlet/Neumann boundary conditions:  

!D/N (u, ū) =
1

2
sin

�
⇡
�
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2

�
�⌥ � d

2

���
sin

�
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ū+ 1

2

�
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2

���

<latexit sha1_base64="M6nlUR1ShwE9nH0f6YmWDpqgNUg="></latexit>

m2R2
AdS = � (�+�� + J)

<latexit sha1_base64="szktOCfhjMeKjbR2sIOLyB7tkN0="></latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>



Bridging the Gap between EAdS and dS

In EAdS we have:

= csc (⇡ (u+ ū)) [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="sPDkU1ODcIItyElZRgXNEtM3Nbw="></latexit>

On shell, the factor gets cancelled:

= csc (⇡ (u+ ū)) [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="sPDkU1ODcIItyElZRgXNEtM3Nbw="></latexit>

is generated by the source term in the propagator equation.i.e.

!D/N (u, ū) =
1

2
sin
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2
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2
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2
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2

���

<latexit sha1_base64="M6nlUR1ShwE9nH0f6YmWDpqgNUg="></latexit>

[↵!D (u, ū) + � !N (u, ū)]

<latexit sha1_base64="ae76W3J1HDVGFxEHz/mNz2QvFcY="></latexit>

⌦�,J

<latexit sha1_base64="l06O6t1t0mzdoNLPySgqlDZbsAs=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkoihbos6kLcWME+oAlhMr1ph04ezEyUEvspblwo4tYvceffOG2z0NYDFw7n3Mu99/gJZ1JZ1rdRWFldW98obpa2tnd298zyflvGqaDQojGPRdcnEjiLoKWY4tBNBJDQ59DxR5dTv/MAQrI4ulfjBNyQDCIWMEqUljyz7NyGMCBe5lwBV+T0ZuKZFatqzYCXiZ2TCsrR9Mwvpx/TNIRIUU6k7NlWotyMCMUoh0nJSSUkhI7IAHqaRiQE6Waz0yf4WCt9HMRCV6TwTP09kZFQynHo686QqKFc9Kbif14vVcG5m7EoSRVEdL4oSDlWMZ7mgPtMAFV8rAmhgulbMR0SQajSaZV0CPbiy8ukfVa1a9X6Xa3SuMjjKKJDdIROkI3qqIGuURO1EEWP6Bm9ojfjyXgx3o2PeWvByGcO0B8Ynz/MF5O3</latexit>

�
r2 �m2

�
⌦�,J = 0

<latexit sha1_base64="NxRzIhxXnj0Qgde49ujFj1WApzQ="></latexit>

Harmonic function,

boundary conditions

Dirichlet Neumann

= csc (⇡ (u+ ū)) [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="sPDkU1ODcIItyElZRgXNEtM3Nbw="></latexit>

= csc (⇡ (u+ ū)) [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="sPDkU1ODcIItyElZRgXNEtM3Nbw="></latexit>

contact terms

project onto Dirichlet/Neumann boundary conditions:  

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

⌦�,J

<latexit sha1_base64="l06O6t1t0mzdoNLPySgqlDZbsAs=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkoihbos6kLcWME+oAlhMr1ph04ezEyUEvspblwo4tYvceffOG2z0NYDFw7n3Mu99/gJZ1JZ1rdRWFldW98obpa2tnd298zyflvGqaDQojGPRdcnEjiLoKWY4tBNBJDQ59DxR5dTv/MAQrI4ulfjBNyQDCIWMEqUljyz7NyGMCBe5lwBV+T0ZuKZFatqzYCXiZ2TCsrR9Mwvpx/TNIRIUU6k7NlWotyMCMUoh0nJSSUkhI7IAHqaRiQE6Waz0yf4WCt9HMRCV6TwTP09kZFQynHo686QqKFc9Kbif14vVcG5m7EoSRVEdL4oSDlWMZ7mgPtMAFV8rAmhgulbMR0SQajSaZV0CPbiy8ukfVa1a9X6Xa3SuMjjKKJDdIROkI3qqIGuURO1EEWP6Bm9ojfjyXgx3o2PeWvByGcO0B8Ynz/MF5O3</latexit>

= [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="h9zPOkgEsmfMn/t50MJY6AKRYVE="></latexit>

[↵!D (u, ū) + � !N (u, ū)]

<latexit sha1_base64="ae76W3J1HDVGFxEHz/mNz2QvFcY="></latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

Propagators in EAdS and dS take a universal form, constructed from 3 building blocks.

!D/N (u, ū) =
1

2
sin

�
⇡
�
u+ 1

2

�
�⌥ � d

2

���
sin

�
⇡
�
ū+ 1

2

�
�⌥ � d

2

���

<latexit sha1_base64="M6nlUR1ShwE9nH0f6YmWDpqgNUg="></latexit>

m2R2
AdS = � (�+�� + J)

<latexit sha1_base64="szktOCfhjMeKjbR2sIOLyB7tkN0="></latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>



ds2 =

✓
RdS

⌘

◆2 �
�d⌘2 + dx2

�

<latexit sha1_base64="/C8rgSZ6y4eG7FHSRt3oAmHHKxY="></latexit>

m2R2
dS = (�+�� + J)

<latexit sha1_base64="ZWfSuUToTn4UFsiiYoaxMb2N7fc="></latexit>

Bridging the Gap between EAdS and dS

In dS, for the         branch of the in-in contour, we have:

�
r2 �m2

�
⌦�,J = 0

<latexit sha1_base64="NxRzIhxXnj0Qgde49ujFj1WApzQ="></latexit>

Harmonic function,

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="OcS0UsSIFFBe+Dw/tTxtX3mDI7Y="></latexit>

boundary conditions

= csc (⇡ (u+ ū)) [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="sPDkU1ODcIItyElZRgXNEtM3Nbw="></latexit>

= csc (⇡ (u+ ū)) [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="sPDkU1ODcIItyElZRgXNEtM3Nbw="></latexit>

contact terms
u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

±±̂

<latexit sha1_base64="rip/x+/CHyK/YcyYkF0UQrPRAqc=">AAAB9XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEdRb0YvHCvYD2lg22027dDcJuxOlhP4PLx4U8ep/8ea/cdvmoK0vLDy8M8PMvkEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGniVDPeYLGMdTughksR8QYKlLydaE5VIHkrGN1M661Hro2Io3scJ9xXdBCJUDCK1nroJopk3SFFYmnSK1fcqjsTWQYvhwrkqvfKX91+zFLFI2SSGtPx3AT9jGoUTPJJqZsanlA2ogPesRhRxY2fza6ekBPr9EkYa/siJDP390RGlTFjFdhORXFoFmtT879aJ8Xw0s9ElKTIIzZfFKaSYEymEZC+0JyhHFugTAt7K2FDqilDG1TJhuAtfnkZmmdV77x6dXdeqV3ncRThCI7hFDy4gBrcQh0awEDDM7zCm/PkvDjvzse8teDkM4fwR87nDy/cklU=</latexit>

⌦�,J

<latexit sha1_base64="l06O6t1t0mzdoNLPySgqlDZbsAs=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkoihbos6kLcWME+oAlhMr1ph04ezEyUEvspblwo4tYvceffOG2z0NYDFw7n3Mu99/gJZ1JZ1rdRWFldW98obpa2tnd298zyflvGqaDQojGPRdcnEjiLoKWY4tBNBJDQ59DxR5dTv/MAQrI4ulfjBNyQDCIWMEqUljyz7NyGMCBe5lwBV+T0ZuKZFatqzYCXiZ2TCsrR9Mwvpx/TNIRIUU6k7NlWotyMCMUoh0nJSSUkhI7IAHqaRiQE6Waz0yf4WCt9HMRCV6TwTP09kZFQynHo686QqKFc9Kbif14vVcG5m7EoSRVEdL4oSDlWMZ7mgPtMAFV8rAmhgulbMR0SQajSaZV0CPbiy8ukfVa1a9X6Xa3SuMjjKKJDdIROkI3qqIGuURO1EEWP6Bm9ojfjyXgx3o2PeWvByGcO0B8Ynz/MF5O3</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

±±̂

<latexit sha1_base64="rip/x+/CHyK/YcyYkF0UQrPRAqc=">AAAB9XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEdRb0YvHCvYD2lg22027dDcJuxOlhP4PLx4U8ep/8ea/cdvmoK0vLDy8M8PMvkEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGniVDPeYLGMdTughksR8QYKlLydaE5VIHkrGN1M661Hro2Io3scJ9xXdBCJUDCK1nroJopk3SFFYmnSK1fcqjsTWQYvhwrkqvfKX91+zFLFI2SSGtPx3AT9jGoUTPJJqZsanlA2ogPesRhRxY2fza6ekBPr9EkYa/siJDP390RGlTFjFdhORXFoFmtT879aJ8Xw0s9ElKTIIzZfFKaSYEymEZC+0JyhHFugTAt7K2FDqilDG1TJhuAtfnkZmmdV77x6dXdeqV3ncRThCI7hFDy4gBrcQh0awEDDM7zCm/PkvDjvzse8teDkM4fwR87nDy/cklU=</latexit>

±±̂

<latexit sha1_base64="n837dTI9ClyeQKNtY6fxp08jAsg=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmY0YHILevEYwSyQjKGn05M06e4ZumuUMOQ/vHhQxKv/4s2/sbMIrg8KHu9VUVUvTAQ34HnvTm5peWV1Lb9e2Njc2t4p7u41TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRxdRv3TJteKyuYZywQJKB4hGnBKx0000kzrpDAtiySa9Y8txyteKdVvFv4rveDCW0QL1XfOv2Y5pKpoAKYkzH9xIIMqKBU8EmhW5qWELoiAxYx1JFJDNBNrt6go+s0sdRrG0pwDP160RGpDFjGdpOSWBofnpT8S+vk0JUCTKukhSYovNFUSowxHgaAe5zzSiIsSWEam5vxXRINKFggyrYED4/xf+T5onrl93qVblUO1/EkUcH6BAdIx+doRq6RHXUQBRpdI8e0ZNz5zw4z87LvDXnLGb20Tc4rx+/JZK4</latexit>

Propagators in EAdS and dS take a universal form, constructed from 3 building blocks.

Recall the general solution to the wave equation near the boundary of dS, ⌘ ! 0

<latexit sha1_base64="eddIBOFROaMYRWHmAvibGkf/G8o=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3bisYB/YGUomzbShmcyQ3BFK6V+4caGIW//GnX9j2s5CWw8EDufcS+45YSqFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZZJMM95kiUx0J6SGS6F4EwVK3kk1p3EoeTsc3c789hPXRiTqAccpD2I6UCISjKKVHn2OlPiYELdXrrhVdw6ySrycVCBHo1f+8vsJy2KukElqTNdzUwwmVKNgkk9LfmZ4StmIDnjXUkVjboLJ/OIpObNKn0SJtk8hmau/NyY0NmYch3Yypjg0y95M/M/rZhhdBROh0gy5YouPokwSG3EWn/SF5gzl2BLKtLC3EjakmjK0JZVsCd5y5FXSuqh6ter1fa1Sv8nrKMIJnMI5eHAJdbiDBjSBgYJneIU3xzgvzrvzsRgtOPnOMfyB8/kDhbOQLw==</latexit>

' (⌘,k) = ↵±±̂ (�⌘)�+
⇥
O�+ (k) +O

�
⌘
2
�⇤

+ �±±̂ (�⌘)��
⇥
O�� (k) +O

�
⌘
2
�⇤

<latexit sha1_base64="0nbEUbm9QPYNNsQZRn3yNpOoapw="></latexit>

!D (u, ū)

<latexit sha1_base64="cLfMVj3TqB1op6536a7/Xvl3SbM=">AAACLnicbVDLSgNBEJz1bXxFPXoZDEIECbsSUG/iAzwqmETIhjA76U2GzD6Y6RHDsl/kxV/Rg6AiXv0MJzEHNRY0FFXdM90VpFJodN0XZ2p6ZnZufmGxsLS8srpWXN+o68QoDjWeyETdBEyDFDHUUKCEm1QBiwIJjaB/OvQbt6C0SOJrHKTQilg3FqHgDK3ULp77SQRd1s7Ocl9CiGUf4Q5H72aBNJBnJt+b0DI/YIqaPPeV6PZwt10suRV3BDpJvDEpkTEu28Unv5NwE0GMXDKtm56bYitjCgWXkBd8oyFlvM+60LQ0ZhHoVjZaIac7VunQMFG2YqQj9edExiKtB1FgOyOGPf3XG4r/eU2D4WErE3FqEGL+/VFoJMWEDrOjHaGAoxxYwrgSdlfKe0wxjjbhgg3B+3vyJKnvV7xq5eiqWjo+GcexQLbINikTjxyQY3JBLkmNcHJPHskreXMenGfn3fn4bp1yxjOb5Beczy8mQ6uq</latexit>

Selected by !N (u, ū)

<latexit sha1_base64="3SM5MlitXAyHxug6Iu71kJnXJfs=">AAACLnicbVBNSwMxEM36bf2qevQSLEIFKbtSUG+iCJ5EwbZCt5RsOtuGZj9IJmJZ9hd58a/oQVARr/4M09qDWh8MPN6bSWZekEqh0XVfnKnpmdm5+YXFwtLyyupacX2jrhOjONR4IhN1EzANUsRQQ4ESblIFLAokNIL+6dBv3ILSIomvcZBCK2LdWISCM7RSu3jmJxF0WTu7yH0JIZZ9hDscvZsF0kCemXxvQsv8gClq8txXotvD3Xax5FbcEegk8cakRMa4bBef/E7CTQQxcsm0bnpuiq2MKRRcQl7wjYaU8T7rQtPSmEWgW9lohZzuWKVDw0TZipGO1J8TGYu0HkSB7YwY9vRfbyj+5zUNhoetTMSpQYj590ehkRQTOsyOdoQCjnJgCeNK2F0p7zHFONqECzYE7+/Jk6S+X/GqlaOraun4ZBzHAtki26RMPHJAjsk5uSQ1wsk9eSSv5M15cJ6dd+fju3XKGc9skl9wPr8AN8OrtA==</latexit>

Selected by

↵±⌥ = ��⌥± = ± csc
�
⇡
�
d
2 ��±

��
exp

⇥�
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2

�
⇡i
⇤

<latexit sha1_base64="UU1TUDIXhpvgB0uCfG9XeZTCYlo="></latexit>

↵±± = �⌥⌥ = csc
�
⇡
�
d
2 ��±
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exp

⇥
�
�
�± � d

2

�
⇡i
⇤
,

<latexit sha1_base64="gDrmEs5jNTgyDlKQLI0WwxYfPRI="></latexit>

For the Bunch Davies (Euclidean) vacuum we have:

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>



Bridging the Gap between EAdS and dS

dS and EAdS Harmonic functions differ by a simple phase:

In dS, for the         branch of the in-in contour, we have:

Also the bulk-boundary propagators:

�
r2 �m2

�
⌦�,J = 0

<latexit sha1_base64="NxRzIhxXnj0Qgde49ujFj1WApzQ="></latexit>

Harmonic function,

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="OcS0UsSIFFBe+Dw/tTxtX3mDI7Y="></latexit>

boundary conditions

= csc (⇡ (u+ ū)) [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="sPDkU1ODcIItyElZRgXNEtM3Nbw="></latexit>

= csc (⇡ (u+ ū)) [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="sPDkU1ODcIItyElZRgXNEtM3Nbw="></latexit>

contact terms
u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

±±̂

<latexit sha1_base64="rip/x+/CHyK/YcyYkF0UQrPRAqc=">AAAB9XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEdRb0YvHCvYD2lg22027dDcJuxOlhP4PLx4U8ep/8ea/cdvmoK0vLDy8M8PMvkEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGniVDPeYLGMdTughksR8QYKlLydaE5VIHkrGN1M661Hro2Io3scJ9xXdBCJUDCK1nroJopk3SFFYmnSK1fcqjsTWQYvhwrkqvfKX91+zFLFI2SSGtPx3AT9jGoUTPJJqZsanlA2ogPesRhRxY2fza6ekBPr9EkYa/siJDP390RGlTFjFdhORXFoFmtT879aJ8Xw0s9ElKTIIzZfFKaSYEymEZC+0JyhHFugTAt7K2FDqilDG1TJhuAtfnkZmmdV77x6dXdeqV3ncRThCI7hFDy4gBrcQh0awEDDM7zCm/PkvDjvzse8teDkM4fwR87nDy/cklU=</latexit>

⌦�,J

<latexit sha1_base64="l06O6t1t0mzdoNLPySgqlDZbsAs=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkoihbos6kLcWME+oAlhMr1ph04ezEyUEvspblwo4tYvceffOG2z0NYDFw7n3Mu99/gJZ1JZ1rdRWFldW98obpa2tnd298zyflvGqaDQojGPRdcnEjiLoKWY4tBNBJDQ59DxR5dTv/MAQrI4ulfjBNyQDCIWMEqUljyz7NyGMCBe5lwBV+T0ZuKZFatqzYCXiZ2TCsrR9Mwvpx/TNIRIUU6k7NlWotyMCMUoh0nJSSUkhI7IAHqaRiQE6Waz0yf4WCt9HMRCV6TwTP09kZFQynHo686QqKFc9Kbif14vVcG5m7EoSRVEdL4oSDlWMZ7mgPtMAFV8rAmhgulbMR0SQajSaZV0CPbiy8ukfVa1a9X6Xa3SuMjjKKJDdIROkI3qqIGuURO1EEWP6Bm9ojfjyXgx3o2PeWvByGcO0B8Ynz/MF5O3</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

±±̂

<latexit sha1_base64="rip/x+/CHyK/YcyYkF0UQrPRAqc=">AAAB9XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEdRb0YvHCvYD2lg22027dDcJuxOlhP4PLx4U8ep/8ea/cdvmoK0vLDy8M8PMvkEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGniVDPeYLGMdTughksR8QYKlLydaE5VIHkrGN1M661Hro2Io3scJ9xXdBCJUDCK1nroJopk3SFFYmnSK1fcqjsTWQYvhwrkqvfKX91+zFLFI2SSGtPx3AT9jGoUTPJJqZsanlA2ogPesRhRxY2fza6ekBPr9EkYa/siJDP390RGlTFjFdhORXFoFmtT879aJ8Xw0s9ElKTIIzZfFKaSYEymEZC+0JyhHFugTAt7K2FDqilDG1TJhuAtfnkZmmdV77x6dXdeqV3ncRThCI7hFDy4gBrcQh0awEDDM7zCm/PkvDjvzse8teDkM4fwR87nDy/cklU=</latexit>

= exp
⇥
⌥
�
u+ 1

2

�
�+ � d

2

��
⇡i
⇤
exp

⇥
⌥̂
�
ū+ 1

2

�
�� � d

2

��
⇡i
⇤

<latexit sha1_base64="3RleRAqGkOwOeQ0JhYWJcaS6YlY="></latexit>

⌦�,J

<latexit sha1_base64="l06O6t1t0mzdoNLPySgqlDZbsAs=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkoihbos6kLcWME+oAlhMr1ph04ezEyUEvspblwo4tYvceffOG2z0NYDFw7n3Mu99/gJZ1JZ1rdRWFldW98obpa2tnd298zyflvGqaDQojGPRdcnEjiLoKWY4tBNBJDQ59DxR5dTv/MAQrI4ulfjBNyQDCIWMEqUljyz7NyGMCBe5lwBV+T0ZuKZFatqzYCXiZ2TCsrR9Mwvpx/TNIRIUU6k7NlWotyMCMUoh0nJSSUkhI7IAHqaRiQE6Waz0yf4WCt9HMRCV6TwTP09kZFQynHo686QqKFc9Kbif14vVcG5m7EoSRVEdL4oSDlWMZ7mgPtMAFV8rAmhgulbMR0SQajSaZV0CPbiy8ukfVa1a9X6Xa3SuMjjKKJDdIROkI3qqIGuURO1EEWP6Bm9ojfjyXgx3o2PeWvByGcO0B8Ynz/MF5O3</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

⌦�,J

<latexit sha1_base64="l06O6t1t0mzdoNLPySgqlDZbsAs=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkoihbos6kLcWME+oAlhMr1ph04ezEyUEvspblwo4tYvceffOG2z0NYDFw7n3Mu99/gJZ1JZ1rdRWFldW98obpa2tnd298zyflvGqaDQojGPRdcnEjiLoKWY4tBNBJDQ59DxR5dTv/MAQrI4ulfjBNyQDCIWMEqUljyz7NyGMCBe5lwBV+T0ZuKZFatqzYCXiZ2TCsrR9Mwvpx/TNIRIUU6k7NlWotyMCMUoh0nJSSUkhI7IAHqaRiQE6Waz0yf4WCt9HMRCV6TwTP09kZFQynHo686QqKFc9Kbif14vVcG5m7EoSRVEdL4oSDlWMZ7mgPtMAFV8rAmhgulbMR0SQajSaZV0CPbiy8ukfVa1a9X6Xa3SuMjjKKJDdIROkI3qqIGuURO1EEWP6Bm9ojfjyXgx3o2PeWvByGcO0B8Ynz/MF5O3</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

±±̂

<latexit sha1_base64="rip/x+/CHyK/YcyYkF0UQrPRAqc=">AAAB9XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEdRb0YvHCvYD2lg22027dDcJuxOlhP4PLx4U8ep/8ea/cdvmoK0vLDy8M8PMvkEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGniVDPeYLGMdTughksR8QYKlLydaE5VIHkrGN1M661Hro2Io3scJ9xXdBCJUDCK1nroJopk3SFFYmnSK1fcqjsTWQYvhwrkqvfKX91+zFLFI2SSGtPx3AT9jGoUTPJJqZsanlA2ogPesRhRxY2fza6ekBPr9EkYa/siJDP390RGlTFjFdhORXFoFmtT879aJ8Xw0s9ElKTIIzZfFKaSYEymEZC+0JyhHFugTAt7K2FDqilDG1TJhuAtfnkZmmdV77x6dXdeqV3ncRThCI7hFDy4gBrcQh0awEDDM7zCm/PkvDjvzse8teDkM4fwR87nDy/cklU=</latexit>

= exp
⇥
±
�
s+ 1

2

�
�� d

2

��
⇡i
⇤

<latexit sha1_base64="nvdJeTtjDTLbOulznujP1HZjCng="></latexit>

⌥

<latexit sha1_base64="VQTbzPQ222TwDZHVJ3CiaQro0E8=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKRY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJDz2Z9MsVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10XWQcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6R1UfVr1cv7WqV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwBYYo3Z</latexit>

s,k

<latexit sha1_base64="vGxyoo7a+DrH3ZMZcKS8FnI0Fw8=">AAACBHicbVC7SgNBFJ2NrxhfUcs0g0GwkLArAbUL2lhGMA9IQpid3E2GzD6YuSuGZQsbf8XGQhFbP8LOv3GySaGJBy4czrl37tzjRlJotO1vK7eyura+kd8sbG3v7O4V9w+aOowVhwYPZajaLtMgRQANFCihHSlgviuh5Y6vp37rHpQWYXCHkwh6PhsGwhOcoZH6xVIX4QGzdxIFgzTR6SlNuq5Hx2m/WLYrdga6TJw5KZM56v3iV3cQ8tiHALlkWnccO8JewhQKLiEtdGMNEeNjNoSOoQHzQfeSbHlKj40yoF6oTAVIM/X3RMJ8rSe+azp9hiO96E3F/7xOjN5FLxFBFCMEfLbIiyXFkE4ToQOhgKOcGMK4EuavlI+YYhxNbgUTgrN48jJpnlWcauXytlquXc3jyJMSOSInxCHnpEZuSJ00CCeP5Jm8kjfryXqx3q2PWWvOms8ckj+wPn8AZ3mYlg==</latexit>

�, J

<latexit sha1_base64="70z9hVT47+QFl7Ay4dM4wM2A/xk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8SNiVgDkG9SCeIpgHJEuYnXSSIbOz68ysEJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxALro3rfjsrq2vrG5u5rfz2zu7efuHgsKGjRDGss0hEqhVQjYJLrBtuBLZihTQMBDaD0fXUbz6h0jySD2Ycox/SgeR9zqixUqtzg8LQ87tuoeiW3BnIMvEyUoQMtW7hq9OLWBKiNExQrdueGxs/pcpwJnCS7yQaY8pGdIBtSyUNUfvp7N4JObVKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTky/4qdcxolByeaL+okgJiLT50mPK2RGjC2hTHF7K2FDqigzNqK8DcFbfHmZNC5KXrlUuS8Xq1dZHDk4hhM4Aw8uoQq3UIM6MBDwDK/w5jw6L8678zFvXXGymSP4A+fzB2WXj5E=</latexit>

s,k

<latexit sha1_base64="vGxyoo7a+DrH3ZMZcKS8FnI0Fw8=">AAACBHicbVC7SgNBFJ2NrxhfUcs0g0GwkLArAbUL2lhGMA9IQpid3E2GzD6YuSuGZQsbf8XGQhFbP8LOv3GySaGJBy4czrl37tzjRlJotO1vK7eyura+kd8sbG3v7O4V9w+aOowVhwYPZajaLtMgRQANFCihHSlgviuh5Y6vp37rHpQWYXCHkwh6PhsGwhOcoZH6xVIX4QGzdxIFgzTR6SlNuq5Hx2m/WLYrdga6TJw5KZM56v3iV3cQ8tiHALlkWnccO8JewhQKLiEtdGMNEeNjNoSOoQHzQfeSbHlKj40yoF6oTAVIM/X3RMJ8rSe+azp9hiO96E3F/7xOjN5FLxFBFCMEfLbIiyXFkE4ToQOhgKOcGMK4EuavlI+YYhxNbgUTgrN48jJpnlWcauXytlquXc3jyJMSOSInxCHnpEZuSJ00CCeP5Jm8kjfryXqx3q2PWWvOms8ckj+wPn8AZ3mYlg==</latexit>

�, J

<latexit sha1_base64="70z9hVT47+QFl7Ay4dM4wM2A/xk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8SNiVgDkG9SCeIpgHJEuYnXSSIbOz68ysEJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxALro3rfjsrq2vrG5u5rfz2zu7efuHgsKGjRDGss0hEqhVQjYJLrBtuBLZihTQMBDaD0fXUbz6h0jySD2Ycox/SgeR9zqixUqtzg8LQ87tuoeiW3BnIMvEyUoQMtW7hq9OLWBKiNExQrdueGxs/pcpwJnCS7yQaY8pGdIBtSyUNUfvp7N4JObVKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTky/4qdcxolByeaL+okgJiLT50mPK2RGjC2hTHF7K2FDqigzNqK8DcFbfHmZNC5KXrlUuS8Xq1dZHDk4hhM4Aw8uoQq3UIM6MBDwDK/w5jw6L8678zFvXXGymSP4A+fzB2WXj5E=</latexit>

±±̂

<latexit sha1_base64="rip/x+/CHyK/YcyYkF0UQrPRAqc=">AAAB9XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEdRb0YvHCvYD2lg22027dDcJuxOlhP4PLx4U8ep/8ea/cdvmoK0vLDy8M8PMvkEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGniVDPeYLGMdTughksR8QYKlLydaE5VIHkrGN1M661Hro2Io3scJ9xXdBCJUDCK1nroJopk3SFFYmnSK1fcqjsTWQYvhwrkqvfKX91+zFLFI2SSGtPx3AT9jGoUTPJJqZsanlA2ogPesRhRxY2fza6ekBPr9EkYa/siJDP390RGlTFjFdhORXFoFmtT879aJ8Xw0s9ElKTIIzZfFKaSYEymEZC+0JyhHFugTAt7K2FDqilDG1TJhuAtfnkZmmdV77x6dXdeqV3ncRThCI7hFDy4gBrcQh0awEDDM7zCm/PkvDjvzse8teDkM4fwR87nDy/cklU=</latexit>

±±̂

<latexit sha1_base64="n837dTI9ClyeQKNtY6fxp08jAsg=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmY0YHILevEYwSyQjKGn05M06e4ZumuUMOQ/vHhQxKv/4s2/sbMIrg8KHu9VUVUvTAQ34HnvTm5peWV1Lb9e2Njc2t4p7u41TZxqyho0FrFuh8QwwRVrAAfB2olmRIaCtcLRxdRv3TJteKyuYZywQJKB4hGnBKx0000kzrpDAtiySa9Y8txyteKdVvFv4rveDCW0QL1XfOv2Y5pKpoAKYkzH9xIIMqKBU8EmhW5qWELoiAxYx1JFJDNBNrt6go+s0sdRrG0pwDP160RGpDFjGdpOSWBofnpT8S+vk0JUCTKukhSYovNFUSowxHgaAe5zzSiIsSWEam5vxXRINKFggyrYED4/xf+T5onrl93qVblUO1/EkUcH6BAdIx+doRq6RHXUQBRpdI8e0ZNz5zw4z87LvDXnLGb20Tc4rx+/JZK4</latexit>

Propagators in EAdS and dS take a universal form, constructed from 3 building blocks.

m2R2
dS = (�+�� + J)

<latexit sha1_base64="ZWfSuUToTn4UFsiiYoaxMb2N7fc="></latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>
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Above we simply used that:

Contact amplitudes in dS can be obtained directly from their EAdS counterparts:

s1 + s2 + s3 =
d+ 2 (J1 + J2 + J3)

4

<latexit sha1_base64="j+LZBY6DJ67COBSruvk7nuWgNaI="></latexit>

Overall phase is constant, as required by 
the Dilatation Ward identity, since:

s1, k1

<latexit sha1_base64="wfay2nEn4kzfmXwJ32Fl+a/EY2c=">AAACCXicbVC7SgNBFJ31GeMramkzGASLEHYloGXQxjKCeUA2LLOTu8mQ2Qczd8WwbGvjr9hYKGLrH9j5N04ehSYeuHA4596Ze4+fSKHRtr+tldW19Y3NwlZxe2d3b790cNjScao4NHksY9XxmQYpImiiQAmdRAELfQltf3Q98dv3oLSIozscJ9AL2SASgeAMjeSVqIvwgNN3MgX9PNOek1fcSub6AR3lnuOVynbVnoIuE2dOymSOhlf6cvsxT0OIkEumddexE+xlTKHgEvKim2pIGB+xAXQNjVgIupdNN8jpqVH6NIiVqQjpVP09kbFQ63Hom86Q4VAvehPxP6+bYnDZy0SUpAgRn30UpJJiTCex0L5QwFGODWFcCbMr5UOmGEcTXtGE4CyevExa51WnVq3d1sr1q3kcBXJMTsgZccgFqZMb0iBNwskjeSav5M16sl6sd+tj1rpizWeOyB9Ynz+q05pL</latexit>

s2, k2

<latexit sha1_base64="G0qE++x1NSJ7bYzJDbemSad9M2s=">AAACCXicbVDJSgNBEO1xjXGLevTSGAQPEmZCQI9BLx4jmAUyw9DTU6NNeha6a8QwzNWLv+LFgyJe/QNv/o2d5eD2oODxXlV31QsyKTTa9qe1sLi0vLJaWauub2xubdd2dns6zRWHLk9lqgYB0yBFAl0UKGGQKWBxIKEfjM4nfv8WlBZpcoXjDLyYXSciEpyhkfwadRHucPpOoSAsC+03y2P3uHCDiI5Kv+nX6nbDnoL+Jc6c1MkcHb/24YYpz2NIkEum9dCxM/QKplBwCWXVzTVkjI/YNQwNTVgM2iumG5T00CghjVJlKkE6Vb9PFCzWehwHpjNmeKN/exPxP2+YY3TqFSLJcoSEzz6KckkxpZNYaCgUcJRjQxhXwuxK+Q1TjKMJr2pCcH6f/Jf0mg2n1Whdturts3kcFbJPDsgRccgJaZML0iFdwsk9eSTP5MV6sJ6sV+tt1rpgzWf2yA9Y71+t6JpN</latexit>

s3, k3

<latexit sha1_base64="vMUxWfsL6O8J9k2i1gT+dRaGung=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsQrgzAS2DNpYRTBRy4djbzCVL9j7YnRPDca2Nf8XGQhFb/4Gd/8bNmUKjDwYe783szjw/kUKjbX9aC4tLyyurpbXy+sbm1nZlZ7er41Rx6PBYxurGZxqkiKCDAiXcJApY6Eu49sfnU//6FpQWcXSFkwT6IRtGIhCcoZG8CnUR7rB4J1MwyDPtNfKaW8tcP6Dj3Gt4lapdtwvQv8SZkSqZoe1VPtxBzNMQIuSSad1z7AT7GVMouIS87KYaEsbHbAg9QyMWgu5nxQY5PTTKgAaxMhUhLdSfExkLtZ6EvukMGY70vDcV//N6KQan/UxESYoQ8e+PglRSjOk0FjoQCjjKiSGMK2F2pXzEFONowiubEJz5k/+S7nHdadabl81q62wWR4nskwNyRBxyQlrkgrRJh3ByTx7JM3mxHqwn69V6+25dsGYze+QXrPcvsP2aTw==</latexit>

±i exp
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5

<latexit sha1_base64="3H+dqsPCtdQrMSbkkYGfNfwlqzM="></latexit>

=

<latexit sha1_base64="NULZghUWQqgwnPkqe2W3Rk9z3bU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUL+uVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP49ljMk=</latexit>

±i exp
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5

<latexit sha1_base64="3H+dqsPCtdQrMSbkkYGfNfwlqzM="></latexit>

sj

<latexit sha1_base64="qA/5kI0kjiP33OGDbur1S+fWKBA=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0hibOut6MVjRVsLbSib7aZdu/lgdyOU0J/gxYMiXv1F3vw3btoKKvpg4PHeDDPz/IQzqSzrwygsLa+srhXXSxubW9s75d29toxTQWiLxDwWHR9LyllEW4opTjuJoDj0Ob31xxe5f3tPhWRxdKMmCfVCPIxYwAhWWrqW/bt+uWKZZ/Wq41aRZVpWzXbsnDg198RFtlZyVGCBZr/83hvEJA1ppAjHUnZtK1FehoVihNNpqZdKmmAyxkPa1TTCIZVeNjt1io60MkBBLHRFCs3U7xMZDqWchL7uDLEayd9eLv7ldVMV1L2MRUmqaETmi4KUIxWj/G80YIISxSeaYCKYvhWRERaYKJ1OSYfw9Sn6n7Qd03bN0yu30jhfxFGEAziEY7ChBg24hCa0gMAQHuAJng1uPBovxuu8tWAsZvbhB4y3T70djh4=</latexit>

⌥

<latexit sha1_base64="VQTbzPQ222TwDZHVJ3CiaQro0E8=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKRY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJDz2Z9MsVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10XWQcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6R1UfVr1cv7WqV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwBYYo3Z</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

s1, k1

<latexit sha1_base64="wfay2nEn4kzfmXwJ32Fl+a/EY2c=">AAACCXicbVC7SgNBFJ31GeMramkzGASLEHYloGXQxjKCeUA2LLOTu8mQ2Qczd8WwbGvjr9hYKGLrH9j5N04ehSYeuHA4596Ze4+fSKHRtr+tldW19Y3NwlZxe2d3b790cNjScao4NHksY9XxmQYpImiiQAmdRAELfQltf3Q98dv3oLSIozscJ9AL2SASgeAMjeSVqIvwgNN3MgX9PNOek1fcSub6AR3lnuOVynbVnoIuE2dOymSOhlf6cvsxT0OIkEumddexE+xlTKHgEvKim2pIGB+xAXQNjVgIupdNN8jpqVH6NIiVqQjpVP09kbFQ63Hom86Q4VAvehPxP6+bYnDZy0SUpAgRn30UpJJiTCex0L5QwFGODWFcCbMr5UOmGEcTXtGE4CyevExa51WnVq3d1sr1q3kcBXJMTsgZccgFqZMb0iBNwskjeSav5M16sl6sd+tj1rpizWeOyB9Ynz+q05pL</latexit>

s2, k2

<latexit sha1_base64="G0qE++x1NSJ7bYzJDbemSad9M2s=">AAACCXicbVDJSgNBEO1xjXGLevTSGAQPEmZCQI9BLx4jmAUyw9DTU6NNeha6a8QwzNWLv+LFgyJe/QNv/o2d5eD2oODxXlV31QsyKTTa9qe1sLi0vLJaWauub2xubdd2dns6zRWHLk9lqgYB0yBFAl0UKGGQKWBxIKEfjM4nfv8WlBZpcoXjDLyYXSciEpyhkfwadRHucPpOoSAsC+03y2P3uHCDiI5Kv+nX6nbDnoL+Jc6c1MkcHb/24YYpz2NIkEum9dCxM/QKplBwCWXVzTVkjI/YNQwNTVgM2iumG5T00CghjVJlKkE6Vb9PFCzWehwHpjNmeKN/exPxP2+YY3TqFSLJcoSEzz6KckkxpZNYaCgUcJRjQxhXwuxK+Q1TjKMJr2pCcH6f/Jf0mg2n1Whdturts3kcFbJPDsgRccgJaZML0iFdwsk9eSTP5MV6sJ6sV+tt1rpgzWf2yA9Y71+t6JpN</latexit>

s3, k3

<latexit sha1_base64="vMUxWfsL6O8J9k2i1gT+dRaGung=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsQrgzAS2DNpYRTBRy4djbzCVL9j7YnRPDca2Nf8XGQhFb/4Gd/8bNmUKjDwYe783szjw/kUKjbX9aC4tLyyurpbXy+sbm1nZlZ7er41Rx6PBYxurGZxqkiKCDAiXcJApY6Eu49sfnU//6FpQWcXSFkwT6IRtGIhCcoZG8CnUR7rB4J1MwyDPtNfKaW8tcP6Dj3Gt4lapdtwvQv8SZkSqZoe1VPtxBzNMQIuSSad1z7AT7GVMouIS87KYaEsbHbAg9QyMWgu5nxQY5PTTKgAaxMhUhLdSfExkLtZ6EvukMGY70vDcV//N6KQan/UxESYoQ8e+PglRSjOk0FjoQCjjKiSGMK2F2pXzEFONowiubEJz5k/+S7nHdadabl81q62wWR4nskwNyRBxyQlrkgrRJh3ByTx7JM3mxHqwn69V6+25dsGYze+QXrPcvsP2aTw==</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

±±̂

<latexit sha1_base64="rip/x+/CHyK/YcyYkF0UQrPRAqc=">AAAB9XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEdRb0YvHCvYD2lg22027dDcJuxOlhP4PLx4U8ep/8ea/cdvmoK0vLDy8M8PMvkEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGniVDPeYLGMdTughksR8QYKlLydaE5VIHkrGN1M661Hro2Io3scJ9xXdBCJUDCK1nroJopk3SFFYmnSK1fcqjsTWQYvhwrkqvfKX91+zFLFI2SSGtPx3AT9jGoUTPJJqZsanlA2ogPesRhRxY2fza6ekBPr9EkYa/siJDP390RGlTFjFdhORXFoFmtT879aJ8Xw0s9ElKTIIzZfFKaSYEymEZC+0JyhHFugTAt7K2FDqilDG1TJhuAtfnkZmmdV77x6dXdeqV3ncRThCI7hFDy4gBrcQh0awEDDM7zCm/PkvDjvzse8teDkM4fwR87nDy/cklU=</latexit>

�, J

<latexit sha1_base64="zb5oxE7BTZhlpuxARbK3qgvBMys=">AAAB73icbVDLSgNBEJz1GeMr6tHLYBA8SNiVgHoL6kE8RTAPSEKYnfQmQ2Zn15leISz5CS8eFPHq73jzb5wke9DEgoaiqpvuLj+WwqDrfjtLyyura+u5jfzm1vbObmFvv26iRHOo8UhGuukzA1IoqKFACc1YAwt9CQ1/eD3xG0+gjYjUA45i6ISsr0QgOEMrNds3IJGd3nULRbfkTkEXiZeRIslQ7Ra+2r2IJyEo5JIZ0/LcGDsp0yi4hHG+nRiIGR+yPrQsVSwE00mn947psVV6NIi0LYV0qv6eSFlozCj0bWfIcGDmvYn4n9dKMLjopELFCYLis0VBIilGdPI87QkNHOXIEsa1sLdSPmCacbQR5W0I3vzLi6R+VvLKpcv7crFylcWRI4fkiJwQj5yTCrklVVIjnEjyTF7Jm/PovDjvzsesdcnJZg7IHzifP2Xpj5I=</latexit>

s
<latexit sha1_base64="mz73TSp1D2wOkjwaEWJzyt2FRgI=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwFZIatN0V3bhswT6gDWUyvWnHTh7MTIQS+gVuXCji1k9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiKLRpxCPR84gEzkJoK6Y49GIBJPA4dL3pVeZ370BIFoU3ahaDG5BxyHxGidJSSw7LFdu0FsCWWXVqjlPXJFc+rQrK0RyW3wajiCYBhIpyImXftmLlpkQoRjnMS4NEQkzolIyhr2lIApBuujh0jk+0MsJ+JHSFCi/U7xMpCaScBZ7uDIiayN9eJv7n9RPl19yUhXGiIKTLRX7CsYpw9jUeMQFU8ZkmhAqmb8V0QgShSmdT0iFYZj3D+dfLf0mnatpn5lnLqTQu8ziK6Agdo1NkowvUQNeoidqIIkD36BE9GbfGg/FsvCxbC0Y+c4h+wHj9ACXKjU4=</latexit>

= exp
⇥
±
�
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2

�
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2

��
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<latexit sha1_base64="nvdJeTtjDTLbOulznujP1HZjCng="></latexit>

⌥

<latexit sha1_base64="VQTbzPQ222TwDZHVJ3CiaQro0E8=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKRY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJDz2Z9MsVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10XWQcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6R1UfVr1cv7WqV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwBYYo3Z</latexit>

s
<latexit sha1_base64="mz73TSp1D2wOkjwaEWJzyt2FRgI=">AAAB6HicbVDLSsNAFJ3UV62vqks3g0VwFZIatN0V3bhswT6gDWUyvWnHTh7MTIQS+gVuXCji1k9y5984aaP4OnDhcM693HuPF3MmlWW9G4WV1bX1jeJmaWt7Z3evvH/QkVEiKLRpxCPR84gEzkJoK6Y49GIBJPA4dL3pVeZ370BIFoU3ahaDG5BxyHxGidJSSw7LFdu0FsCWWXVqjlPXJFc+rQrK0RyW3wajiCYBhIpyImXftmLlpkQoRjnMS4NEQkzolIyhr2lIApBuujh0jk+0MsJ+JHSFCi/U7xMpCaScBZ7uDIiayN9eJv7n9RPl19yUhXGiIKTLRX7CsYpw9jUeMQFU8ZkmhAqmb8V0QgShSmdT0iFYZj3D+dfLf0mnatpn5lnLqTQu8ziK6Agdo1NkowvUQNeoidqIIkD36BE9GbfGg/FsvCxbC0Y+c4h+wHj9ACXKjU4=</latexit>

�, J

<latexit sha1_base64="zb5oxE7BTZhlpuxARbK3qgvBMys=">AAAB73icbVDLSgNBEJz1GeMr6tHLYBA8SNiVgHoL6kE8RTAPSEKYnfQmQ2Zn15leISz5CS8eFPHq73jzb5wke9DEgoaiqpvuLj+WwqDrfjtLyyura+u5jfzm1vbObmFvv26iRHOo8UhGuukzA1IoqKFACc1YAwt9CQ1/eD3xG0+gjYjUA45i6ISsr0QgOEMrNds3IJGd3nULRbfkTkEXiZeRIslQ7Ra+2r2IJyEo5JIZ0/LcGDsp0yi4hHG+nRiIGR+yPrQsVSwE00mn947psVV6NIi0LYV0qv6eSFlozCj0bWfIcGDmvYn4n9dKMLjopELFCYLis0VBIilGdPI87QkNHOXIEsa1sLdSPmCacbQR5W0I3vzLi6R+VvLKpcv7crFylcWRI4fkiJwQj5yTCrklVVIjnEjyTF7Jm/PovDjvzsesdcnJZg7IHzifP2Xpj5I=</latexit>

±±̂

<latexit sha1_base64="rip/x+/CHyK/YcyYkF0UQrPRAqc=">AAAB9XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEdRb0YvHCvYD2lg22027dDcJuxOlhP4PLx4U8ep/8ea/cdvmoK0vLDy8M8PMvkEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGniVDPeYLGMdTughksR8QYKlLydaE5VIHkrGN1M661Hro2Io3scJ9xXdBCJUDCK1nroJopk3SFFYmnSK1fcqjsTWQYvhwrkqvfKX91+zFLFI2SSGtPx3AT9jGoUTPJJqZsanlA2ogPesRhRxY2fza6ekBPr9EkYa/siJDP390RGlTFjFdhORXFoFmtT879aJ8Xw0s9ElKTIIzZfFKaSYEymEZC+0JyhHFugTAt7K2FDqilDG1TJhuAtfnkZmmdV77x6dXdeqV3ncRThCI7hFDy4gBrcQh0awEDDM7zCm/PkvDjvzse8teDkM4fwR87nDy/cklU=</latexit>

3pt Contact 



+

<latexit sha1_base64="5gUpEueemIOpL4kdq4Bq/9+7w9Q=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXAuot6MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv5rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSE1/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7FXKN/VKqXqbxZGHEziFc/DgCqpwDzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3VljLs=</latexit>

The full de Sitter 3pt function is the sum from each branch of the in-in contour:

= sin

" 
�d+
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!
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2

#

<latexit sha1_base64="VSf20T2oAs+B8zb6WxcT0fLyu7g="></latexit>

s1, k1

<latexit sha1_base64="wfay2nEn4kzfmXwJ32Fl+a/EY2c=">AAACCXicbVC7SgNBFJ31GeMramkzGASLEHYloGXQxjKCeUA2LLOTu8mQ2Qczd8WwbGvjr9hYKGLrH9j5N04ehSYeuHA4596Ze4+fSKHRtr+tldW19Y3NwlZxe2d3b790cNjScao4NHksY9XxmQYpImiiQAmdRAELfQltf3Q98dv3oLSIozscJ9AL2SASgeAMjeSVqIvwgNN3MgX9PNOek1fcSub6AR3lnuOVynbVnoIuE2dOymSOhlf6cvsxT0OIkEumddexE+xlTKHgEvKim2pIGB+xAXQNjVgIupdNN8jpqVH6NIiVqQjpVP09kbFQ63Hom86Q4VAvehPxP6+bYnDZy0SUpAgRn30UpJJiTCex0L5QwFGODWFcCbMr5UOmGEcTXtGE4CyevExa51WnVq3d1sr1q3kcBXJMTsgZccgFqZMb0iBNwskjeSav5M16sl6sd+tj1rpizWeOyB9Ynz+q05pL</latexit>

s2, k2

<latexit sha1_base64="G0qE++x1NSJ7bYzJDbemSad9M2s=">AAACCXicbVDJSgNBEO1xjXGLevTSGAQPEmZCQI9BLx4jmAUyw9DTU6NNeha6a8QwzNWLv+LFgyJe/QNv/o2d5eD2oODxXlV31QsyKTTa9qe1sLi0vLJaWauub2xubdd2dns6zRWHLk9lqgYB0yBFAl0UKGGQKWBxIKEfjM4nfv8WlBZpcoXjDLyYXSciEpyhkfwadRHucPpOoSAsC+03y2P3uHCDiI5Kv+nX6nbDnoL+Jc6c1MkcHb/24YYpz2NIkEum9dCxM/QKplBwCWXVzTVkjI/YNQwNTVgM2iumG5T00CghjVJlKkE6Vb9PFCzWehwHpjNmeKN/exPxP2+YY3TqFSLJcoSEzz6KckkxpZNYaCgUcJRjQxhXwuxK+Q1TjKMJr2pCcH6f/Jf0mg2n1Whdturts3kcFbJPDsgRccgJaZML0iFdwsk9eSTP5MV6sJ6sV+tt1rpgzWf2yA9Y71+t6JpN</latexit>

s3, k3

<latexit sha1_base64="vMUxWfsL6O8J9k2i1gT+dRaGung=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsQrgzAS2DNpYRTBRy4djbzCVL9j7YnRPDca2Nf8XGQhFb/4Gd/8bNmUKjDwYe783szjw/kUKjbX9aC4tLyyurpbXy+sbm1nZlZ7er41Rx6PBYxurGZxqkiKCDAiXcJApY6Eu49sfnU//6FpQWcXSFkwT6IRtGIhCcoZG8CnUR7rB4J1MwyDPtNfKaW8tcP6Dj3Gt4lapdtwvQv8SZkSqZoe1VPtxBzNMQIuSSad1z7AT7GVMouIS87KYaEsbHbAg9QyMWgu5nxQY5PTTKgAaxMhUhLdSfExkLtZ6EvukMGY70vDcV//N6KQan/UxESYoQ8e+PglRSjOk0FjoQCjjKiSGMK2F2pXzEFONowiubEJz5k/+S7nHdadabl81q62wWR4nskwNyRBxyQlrkgrRJh3ByTx7JM3mxHqwn69V6+25dsGYze+QXrPcvsP2aTw==</latexit>

…which manifests an interference effect:

interference factor

s1, k1

<latexit sha1_base64="wfay2nEn4kzfmXwJ32Fl+a/EY2c=">AAACCXicbVC7SgNBFJ31GeMramkzGASLEHYloGXQxjKCeUA2LLOTu8mQ2Qczd8WwbGvjr9hYKGLrH9j5N04ehSYeuHA4596Ze4+fSKHRtr+tldW19Y3NwlZxe2d3b790cNjScao4NHksY9XxmQYpImiiQAmdRAELfQltf3Q98dv3oLSIozscJ9AL2SASgeAMjeSVqIvwgNN3MgX9PNOek1fcSub6AR3lnuOVynbVnoIuE2dOymSOhlf6cvsxT0OIkEumddexE+xlTKHgEvKim2pIGB+xAXQNjVgIupdNN8jpqVH6NIiVqQjpVP09kbFQ63Hom86Q4VAvehPxP6+bYnDZy0SUpAgRn30UpJJiTCex0L5QwFGODWFcCbMr5UOmGEcTXtGE4CyevExa51WnVq3d1sr1q3kcBXJMTsgZccgFqZMb0iBNwskjeSav5M16sl6sd+tj1rpizWeOyB9Ynz+q05pL</latexit>

s2, k2

<latexit sha1_base64="G0qE++x1NSJ7bYzJDbemSad9M2s=">AAACCXicbVDJSgNBEO1xjXGLevTSGAQPEmZCQI9BLx4jmAUyw9DTU6NNeha6a8QwzNWLv+LFgyJe/QNv/o2d5eD2oODxXlV31QsyKTTa9qe1sLi0vLJaWauub2xubdd2dns6zRWHLk9lqgYB0yBFAl0UKGGQKWBxIKEfjM4nfv8WlBZpcoXjDLyYXSciEpyhkfwadRHucPpOoSAsC+03y2P3uHCDiI5Kv+nX6nbDnoL+Jc6c1MkcHb/24YYpz2NIkEum9dCxM/QKplBwCWXVzTVkjI/YNQwNTVgM2iumG5T00CghjVJlKkE6Vb9PFCzWehwHpjNmeKN/exPxP2+YY3TqFSLJcoSEzz6KckkxpZNYaCgUcJRjQxhXwuxK+Q1TjKMJr2pCcH6f/Jf0mg2n1Whdturts3kcFbJPDsgRccgJaZML0iFdwsk9eSTP5MV6sJ6sV+tt1rpgzWf2yA9Y71+t6JpN</latexit>

s3, k3

<latexit sha1_base64="vMUxWfsL6O8J9k2i1gT+dRaGung=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsQrgzAS2DNpYRTBRy4djbzCVL9j7YnRPDca2Nf8XGQhFb/4Gd/8bNmUKjDwYe783szjw/kUKjbX9aC4tLyyurpbXy+sbm1nZlZ7er41Rx6PBYxurGZxqkiKCDAiXcJApY6Eu49sfnU//6FpQWcXSFkwT6IRtGIhCcoZG8CnUR7rB4J1MwyDPtNfKaW8tcP6Dj3Gt4lapdtwvQv8SZkSqZoe1VPtxBzNMQIuSSad1z7AT7GVMouIS87KYaEsbHbAg9QyMWgu5nxQY5PTTKgAaxMhUhLdSfExkLtZ6EvukMGY70vDcV//N6KQan/UxESYoQ8e+PglRSjOk0FjoQCjjKiSGMK2F2pXzEFONowiubEJz5k/+S7nHdadabl81q62wWR4nskwNyRBxyQlrkgrRJh3ByTx7JM3mxHqwn69V6+25dsGYze+QXrPcvsP2aTw==</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

s1, k1

<latexit sha1_base64="wfay2nEn4kzfmXwJ32Fl+a/EY2c=">AAACCXicbVC7SgNBFJ31GeMramkzGASLEHYloGXQxjKCeUA2LLOTu8mQ2Qczd8WwbGvjr9hYKGLrH9j5N04ehSYeuHA4596Ze4+fSKHRtr+tldW19Y3NwlZxe2d3b790cNjScao4NHksY9XxmQYpImiiQAmdRAELfQltf3Q98dv3oLSIozscJ9AL2SASgeAMjeSVqIvwgNN3MgX9PNOek1fcSub6AR3lnuOVynbVnoIuE2dOymSOhlf6cvsxT0OIkEumddexE+xlTKHgEvKim2pIGB+xAXQNjVgIupdNN8jpqVH6NIiVqQjpVP09kbFQ63Hom86Q4VAvehPxP6+bYnDZy0SUpAgRn30UpJJiTCex0L5QwFGODWFcCbMr5UOmGEcTXtGE4CyevExa51WnVq3d1sr1q3kcBXJMTsgZccgFqZMb0iBNwskjeSav5M16sl6sd+tj1rpizWeOyB9Ynz+q05pL</latexit>

s2, k2

<latexit sha1_base64="G0qE++x1NSJ7bYzJDbemSad9M2s=">AAACCXicbVDJSgNBEO1xjXGLevTSGAQPEmZCQI9BLx4jmAUyw9DTU6NNeha6a8QwzNWLv+LFgyJe/QNv/o2d5eD2oODxXlV31QsyKTTa9qe1sLi0vLJaWauub2xubdd2dns6zRWHLk9lqgYB0yBFAl0UKGGQKWBxIKEfjM4nfv8WlBZpcoXjDLyYXSciEpyhkfwadRHucPpOoSAsC+03y2P3uHCDiI5Kv+nX6nbDnoL+Jc6c1MkcHb/24YYpz2NIkEum9dCxM/QKplBwCWXVzTVkjI/YNQwNTVgM2iumG5T00CghjVJlKkE6Vb9PFCzWehwHpjNmeKN/exPxP2+YY3TqFSLJcoSEzz6KckkxpZNYaCgUcJRjQxhXwuxK+Q1TjKMJr2pCcH6f/Jf0mg2n1Whdturts3kcFbJPDsgRccgJaZML0iFdwsk9eSTP5MV6sJ6sV+tt1rpgzWf2yA9Y71+t6JpN</latexit>

s3, k3

<latexit sha1_base64="vMUxWfsL6O8J9k2i1gT+dRaGung=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsQrgzAS2DNpYRTBRy4djbzCVL9j7YnRPDca2Nf8XGQhFb/4Gd/8bNmUKjDwYe783szjw/kUKjbX9aC4tLyyurpbXy+sbm1nZlZ7er41Rx6PBYxurGZxqkiKCDAiXcJApY6Eu49sfnU//6FpQWcXSFkwT6IRtGIhCcoZG8CnUR7rB4J1MwyDPtNfKaW8tcP6Dj3Gt4lapdtwvQv8SZkSqZoe1VPtxBzNMQIuSSad1z7AT7GVMouIS87KYaEsbHbAg9QyMWgu5nxQY5PTTKgAaxMhUhLdSfExkLtZ6EvukMGY70vDcV//N6KQan/UxESYoQ8e+PglRSjOk0FjoQCjjKiSGMK2F2pXzEFONowiubEJz5k/+S7nHdadabl81q62wWR4nskwNyRBxyQlrkgrRJh3ByTx7JM3mxHqwn69V6+25dsGYze+QXrPcvsP2aTw==</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

=

<latexit sha1_base64="NULZghUWQqgwnPkqe2W3Rk9z3bU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUL+uVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP49ljMk=</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

+

<latexit sha1_base64="5gUpEueemIOpL4kdq4Bq/9+7w9Q=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXAuot6MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv5rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSE1/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7FXKN/VKqXqbxZGHEziFc/DgCqpwDzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3VljLs=</latexit>

s1, k1

<latexit sha1_base64="wfay2nEn4kzfmXwJ32Fl+a/EY2c=">AAACCXicbVC7SgNBFJ31GeMramkzGASLEHYloGXQxjKCeUA2LLOTu8mQ2Qczd8WwbGvjr9hYKGLrH9j5N04ehSYeuHA4596Ze4+fSKHRtr+tldW19Y3NwlZxe2d3b790cNjScao4NHksY9XxmQYpImiiQAmdRAELfQltf3Q98dv3oLSIozscJ9AL2SASgeAMjeSVqIvwgNN3MgX9PNOek1fcSub6AR3lnuOVynbVnoIuE2dOymSOhlf6cvsxT0OIkEumddexE+xlTKHgEvKim2pIGB+xAXQNjVgIupdNN8jpqVH6NIiVqQjpVP09kbFQ63Hom86Q4VAvehPxP6+bYnDZy0SUpAgRn30UpJJiTCex0L5QwFGODWFcCbMr5UOmGEcTXtGE4CyevExa51WnVq3d1sr1q3kcBXJMTsgZccgFqZMb0iBNwskjeSav5M16sl6sd+tj1rpizWeOyB9Ynz+q05pL</latexit>

s2, k2

<latexit sha1_base64="G0qE++x1NSJ7bYzJDbemSad9M2s=">AAACCXicbVDJSgNBEO1xjXGLevTSGAQPEmZCQI9BLx4jmAUyw9DTU6NNeha6a8QwzNWLv+LFgyJe/QNv/o2d5eD2oODxXlV31QsyKTTa9qe1sLi0vLJaWauub2xubdd2dns6zRWHLk9lqgYB0yBFAl0UKGGQKWBxIKEfjM4nfv8WlBZpcoXjDLyYXSciEpyhkfwadRHucPpOoSAsC+03y2P3uHCDiI5Kv+nX6nbDnoL+Jc6c1MkcHb/24YYpz2NIkEum9dCxM/QKplBwCWXVzTVkjI/YNQwNTVgM2iumG5T00CghjVJlKkE6Vb9PFCzWehwHpjNmeKN/exPxP2+YY3TqFSLJcoSEzz6KckkxpZNYaCgUcJRjQxhXwuxK+Q1TjKMJr2pCcH6f/Jf0mg2n1Whdturts3kcFbJPDsgRccgJaZML0iFdwsk9eSTP5MV6sJ6sV+tt1rpgzWf2yA9Y71+t6JpN</latexit>

s3, k3

<latexit sha1_base64="vMUxWfsL6O8J9k2i1gT+dRaGung=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsQrgzAS2DNpYRTBRy4djbzCVL9j7YnRPDca2Nf8XGQhFb/4Gd/8bNmUKjDwYe783szjw/kUKjbX9aC4tLyyurpbXy+sbm1nZlZ7er41Rx6PBYxurGZxqkiKCDAiXcJApY6Eu49sfnU//6FpQWcXSFkwT6IRtGIhCcoZG8CnUR7rB4J1MwyDPtNfKaW8tcP6Dj3Gt4lapdtwvQv8SZkSqZoe1VPtxBzNMQIuSSad1z7AT7GVMouIS87KYaEsbHbAg9QyMWgu5nxQY5PTTKgAaxMhUhLdSfExkLtZ6EvukMGY70vDcV//N6KQan/UxESYoQ8e+PglRSjOk0FjoQCjjKiSGMK2F2pXzEFONowiubEJz5k/+S7nHdadabl81q62wWR4nskwNyRBxyQlrkgrRJh3ByTx7JM3mxHqwn69V6+25dsGYze+QXrPcvsP2aTw==</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�

<latexit sha1_base64="6pSYsGji0D9Bm0vY9by0e43+pZo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArAfUW9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlm3qlVL3N4sjDCZzCOXhwBVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3htjL0=</latexit>

�

<latexit sha1_base64="6pSYsGji0D9Bm0vY9by0e43+pZo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArAfUW9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlZ9irlm3qlVL3N4sjDCZzCOXhwBVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3htjL0=</latexit>

3pt Contact 



Exchanges



Factorisation

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

= csc (⇡ (u+ ū)) [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="sPDkU1ODcIItyElZRgXNEtM3Nbw="></latexit>

= csc (⇡ (u+ ū)) [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="sPDkU1ODcIItyElZRgXNEtM3Nbw="></latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

contact terms

On-shell exchange

= csc (⇡ (u+ ū)) [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="sPDkU1ODcIItyElZRgXNEtM3Nbw="></latexit>

= csc (⇡ (u+ ū)) [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="sPDkU1ODcIItyElZRgXNEtM3Nbw="></latexit>

Constrained by:

Conformal Symmetry
Boundary Conditions

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

Exchanges in EAdS
Exchanges are straightforwardly reconstructed from their on-shell part:

Simply follows from:



Exchanges in EAdS
Factorisation and Conformal Symmetry: 

u,kI

<latexit sha1_base64="E5f3qigSJ+z4O5E6j8BUGukV9fo=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4kLArgXgMetFbBPOAJITZSW8yZPbBTK8Ylr158Ve8eFDEq7/gzb9xkuxBEwsaiqru6elyIyk02va3tbS8srq2ntvIb25t7+wW9vYbOowVhzoPZahaLtMgRQB1FCihFSlgviuh6Y6uJn7zHpQWYXCH4wi6PhsEwhOcoZF6haMOwgNO30lcGUOaxOkZTTquR0dp76ZXKNolewq6SJyMFEmGWq/w1emHPPYhQC6Z1m3HjrCbMIWCS0jznVhDxPiIDaBtaMB80N1kuj+lJ0bpUy9UpgKkU/X3RMJ8rce+azp9hkM9703E/7x2jN5FNxFBFCMEfLbIiyXFkE5CoX2hgKMcG8K4EuavlA+ZYhxNdHkTgjN/8iJpnJeccqlyWy5WL7M4cuSQHJNT4pAKqZJrUiN1wskjeSav5M16sl6sd+tj1rpkZTMH5A+szx+f25nJ</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

�+, J

<latexit sha1_base64="WbrkHyQkxQUSIv8PseQ8oNxgM/E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIsgKCWRgnor6kE8VbAf2Iay2U7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdKO823llpZXVtfy64WNza3tneLuXkNFiaRYpxGPZMsnCjkTWNdMc2zFEknoc2z6w+uJ33xCqVgkHvQoRi8kfcECRok20mPnBrkm3ZPTu26x5JSdKexF4makBBlq3eJXpxfRJEShKSdKtV0n1l5KpGaU47jQSRTGhA5JH9uGChKi8tLpxWP7yCg9O4ikKaHtqfp7IiWhUqPQN50h0QM1703E/7x2ooMLL2UiTjQKOlsUJNzWkT153+4xiVTzkSGESmZutemASEK1CalgQnDnX14kjbOyWylf3ldK1assjjwcwCEcgwvnUIVbqEEdKAh4hld4s5T1Yr1bH7PWnJXN7MMfWJ8/hwWQMA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

��, J

<latexit sha1_base64="t07PU+ij0/d13fFjnwprIvz74Q0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgQUsiBfVW1IN4qmA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKLS2vrK7l1wsbm1vbO8XdvYaKEkmxTiMeyZZPFHImsK6Z5tiKJZLQ59j0h9cTv/mEUrFIPOhRjF5I+oIFjBJtpMfODXJNuqcnd91iySk7U9iLxM1ICTLUusWvTi+iSYhCU06UartOrL2USM0ox3GhkyiMCR2SPrYNFSRE5aXTi8f2kVF6dhBJU0LbU/X3REpCpUahbzpDogdq3puI/3ntRAcXXspEnGgUdLYoSLitI3vyvt1jEqnmI0MIlczcatMBkYRqE1LBhODOv7xIGmdlt1K+vK+UqldZHHk4gEM4BhfOoQq3UIM6UBDwDK/wZinrxXq3PmatOSub2Yc/sD5/AIoRkDI=</latexit>

ū,�kI

<latexit sha1_base64="twC3SYsePjumlVzWCSueGhXg4ho=">AAACD3icbZC7SgNBFIZn4y3GW9TSZjAoFhp2JRDLoI12EcwFkhBmJ2eTIbMXZs6KYdk3sPFVbCwUsbW1822cXApNPDDw8f/nzJz53UgKjbb9bWWWlldW17LruY3Nre2d/O5eXYex4lDjoQxV02UapAighgIlNCMFzHclNNzh1dhv3IPSIgzucBRBx2f9QHiCMzRSN3/cRnjAyT2JK2NIk6TtMkXjND2lZ4Y9Oky7N918wS7ak6KL4MygQGZV7ea/2r2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukme6T0yCg96oXKnADpRP09kTBf65Hvmk6f4UDPe2PxP68Vo3fRSUQQxQgBnz7kxZJiSMfh0J5QwFGODDCuhNmV8gFTjKOJMGdCcOa/vAj186JTKpZvS4XK5SyOLDkgh+SEOKRMKuSaVEmNcPJInskrebOerBfr3fqYtmas2cw++VPW5w+B65zv</latexit>

“Conformal Partial Wave”, 

single valued Eigenfunction of Conformal Casimirs

m2R2
AdS = � (�+�� + J)

<latexit sha1_base64="szktOCfhjMeKjbR2sIOLyB7tkN0="></latexit>

Mack, Dobrev, Petkova, Petrova,

Todorov, 1974-7



⌦�,J

<latexit sha1_base64="l06O6t1t0mzdoNLPySgqlDZbsAs=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkoihbos6kLcWME+oAlhMr1ph04ezEyUEvspblwo4tYvceffOG2z0NYDFw7n3Mu99/gJZ1JZ1rdRWFldW98obpa2tnd298zyflvGqaDQojGPRdcnEjiLoKWY4tBNBJDQ59DxR5dTv/MAQrI4ulfjBNyQDCIWMEqUljyz7NyGMCBe5lwBV+T0ZuKZFatqzYCXiZ2TCsrR9Mwvpx/TNIRIUU6k7NlWotyMCMUoh0nJSSUkhI7IAHqaRiQE6Waz0yf4WCt9HMRCV6TwTP09kZFQynHo686QqKFc9Kbif14vVcG5m7EoSRVEdL4oSDlWMZ7mgPtMAFV8rAmhgulbMR0SQajSaZV0CPbiy8ukfVa1a9X6Xa3SuMjjKKJDdIROkI3qqIGuURO1EEWP6Bm9ojfjyXgx3o2PeWvByGcO0B8Ynz/MF5O3</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

Exchanges in EAdS

u,kI

<latexit sha1_base64="E5f3qigSJ+z4O5E6j8BUGukV9fo=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4kLArgXgMetFbBPOAJITZSW8yZPbBTK8Ylr158Ve8eFDEq7/gzb9xkuxBEwsaiqru6elyIyk02va3tbS8srq2ntvIb25t7+wW9vYbOowVhzoPZahaLtMgRQB1FCihFSlgviuh6Y6uJn7zHpQWYXCH4wi6PhsEwhOcoZF6haMOwgNO30lcGUOaxOkZTTquR0dp76ZXKNolewq6SJyMFEmGWq/w1emHPPYhQC6Z1m3HjrCbMIWCS0jznVhDxPiIDaBtaMB80N1kuj+lJ0bpUy9UpgKkU/X3RMJ8rce+azp9hkM9703E/7x2jN5FNxFBFCMEfLbIiyXFkE5CoX2hgKMcG8K4EuavlA+ZYhxNdHkTgjN/8iJpnJeccqlyWy5WL7M4cuSQHJNT4pAKqZJrUiN1wskjeSav5M16sl6sd+tj1rpkZTMH5A+szx+f25nJ</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

�+, J

<latexit sha1_base64="WbrkHyQkxQUSIv8PseQ8oNxgM/E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIsgKCWRgnor6kE8VbAf2Iay2U7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdKO823llpZXVtfy64WNza3tneLuXkNFiaRYpxGPZMsnCjkTWNdMc2zFEknoc2z6w+uJ33xCqVgkHvQoRi8kfcECRok20mPnBrkm3ZPTu26x5JSdKexF4makBBlq3eJXpxfRJEShKSdKtV0n1l5KpGaU47jQSRTGhA5JH9uGChKi8tLpxWP7yCg9O4ikKaHtqfp7IiWhUqPQN50h0QM1703E/7x2ooMLL2UiTjQKOlsUJNzWkT153+4xiVTzkSGESmZutemASEK1CalgQnDnX14kjbOyWylf3ldK1assjjwcwCEcgwvnUIVbqEEdKAh4hld4s5T1Yr1bH7PWnJXN7MMfWJ8/hwWQMA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

��, J

<latexit sha1_base64="t07PU+ij0/d13fFjnwprIvz74Q0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgQUsiBfVW1IN4qmA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKLS2vrK7l1wsbm1vbO8XdvYaKEkmxTiMeyZZPFHImsK6Z5tiKJZLQ59j0h9cTv/mEUrFIPOhRjF5I+oIFjBJtpMfODXJNuqcnd91iySk7U9iLxM1ICTLUusWvTi+iSYhCU06UartOrL2USM0ox3GhkyiMCR2SPrYNFSRE5aXTi8f2kVF6dhBJU0LbU/X3REpCpUahbzpDogdq3puI/3ntRAcXXspEnGgUdLYoSLitI3vyvt1jEqnmI0MIlczcatMBkYRqE1LBhODOv7xIGmdlt1K+vK+UqldZHHk4gEM4BhfOoQq3UIM6UBDwDK/wZinrxXq3PmatOSub2Yc/sD5/AIoRkDI=</latexit>

ū,�kI

<latexit sha1_base64="twC3SYsePjumlVzWCSueGhXg4ho=">AAACD3icbZC7SgNBFIZn4y3GW9TSZjAoFhp2JRDLoI12EcwFkhBmJ2eTIbMXZs6KYdk3sPFVbCwUsbW1822cXApNPDDw8f/nzJz53UgKjbb9bWWWlldW17LruY3Nre2d/O5eXYex4lDjoQxV02UapAighgIlNCMFzHclNNzh1dhv3IPSIgzucBRBx2f9QHiCMzRSN3/cRnjAyT2JK2NIk6TtMkXjND2lZ4Y9Oky7N918wS7ak6KL4MygQGZV7ea/2r2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukme6T0yCg96oXKnADpRP09kTBf65Hvmk6f4UDPe2PxP68Vo3fRSUQQxQgBnz7kxZJiSMfh0J5QwFGODDCuhNmV8gFTjKOJMGdCcOa/vAj186JTKpZvS4XK5SyOLDkgh+SEOKRMKuSaVEmNcPJInskrebOerBfr3fqYtmas2cw++VPW5w+B65zv</latexit>

Factorisation and Conformal Symmetry: 

“Conformal Partial Wave”, 

single valued Eigenfunction of Conformal Casimirs

�
r2 �m2

�
⌦�,J = 0

<latexit sha1_base64="eGpBEsWAE8zn0JwRY+gMv7ULboA="></latexit>

Harmonic function,

attach/remove

 external legs

m2R2
AdS = � (�+�� + J)

<latexit sha1_base64="szktOCfhjMeKjbR2sIOLyB7tkN0="></latexit>

e.g. Leonhardt, Manvelyan, 

Rühl 2003;


Costa, Gonçalves,

 Penedones 2014

Mack, Dobrev, Petkova, Petrova,

Todorov, 1974-7



�
r2 �m2

�
⌦�,J = 0

<latexit sha1_base64="eGpBEsWAE8zn0JwRY+gMv7ULboA="></latexit>

Exchanges in EAdS

Harmonic function,

attach/remove

 external legs

u,kI

<latexit sha1_base64="E5f3qigSJ+z4O5E6j8BUGukV9fo=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4kLArgXgMetFbBPOAJITZSW8yZPbBTK8Ylr158Ve8eFDEq7/gzb9xkuxBEwsaiqru6elyIyk02va3tbS8srq2ntvIb25t7+wW9vYbOowVhzoPZahaLtMgRQB1FCihFSlgviuh6Y6uJn7zHpQWYXCH4wi6PhsEwhOcoZF6haMOwgNO30lcGUOaxOkZTTquR0dp76ZXKNolewq6SJyMFEmGWq/w1emHPPYhQC6Z1m3HjrCbMIWCS0jznVhDxPiIDaBtaMB80N1kuj+lJ0bpUy9UpgKkU/X3RMJ8rce+azp9hkM9703E/7x2jN5FNxFBFCMEfLbIiyXFkE5CoX2hgKMcG8K4EuavlA+ZYhxNdHkTgjN/8iJpnJeccqlyWy5WL7M4cuSQHJNT4pAKqZJrUiN1wskjeSav5M16sl6sd+tj1rpkZTMH5A+szx+f25nJ</latexit>

�+, J

<latexit sha1_base64="WbrkHyQkxQUSIv8PseQ8oNxgM/E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIsgKCWRgnor6kE8VbAf2Iay2U7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdKO823llpZXVtfy64WNza3tneLuXkNFiaRYpxGPZMsnCjkTWNdMc2zFEknoc2z6w+uJ33xCqVgkHvQoRi8kfcECRok20mPnBrkm3ZPTu26x5JSdKexF4makBBlq3eJXpxfRJEShKSdKtV0n1l5KpGaU47jQSRTGhA5JH9uGChKi8tLpxWP7yCg9O4ikKaHtqfp7IiWhUqPQN50h0QM1703E/7x2ooMLL2UiTjQKOlsUJNzWkT153+4xiVTzkSGESmZutemASEK1CalgQnDnX14kjbOyWylf3ldK1assjjwcwCEcgwvnUIVbqEEdKAh4hld4s5T1Yr1bH7PWnJXN7MMfWJ8/hwWQMA==</latexit>

��, J

<latexit sha1_base64="t07PU+ij0/d13fFjnwprIvz74Q0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgQUsiBfVW1IN4qmA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKLS2vrK7l1wsbm1vbO8XdvYaKEkmxTiMeyZZPFHImsK6Z5tiKJZLQ59j0h9cTv/mEUrFIPOhRjF5I+oIFjBJtpMfODXJNuqcnd91iySk7U9iLxM1ICTLUusWvTi+iSYhCU06UartOrL2USM0ox3GhkyiMCR2SPrYNFSRE5aXTi8f2kVF6dhBJU0LbU/X3REpCpUahbzpDogdq3puI/3ntRAcXXspEnGgUdLYoSLitI3vyvt1jEqnmI0MIlczcatMBkYRqE1LBhODOv7xIGmdlt1K+vK+UqldZHHk4gEM4BhfOoQq3UIM6UBDwDK/wZinrxXq3PmatOSub2Yc/sD5/AIoRkDI=</latexit>

ū,�kI

<latexit sha1_base64="twC3SYsePjumlVzWCSueGhXg4ho=">AAACD3icbZC7SgNBFIZn4y3GW9TSZjAoFhp2JRDLoI12EcwFkhBmJ2eTIbMXZs6KYdk3sPFVbCwUsbW1822cXApNPDDw8f/nzJz53UgKjbb9bWWWlldW17LruY3Nre2d/O5eXYex4lDjoQxV02UapAighgIlNCMFzHclNNzh1dhv3IPSIgzucBRBx2f9QHiCMzRSN3/cRnjAyT2JK2NIk6TtMkXjND2lZ4Y9Oky7N918wS7ak6KL4MygQGZV7ea/2r2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukme6T0yCg96oXKnADpRP09kTBf65Hvmk6f4UDPe2PxP68Vo3fRSUQQxQgBnz7kxZJiSMfh0J5QwFGODDCuhNmV8gFTjKOJMGdCcOa/vAj186JTKpZvS4XK5SyOLDkgh+SEOKRMKuSaVEmNcPJInskrebOerBfr3fqYtmas2cw++VPW5w+B65zv</latexit>

Factorisation and Conformal Symmetry: 

u,kI

<latexit sha1_base64="E5f3qigSJ+z4O5E6j8BUGukV9fo=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4kLArgXgMetFbBPOAJITZSW8yZPbBTK8Ylr158Ve8eFDEq7/gzb9xkuxBEwsaiqru6elyIyk02va3tbS8srq2ntvIb25t7+wW9vYbOowVhzoPZahaLtMgRQB1FCihFSlgviuh6Y6uJn7zHpQWYXCH4wi6PhsEwhOcoZF6haMOwgNO30lcGUOaxOkZTTquR0dp76ZXKNolewq6SJyMFEmGWq/w1emHPPYhQC6Z1m3HjrCbMIWCS0jznVhDxPiIDaBtaMB80N1kuj+lJ0bpUy9UpgKkU/X3RMJ8rce+azp9hkM9703E/7x2jN5FNxFBFCMEfLbIiyXFkE5CoX2hgKMcG8K4EuavlA+ZYhxNdHkTgjN/8iJpnJeccqlyWy5WL7M4cuSQHJNT4pAKqZJrUiN1wskjeSav5M16sl6sd+tj1rpkZTMH5A+szx+f25nJ</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

�+, J

<latexit sha1_base64="WbrkHyQkxQUSIv8PseQ8oNxgM/E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIsgKCWRgnor6kE8VbAf2Iay2U7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdKO823llpZXVtfy64WNza3tneLuXkNFiaRYpxGPZMsnCjkTWNdMc2zFEknoc2z6w+uJ33xCqVgkHvQoRi8kfcECRok20mPnBrkm3ZPTu26x5JSdKexF4makBBlq3eJXpxfRJEShKSdKtV0n1l5KpGaU47jQSRTGhA5JH9uGChKi8tLpxWP7yCg9O4ikKaHtqfp7IiWhUqPQN50h0QM1703E/7x2ooMLL2UiTjQKOlsUJNzWkT153+4xiVTzkSGESmZutemASEK1CalgQnDnX14kjbOyWylf3ldK1assjjwcwCEcgwvnUIVbqEEdKAh4hld4s5T1Yr1bH7PWnJXN7MMfWJ8/hwWQMA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

��, J

<latexit sha1_base64="t07PU+ij0/d13fFjnwprIvz74Q0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgQUsiBfVW1IN4qmA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKLS2vrK7l1wsbm1vbO8XdvYaKEkmxTiMeyZZPFHImsK6Z5tiKJZLQ59j0h9cTv/mEUrFIPOhRjF5I+oIFjBJtpMfODXJNuqcnd91iySk7U9iLxM1ICTLUusWvTi+iSYhCU06UartOrL2USM0ox3GhkyiMCR2SPrYNFSRE5aXTi8f2kVF6dhBJU0LbU/X3REpCpUahbzpDogdq3puI/3ntRAcXXspEnGgUdLYoSLitI3vyvt1jEqnmI0MIlczcatMBkYRqE1LBhODOv7xIGmdlt1K+vK+UqldZHHk4gEM4BhfOoQq3UIM6UBDwDK/wZinrxXq3PmatOSub2Yc/sD5/AIoRkDI=</latexit>

ū,�kI

<latexit sha1_base64="twC3SYsePjumlVzWCSueGhXg4ho=">AAACD3icbZC7SgNBFIZn4y3GW9TSZjAoFhp2JRDLoI12EcwFkhBmJ2eTIbMXZs6KYdk3sPFVbCwUsbW1822cXApNPDDw8f/nzJz53UgKjbb9bWWWlldW17LruY3Nre2d/O5eXYex4lDjoQxV02UapAighgIlNCMFzHclNNzh1dhv3IPSIgzucBRBx2f9QHiCMzRSN3/cRnjAyT2JK2NIk6TtMkXjND2lZ4Y9Oky7N918wS7ak6KL4MygQGZV7ea/2r2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukme6T0yCg96oXKnADpRP09kTBf65Hvmk6f4UDPe2PxP68Vo3fRSUQQxQgBnz7kxZJiSMfh0J5QwFGODDCuhNmV8gFTjKOJMGdCcOa/vAj186JTKpZvS4XK5SyOLDkgh+SEOKRMKuSaVEmNcPJInskrebOerBfr3fqYtmas2cw++VPW5w+B65zv</latexit>

“Conformal Partial Wave”, 

single valued Eigenfunction of Conformal Casimirs

This duality is made manifest by the “split representation” of ⌦�,J

<latexit sha1_base64="imqifV4IYtNBXb3Qwn6+uXpe8nE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkoiBXVX1IW4sYJ9QBPCZHrTDp08mJkoJfZT3LhQxK1f4s6/cdpmoa0HLhzOuZd77/ETzqSyrG+jsLS8srpWXC9tbG5t75jl3ZaMU0GhSWMei45PJHAWQVMxxaGTCCChz6HtDy8nfvsBhGRxdK9GCbgh6UcsYJQoLXlm2bkNoU+8zLkCrsjxzdgzK1bVmgIvEjsnFZSj4ZlfTi+maQiRopxI2bWtRLkZEYpRDuOSk0pICB2SPnQ1jUgI0s2mp4/xoVZ6OIiFrkjhqfp7IiOhlKPQ150hUQM5703E/7xuqoIzN2NRkiqI6GxRkHKsYjzJAfeYAKr4SBNCBdO3YjogglCl0yrpEOz5lxdJ66Rq16rnd7VK/SKPo4j20QE6QjY6RXV0jRqoiSh6RM/oFb0ZT8aL8W58zFoLRj6zh/7A+PwBzLuTuQ==</latexit>

m2R2
AdS = � (�+�� + J)

<latexit sha1_base64="szktOCfhjMeKjbR2sIOLyB7tkN0="></latexit>

Mack, Dobrev, Petkova, Petrova,

Todorov, 1974-7

e.g. Leonhardt, Manvelyan, 

Rühl 2003;


Costa, Gonçalves,

 Penedones 2014



Exchanges in EAdS
Factorisation, Conformal Symmetry and boundary conditions:

[↵!D (u, ū) + � !N (u, ū)]

<latexit sha1_base64="ae76W3J1HDVGFxEHz/mNz2QvFcY="></latexit>

= [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="h9zPOkgEsmfMn/t50MJY6AKRYVE="></latexit>

boundary conditions

Dirichlet Neumann

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

⌦�,J

<latexit sha1_base64="l06O6t1t0mzdoNLPySgqlDZbsAs=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkoihbos6kLcWME+oAlhMr1ph04ezEyUEvspblwo4tYvceffOG2z0NYDFw7n3Mu99/gJZ1JZ1rdRWFldW98obpa2tnd298zyflvGqaDQojGPRdcnEjiLoKWY4tBNBJDQ59DxR5dTv/MAQrI4ulfjBNyQDCIWMEqUljyz7NyGMCBe5lwBV+T0ZuKZFatqzYCXiZ2TCsrR9Mwvpx/TNIRIUU6k7NlWotyMCMUoh0nJSSUkhI7IAHqaRiQE6Waz0yf4WCt9HMRCV6TwTP09kZFQynHo686QqKFc9Kbif14vVcG5m7EoSRVEdL4oSDlWMZ7mgPtMAFV8rAmhgulbMR0SQajSaZV0CPbiy8ukfVa1a9X6Xa3SuMjjKKJDdIROkI3qqIGuURO1EEWP6Bm9ojfjyXgx3o2PeWvByGcO0B8Ynz/MF5O3</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

= [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="h9zPOkgEsmfMn/t50MJY6AKRYVE="></latexit>

Factorisation and Conformal Symmetry 

[↵!D (u, ū) + � !N (u, ū)]

<latexit sha1_base64="ae76W3J1HDVGFxEHz/mNz2QvFcY="></latexit>

u,kI

<latexit sha1_base64="E5f3qigSJ+z4O5E6j8BUGukV9fo=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4kLArgXgMetFbBPOAJITZSW8yZPbBTK8Ylr158Ve8eFDEq7/gzb9xkuxBEwsaiqru6elyIyk02va3tbS8srq2ntvIb25t7+wW9vYbOowVhzoPZahaLtMgRQB1FCihFSlgviuh6Y6uJn7zHpQWYXCH4wi6PhsEwhOcoZF6haMOwgNO30lcGUOaxOkZTTquR0dp76ZXKNolewq6SJyMFEmGWq/w1emHPPYhQC6Z1m3HjrCbMIWCS0jznVhDxPiIDaBtaMB80N1kuj+lJ0bpUy9UpgKkU/X3RMJ8rce+azp9hkM9703E/7x2jN5FNxFBFCMEfLbIiyXFkE5CoX2hgKMcG8K4EuavlA+ZYhxNdHkTgjN/8iJpnJeccqlyWy5WL7M4cuSQHJNT4pAKqZJrUiN1wskjeSav5M16sl6sd+tj1rpkZTMH5A+szx+f25nJ</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

�+, J

<latexit sha1_base64="WbrkHyQkxQUSIv8PseQ8oNxgM/E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIsgKCWRgnor6kE8VbAf2Iay2U7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdKO823llpZXVtfy64WNza3tneLuXkNFiaRYpxGPZMsnCjkTWNdMc2zFEknoc2z6w+uJ33xCqVgkHvQoRi8kfcECRok20mPnBrkm3ZPTu26x5JSdKexF4makBBlq3eJXpxfRJEShKSdKtV0n1l5KpGaU47jQSRTGhA5JH9uGChKi8tLpxWP7yCg9O4ikKaHtqfp7IiWhUqPQN50h0QM1703E/7x2ooMLL2UiTjQKOlsUJNzWkT153+4xiVTzkSGESmZutemASEK1CalgQnDnX14kjbOyWylf3ldK1assjjwcwCEcgwvnUIVbqEEdKAh4hld4s5T1Yr1bH7PWnJXN7MMfWJ8/hwWQMA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

��, J

<latexit sha1_base64="t07PU+ij0/d13fFjnwprIvz74Q0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgQUsiBfVW1IN4qmA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKLS2vrK7l1wsbm1vbO8XdvYaKEkmxTiMeyZZPFHImsK6Z5tiKJZLQ59j0h9cTv/mEUrFIPOhRjF5I+oIFjBJtpMfODXJNuqcnd91iySk7U9iLxM1ICTLUusWvTi+iSYhCU06UartOrL2USM0ox3GhkyiMCR2SPrYNFSRE5aXTi8f2kVF6dhBJU0LbU/X3REpCpUahbzpDogdq3puI/3ntRAcXXspEnGgUdLYoSLitI3vyvt1jEqnmI0MIlczcatMBkYRqE1LBhODOv7xIGmdlt1K+vK+UqldZHHk4gEM4BhfOoQq3UIM6UBDwDK/wZinrxXq3PmatOSub2Yc/sD5/AIoRkDI=</latexit>

ū,�kI

<latexit sha1_base64="twC3SYsePjumlVzWCSueGhXg4ho=">AAACD3icbZC7SgNBFIZn4y3GW9TSZjAoFhp2JRDLoI12EcwFkhBmJ2eTIbMXZs6KYdk3sPFVbCwUsbW1822cXApNPDDw8f/nzJz53UgKjbb9bWWWlldW17LruY3Nre2d/O5eXYex4lDjoQxV02UapAighgIlNCMFzHclNNzh1dhv3IPSIgzucBRBx2f9QHiCMzRSN3/cRnjAyT2JK2NIk6TtMkXjND2lZ4Y9Oky7N918wS7ak6KL4MygQGZV7ea/2r2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukme6T0yCg96oXKnADpRP09kTBf65Hvmk6f4UDPe2PxP68Vo3fRSUQQxQgBnz7kxZJiSMfh0J5QwFGODDCuhNmV8gFTjKOJMGdCcOa/vAj186JTKpZvS4XK5SyOLDkgh+SEOKRMKuSaVEmNcPJInskrebOerBfr3fqYtmas2cw++VPW5w+B65zv</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

attach/remove

 external legs

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

m2R2
AdS = � (�+�� + J)

<latexit sha1_base64="szktOCfhjMeKjbR2sIOLyB7tkN0="></latexit>



s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

= csc (⇡ (u+ ū)) [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="sPDkU1ODcIItyElZRgXNEtM3Nbw="></latexit>

= csc (⇡ (u+ ū)) [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="sPDkU1ODcIItyElZRgXNEtM3Nbw="></latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

contact terms
u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

Exchanges in EAdS

The full exchange is reconstructed via: 

= [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="h9zPOkgEsmfMn/t50MJY6AKRYVE="></latexit>

boundary conditions

[↵!D (u, ū) + � !N (u, ū)]

<latexit sha1_base64="ae76W3J1HDVGFxEHz/mNz2QvFcY="></latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

Factorisation, Conformal Symmetry and boundary conditions:

Factorisation and Conformal Symmetry 

u,kI

<latexit sha1_base64="E5f3qigSJ+z4O5E6j8BUGukV9fo=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4kLArgXgMetFbBPOAJITZSW8yZPbBTK8Ylr158Ve8eFDEq7/gzb9xkuxBEwsaiqru6elyIyk02va3tbS8srq2ntvIb25t7+wW9vYbOowVhzoPZahaLtMgRQB1FCihFSlgviuh6Y6uJn7zHpQWYXCH4wi6PhsEwhOcoZF6haMOwgNO30lcGUOaxOkZTTquR0dp76ZXKNolewq6SJyMFEmGWq/w1emHPPYhQC6Z1m3HjrCbMIWCS0jznVhDxPiIDaBtaMB80N1kuj+lJ0bpUy9UpgKkU/X3RMJ8rce+azp9hkM9703E/7x2jN5FNxFBFCMEfLbIiyXFkE5CoX2hgKMcG8K4EuavlA+ZYhxNdHkTgjN/8iJpnJeccqlyWy5WL7M4cuSQHJNT4pAKqZJrUiN1wskjeSav5M16sl6sd+tj1rpkZTMH5A+szx+f25nJ</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

�+, J

<latexit sha1_base64="WbrkHyQkxQUSIv8PseQ8oNxgM/E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIsgKCWRgnor6kE8VbAf2Iay2U7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdKO823llpZXVtfy64WNza3tneLuXkNFiaRYpxGPZMsnCjkTWNdMc2zFEknoc2z6w+uJ33xCqVgkHvQoRi8kfcECRok20mPnBrkm3ZPTu26x5JSdKexF4makBBlq3eJXpxfRJEShKSdKtV0n1l5KpGaU47jQSRTGhA5JH9uGChKi8tLpxWP7yCg9O4ikKaHtqfp7IiWhUqPQN50h0QM1703E/7x2ooMLL2UiTjQKOlsUJNzWkT153+4xiVTzkSGESmZutemASEK1CalgQnDnX14kjbOyWylf3ldK1assjjwcwCEcgwvnUIVbqEEdKAh4hld4s5T1Yr1bH7PWnJXN7MMfWJ8/hwWQMA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

��, J

<latexit sha1_base64="t07PU+ij0/d13fFjnwprIvz74Q0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgQUsiBfVW1IN4qmA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKLS2vrK7l1wsbm1vbO8XdvYaKEkmxTiMeyZZPFHImsK6Z5tiKJZLQ59j0h9cTv/mEUrFIPOhRjF5I+oIFjBJtpMfODXJNuqcnd91iySk7U9iLxM1ICTLUusWvTi+iSYhCU06UartOrL2USM0ox3GhkyiMCR2SPrYNFSRE5aXTi8f2kVF6dhBJU0LbU/X3REpCpUahbzpDogdq3puI/3ntRAcXXspEnGgUdLYoSLitI3vyvt1jEqnmI0MIlczcatMBkYRqE1LBhODOv7xIGmdlt1K+vK+UqldZHHk4gEM4BhfOoQq3UIM6UBDwDK/wZinrxXq3PmatOSub2Yc/sD5/AIoRkDI=</latexit>

ū,�kI

<latexit sha1_base64="twC3SYsePjumlVzWCSueGhXg4ho=">AAACD3icbZC7SgNBFIZn4y3GW9TSZjAoFhp2JRDLoI12EcwFkhBmJ2eTIbMXZs6KYdk3sPFVbCwUsbW1822cXApNPDDw8f/nzJz53UgKjbb9bWWWlldW17LruY3Nre2d/O5eXYex4lDjoQxV02UapAighgIlNCMFzHclNNzh1dhv3IPSIgzucBRBx2f9QHiCMzRSN3/cRnjAyT2JK2NIk6TtMkXjND2lZ4Y9Oky7N918wS7ak6KL4MygQGZV7ea/2r2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukme6T0yCg96oXKnADpRP09kTBf65Hvmk6f4UDPe2PxP68Vo3fRSUQQxQgBnz7kxZJiSMfh0J5QwFGODDCuhNmV8gFTjKOJMGdCcOa/vAj186JTKpZvS4XK5SyOLDkgh+SEOKRMKuSaVEmNcPJInskrebOerBfr3fqYtmas2cw++VPW5w+B65zv</latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

m2R2
AdS = � (�+�� + J)

<latexit sha1_base64="szktOCfhjMeKjbR2sIOLyB7tkN0="></latexit>



Exchanges in dS

branch of

in-in contour


 

contact terms

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

±±̂

<latexit sha1_base64="rip/x+/CHyK/YcyYkF0UQrPRAqc=">AAAB9XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEdRb0YvHCvYD2lg22027dDcJuxOlhP4PLx4U8ep/8ea/cdvmoK0vLDy8M8PMvkEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGniVDPeYLGMdTughksR8QYKlLydaE5VIHkrGN1M661Hro2Io3scJ9xXdBCJUDCK1nroJopk3SFFYmnSK1fcqjsTWQYvhwrkqvfKX91+zFLFI2SSGtPx3AT9jGoUTPJJqZsanlA2ogPesRhRxY2fza6ekBPr9EkYa/siJDP390RGlTFjFdhORXFoFmtT879aJ8Xw0s9ElKTIIzZfFKaSYEymEZC+0JyhHFugTAt7K2FDqilDG1TJhuAtfnkZmmdV77x6dXdeqV3ncRThCI7hFDy4gBrcQh0awEDDM7zCm/PkvDjvzse8teDkM4fwR87nDy/cklU=</latexit>

= csc (⇡ (u+ ū))
X

±±̂

<latexit sha1_base64="BXMDJqY3iwkE20amKKaD0IabwUA="></latexit>

= csc (⇡ (u+ ū))
X

±±̂

<latexit sha1_base64="BXMDJqY3iwkE20amKKaD0IabwUA="></latexit>

= csc (⇡ (u+ ū))
X

±±̂

<latexit sha1_base64="BXMDJqY3iwkE20amKKaD0IabwUA="></latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

Fixed by: Factorisation

Conformal Symmetry
Boundary Conditions

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>



u,kI

<latexit sha1_base64="E5f3qigSJ+z4O5E6j8BUGukV9fo=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4kLArgXgMetFbBPOAJITZSW8yZPbBTK8Ylr158Ve8eFDEq7/gzb9xkuxBEwsaiqru6elyIyk02va3tbS8srq2ntvIb25t7+wW9vYbOowVhzoPZahaLtMgRQB1FCihFSlgviuh6Y6uJn7zHpQWYXCH4wi6PhsEwhOcoZF6haMOwgNO30lcGUOaxOkZTTquR0dp76ZXKNolewq6SJyMFEmGWq/w1emHPPYhQC6Z1m3HjrCbMIWCS0jznVhDxPiIDaBtaMB80N1kuj+lJ0bpUy9UpgKkU/X3RMJ8rce+azp9hkM9703E/7x2jN5FNxFBFCMEfLbIiyXFkE5CoX2hgKMcG8K4EuavlA+ZYhxNdHkTgjN/8iJpnJeccqlyWy5WL7M4cuSQHJNT4pAKqZJrUiN1wskjeSav5M16sl6sd+tj1rpkZTMH5A+szx+f25nJ</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

�+, J

<latexit sha1_base64="WbrkHyQkxQUSIv8PseQ8oNxgM/E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIsgKCWRgnor6kE8VbAf2Iay2U7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdKO823llpZXVtfy64WNza3tneLuXkNFiaRYpxGPZMsnCjkTWNdMc2zFEknoc2z6w+uJ33xCqVgkHvQoRi8kfcECRok20mPnBrkm3ZPTu26x5JSdKexF4makBBlq3eJXpxfRJEShKSdKtV0n1l5KpGaU47jQSRTGhA5JH9uGChKi8tLpxWP7yCg9O4ikKaHtqfp7IiWhUqPQN50h0QM1703E/7x2ooMLL2UiTjQKOlsUJNzWkT153+4xiVTzkSGESmZutemASEK1CalgQnDnX14kjbOyWylf3ldK1assjjwcwCEcgwvnUIVbqEEdKAh4hld4s5T1Yr1bH7PWnJXN7MMfWJ8/hwWQMA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

��, J

<latexit sha1_base64="t07PU+ij0/d13fFjnwprIvz74Q0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgQUsiBfVW1IN4qmA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKLS2vrK7l1wsbm1vbO8XdvYaKEkmxTiMeyZZPFHImsK6Z5tiKJZLQ59j0h9cTv/mEUrFIPOhRjF5I+oIFjBJtpMfODXJNuqcnd91iySk7U9iLxM1ICTLUusWvTi+iSYhCU06UartOrL2USM0ox3GhkyiMCR2SPrYNFSRE5aXTi8f2kVF6dhBJU0LbU/X3REpCpUahbzpDogdq3puI/3ntRAcXXspEnGgUdLYoSLitI3vyvt1jEqnmI0MIlczcatMBkYRqE1LBhODOv7xIGmdlt1K+vK+UqldZHHk4gEM4BhfOoQq3UIM6UBDwDK/wZinrxXq3PmatOSub2Yc/sD5/AIoRkDI=</latexit>

ū,�kI

<latexit sha1_base64="twC3SYsePjumlVzWCSueGhXg4ho=">AAACD3icbZC7SgNBFIZn4y3GW9TSZjAoFhp2JRDLoI12EcwFkhBmJ2eTIbMXZs6KYdk3sPFVbCwUsbW1822cXApNPDDw8f/nzJz53UgKjbb9bWWWlldW17LruY3Nre2d/O5eXYex4lDjoQxV02UapAighgIlNCMFzHclNNzh1dhv3IPSIgzucBRBx2f9QHiCMzRSN3/cRnjAyT2JK2NIk6TtMkXjND2lZ4Y9Oky7N918wS7ak6KL4MygQGZV7ea/2r2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukme6T0yCg96oXKnADpRP09kTBf65Hvmk6f4UDPe2PxP68Vo3fRSUQQxQgBnz7kxZJiSMfh0J5QwFGODDCuhNmV8gFTjKOJMGdCcOa/vAj186JTKpZvS4XK5SyOLDkgh+SEOKRMKuSaVEmNcPJInskrebOerBfr3fqYtmas2cw++VPW5w+B65zv</latexit>

u,kI

<latexit sha1_base64="E5f3qigSJ+z4O5E6j8BUGukV9fo=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4kLArgXgMetFbBPOAJITZSW8yZPbBTK8Ylr158Ve8eFDEq7/gzb9xkuxBEwsaiqru6elyIyk02va3tbS8srq2ntvIb25t7+wW9vYbOowVhzoPZahaLtMgRQB1FCihFSlgviuh6Y6uJn7zHpQWYXCH4wi6PhsEwhOcoZF6haMOwgNO30lcGUOaxOkZTTquR0dp76ZXKNolewq6SJyMFEmGWq/w1emHPPYhQC6Z1m3HjrCbMIWCS0jznVhDxPiIDaBtaMB80N1kuj+lJ0bpUy9UpgKkU/X3RMJ8rce+azp9hkM9703E/7x2jN5FNxFBFCMEfLbIiyXFkE5CoX2hgKMcG8K4EuavlA+ZYhxNdHkTgjN/8iJpnJeccqlyWy5WL7M4cuSQHJNT4pAKqZJrUiN1wskjeSav5M16sl6sd+tj1rpkZTMH5A+szx+f25nJ</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

�+, J

<latexit sha1_base64="WbrkHyQkxQUSIv8PseQ8oNxgM/E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIsgKCWRgnor6kE8VbAf2Iay2U7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdKO823llpZXVtfy64WNza3tneLuXkNFiaRYpxGPZMsnCjkTWNdMc2zFEknoc2z6w+uJ33xCqVgkHvQoRi8kfcECRok20mPnBrkm3ZPTu26x5JSdKexF4makBBlq3eJXpxfRJEShKSdKtV0n1l5KpGaU47jQSRTGhA5JH9uGChKi8tLpxWP7yCg9O4ikKaHtqfp7IiWhUqPQN50h0QM1703E/7x2ooMLL2UiTjQKOlsUJNzWkT153+4xiVTzkSGESmZutemASEK1CalgQnDnX14kjbOyWylf3ldK1assjjwcwCEcgwvnUIVbqEEdKAh4hld4s5T1Yr1bH7PWnJXN7MMfWJ8/hwWQMA==</latexit>

± branch

<latexit sha1_base64="Q2/fr2DfDj7NFD4CDnx+JML/oaY=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwX5AE8pmu2mXbjZhdyKGUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFySCa3Ccb2tldW19Y7O0Vd7e2d3btw8O2zpOFWUtGotYdQOimeCStYCDYN1EMRIFgnWC8c3U7zwwpXks7yFLmB+RoeQhpwSM1LcrXhJ5Z9gD9gh5oIiko0nfrjo1Zwa8TNyCVFGBZt/+8gYxTSMmgQqidc91EvBzooBTwSZlL9UsIXRMhqxnqCQR034+O36CT4wywGGsTEnAM/X3RE4irbMoMJ0RgZFe9Kbif14vhfDSz7lMUmCSzheFqcAQ42kSeMAVoyAyQwhV3NyK6YgoQsHkVTYhuIsvL5P2ec2t167u6tXGdRFHCR2hY3SKXHSBGugWNVELUZShZ/SK3qwn68V6tz7mrStWMVNBf2B9/gC/L5Td</latexit>

±̂ branch

<latexit sha1_base64="rbLkC0MfRX3FFkOFp5Em+5ZMry4=">AAACA3icbVA9SwNBEN2LXzF+ndppsxgECwl3ElC7oI1lBPMBuRD2Nptkye7esTsnhiNg41+xsVDE1j9h579xk1yhiQ8GHu/NMDMvjAU34HnfTm5peWV1Lb9e2Njc2t5xd/fqJko0ZTUaiUg3Q2KY4IrVgINgzVgzIkPBGuHweuI37pk2PFJ3MIpZW5K+4j1OCVip4x6kwYAADmI5Dk5xAOwB0lATRQfjjlv0St4UeJH4GSmiDNWO+xV0I5pIpoAKYkzL92Jop0QDp4KNC0FiWEzokPRZy1JFJDPtdPrDGB9bpYt7kbalAE/V3xMpkcaMZGg7JYGBmfcm4n9eK4HeRTvlKk6AKTpb1EsEhghPAsFdrhkFMbKEUM3trZgOiCYUbGwFG4I///IiqZ+V/HLp8rZcrFxlceTRITpCJ8hH56iCblAV1RBFj+gZvaI358l5cd6dj1lrzslm9tEfOJ8/E2aX1A==</latexit>

��, J

<latexit sha1_base64="t07PU+ij0/d13fFjnwprIvz74Q0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgQUsiBfVW1IN4qmA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKLS2vrK7l1wsbm1vbO8XdvYaKEkmxTiMeyZZPFHImsK6Z5tiKJZLQ59j0h9cTv/mEUrFIPOhRjF5I+oIFjBJtpMfODXJNuqcnd91iySk7U9iLxM1ICTLUusWvTi+iSYhCU06UartOrL2USM0ox3GhkyiMCR2SPrYNFSRE5aXTi8f2kVF6dhBJU0LbU/X3REpCpUahbzpDogdq3puI/3ntRAcXXspEnGgUdLYoSLitI3vyvt1jEqnmI0MIlczcatMBkYRqE1LBhODOv7xIGmdlt1K+vK+UqldZHHk4gEM4BhfOoQq3UIM6UBDwDK/wZinrxXq3PmatOSub2Yc/sD5/AIoRkDI=</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

ū,�kI

<latexit sha1_base64="twC3SYsePjumlVzWCSueGhXg4ho=">AAACD3icbZC7SgNBFIZn4y3GW9TSZjAoFhp2JRDLoI12EcwFkhBmJ2eTIbMXZs6KYdk3sPFVbCwUsbW1822cXApNPDDw8f/nzJz53UgKjbb9bWWWlldW17LruY3Nre2d/O5eXYex4lDjoQxV02UapAighgIlNCMFzHclNNzh1dhv3IPSIgzucBRBx2f9QHiCMzRSN3/cRnjAyT2JK2NIk6TtMkXjND2lZ4Y9Oky7N918wS7ak6KL4MygQGZV7ea/2r2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukme6T0yCg96oXKnADpRP09kTBf65Hvmk6f4UDPe2PxP68Vo3fRSUQQxQgBnz7kxZJiSMfh0J5QwFGODDCuhNmV8gFTjKOJMGdCcOa/vAj186JTKpZvS4XK5SyOLDkgh+SEOKRMKuSaVEmNcPJInskrebOerBfr3fqYtmas2cw++VPW5w+B65zv</latexit>

Factorisation and Conformal Symmetry:
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⌥
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<latexit sha1_base64="Eoi4YRO8B77Stob9bX8DnxGEU/4="></latexit>

⌦�,J

<latexit sha1_base64="l06O6t1t0mzdoNLPySgqlDZbsAs=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkoihbos6kLcWME+oAlhMr1ph04ezEyUEvspblwo4tYvceffOG2z0NYDFw7n3Mu99/gJZ1JZ1rdRWFldW98obpa2tnd298zyflvGqaDQojGPRdcnEjiLoKWY4tBNBJDQ59DxR5dTv/MAQrI4ulfjBNyQDCIWMEqUljyz7NyGMCBe5lwBV+T0ZuKZFatqzYCXiZ2TCsrR9Mwvpx/TNIRIUU6k7NlWotyMCMUoh0nJSSUkhI7IAHqaRiQE6Waz0yf4WCt9HMRCV6TwTP09kZFQynHo686QqKFc9Kbif14vVcG5m7EoSRVEdL4oSDlWMZ7mgPtMAFV8rAmhgulbMR0SQajSaZV0CPbiy8ukfVa1a9X6Xa3SuMjjKKJDdIROkI3qqIGuURO1EEWP6Bm9ojfjyXgx3o2PeWvByGcO0B8Ynz/MF5O3</latexit>

,u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

⌦�,J

<latexit sha1_base64="l06O6t1t0mzdoNLPySgqlDZbsAs=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkoihbos6kLcWME+oAlhMr1ph04ezEyUEvspblwo4tYvceffOG2z0NYDFw7n3Mu99/gJZ1JZ1rdRWFldW98obpa2tnd298zyflvGqaDQojGPRdcnEjiLoKWY4tBNBJDQ59DxR5dTv/MAQrI4ulfjBNyQDCIWMEqUljyz7NyGMCBe5lwBV+T0ZuKZFatqzYCXiZ2TCsrR9Mwvpx/TNIRIUU6k7NlWotyMCMUoh0nJSSUkhI7IAHqaRiQE6Waz0yf4WCt9HMRCV6TwTP09kZFQynHo686QqKFc9Kbif14vVcG5m7EoSRVEdL4oSDlWMZ7mgPtMAFV8rAmhgulbMR0SQajSaZV0CPbiy8ukfVa1a9X6Xa3SuMjjKKJDdIROkI3qqIGuURO1EEWP6Bm9ojfjyXgx3o2PeWvByGcO0B8Ynz/MF5O3</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

±±̂

<latexit sha1_base64="rip/x+/CHyK/YcyYkF0UQrPRAqc=">AAAB9XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEdRb0YvHCvYD2lg22027dDcJuxOlhP4PLx4U8ep/8ea/cdvmoK0vLDy8M8PMvkEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGniVDPeYLGMdTughksR8QYKlLydaE5VIHkrGN1M661Hro2Io3scJ9xXdBCJUDCK1nroJopk3SFFYmnSK1fcqjsTWQYvhwrkqvfKX91+zFLFI2SSGtPx3AT9jGoUTPJJqZsanlA2ogPesRhRxY2fza6ekBPr9EkYa/siJDP390RGlTFjFdhORXFoFmtT879aJ8Xw0s9ElKTIIzZfFKaSYEymEZC+0JyhHFugTAt7K2FDqilDG1TJhuAtfnkZmmdV77x6dXdeqV3ncRThCI7hFDy4gBrcQh0awEDDM7zCm/PkvDjvzse8teDkM4fwR87nDy/cklU=</latexit>

s,k

<latexit sha1_base64="vGxyoo7a+DrH3ZMZcKS8FnI0Fw8=">AAACBHicbVC7SgNBFJ2NrxhfUcs0g0GwkLArAbUL2lhGMA9IQpid3E2GzD6YuSuGZQsbf8XGQhFbP8LOv3GySaGJBy4czrl37tzjRlJotO1vK7eyura+kd8sbG3v7O4V9w+aOowVhwYPZajaLtMgRQANFCihHSlgviuh5Y6vp37rHpQWYXCHkwh6PhsGwhOcoZH6xVIX4QGzdxIFgzTR6SlNuq5Hx2m/WLYrdga6TJw5KZM56v3iV3cQ8tiHALlkWnccO8JewhQKLiEtdGMNEeNjNoSOoQHzQfeSbHlKj40yoF6oTAVIM/X3RMJ8rSe+azp9hiO96E3F/7xOjN5FLxFBFCMEfLbIiyXFkE4ToQOhgKOcGMK4EuavlI+YYhxNbgUTgrN48jJpnlWcauXytlquXc3jyJMSOSInxCHnpEZuSJ00CCeP5Jm8kjfryXqx3q2PWWvOms8ckj+wPn8AZ3mYlg==</latexit>

�, J

<latexit sha1_base64="70z9hVT47+QFl7Ay4dM4wM2A/xk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8SNiVgDkG9SCeIpgHJEuYnXSSIbOz68ysEJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxALro3rfjsrq2vrG5u5rfz2zu7efuHgsKGjRDGss0hEqhVQjYJLrBtuBLZihTQMBDaD0fXUbz6h0jySD2Ycox/SgeR9zqixUqtzg8LQ87tuoeiW3BnIMvEyUoQMtW7hq9OLWBKiNExQrdueGxs/pcpwJnCS7yQaY8pGdIBtSyUNUfvp7N4JObVKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTky/4qdcxolByeaL+okgJiLT50mPK2RGjC2hTHF7K2FDqigzNqK8DcFbfHmZNC5KXrlUuS8Xq1dZHDk4hhM4Aw8uoQq3UIM6MBDwDK/w5jw6L8678zFvXXGymSP4A+fzB2WXj5E=</latexit>

= e
⌥
✓
s+

1
2

✓
��d

2

◆◆
⇡i

<latexit sha1_base64="RyJObxLaXWRPppcvoG1ce45+xLM="></latexit>

s,k

<latexit sha1_base64="vGxyoo7a+DrH3ZMZcKS8FnI0Fw8=">AAACBHicbVC7SgNBFJ2NrxhfUcs0g0GwkLArAbUL2lhGMA9IQpid3E2GzD6YuSuGZQsbf8XGQhFbP8LOv3GySaGJBy4czrl37tzjRlJotO1vK7eyura+kd8sbG3v7O4V9w+aOowVhwYPZajaLtMgRQANFCihHSlgviuh5Y6vp37rHpQWYXCHkwh6PhsGwhOcoZH6xVIX4QGzdxIFgzTR6SlNuq5Hx2m/WLYrdga6TJw5KZM56v3iV3cQ8tiHALlkWnccO8JewhQKLiEtdGMNEeNjNoSOoQHzQfeSbHlKj40yoF6oTAVIM/X3RMJ8rSe+azp9hiO96E3F/7xOjN5FLxFBFCMEfLbIiyXFkE4ToQOhgKOcGMK4EuavlI+YYhxNbgUTgrN48jJpnlWcauXytlquXc3jyJMSOSInxCHnpEZuSJ00CCeP5Jm8kjfryXqx3q2PWWvOms8ckj+wPn8AZ3mYlg==</latexit>

�, J

<latexit sha1_base64="70z9hVT47+QFl7Ay4dM4wM2A/xk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8SNiVgDkG9SCeIpgHJEuYnXSSIbOz68ysEJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxALro3rfjsrq2vrG5u5rfz2zu7efuHgsKGjRDGss0hEqhVQjYJLrBtuBLZihTQMBDaD0fXUbz6h0jySD2Ycox/SgeR9zqixUqtzg8LQ87tuoeiW3BnIMvEyUoQMtW7hq9OLWBKiNExQrdueGxs/pcpwJnCS7yQaY8pGdIBtSyUNUfvp7N4JObVKj/QjZUsaMlN/T6Q01HocBrYzpGaoF72p+J/XTky/4qdcxolByeaL+okgJiLT50mPK2RGjC2hTHF7K2FDqigzNqK8DcFbfHmZNC5KXrlUuS8Xq1dZHDk4hhM4Aw8uoQq3UIM6MBDwDK/w5jw6L8678zFvXXGymSP4A+fzB2WXj5E=</latexit>

±±̂

<latexit sha1_base64="rip/x+/CHyK/YcyYkF0UQrPRAqc=">AAAB9XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEdRb0YvHCvYD2lg22027dDcJuxOlhP4PLx4U8ep/8ea/cdvmoK0vLDy8M8PMvkEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGniVDPeYLGMdTughksR8QYKlLydaE5VIHkrGN1M661Hro2Io3scJ9xXdBCJUDCK1nroJopk3SFFYmnSK1fcqjsTWQYvhwrkqvfKX91+zFLFI2SSGtPx3AT9jGoUTPJJqZsanlA2ogPesRhRxY2fza6ekBPr9EkYa/siJDP390RGlTFjFdhORXFoFmtT879aJ8Xw0s9ElKTIIzZfFKaSYEymEZC+0JyhHFugTAt7K2FDqilDG1TJhuAtfnkZmmdV77x6dXdeqV3ncRThCI7hFDy4gBrcQh0awEDDM7zCm/PkvDjvzse8teDkM4fwR87nDy/cklU=</latexit>

Exchanges in dS



Factorisation, Conformal Symmetry and boundary conditions:

u,kI

<latexit sha1_base64="E5f3qigSJ+z4O5E6j8BUGukV9fo=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4kLArgXgMetFbBPOAJITZSW8yZPbBTK8Ylr158Ve8eFDEq7/gzb9xkuxBEwsaiqru6elyIyk02va3tbS8srq2ntvIb25t7+wW9vYbOowVhzoPZahaLtMgRQB1FCihFSlgviuh6Y6uJn7zHpQWYXCH4wi6PhsEwhOcoZF6haMOwgNO30lcGUOaxOkZTTquR0dp76ZXKNolewq6SJyMFEmGWq/w1emHPPYhQC6Z1m3HjrCbMIWCS0jznVhDxPiIDaBtaMB80N1kuj+lJ0bpUy9UpgKkU/X3RMJ8rce+azp9hkM9703E/7x2jN5FNxFBFCMEfLbIiyXFkE5CoX2hgKMcG8K4EuavlA+ZYhxNdHkTgjN/8iJpnJeccqlyWy5WL7M4cuSQHJNT4pAKqZJrUiN1wskjeSav5M16sl6sd+tj1rpkZTMH5A+szx+f25nJ</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

�+, J

<latexit sha1_base64="WbrkHyQkxQUSIv8PseQ8oNxgM/E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIsgKCWRgnor6kE8VbAf2Iay2U7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdKO823llpZXVtfy64WNza3tneLuXkNFiaRYpxGPZMsnCjkTWNdMc2zFEknoc2z6w+uJ33xCqVgkHvQoRi8kfcECRok20mPnBrkm3ZPTu26x5JSdKexF4makBBlq3eJXpxfRJEShKSdKtV0n1l5KpGaU47jQSRTGhA5JH9uGChKi8tLpxWP7yCg9O4ikKaHtqfp7IiWhUqPQN50h0QM1703E/7x2ooMLL2UiTjQKOlsUJNzWkT153+4xiVTzkSGESmZutemASEK1CalgQnDnX14kjbOyWylf3ldK1assjjwcwCEcgwvnUIVbqEEdKAh4hld4s5T1Yr1bH7PWnJXN7MMfWJ8/hwWQMA==</latexit>

± branch

<latexit sha1_base64="Q2/fr2DfDj7NFD4CDnx+JML/oaY=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwX5AE8pmu2mXbjZhdyKGUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFySCa3Ccb2tldW19Y7O0Vd7e2d3btw8O2zpOFWUtGotYdQOimeCStYCDYN1EMRIFgnWC8c3U7zwwpXks7yFLmB+RoeQhpwSM1LcrXhJ5Z9gD9gh5oIiko0nfrjo1Zwa8TNyCVFGBZt/+8gYxTSMmgQqidc91EvBzooBTwSZlL9UsIXRMhqxnqCQR034+O36CT4wywGGsTEnAM/X3RE4irbMoMJ0RgZFe9Kbif14vhfDSz7lMUmCSzheFqcAQ42kSeMAVoyAyQwhV3NyK6YgoQsHkVTYhuIsvL5P2ec2t167u6tXGdRFHCR2hY3SKXHSBGugWNVELUZShZ/SK3qwn68V6tz7mrStWMVNBf2B9/gC/L5Td</latexit>

±̂ branch

<latexit sha1_base64="rbLkC0MfRX3FFkOFp5Em+5ZMry4=">AAACA3icbVA9SwNBEN2LXzF+ndppsxgECwl3ElC7oI1lBPMBuRD2Nptkye7esTsnhiNg41+xsVDE1j9h579xk1yhiQ8GHu/NMDMvjAU34HnfTm5peWV1Lb9e2Njc2t5xd/fqJko0ZTUaiUg3Q2KY4IrVgINgzVgzIkPBGuHweuI37pk2PFJ3MIpZW5K+4j1OCVip4x6kwYAADmI5Dk5xAOwB0lATRQfjjlv0St4UeJH4GSmiDNWO+xV0I5pIpoAKYkzL92Jop0QDp4KNC0FiWEzokPRZy1JFJDPtdPrDGB9bpYt7kbalAE/V3xMpkcaMZGg7JYGBmfcm4n9eK4HeRTvlKk6AKTpb1EsEhghPAsFdrhkFMbKEUM3trZgOiCYUbGwFG4I///IiqZ+V/HLp8rZcrFxlceTRITpCJ8hH56iCblAV1RBFj+gZvaI358l5cd6dj1lrzslm9tEfOJ8/E2aX1A==</latexit>

��, J

<latexit sha1_base64="t07PU+ij0/d13fFjnwprIvz74Q0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgQUsiBfVW1IN4qmA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKLS2vrK7l1wsbm1vbO8XdvYaKEkmxTiMeyZZPFHImsK6Z5tiKJZLQ59j0h9cTv/mEUrFIPOhRjF5I+oIFjBJtpMfODXJNuqcnd91iySk7U9iLxM1ICTLUusWvTi+iSYhCU06UartOrL2USM0ox3GhkyiMCR2SPrYNFSRE5aXTi8f2kVF6dhBJU0LbU/X3REpCpUahbzpDogdq3puI/3ntRAcXXspEnGgUdLYoSLitI3vyvt1jEqnmI0MIlczcatMBkYRqE1LBhODOv7xIGmdlt1K+vK+UqldZHHk4gEM4BhfOoQq3UIM6UBDwDK/wZinrxXq3PmatOSub2Yc/sD5/AIoRkDI=</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

ū,�kI

<latexit sha1_base64="twC3SYsePjumlVzWCSueGhXg4ho=">AAACD3icbZC7SgNBFIZn4y3GW9TSZjAoFhp2JRDLoI12EcwFkhBmJ2eTIbMXZs6KYdk3sPFVbCwUsbW1822cXApNPDDw8f/nzJz53UgKjbb9bWWWlldW17LruY3Nre2d/O5eXYex4lDjoQxV02UapAighgIlNCMFzHclNNzh1dhv3IPSIgzucBRBx2f9QHiCMzRSN3/cRnjAyT2JK2NIk6TtMkXjND2lZ4Y9Oky7N918wS7ak6KL4MygQGZV7ea/2r2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukme6T0yCg96oXKnADpRP09kTBf65Hvmk6f4UDPe2PxP68Vo3fRSUQQxQgBnz7kxZJiSMfh0J5QwFGODDCuhNmV8gFTjKOJMGdCcOa/vAj186JTKpZvS4XK5SyOLDkgh+SEOKRMKuSaVEmNcPJInskrebOerBfr3fqYtmas2cw++VPW5w+B65zv</latexit>

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

= [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="h9zPOkgEsmfMn/t50MJY6AKRYVE="></latexit>

±±̂

<latexit sha1_base64="rip/x+/CHyK/YcyYkF0UQrPRAqc=">AAAB9XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEdRb0YvHCvYD2lg22027dDcJuxOlhP4PLx4U8ep/8ea/cdvmoK0vLDy8M8PMvkEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGniVDPeYLGMdTughksR8QYKlLydaE5VIHkrGN1M661Hro2Io3scJ9xXdBCJUDCK1nroJopk3SFFYmnSK1fcqjsTWQYvhwrkqvfKX91+zFLFI2SSGtPx3AT9jGoUTPJJqZsanlA2ogPesRhRxY2fza6ekBPr9EkYa/siJDP390RGlTFjFdhORXFoFmtT879aJ8Xw0s9ElKTIIzZfFKaSYEymEZC+0JyhHFugTAt7K2FDqilDG1TJhuAtfnkZmmdV77x6dXdeqV3ncRThCI7hFDy4gBrcQh0awEDDM7zCm/PkvDjvzse8teDkM4fwR87nDy/cklU=</latexit>

↵±⌥ = ��⌥± = ± csc
�
⇡
�
d
2 ��±

��
exp

⇥�
�± � d

2

�
⇡i
⇤

<latexit sha1_base64="UU1TUDIXhpvgB0uCfG9XeZTCYlo="></latexit>

↵±± = �⌥⌥ = csc
�
⇡
�
d
2 ��±

��
exp

⇥
�
�
�± � d

2

�
⇡i
⇤
,

<latexit sha1_base64="gDrmEs5jNTgyDlKQLI0WwxYfPRI="></latexit>

For the Bunch Davies (Euclidean) vacuum:

attach/remove

 external legs

⌦�,J

<latexit sha1_base64="l06O6t1t0mzdoNLPySgqlDZbsAs=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkoihbos6kLcWME+oAlhMr1ph04ezEyUEvspblwo4tYvceffOG2z0NYDFw7n3Mu99/gJZ1JZ1rdRWFldW98obpa2tnd298zyflvGqaDQojGPRdcnEjiLoKWY4tBNBJDQ59DxR5dTv/MAQrI4ulfjBNyQDCIWMEqUljyz7NyGMCBe5lwBV+T0ZuKZFatqzYCXiZ2TCsrR9Mwvpx/TNIRIUU6k7NlWotyMCMUoh0nJSSUkhI7IAHqaRiQE6Waz0yf4WCt9HMRCV6TwTP09kZFQynHo686QqKFc9Kbif14vVcG5m7EoSRVEdL4oSDlWMZ7mgPtMAFV8rAmhgulbMR0SQajSaZV0CPbiy8ukfVa1a9X6Xa3SuMjjKKJDdIROkI3qqIGuURO1EEWP6Bm9ojfjyXgx3o2PeWvByGcO0B8Ynz/MF5O3</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

±±̂

<latexit sha1_base64="rip/x+/CHyK/YcyYkF0UQrPRAqc=">AAAB9XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEdRb0YvHCvYD2lg22027dDcJuxOlhP4PLx4U8ep/8ea/cdvmoK0vLDy8M8PMvkEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGniVDPeYLGMdTughksR8QYKlLydaE5VIHkrGN1M661Hro2Io3scJ9xXdBCJUDCK1nroJopk3SFFYmnSK1fcqjsTWQYvhwrkqvfKX91+zFLFI2SSGtPx3AT9jGoUTPJJqZsanlA2ogPesRhRxY2fza6ekBPr9EkYa/siJDP390RGlTFjFdhORXFoFmtT879aJ8Xw0s9ElKTIIzZfFKaSYEymEZC+0JyhHFugTAt7K2FDqilDG1TJhuAtfnkZmmdV77x6dXdeqV3ncRThCI7hFDy4gBrcQh0awEDDM7zCm/PkvDjvzse8teDkM4fwR87nDy/cklU=</latexit>

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

= [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="h9zPOkgEsmfMn/t50MJY6AKRYVE="></latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

±±̂

<latexit sha1_base64="rip/x+/CHyK/YcyYkF0UQrPRAqc=">AAAB9XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEdRb0YvHCvYD2lg22027dDcJuxOlhP4PLx4U8ep/8ea/cdvmoK0vLDy8M8PMvkEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGniVDPeYLGMdTughksR8QYKlLydaE5VIHkrGN1M661Hro2Io3scJ9xXdBCJUDCK1nroJopk3SFFYmnSK1fcqjsTWQYvhwrkqvfKX91+zFLFI2SSGtPx3AT9jGoUTPJJqZsanlA2ogPesRhRxY2fza6ekBPr9EkYa/siJDP390RGlTFjFdhORXFoFmtT879aJ8Xw0s9ElKTIIzZfFKaSYEymEZC+0JyhHFugTAt7K2FDqilDG1TJhuAtfnkZmmdV77x6dXdeqV3ncRThCI7hFDy4gBrcQh0awEDDM7zCm/PkvDjvzse8teDkM4fwR87nDy/cklU=</latexit>

boundary conditions

Factorisation + Conformal Symmetry 

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

Exchanges in dS



branch of

in-in contour


 

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

±±̂

<latexit sha1_base64="rip/x+/CHyK/YcyYkF0UQrPRAqc=">AAAB9XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEdRb0YvHCvYD2lg22027dDcJuxOlhP4PLx4U8ep/8ea/cdvmoK0vLDy8M8PMvkEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGniVDPeYLGMdTughksR8QYKlLydaE5VIHkrGN1M661Hro2Io3scJ9xXdBCJUDCK1nroJopk3SFFYmnSK1fcqjsTWQYvhwrkqvfKX91+zFLFI2SSGtPx3AT9jGoUTPJJqZsanlA2ogPesRhRxY2fza6ekBPr9EkYa/siJDP390RGlTFjFdhORXFoFmtT879aJ8Xw0s9ElKTIIzZfFKaSYEymEZC+0JyhHFugTAt7K2FDqilDG1TJhuAtfnkZmmdV77x6dXdeqV3ncRThCI7hFDy4gBrcQh0awEDDM7zCm/PkvDjvzse8teDkM4fwR87nDy/cklU=</latexit>

= csc (⇡ (u+ ū))
X

±±̂

<latexit sha1_base64="BXMDJqY3iwkE20amKKaD0IabwUA="></latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

contact terms

= csc (⇡ (u+ ū))
X

±±̂

<latexit sha1_base64="BXMDJqY3iwkE20amKKaD0IabwUA="></latexit>

= csc (⇡ (u+ ū))
X

±±̂

<latexit sha1_base64="BXMDJqY3iwkE20amKKaD0IabwUA="></latexit>

Factorisation, Conformal Symmetry and boundary conditions:

u,kI

<latexit sha1_base64="E5f3qigSJ+z4O5E6j8BUGukV9fo=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4kLArgXgMetFbBPOAJITZSW8yZPbBTK8Ylr158Ve8eFDEq7/gzb9xkuxBEwsaiqru6elyIyk02va3tbS8srq2ntvIb25t7+wW9vYbOowVhzoPZahaLtMgRQB1FCihFSlgviuh6Y6uJn7zHpQWYXCH4wi6PhsEwhOcoZF6haMOwgNO30lcGUOaxOkZTTquR0dp76ZXKNolewq6SJyMFEmGWq/w1emHPPYhQC6Z1m3HjrCbMIWCS0jznVhDxPiIDaBtaMB80N1kuj+lJ0bpUy9UpgKkU/X3RMJ8rce+azp9hkM9703E/7x2jN5FNxFBFCMEfLbIiyXFkE5CoX2hgKMcG8K4EuavlA+ZYhxNdHkTgjN/8iJpnJeccqlyWy5WL7M4cuSQHJNT4pAKqZJrUiN1wskjeSav5M16sl6sd+tj1rpkZTMH5A+szx+f25nJ</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

�+, J

<latexit sha1_base64="WbrkHyQkxQUSIv8PseQ8oNxgM/E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIsgKCWRgnor6kE8VbAf2Iay2U7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdKO823llpZXVtfy64WNza3tneLuXkNFiaRYpxGPZMsnCjkTWNdMc2zFEknoc2z6w+uJ33xCqVgkHvQoRi8kfcECRok20mPnBrkm3ZPTu26x5JSdKexF4makBBlq3eJXpxfRJEShKSdKtV0n1l5KpGaU47jQSRTGhA5JH9uGChKi8tLpxWP7yCg9O4ikKaHtqfp7IiWhUqPQN50h0QM1703E/7x2ooMLL2UiTjQKOlsUJNzWkT153+4xiVTzkSGESmZutemASEK1CalgQnDnX14kjbOyWylf3ldK1assjjwcwCEcgwvnUIVbqEEdKAh4hld4s5T1Yr1bH7PWnJXN7MMfWJ8/hwWQMA==</latexit>

± branch

<latexit sha1_base64="Q2/fr2DfDj7NFD4CDnx+JML/oaY=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwX5AE8pmu2mXbjZhdyKGUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFySCa3Ccb2tldW19Y7O0Vd7e2d3btw8O2zpOFWUtGotYdQOimeCStYCDYN1EMRIFgnWC8c3U7zwwpXks7yFLmB+RoeQhpwSM1LcrXhJ5Z9gD9gh5oIiko0nfrjo1Zwa8TNyCVFGBZt/+8gYxTSMmgQqidc91EvBzooBTwSZlL9UsIXRMhqxnqCQR034+O36CT4wywGGsTEnAM/X3RE4irbMoMJ0RgZFe9Kbif14vhfDSz7lMUmCSzheFqcAQ42kSeMAVoyAyQwhV3NyK6YgoQsHkVTYhuIsvL5P2ec2t167u6tXGdRFHCR2hY3SKXHSBGugWNVELUZShZ/SK3qwn68V6tz7mrStWMVNBf2B9/gC/L5Td</latexit>

±̂ branch

<latexit sha1_base64="rbLkC0MfRX3FFkOFp5Em+5ZMry4=">AAACA3icbVA9SwNBEN2LXzF+ndppsxgECwl3ElC7oI1lBPMBuRD2Nptkye7esTsnhiNg41+xsVDE1j9h579xk1yhiQ8GHu/NMDMvjAU34HnfTm5peWV1Lb9e2Njc2t5xd/fqJko0ZTUaiUg3Q2KY4IrVgINgzVgzIkPBGuHweuI37pk2PFJ3MIpZW5K+4j1OCVip4x6kwYAADmI5Dk5xAOwB0lATRQfjjlv0St4UeJH4GSmiDNWO+xV0I5pIpoAKYkzL92Jop0QDp4KNC0FiWEzokPRZy1JFJDPtdPrDGB9bpYt7kbalAE/V3xMpkcaMZGg7JYGBmfcm4n9eK4HeRTvlKk6AKTpb1EsEhghPAsFdrhkFMbKEUM3trZgOiCYUbGwFG4I///IiqZ+V/HLp8rZcrFxlceTRITpCJ8hH56iCblAV1RBFj+gZvaI358l5cd6dj1lrzslm9tEfOJ8/E2aX1A==</latexit>

��, J

<latexit sha1_base64="t07PU+ij0/d13fFjnwprIvz74Q0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgQUsiBfVW1IN4qmA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKLS2vrK7l1wsbm1vbO8XdvYaKEkmxTiMeyZZPFHImsK6Z5tiKJZLQ59j0h9cTv/mEUrFIPOhRjF5I+oIFjBJtpMfODXJNuqcnd91iySk7U9iLxM1ICTLUusWvTi+iSYhCU06UartOrL2USM0ox3GhkyiMCR2SPrYNFSRE5aXTi8f2kVF6dhBJU0LbU/X3REpCpUahbzpDogdq3puI/3ntRAcXXspEnGgUdLYoSLitI3vyvt1jEqnmI0MIlczcatMBkYRqE1LBhODOv7xIGmdlt1K+vK+UqldZHHk4gEM4BhfOoQq3UIM6UBDwDK/wZinrxXq3PmatOSub2Yc/sD5/AIoRkDI=</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

ū,�kI

<latexit sha1_base64="twC3SYsePjumlVzWCSueGhXg4ho=">AAACD3icbZC7SgNBFIZn4y3GW9TSZjAoFhp2JRDLoI12EcwFkhBmJ2eTIbMXZs6KYdk3sPFVbCwUsbW1822cXApNPDDw8f/nzJz53UgKjbb9bWWWlldW17LruY3Nre2d/O5eXYex4lDjoQxV02UapAighgIlNCMFzHclNNzh1dhv3IPSIgzucBRBx2f9QHiCMzRSN3/cRnjAyT2JK2NIk6TtMkXjND2lZ4Y9Oky7N918wS7ak6KL4MygQGZV7ea/2r2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukme6T0yCg96oXKnADpRP09kTBf65Hvmk6f4UDPe2PxP68Vo3fRSUQQxQgBnz7kxZJiSMfh0J5QwFGODDCuhNmV8gFTjKOJMGdCcOa/vAj186JTKpZvS4XK5SyOLDkgh+SEOKRMKuSaVEmNcPJInskrebOerBfr3fqYtmas2cw++VPW5w+B65zv</latexit>

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

u, ū
<latexit sha1_base64="d80dweTHarWZjX9vKbxtu/ksME0=">AAAB83icbVDJSgNBEO2JW4xb1KOXxiB4CENPotHcgl48RjAxkBlCT6cnadKz0IsQhvyGFw+KePVnvPk39kxCcHtQ8Hiviqp6fsKZVAh9WoWV1bX1jeJmaWt7Z3evvH/QlbEWhHZIzGPR87GknEW0o5jitJcIikOf03t/cp359w9USBZHd2qaUC/Eo4gFjGBlJFdX3Wrq+lhAPRuUK8hGTg2dNyCy6zXHaTShY6McS1IBC7QH5Q93GBMd0kgRjqXsOyhRXoqFYoTTWcnVkiaYTPCI9g2NcEill+Y3z+CJUYYwiIWpSMFc/T6R4lDKaeibzhCrsfztZeJ/Xl+r4NJLWZRoRSMyXxRoDlUMswDgkAlKFJ8agolg5lZIxlhgokxMpTyEZobG39+XpFuznbpdvz2rtK4WcRTBETgGp8ABF6AFbkAbdAABCXgEz+DF0taT9Wq9zVsL1mLmEPyA9f4Fp6WRlQ==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

= [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="h9zPOkgEsmfMn/t50MJY6AKRYVE="></latexit>

±±̂

<latexit sha1_base64="rip/x+/CHyK/YcyYkF0UQrPRAqc=">AAAB9XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEdRb0YvHCvYD2lg22027dDcJuxOlhP4PLx4U8ep/8ea/cdvmoK0vLDy8M8PMvkEihUHX/XYKK6tr6xvFzdLW9s7uXnn/oGniVDPeYLGMdTughksR8QYKlLydaE5VIHkrGN1M661Hro2Io3scJ9xXdBCJUDCK1nroJopk3SFFYmnSK1fcqjsTWQYvhwrkqvfKX91+zFLFI2SSGtPx3AT9jGoUTPJJqZsanlA2ogPesRhRxY2fza6ekBPr9EkYa/siJDP390RGlTFjFdhORXFoFmtT879aJ8Xw0s9ElKTIIzZfFKaSYEymEZC+0JyhHFugTAt7K2FDqilDG1TJhuAtfnkZmmdV77x6dXdeqV3ncRThCI7hFDy4gBrcQh0awEDDM7zCm/PkvDjvzse8teDkM4fwR87nDy/cklU=</latexit>

Factorisation + Conformal Symmetry 

The full exchange is reconstructed via: 

↵±⌥ = ��⌥± = ± csc
�
⇡
�
d
2 ��±

��
exp

⇥�
�± � d

2

�
⇡i
⇤

<latexit sha1_base64="UU1TUDIXhpvgB0uCfG9XeZTCYlo="></latexit>

↵±± = �⌥⌥ = csc
�
⇡
�
d
2 ��±

��
exp

⇥
�
�
�± � d

2

�
⇡i
⇤
,

<latexit sha1_base64="gDrmEs5jNTgyDlKQLI0WwxYfPRI="></latexit>

For the Bunch Davies (Euclidean) vacuum:

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

Exchanges in dS



Exchanges in dS

The expansion in this limit is generated by residues of poles in  u, ū

<latexit sha1_base64="RE7WqWO15r3ez0vEG/pQqH/DPbg=">AAACGXicbVDLSgNBEJz1GeMr6tHLYBA8SNiVgHoLevEYwTwgCWF20kmGzD6Y6RHDsr/hxV/x4kERj3ryb5xsctDEgoaiqnt6uvxYCo2u++0sLa+srq3nNvKbW9s7u4W9/bqOjOJQ45GMVNNnGqQIoYYCJTRjBSzwJTT80fXEb9yD0iIK73AcQydgg1D0BWdopW7BbSM8YPZO4ksDaWLSU7ogJm2fKWrSlHYLRbfkZqCLxJuRIpmh2i18tnsRNwGEyCXTuuW5MXYSplBwCWm+bTTEjI/YAFqWhiwA3Umy5Sk9tkqP9iNlK0Saqb8nEhZoPQ582xkwHOp5byL+57UM9i86iQhjgxDy6aK+kRQjOomJ9oQCjnJsCeNK2L9SPmSKcbRh5m0I3vzJi6R+VvLKpcvbcrFyNYsjRw7JETkhHjknFXJDqqRGOHkkz+SVvDlPzovz7nxMW5ec2cwB+QPn6wcsg6JG</latexit>

.

+ . . .

<latexit sha1_base64="zO3npFVsJcMYwdmsbRFXWJrjvXE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBfVW9OKxgv2ANpTNZtMu3WzC7kQopT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1IpDLrut1NYW9/Y3Cpul3Z29/YPyodHLZNkmvEmS2SiOwE1XArFmyhQ8k6qOY0DydvB6G7mt5+4NiJRjzhOuR/TgRKRYBSt1L7oyTBB0y9X3Ko7B1klXk4qkKPRL3/1woRlMVfIJDWm67kp+hOqUTDJp6VeZnhK2YgOeNdSRWNu/Mn83Ck5s0pIokTbUkjm6u+JCY2NGceB7YwpDs2yNxP/87oZRtf+RKg0Q67YYlGUSYIJmf1OQqE5Qzm2hDIt7K2EDammDG1CJRuCt/zyKmldVr1a9eahVqnf5nEU4QRO4Rw8uII63EMDmsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w8nKo95</latexit>

m2, 0

<latexit sha1_base64="HyAqqXg8PLBxnqqvnBri0Bb1EQ0=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBg5TdUlBvRS8eK7htoV1LNs22oUl2SbJCWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVBHqk5jHqhNiTTmT1DfMcNpJFMUi5LQdjm9nfvuJKs1i+WAmCQ0EHkoWMYKNlXzxWLtw++WKW3XnQKvEy0kFcjT75a/eICapoNIQjrXuem5iggwrwwin01Iv1TTBZIyHtGupxILqIJsfO0VnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/r5ua6CrImExSQyVZLIpSjkyMZp+jAVOUGD6xBBPF7K2IjLDCxNh8SjYEb/nlVdKqVb169fq+Xmnc5HEU4QRO4Rw8uIQG3EETfCDA4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gDWNY4R</latexit>

�1, 0

<latexit sha1_base64="qohRI0Up5drupUk99/U/ddi+824=">AAAB8nicdVBNS0JBFJ1nX2ZfVss2QxK0iMeMGvp2Ui1aGqQJKjJvHHVw3gcz9wXy8Ge0aVFE235Nu/5N40dQUQcuHM65l3vv8WMlDRDy4WRWVtfWN7Kbua3tnd29/P5B00SJ5qLBIxXpls+MUDIUDZCgRCvWggW+Enf++HLm390LbWQU3sIkFt2ADUM5kJyBldqdK6GA9egZJr18gbiUVEq0golLvIpXpJbQUpV655i6ZI4CWqLey793+hFPAhECV8yYNiUxdFOmQXIlprlOYkTM+JgNRdvSkAXCdNP5yVN8YpU+HkTaVgh4rn6fSFlgzCTwbWfAYGR+ezPxL6+dwKDaTWUYJyBCvlg0SBSGCM/+x32pBQc1sYRxLe2tmI+YZhxsSjkbwten+H/SLLq07Ho35ULtYhlHFh2hY3SKKKqgGrpGddRAHEXoAT2hZwecR+fFeV20ZpzlzCH6AeftEywikJA=</latexit>

�2, 0

<latexit sha1_base64="E1Coqu2uFrFDEJl2raQLZHcXYUU=">AAAB8nicdVBNS0JBFJ1nX2ZfVss2QxK0iMeMGk93Ui1aGqQJT5F546iD8z6YuS8Q8We0aVFE235Nu/5N40dQUQcuHM65l3vvCRIlDRDy4WRWVtfWN7Kbua3tnd29/P5B08Sp5qLBYxXrVsCMUDISDZCgRCvRgoWBEnfB6HLm390LbWQc3cI4EZ2QDSLZl5yBlfz2lVDAusUzTLr5AnEp8UrUw8QlVa9apJbQUoVWzzF1yRwFtES9m39v92KehiICrpgxPiUJdCZMg+RKTHPt1IiE8REbCN/SiIXCdCbzk6f4xCo93I+1rQjwXP0+MWGhMeMwsJ0hg6H57c3Evzw/hX6lM5FRkoKI+GJRP1UYYjz7H/ekFhzU2BLGtbS3Yj5kmnGwKeVsCF+f4v9Js+jSslu9KRdqF8s4sugIHaNTRJGHauga1VEDcRSjB/SEnh1wHp0X53XRmnGWM4foB5y3Ty2pkJE=</latexit>

�3, 0

<latexit sha1_base64="np3XCYs7SvwJvPbEAHWJoRpdmCU=">AAAB8nicdVBNS0JBFJ1nX2ZfVss2QxK0iMeMGvp2Ui1aGqQJKjJvHHVw3gcz9wXy8Ge0aVFE235Nu/5N40dQUQcuHM65l3vv8WMlDRDy4WRWVtfWN7Kbua3tnd29/P5B00SJ5qLBIxXpls+MUDIUDZCgRCvWggW+Enf++HLm390LbWQU3sIkFt2ADUM5kJyBldqdK6GA9UpnmPTyBeJSUinRCiYu8SpekVpCS1XqnWPqkjkKaIl6L//e6Uc8CUQIXDFj2pTE0E2ZBsmVmOY6iREx42M2FG1LQxYI003nJ0/xiVX6eBBpWyHgufp9ImWBMZPAt50Bg5H57c3Ev7x2AoNqN5VhnIAI+WLRIFEYIjz7H/elFhzUxBLGtbS3Yj5imnGwKeVsCF+f4v9Js+jSsuvdlAu1i2UcWXSEjtEpoqiCauga1VEDcRShB/SEnh1wHp0X53XRmnGWM4foB5y3Ty8wkJI=</latexit>

�4, 0

<latexit sha1_base64="OyCNWrHYcfNrGVyvxRb/Ffa4mlU=">AAAB8nicdVBNS0JBFJ1nX2ZfVss2QxK0iMeMGvp2Ui1aGqQJKjJvHHVw3gcz9wXy8Ge0aVFE235Nu/5N40dQUQcuHM65l3vv8WMlDRDy4WRWVtfWN7Kbua3tnd29/P5B00SJ5qLBIxXpls+MUDIUDZCgRCvWggW+Enf++HLm390LbWQU3sIkFt2ADUM5kJyBldqdK6GA9cpnmPTyBeJSUinRCiYu8SpekVpCS1XqnWPqkjkKaIl6L//e6Uc8CUQIXDFj2pTE0E2ZBsmVmOY6iREx42M2FG1LQxYI003nJ0/xiVX6eBBpWyHgufp9ImWBMZPAt50Bg5H57c3Ev7x2AoNqN5VhnIAI+WLRIFEYIjz7H/elFhzUxBLGtbS3Yj5imnGwKeVsCF+f4v9Js+jSsuvdlAu1i2UcWXSEjtEpoqiCauga1VEDcRShB/SEnh1wHp0X53XRmnGWM4foB5y3TzC3kJM=</latexit>
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<latexit sha1_base64="xw1tTCqGyhxCwqGXGY7GS1mqFiw="></latexit>
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<latexit sha1_base64="LRBoDf4dw5/cuMDZrtbCIL7PV5k="></latexit>

�
k2I

���� d
2
⇥
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<latexit sha1_base64="g2zpkLR+SQo0P/y+ht7j6ixKbf0="></latexit>

non-analytic
�
k2I
��+� d

2

<latexit sha1_base64="ZgX2O9vqCDpwZtx6e8bHpZSqTyQ="></latexit>

�
k2I

���� d
2

<latexit sha1_base64="vMuXJgS4ToUYBsV1wfCURYeK+rc="></latexit>

The imprints of a particle exchange are particularly sharp in the limit  |kI | ⌧ |kj |

<latexit sha1_base64="BJoRztURRddv7ycwCoW7EWkeemc=">AAACBHicdVDLSgMxFM34rPVVddlNsAiuhox2sLMrutFdBfuAdhgyaaaNzTxIMkKZduHGX3HjQhG3foQ7/8b0oajogQsn59xL7j1+wplUCL0bC4tLyyurubX8+sbm1nZhZ7ch41QQWicxj0XLx5JyFtG6YorTViIoDn1Om/7gbOI3b6iQLI6u1DChboh7EQsYwUpLXqE4yjp+AAdj72IEO5zDr/f1yCuUkIlsx7YQRKaNLOd4QhynUrZtaJloihKYo+YV3jrdmKQhjRThWMq2hRLlZlgoRjgd5zuppAkmA9yjbU0jHFLpZtMjxvBAK10YxEJXpOBU/T6R4VDKYejrzhCrvvztTcS/vHaqgoqbsShJFY3I7KMg5VDFcJII7DJBieJDTTARTO8KSR8LTJTOLa9D+LwU/k8aR6ZVNp3Lcql6Oo8jB4pgHxwCC5yAKjgHNVAHBNyCe/AInow748F4Nl5mrQvGfGYP/IDx+gHAzJg2</latexit>

(OPE limit)

kI

<latexit sha1_base64="fiUs/59I3jk4G/BPULSLwvIvjyg=">AAAB8HicdVBNSwMxEM3Wr1q/qh69BIvgaclqF7u3ohe9VbCt0paSTbNtaJJdkqxQlv4KLx4U8erP8ea/MdtWUNEHA4/3ZpiZFyacaYPQh1NYWl5ZXSuulzY2t7Z3yrt7LR2nitAmiXmsbkOsKWeSNg0znN4mimIRctoOxxe5376nSrNY3phJQnsCDyWLGMHGSndZN4zgeNq/6pcryEV+4HsIItdHXnCakyCoVX0fei6aoQIWaPTL791BTFJBpSEca93xUGJ6GVaGEU6npW6qaYLJGA9px1KJBdW9bHbwFB5ZZQCjWNmSBs7U7xMZFlpPRGg7BTYj/dvLxb+8TmqiWi9jMkkNlWS+KEo5NDHMv4cDpigxfGIJJorZWyEZYYWJsRmVbAhfn8L/SevE9apucF2t1M8XcRTBATgEx8ADZ6AOLkEDNAEBAjyAJ/DsKOfReXFe560FZzGzD37AefsE3bSQfQ==</latexit>

✓

<latexit sha1_base64="DPyJ7JDxQkRVGUBMHbgM82wvEYw=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU0hqa9tb0YvHCrYV2lA22027drMJuxOhhP4HLx4U8er/8ea/cdtGUNEHA4/3ZpiZ58eCa3CcDyu3srq2vpHfLGxt7+zuFfcPOjpKFGVtGolI3fpEM8ElawMHwW5jxUjoC9b1J5dzv3vPlOaRvIFpzLyQjCQPOCVgpE4fxgzIoFhybGcB7NjnjepZtWxIza27jSp2M6uEMrQGxff+MKJJyCRQQbTuuU4MXkoUcCrYrNBPNIsJnZAR6xkqSci0ly6uneETowxxEClTEvBC/T6RklDraeibzpDAWP/25uJfXi+BoO6lXMYJMEmXi4JEYIjw/HU85IpREFNDCFXc3IrpmChCwQRUMCF8fYr/J52y7VbsxnWl1LzI4sijI3SMTpGLaqiJrlALtRFFd+gBPaFnK7IerRfrddmas7KZQ/QD1tsn/xaPcQ==</latexit>

x4

<latexit sha1_base64="7JF/lEA42uQ7aN9sbWBseaag2r4=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ9JWpt0V3bisYB/SDiWTZtrQTGZIMmIZ+hVuXCji1s9x59+YPgQVPXDhcM693HtPkAiuDUIfzsrq2vrGZm4rv72zu7dfODhs6ThVlDVpLGLVCYhmgkvWNNwI1kkUI1EgWDsYX8789h1TmsfyxkwS5kdkKHnIKTFWus16QQjvp/1Kv1BELkZeGXsQuajm1UrYElyu4to5xC6aowiWaPQL771BTNOISUMF0bqLUWL8jCjDqWDTfC/VLCF0TIasa6kkEdN+Nj94Ck+tMoBhrGxJA+fq94mMRFpPosB2RsSM9G9vJv7ldVMTVv2MyyQ1TNLFojAV0MRw9j0ccMWoERNLCFXc3grpiChCjc0ob0P4+hT+T1olF1fc2nWlWL9YxpEDx+AEnAEMPFAHV6ABmoCCCDyAJ/DsKOfReXFeF60rznLmCPyA8/YJzCiQcQ==</latexit>

x3

<latexit sha1_base64="ybezfQo7VUCIxz0zmmxvUhn9GX4=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw6StTGdXdOOygn1IW0omzbShSWZIMmIZ+hVuXCji1s9x59+YPgQVPXDhcM693HtPmHCmjed9OCura+sbm7mt/PbO7t5+4eCwqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4vpz5rTuqNIvljZkktCfwULKIEWysdJt1wwjeT/vlfqHoucjzy8iHnusFflBClqByFQXnELneHEWwRL1feO8OYpIKKg3hWOsO8hLTy7AyjHA6zXdTTRNMxnhIO5ZKLKjuZfODp/DUKgMYxcqWNHCufp/IsNB6IkLbKbAZ6d/eTPzL66QmqvYyJpPUUEkWi6KUQxPD2fdwwBQlhk8swUQxeyskI6wwMTajvA3h61P4P2mWXFRxg+tKsXaxjCMHjsEJOAMI+KAGrkAdNAABAjyAJ/DsKOfReXFeF60rznLmCPyA8/YJyqSQcA==</latexit>

x1

<latexit sha1_base64="fJCshM6oKJNwfHtp6Veli3ajmZs=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw6StTLsrunFZwT6kHUomzbShSWZIMmIZ+hVuXCji1s9x59+YPgQVPXDhcM693HtPmHCmjed9OCura+sbm7mt/PbO7t5+4eCwpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vpz57TuqNIvljZkkNBB4KFnECDZWus16YQTvp33ULxQ9F3l+GfnQc72aXyshS1C5imrnELneHEWwRKNfeO8NYpIKKg3hWOsu8hITZFgZRjid5nuppgkmYzykXUslFlQH2fzgKTy1ygBGsbIlDZyr3ycyLLSeiNB2CmxG+rc3E//yuqmJqkHGZJIaKsliUZRyaGI4+x4OmKLE8IklmChmb4VkhBUmxmaUtyF8fQr/J62Siypu7bpSrF8s48iBY3ACzgACPqiDK9AATUCAAA/gCTw7ynl0XpzXReuKs5w5Aj/gvH0Cx5yQbg==</latexit>

x2

<latexit sha1_base64="JKmsNIAf3CIKUyqn6N0RcP9TU04=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw6StTGdXdOOygn1IW0omzbShSWZIMmIZ+hVuXCji1s9x59+YPgQVPXDhcM693HtPmHCmjed9OCura+sbm7mt/PbO7t5+4eCwqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4vpz5rTuqNIvljZkktCfwULKIEWysdJt1wwjeT/ulfqHoucjzy8iHnusFflBClqByFQXnELneHEWwRL1feO8OYpIKKg3hWOsO8hLTy7AyjHA6zXdTTRNMxnhIO5ZKLKjuZfODp/DUKgMYxcqWNHCufp/IsNB6IkLbKbAZ6d/eTPzL66QmqvYyJpPUUEkWi6KUQxPD2fdwwBQlhk8swUQxeyskI6wwMTajvA3h61P4P2mWXFRxg+tKsXaxjCMHjsEJOAMI+KAGrkAdNAABAjyAJ/DsKOfReXFeF60rznLmCPyA8/YJySCQbw==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

u,kI

<latexit sha1_base64="E5f3qigSJ+z4O5E6j8BUGukV9fo=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4kLArgXgMetFbBPOAJITZSW8yZPbBTK8Ylr158Ve8eFDEq7/gzb9xkuxBEwsaiqru6elyIyk02va3tbS8srq2ntvIb25t7+wW9vYbOowVhzoPZahaLtMgRQB1FCihFSlgviuh6Y6uJn7zHpQWYXCH4wi6PhsEwhOcoZF6haMOwgNO30lcGUOaxOkZTTquR0dp76ZXKNolewq6SJyMFEmGWq/w1emHPPYhQC6Z1m3HjrCbMIWCS0jznVhDxPiIDaBtaMB80N1kuj+lJ0bpUy9UpgKkU/X3RMJ8rce+azp9hkM9703E/7x2jN5FNxFBFCMEfLbIiyXFkE5CoX2hgKMcG8K4EuavlA+ZYhxNdHkTgjN/8iJpnJeccqlyWy5WL7M4cuSQHJNT4pAKqZJrUiN1wskjeSav5M16sl6sd+tj1rpkZTMH5A+szx+f25nJ</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

�+, J

<latexit sha1_base64="WbrkHyQkxQUSIv8PseQ8oNxgM/E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIsgKCWRgnor6kE8VbAf2Iay2U7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdKO823llpZXVtfy64WNza3tneLuXkNFiaRYpxGPZMsnCjkTWNdMc2zFEknoc2z6w+uJ33xCqVgkHvQoRi8kfcECRok20mPnBrkm3ZPTu26x5JSdKexF4makBBlq3eJXpxfRJEShKSdKtV0n1l5KpGaU47jQSRTGhA5JH9uGChKi8tLpxWP7yCg9O4ikKaHtqfp7IiWhUqPQN50h0QM1703E/7x2ooMLL2UiTjQKOlsUJNzWkT153+4xiVTzkSGESmZutemASEK1CalgQnDnX14kjbOyWylf3ldK1assjjwcwCEcgwvnUIVbqEEdKAh4hld4s5T1Yr1bH7PWnJXN7MMfWJ8/hwWQMA==</latexit>

± branch

<latexit sha1_base64="Q2/fr2DfDj7NFD4CDnx+JML/oaY=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwX5AE8pmu2mXbjZhdyKGUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFySCa3Ccb2tldW19Y7O0Vd7e2d3btw8O2zpOFWUtGotYdQOimeCStYCDYN1EMRIFgnWC8c3U7zwwpXks7yFLmB+RoeQhpwSM1LcrXhJ5Z9gD9gh5oIiko0nfrjo1Zwa8TNyCVFGBZt/+8gYxTSMmgQqidc91EvBzooBTwSZlL9UsIXRMhqxnqCQR034+O36CT4wywGGsTEnAM/X3RE4irbMoMJ0RgZFe9Kbif14vhfDSz7lMUmCSzheFqcAQ42kSeMAVoyAyQwhV3NyK6YgoQsHkVTYhuIsvL5P2ec2t167u6tXGdRFHCR2hY3SKXHSBGugWNVELUZShZ/SK3qwn68V6tz7mrStWMVNBf2B9/gC/L5Td</latexit>

±̂ branch

<latexit sha1_base64="rbLkC0MfRX3FFkOFp5Em+5ZMry4=">AAACA3icbVA9SwNBEN2LXzF+ndppsxgECwl3ElC7oI1lBPMBuRD2Nptkye7esTsnhiNg41+xsVDE1j9h579xk1yhiQ8GHu/NMDMvjAU34HnfTm5peWV1Lb9e2Njc2t5xd/fqJko0ZTUaiUg3Q2KY4IrVgINgzVgzIkPBGuHweuI37pk2PFJ3MIpZW5K+4j1OCVip4x6kwYAADmI5Dk5xAOwB0lATRQfjjlv0St4UeJH4GSmiDNWO+xV0I5pIpoAKYkzL92Jop0QDp4KNC0FiWEzokPRZy1JFJDPtdPrDGB9bpYt7kbalAE/V3xMpkcaMZGg7JYGBmfcm4n9eK4HeRTvlKk6AKTpb1EsEhghPAsFdrhkFMbKEUM3trZgOiCYUbGwFG4I///IiqZ+V/HLp8rZcrFxlceTRITpCJ8hH56iCblAV1RBFj+gZvaI358l5cd6dj1lrzslm9tEfOJ8/E2aX1A==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

ū,�kI

<latexit sha1_base64="twC3SYsePjumlVzWCSueGhXg4ho=">AAACD3icbZC7SgNBFIZn4y3GW9TSZjAoFhp2JRDLoI12EcwFkhBmJ2eTIbMXZs6KYdk3sPFVbCwUsbW1822cXApNPDDw8f/nzJz53UgKjbb9bWWWlldW17LruY3Nre2d/O5eXYex4lDjoQxV02UapAighgIlNCMFzHclNNzh1dhv3IPSIgzucBRBx2f9QHiCMzRSN3/cRnjAyT2JK2NIk6TtMkXjND2lZ4Y9Oky7N918wS7ak6KL4MygQGZV7ea/2r2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukme6T0yCg96oXKnADpRP09kTBf65Hvmk6f4UDPe2PxP68Vo3fRSUQQxQgBnz7kxZJiSMfh0J5QwFGODDCuhNmV8gFTjKOJMGdCcOa/vAj186JTKpZvS4XK5SyOLDkgh+SEOKRMKuSaVEmNcPJInskrebOerBfr3fqYtmas2cw++VPW5w+B65zv</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

��, J

<latexit sha1_base64="t07PU+ij0/d13fFjnwprIvz74Q0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgQUsiBfVW1IN4qmA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKLS2vrK7l1wsbm1vbO8XdvYaKEkmxTiMeyZZPFHImsK6Z5tiKJZLQ59j0h9cTv/mEUrFIPOhRjF5I+oIFjBJtpMfODXJNuqcnd91iySk7U9iLxM1ICTLUusWvTi+iSYhCU06UartOrL2USM0ox3GhkyiMCR2SPrYNFSRE5aXTi8f2kVF6dhBJU0LbU/X3REpCpUahbzpDogdq3puI/3ntRAcXXspEnGgUdLYoSLitI3vyvt1jEqnmI0MIlczcatMBkYRqE1LBhODOv7xIGmdlt1K+vK+UqldZHHk4gEM4BhfOoQq3UIM6UBDwDK/wZinrxXq3PmatOSub2Yc/sD5/AIoRkDI=</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

⇠ (|kI |)�2(u+ū)

<latexit sha1_base64="14tyygZG499ajAi6CjshB2ryFoQ="></latexit>

sin
⇣⇣

�1+�2+�+�d
2

⌘
⇡
⌘
sin

⇣⇣
�3+�4+�+�d

2

⌘
⇡
⌘ �

k2I
��+� d

2

<latexit sha1_base64="0P59Izg7bjP50vgl2KVtRMXhC5w="></latexit>

�
k2I

��+� d
2
⇥
1 +O

�
k2I

�⇤

<latexit sha1_base64="NTUijeHqh0K06F8MZrzV6iGSuN8="></latexit>

|kI |⌧|ki|⇠

<latexit sha1_base64="ll/jE08cVIoj0zt0cQyuibjWH6o=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyWRgrorutFdBfuAJoTJdNIOnUzCzEQoaf7Bjb/ixoUibt2482+ctEG09cCFM+fcy9x7/JhRqSzryygtLa+srpXXKxubW9s75u5eW0aJwKSFIxaJro8kYZSTlqKKkW4sCAp9Rjr+6Cr3O/dESBrxOzWOiRuiAacBxUhpyTNPnCi3iUonqeMHcJR5NxOHsZ8XnWSpI2mYQc+sWjVrCrhI7IJUQYGmZ346/QgnIeEKMyRlz7Zi5aZIKIoZySpOIkmM8AgNSE9TjkIi3XR6UwaPtNKHQSR0cQWn6u+JFIVSjkNfd4ZIDeW8l4v/eb1EBeduSnmcKMLx7KMgYVBFMA8I9qkgWLGxJggLqneFeIgEwkrnVNEh2PMnL5L2ac2u1y5u69XGZRFHGRyAQ3AMbHAGGuAaNEELYPAAnsALeDUejWfjzXiftZaMYmYf/IHx8Q289Z9W</latexit>

-1

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

-2-3

Poles in u, ū

<latexit sha1_base64="Px0FTi8OWV1GB9qJAUEJwW9DRns=">AAAB8nicdVDJSgNBEK2JW4xb1KOXxiB4kGFGAya3oBePEYwJTIbQ0+lJmvRMD70IYchnePGgiFe/xpt/Y2cRXB8UPN6roqpelHGmtOe9O4Wl5ZXVteJ6aWNza3unvLt3q4SRhLaI4EJ2IqwoZyltaaY57WSS4iTitB2NLqd++45KxUR6o8cZDRM8SFnMCNZWCswJyrsRlshMeuWK51brNe+sjn4T3/VmqMACzV75rdsXxCQ01YRjpQLfy3SYY6kZ4XRS6hpFM0xGeEADS1OcUBXms5Mn6MgqfRQLaSvVaKZ+nchxotQ4iWxngvVQ/fSm4l9eYHRcC3OWZkbTlMwXxYYjLdD0f9RnkhLNx5ZgIpm9FZEhlphom1LJhvD5Kfqf3J66ftWtX1crjYtFHEU4gEM4Bh/OoQFX0IQWEBBwD4/w5GjnwXl2XuatBWcxsw/f4Lx+ACVUkTY=</latexit>

:

+ 1
2

�
d
2 ���

�

<latexit sha1_base64="PyLpcpM1ivmpOs0HW9m1U3+8cvo=">AAACGHicbZDLSgNBEEV74ivGV9Slm8EgRCRxJgTUXVAXLiOYB2RC6OnUJE16HnTXCGHIZ7jxV9y4UMRtdv6NnWQWGr3QcDlVRXVdNxJcoWV9GZmV1bX1jexmbmt7Z3cvv3/QVGEsGTRYKELZdqkCwQNoIEcB7UgC9V0BLXd0M6u3HkEqHgYPOI6g69NBwD3OKGrUy5+fOehJyhJ7klQmjgAPiynpz0jJuQWBtFdyJB8M8bSXL1hlay7zr7FTUyCp6r381OmHLPYhQCaoUh3birCbUImcCZjknFhBRNmIDqCjbUB9UN1kftjEPNGkb3qh1C9Ac05/TiTUV2rsu7rTpzhUy7UZ/K/WidG77CY8iGKEgC0WebEwMTRnKZl9LoGhGGtDmeT6ryYbUp0K6ixzOgR7+eS/plkp29Xy1X21ULtO48iSI3JMisQmF6RG7kidNAgjT+SFvJF349l4NT6Mz0VrxkhnDskvGdNvvxygOg==</latexit>

+ 1
2

�
d
2 ��+

�

<latexit sha1_base64="g13OsfmlVjAA/brl7TBw7faBgA0=">AAACGHicbZDLSgNBEEV74ivGV9Slm8EgRIJxJgTUXVAXLiOYB2RC6OnUJE16HnTXCGHIZ7jxV9y4UMRtdv6NnWQWGr3QcDlVRXVdNxJcoWV9GZmV1bX1jexmbmt7Z3cvv3/QVGEsGTRYKELZdqkCwQNoIEcB7UgC9V0BLXd0M6u3HkEqHgYPOI6g69NBwD3OKGrUy5+XHPQkZYk9SSoTR4CHxZT0Z+TMuQWBtFdyJB8M8bSXL1hlay7zr7FTUyCp6r381OmHLPYhQCaoUh3birCbUImcCZjknFhBRNmIDqCjbUB9UN1kftjEPNGkb3qh1C9Ac05/TiTUV2rsu7rTpzhUy7UZ/K/WidG77CY8iGKEgC0WebEwMTRnKZl9LoGhGGtDmeT6ryYbUp0K6ixzOgR7+eS/plkp29Xy1X21ULtO48iSI3JMisQmF6RG7kidNAgjT+SFvJF349l4NT6Mz0VrxkhnDskvGdNvvAagOA==</latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

If all the fields are scalars:
s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

External conformally coupled/massless scalars: 
 Arkani-Hamed and Maldacena 2015; 

Arkani-Hamed, Baumann, Lee and Pimentel 2018  integration contour



-1

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

-2-3

Poles in u, ū

<latexit sha1_base64="Px0FTi8OWV1GB9qJAUEJwW9DRns=">AAAB8nicdVDJSgNBEK2JW4xb1KOXxiB4kGFGAya3oBePEYwJTIbQ0+lJmvRMD70IYchnePGgiFe/xpt/Y2cRXB8UPN6roqpelHGmtOe9O4Wl5ZXVteJ6aWNza3unvLt3q4SRhLaI4EJ2IqwoZyltaaY57WSS4iTitB2NLqd++45KxUR6o8cZDRM8SFnMCNZWCswJyrsRlshMeuWK51brNe+sjn4T3/VmqMACzV75rdsXxCQ01YRjpQLfy3SYY6kZ4XRS6hpFM0xGeEADS1OcUBXms5Mn6MgqfRQLaSvVaKZ+nchxotQ4iWxngvVQ/fSm4l9eYHRcC3OWZkbTlMwXxYYjLdD0f9RnkhLNx5ZgIpm9FZEhlphom1LJhvD5Kfqf3J66ftWtX1crjYtFHEU4gEM4Bh/OoQFX0IQWEBBwD4/w5GjnwXl2XuatBWcxsw/f4Lx+ACVUkTY=</latexit>

:

Exchanges in dS

The expansion in this limit is generated by residues of poles in  u, ū

<latexit sha1_base64="RE7WqWO15r3ez0vEG/pQqH/DPbg=">AAACGXicbVDLSgNBEJz1GeMr6tHLYBA8SNiVgHoLevEYwTwgCWF20kmGzD6Y6RHDsr/hxV/x4kERj3ryb5xsctDEgoaiqnt6uvxYCo2u++0sLa+srq3nNvKbW9s7u4W9/bqOjOJQ45GMVNNnGqQIoYYCJTRjBSzwJTT80fXEb9yD0iIK73AcQydgg1D0BWdopW7BbSM8YPZO4ksDaWLSU7ogJm2fKWrSlHYLRbfkZqCLxJuRIpmh2i18tnsRNwGEyCXTuuW5MXYSplBwCWm+bTTEjI/YAFqWhiwA3Umy5Sk9tkqP9iNlK0Saqb8nEhZoPQ582xkwHOp5byL+57UM9i86iQhjgxDy6aK+kRQjOomJ9oQCjnJsCeNK2L9SPmSKcbRh5m0I3vzJi6R+VvLKpcvbcrFyNYsjRw7JETkhHjknFXJDqqRGOHkkz+SVvDlPzovz7nxMW5ec2cwB+QPn6wcsg6JG</latexit>

.

+ . . .

<latexit sha1_base64="zO3npFVsJcMYwdmsbRFXWJrjvXE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBfVW9OKxgv2ANpTNZtMu3WzC7kQopT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1IpDLrut1NYW9/Y3Cpul3Z29/YPyodHLZNkmvEmS2SiOwE1XArFmyhQ8k6qOY0DydvB6G7mt5+4NiJRjzhOuR/TgRKRYBSt1L7oyTBB0y9X3Ko7B1klXk4qkKPRL3/1woRlMVfIJDWm67kp+hOqUTDJp6VeZnhK2YgOeNdSRWNu/Mn83Ck5s0pIokTbUkjm6u+JCY2NGceB7YwpDs2yNxP/87oZRtf+RKg0Q67YYlGUSYIJmf1OQqE5Qzm2hDIt7K2EDammDG1CJRuCt/zyKmldVr1a9eahVqnf5nEU4QRO4Rw8uII63EMDmsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w8nKo95</latexit>

The imprints of a particle exchange are particularly sharp in the limit  |kI | ⌧ |kj |

<latexit sha1_base64="BJoRztURRddv7ycwCoW7EWkeemc=">AAACBHicdVDLSgMxFM34rPVVddlNsAiuhox2sLMrutFdBfuAdhgyaaaNzTxIMkKZduHGX3HjQhG3foQ7/8b0oajogQsn59xL7j1+wplUCL0bC4tLyyurubX8+sbm1nZhZ7ch41QQWicxj0XLx5JyFtG6YorTViIoDn1Om/7gbOI3b6iQLI6u1DChboh7EQsYwUpLXqE4yjp+AAdj72IEO5zDr/f1yCuUkIlsx7YQRKaNLOd4QhynUrZtaJloihKYo+YV3jrdmKQhjRThWMq2hRLlZlgoRjgd5zuppAkmA9yjbU0jHFLpZtMjxvBAK10YxEJXpOBU/T6R4VDKYejrzhCrvvztTcS/vHaqgoqbsShJFY3I7KMg5VDFcJII7DJBieJDTTARTO8KSR8LTJTOLa9D+LwU/k8aR6ZVNp3Lcql6Oo8jB4pgHxwCC5yAKjgHNVAHBNyCe/AInow748F4Nl5mrQvGfGYP/IDx+gHAzJg2</latexit>

(OPE limit)

kI

<latexit sha1_base64="fiUs/59I3jk4G/BPULSLwvIvjyg=">AAAB8HicdVBNSwMxEM3Wr1q/qh69BIvgaclqF7u3ohe9VbCt0paSTbNtaJJdkqxQlv4KLx4U8erP8ea/MdtWUNEHA4/3ZpiZFyacaYPQh1NYWl5ZXSuulzY2t7Z3yrt7LR2nitAmiXmsbkOsKWeSNg0znN4mimIRctoOxxe5376nSrNY3phJQnsCDyWLGMHGSndZN4zgeNq/6pcryEV+4HsIItdHXnCakyCoVX0fei6aoQIWaPTL791BTFJBpSEca93xUGJ6GVaGEU6npW6qaYLJGA9px1KJBdW9bHbwFB5ZZQCjWNmSBs7U7xMZFlpPRGg7BTYj/dvLxb+8TmqiWi9jMkkNlWS+KEo5NDHMv4cDpigxfGIJJorZWyEZYYWJsRmVbAhfn8L/SevE9apucF2t1M8XcRTBATgEx8ADZ6AOLkEDNAEBAjyAJ/DsKOfReXFe560FZzGzD37AefsE3bSQfQ==</latexit>

✓

<latexit sha1_base64="DPyJ7JDxQkRVGUBMHbgM82wvEYw=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU0hqa9tb0YvHCrYV2lA22027drMJuxOhhP4HLx4U8er/8ea/cdtGUNEHA4/3ZpiZ58eCa3CcDyu3srq2vpHfLGxt7+zuFfcPOjpKFGVtGolI3fpEM8ElawMHwW5jxUjoC9b1J5dzv3vPlOaRvIFpzLyQjCQPOCVgpE4fxgzIoFhybGcB7NjnjepZtWxIza27jSp2M6uEMrQGxff+MKJJyCRQQbTuuU4MXkoUcCrYrNBPNIsJnZAR6xkqSci0ly6uneETowxxEClTEvBC/T6RklDraeibzpDAWP/25uJfXi+BoO6lXMYJMEmXi4JEYIjw/HU85IpREFNDCFXc3IrpmChCwQRUMCF8fYr/J52y7VbsxnWl1LzI4sijI3SMTpGLaqiJrlALtRFFd+gBPaFnK7IerRfrddmas7KZQ/QD1tsn/xaPcQ==</latexit>

x4

<latexit sha1_base64="7JF/lEA42uQ7aN9sbWBseaag2r4=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ9JWpt0V3bisYB/SDiWTZtrQTGZIMmIZ+hVuXCji1s9x59+YPgQVPXDhcM693HtPkAiuDUIfzsrq2vrGZm4rv72zu7dfODhs6ThVlDVpLGLVCYhmgkvWNNwI1kkUI1EgWDsYX8789h1TmsfyxkwS5kdkKHnIKTFWus16QQjvp/1Kv1BELkZeGXsQuajm1UrYElyu4to5xC6aowiWaPQL771BTNOISUMF0bqLUWL8jCjDqWDTfC/VLCF0TIasa6kkEdN+Nj94Ck+tMoBhrGxJA+fq94mMRFpPosB2RsSM9G9vJv7ldVMTVv2MyyQ1TNLFojAV0MRw9j0ccMWoERNLCFXc3grpiChCjc0ob0P4+hT+T1olF1fc2nWlWL9YxpEDx+AEnAEMPFAHV6ABmoCCCDyAJ/DsKOfReXFeF60rznLmCPyA8/YJzCiQcQ==</latexit>

x3

<latexit sha1_base64="ybezfQo7VUCIxz0zmmxvUhn9GX4=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw6StTGdXdOOygn1IW0omzbShSWZIMmIZ+hVuXCji1s9x59+YPgQVPXDhcM693HtPmHCmjed9OCura+sbm7mt/PbO7t5+4eCwqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4vpz5rTuqNIvljZkktCfwULKIEWysdJt1wwjeT/vlfqHoucjzy8iHnusFflBClqByFQXnELneHEWwRL1feO8OYpIKKg3hWOsO8hLTy7AyjHA6zXdTTRNMxnhIO5ZKLKjuZfODp/DUKgMYxcqWNHCufp/IsNB6IkLbKbAZ6d/eTPzL66QmqvYyJpPUUEkWi6KUQxPD2fdwwBQlhk8swUQxeyskI6wwMTajvA3h61P4P2mWXFRxg+tKsXaxjCMHjsEJOAMI+KAGrkAdNAABAjyAJ/DsKOfReXFeF60rznLmCPyA8/YJyqSQcA==</latexit>

x1

<latexit sha1_base64="fJCshM6oKJNwfHtp6Veli3ajmZs=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw6StTLsrunFZwT6kHUomzbShSWZIMmIZ+hVuXCji1s9x59+YPgQVPXDhcM693HtPmHCmjed9OCura+sbm7mt/PbO7t5+4eCwpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vpz57TuqNIvljZkkNBB4KFnECDZWus16YQTvp33ULxQ9F3l+GfnQc72aXyshS1C5imrnELneHEWwRKNfeO8NYpIKKg3hWOsu8hITZFgZRjid5nuppgkmYzykXUslFlQH2fzgKTy1ygBGsbIlDZyr3ycyLLSeiNB2CmxG+rc3E//yuqmJqkHGZJIaKsliUZRyaGI4+x4OmKLE8IklmChmb4VkhBUmxmaUtyF8fQr/J62Siypu7bpSrF8s48iBY3ACzgACPqiDK9AATUCAAA/gCTw7ynl0XpzXReuKs5w5Aj/gvH0Cx5yQbg==</latexit>

x2

<latexit sha1_base64="JKmsNIAf3CIKUyqn6N0RcP9TU04=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw6StTGdXdOOygn1IW0omzbShSWZIMmIZ+hVuXCji1s9x59+YPgQVPXDhcM693HtPmHCmjed9OCura+sbm7mt/PbO7t5+4eCwqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4vpz5rTuqNIvljZkktCfwULKIEWysdJt1wwjeT/ulfqHoucjzy8iHnusFflBClqByFQXnELneHEWwRL1feO8OYpIKKg3hWOsO8hLTy7AyjHA6zXdTTRNMxnhIO5ZKLKjuZfODp/DUKgMYxcqWNHCufp/IsNB6IkLbKbAZ6d/eTPzL66QmqvYyJpPUUEkWi6KUQxPD2fdwwBQlhk8swUQxeyskI6wwMTajvA3h61P4P2mWXFRxg+tKsXaxjCMHjsEJOAMI+KAGrkAdNAABAjyAJ/DsKOfReXFeF60rznLmCPyA8/YJySCQbw==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

u,kI

<latexit sha1_base64="E5f3qigSJ+z4O5E6j8BUGukV9fo=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4kLArgXgMetFbBPOAJITZSW8yZPbBTK8Ylr158Ve8eFDEq7/gzb9xkuxBEwsaiqru6elyIyk02va3tbS8srq2ntvIb25t7+wW9vYbOowVhzoPZahaLtMgRQB1FCihFSlgviuh6Y6uJn7zHpQWYXCH4wi6PhsEwhOcoZF6haMOwgNO30lcGUOaxOkZTTquR0dp76ZXKNolewq6SJyMFEmGWq/w1emHPPYhQC6Z1m3HjrCbMIWCS0jznVhDxPiIDaBtaMB80N1kuj+lJ0bpUy9UpgKkU/X3RMJ8rce+azp9hkM9703E/7x2jN5FNxFBFCMEfLbIiyXFkE5CoX2hgKMcG8K4EuavlA+ZYhxNdHkTgjN/8iJpnJeccqlyWy5WL7M4cuSQHJNT4pAKqZJrUiN1wskjeSav5M16sl6sd+tj1rpkZTMH5A+szx+f25nJ</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

�+, J

<latexit sha1_base64="WbrkHyQkxQUSIv8PseQ8oNxgM/E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIsgKCWRgnor6kE8VbAf2Iay2U7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdKO823llpZXVtfy64WNza3tneLuXkNFiaRYpxGPZMsnCjkTWNdMc2zFEknoc2z6w+uJ33xCqVgkHvQoRi8kfcECRok20mPnBrkm3ZPTu26x5JSdKexF4makBBlq3eJXpxfRJEShKSdKtV0n1l5KpGaU47jQSRTGhA5JH9uGChKi8tLpxWP7yCg9O4ikKaHtqfp7IiWhUqPQN50h0QM1703E/7x2ooMLL2UiTjQKOlsUJNzWkT153+4xiVTzkSGESmZutemASEK1CalgQnDnX14kjbOyWylf3ldK1assjjwcwCEcgwvnUIVbqEEdKAh4hld4s5T1Yr1bH7PWnJXN7MMfWJ8/hwWQMA==</latexit>

± branch

<latexit sha1_base64="Q2/fr2DfDj7NFD4CDnx+JML/oaY=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwX5AE8pmu2mXbjZhdyKGUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFySCa3Ccb2tldW19Y7O0Vd7e2d3btw8O2zpOFWUtGotYdQOimeCStYCDYN1EMRIFgnWC8c3U7zwwpXks7yFLmB+RoeQhpwSM1LcrXhJ5Z9gD9gh5oIiko0nfrjo1Zwa8TNyCVFGBZt/+8gYxTSMmgQqidc91EvBzooBTwSZlL9UsIXRMhqxnqCQR034+O36CT4wywGGsTEnAM/X3RE4irbMoMJ0RgZFe9Kbif14vhfDSz7lMUmCSzheFqcAQ42kSeMAVoyAyQwhV3NyK6YgoQsHkVTYhuIsvL5P2ec2t167u6tXGdRFHCR2hY3SKXHSBGugWNVELUZShZ/SK3qwn68V6tz7mrStWMVNBf2B9/gC/L5Td</latexit>

±̂ branch

<latexit sha1_base64="rbLkC0MfRX3FFkOFp5Em+5ZMry4=">AAACA3icbVA9SwNBEN2LXzF+ndppsxgECwl3ElC7oI1lBPMBuRD2Nptkye7esTsnhiNg41+xsVDE1j9h579xk1yhiQ8GHu/NMDMvjAU34HnfTm5peWV1Lb9e2Njc2t5xd/fqJko0ZTUaiUg3Q2KY4IrVgINgzVgzIkPBGuHweuI37pk2PFJ3MIpZW5K+4j1OCVip4x6kwYAADmI5Dk5xAOwB0lATRQfjjlv0St4UeJH4GSmiDNWO+xV0I5pIpoAKYkzL92Jop0QDp4KNC0FiWEzokPRZy1JFJDPtdPrDGB9bpYt7kbalAE/V3xMpkcaMZGg7JYGBmfcm4n9eK4HeRTvlKk6AKTpb1EsEhghPAsFdrhkFMbKEUM3trZgOiCYUbGwFG4I///IiqZ+V/HLp8rZcrFxlceTRITpCJ8hH56iCblAV1RBFj+gZvaI358l5cd6dj1lrzslm9tEfOJ8/E2aX1A==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

ū,�kI

<latexit sha1_base64="twC3SYsePjumlVzWCSueGhXg4ho=">AAACD3icbZC7SgNBFIZn4y3GW9TSZjAoFhp2JRDLoI12EcwFkhBmJ2eTIbMXZs6KYdk3sPFVbCwUsbW1822cXApNPDDw8f/nzJz53UgKjbb9bWWWlldW17LruY3Nre2d/O5eXYex4lDjoQxV02UapAighgIlNCMFzHclNNzh1dhv3IPSIgzucBRBx2f9QHiCMzRSN3/cRnjAyT2JK2NIk6TtMkXjND2lZ4Y9Oky7N918wS7ak6KL4MygQGZV7ea/2r2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukme6T0yCg96oXKnADpRP09kTBf65Hvmk6f4UDPe2PxP68Vo3fRSUQQxQgBnz7kxZJiSMfh0J5QwFGODDCuhNmV8gFTjKOJMGdCcOa/vAj186JTKpZvS4XK5SyOLDkgh+SEOKRMKuSaVEmNcPJInskrebOerBfr3fqYtmas2cw++VPW5w+B65zv</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

��, J

<latexit sha1_base64="t07PU+ij0/d13fFjnwprIvz74Q0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgQUsiBfVW1IN4qmA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKLS2vrK7l1wsbm1vbO8XdvYaKEkmxTiMeyZZPFHImsK6Z5tiKJZLQ59j0h9cTv/mEUrFIPOhRjF5I+oIFjBJtpMfODXJNuqcnd91iySk7U9iLxM1ICTLUusWvTi+iSYhCU06UartOrL2USM0ox3GhkyiMCR2SPrYNFSRE5aXTi8f2kVF6dhBJU0LbU/X3REpCpUahbzpDogdq3puI/3ntRAcXXspEnGgUdLYoSLitI3vyvt1jEqnmI0MIlczcatMBkYRqE1LBhODOv7xIGmdlt1K+vK+UqldZHHk4gEM4BhfOoQq3UIM6UBDwDK/wZinrxXq3PmatOSub2Yc/sD5/AIoRkDI=</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

⇠ (|kI |)�2(u+ū)

<latexit sha1_base64="14tyygZG499ajAi6CjshB2ryFoQ="></latexit>

+ 1
2

�
d
2 ���

�

<latexit sha1_base64="PyLpcpM1ivmpOs0HW9m1U3+8cvo=">AAACGHicbZDLSgNBEEV74ivGV9Slm8EgRCRxJgTUXVAXLiOYB2RC6OnUJE16HnTXCGHIZ7jxV9y4UMRtdv6NnWQWGr3QcDlVRXVdNxJcoWV9GZmV1bX1jexmbmt7Z3cvv3/QVGEsGTRYKELZdqkCwQNoIEcB7UgC9V0BLXd0M6u3HkEqHgYPOI6g69NBwD3OKGrUy5+fOehJyhJ7klQmjgAPiynpz0jJuQWBtFdyJB8M8bSXL1hlay7zr7FTUyCp6r381OmHLPYhQCaoUh3birCbUImcCZjknFhBRNmIDqCjbUB9UN1kftjEPNGkb3qh1C9Ac05/TiTUV2rsu7rTpzhUy7UZ/K/WidG77CY8iGKEgC0WebEwMTRnKZl9LoGhGGtDmeT6ryYbUp0K6ixzOgR7+eS/plkp29Xy1X21ULtO48iSI3JMisQmF6RG7kidNAgjT+SFvJF349l4NT6Mz0VrxkhnDskvGdNvvxygOg==</latexit>

+ 1
2

�
d
2 ��+

�

<latexit sha1_base64="g13OsfmlVjAA/brl7TBw7faBgA0=">AAACGHicbZDLSgNBEEV74ivGV9Slm8EgRIJxJgTUXVAXLiOYB2RC6OnUJE16HnTXCGHIZ7jxV9y4UMRtdv6NnWQWGr3QcDlVRXVdNxJcoWV9GZmV1bX1jexmbmt7Z3cvv3/QVGEsGTRYKELZdqkCwQNoIEcB7UgC9V0BLXd0M6u3HkEqHgYPOI6g69NBwD3OKGrUy5+XHPQkZYk9SSoTR4CHxZT0Z+TMuQWBtFdyJB8M8bSXL1hlay7zr7FTUyCp6r381OmHLPYhQCaoUh3birCbUImcCZjknFhBRNmIDqCjbUB9UN1kftjEPNGkb3qh1C9Ac05/TiTUV2rsu7rTpzhUy7UZ/K/WidG77CY8iGKEgC0WebEwMTRnKZl9LoGhGGtDmeT6ryYbUp0K6ixzOgR7+eS/plkp29Xy1X21ULtO48iSI3JMisQmF6RG7kidNAgjT+SFvJF349l4NT6Mz0VrxkhnDskvGdNvvAagOA==</latexit>

m2, 0

<latexit sha1_base64="HyAqqXg8PLBxnqqvnBri0Bb1EQ0=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBg5TdUlBvRS8eK7htoV1LNs22oUl2SbJCWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVBHqk5jHqhNiTTmT1DfMcNpJFMUi5LQdjm9nfvuJKs1i+WAmCQ0EHkoWMYKNlXzxWLtw++WKW3XnQKvEy0kFcjT75a/eICapoNIQjrXuem5iggwrwwin01Iv1TTBZIyHtGupxILqIJsfO0VnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/r5ua6CrImExSQyVZLIpSjkyMZp+jAVOUGD6xBBPF7K2IjLDCxNh8SjYEb/nlVdKqVb169fq+Xmnc5HEU4QRO4Rw8uIQG3EETfCDA4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gDWNY4R</latexit>

�1, 0

<latexit sha1_base64="qohRI0Up5drupUk99/U/ddi+824=">AAAB8nicdVBNS0JBFJ1nX2ZfVss2QxK0iMeMGvp2Ui1aGqQJKjJvHHVw3gcz9wXy8Ge0aVFE235Nu/5N40dQUQcuHM65l3vv8WMlDRDy4WRWVtfWN7Kbua3tnd29/P5B00SJ5qLBIxXpls+MUDIUDZCgRCvWggW+Enf++HLm390LbWQU3sIkFt2ADUM5kJyBldqdK6GA9egZJr18gbiUVEq0golLvIpXpJbQUpV655i6ZI4CWqLey793+hFPAhECV8yYNiUxdFOmQXIlprlOYkTM+JgNRdvSkAXCdNP5yVN8YpU+HkTaVgh4rn6fSFlgzCTwbWfAYGR+ezPxL6+dwKDaTWUYJyBCvlg0SBSGCM/+x32pBQc1sYRxLe2tmI+YZhxsSjkbwten+H/SLLq07Ho35ULtYhlHFh2hY3SKKKqgGrpGddRAHEXoAT2hZwecR+fFeV20ZpzlzCH6AeftEywikJA=</latexit>

�2, 0

<latexit sha1_base64="E1Coqu2uFrFDEJl2raQLZHcXYUU=">AAAB8nicdVBNS0JBFJ1nX2ZfVss2QxK0iMeMGk93Ui1aGqQJT5F546iD8z6YuS8Q8We0aVFE235Nu/5N40dQUQcuHM65l3vvCRIlDRDy4WRWVtfWN7Kbua3tnd29/P5B08Sp5qLBYxXrVsCMUDISDZCgRCvRgoWBEnfB6HLm390LbWQc3cI4EZ2QDSLZl5yBlfz2lVDAusUzTLr5AnEp8UrUw8QlVa9apJbQUoVWzzF1yRwFtES9m39v92KehiICrpgxPiUJdCZMg+RKTHPt1IiE8REbCN/SiIXCdCbzk6f4xCo93I+1rQjwXP0+MWGhMeMwsJ0hg6H57c3Evzw/hX6lM5FRkoKI+GJRP1UYYjz7H/ekFhzU2BLGtbS3Yj5kmnGwKeVsCF+f4v9Js+jSslu9KRdqF8s4sugIHaNTRJGHauga1VEDcRSjB/SEnh1wHp0X53XRmnGWM4foB5y3Ty2pkJE=</latexit>

�3, 0

<latexit sha1_base64="np3XCYs7SvwJvPbEAHWJoRpdmCU=">AAAB8nicdVBNS0JBFJ1nX2ZfVss2QxK0iMeMGvp2Ui1aGqQJKjJvHHVw3gcz9wXy8Ge0aVFE235Nu/5N40dQUQcuHM65l3vv8WMlDRDy4WRWVtfWN7Kbua3tnd29/P5B00SJ5qLBIxXpls+MUDIUDZCgRCvWggW+Enf++HLm390LbWQU3sIkFt2ADUM5kJyBldqdK6GA9UpnmPTyBeJSUinRCiYu8SpekVpCS1XqnWPqkjkKaIl6L//e6Uc8CUQIXDFj2pTE0E2ZBsmVmOY6iREx42M2FG1LQxYI003nJ0/xiVX6eBBpWyHgufp9ImWBMZPAt50Bg5H57c3Ev7x2AoNqN5VhnIAI+WLRIFEYIjz7H/elFhzUxBLGtbS3Yj5imnGwKeVsCF+f4v9Js+jSsuvdlAu1i2UcWXSEjtEpoqiCauga1VEDcRShB/SEnh1wHp0X53XRmnGWM4foB5y3Ty8wkJI=</latexit>

�4, 0

<latexit sha1_base64="OyCNWrHYcfNrGVyvxRb/Ffa4mlU=">AAAB8nicdVBNS0JBFJ1nX2ZfVss2QxK0iMeMGvp2Ui1aGqQJKjJvHHVw3gcz9wXy8Ge0aVFE235Nu/5N40dQUQcuHM65l3vv8WMlDRDy4WRWVtfWN7Kbua3tnd29/P5B00SJ5qLBIxXpls+MUDIUDZCgRCvWggW+Enf++HLm390LbWQU3sIkFt2ADUM5kJyBldqdK6GA9cpnmPTyBeJSUinRCiYu8SpekVpCS1XqnWPqkjkKaIl6L//e6Uc8CUQIXDFj2pTE0E2ZBsmVmOY6iREx42M2FG1LQxYI003nJ0/xiVX6eBBpWyHgufp9ImWBMZPAt50Bg5H57c3Ev7x2AoNqN5VhnIAI+WLRIFEYIjz7H/elFhzUxBLGtbS3Yj5imnGwKeVsCF+f4v9Js+jSsuvdlAu1i2UcWXSEjtEpoqiCauga1VEDcRShB/SEnh1wHp0X53XRmnGWM4foB5y3TzC3kJM=</latexit>
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2

⌘
⇡
⌘
sin

⇣⇣
�3+�4+���d

2

⌘
⇡
⌘ �

k2I
����d

2
�
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�
<latexit sha1_base64="xw1tTCqGyhxCwqGXGY7GS1mqFiw="></latexit>
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<latexit sha1_base64="LRBoDf4dw5/cuMDZrtbCIL7PV5k="></latexit>

�
k2I

���� d
2
⇥
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�
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�⇤

<latexit sha1_base64="g2zpkLR+SQo0P/y+ht7j6ixKbf0="></latexit>
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<latexit sha1_base64="0P59Izg7bjP50vgl2KVtRMXhC5w="></latexit>

�
k2I

��+� d
2
⇥
1 +O

�
k2I

�⇤

<latexit sha1_base64="NTUijeHqh0K06F8MZrzV6iGSuN8="></latexit>

|kI |⌧|ki|⇠

<latexit sha1_base64="ll/jE08cVIoj0zt0cQyuibjWH6o=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyWRgrorutFdBfuAJoTJdNIOnUzCzEQoaf7Bjb/ixoUibt2482+ctEG09cCFM+fcy9x7/JhRqSzryygtLa+srpXXKxubW9s75u5eW0aJwKSFIxaJro8kYZSTlqKKkW4sCAp9Rjr+6Cr3O/dESBrxOzWOiRuiAacBxUhpyTNPnCi3iUonqeMHcJR5NxOHsZ8XnWSpI2mYQc+sWjVrCrhI7IJUQYGmZ346/QgnIeEKMyRlz7Zi5aZIKIoZySpOIkmM8AgNSE9TjkIi3XR6UwaPtNKHQSR0cQWn6u+JFIVSjkNfd4ZIDeW8l4v/eb1EBeduSnmcKMLx7KMgYVBFMA8I9qkgWLGxJggLqneFeIgEwkrnVNEh2PMnL5L2ac2u1y5u69XGZRFHGRyAQ3AMbHAGGuAaNEELYPAAnsALeDUejWfjzXiftZaMYmYf/IHx8Q289Z9W</latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

If all the fields are scalars:
s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

non-analytic
�
k2I
��+� d

2

<latexit sha1_base64="ZgX2O9vqCDpwZtx6e8bHpZSqTyQ="></latexit>

�
k2I

���� d
2

<latexit sha1_base64="vMuXJgS4ToUYBsV1wfCURYeK+rc="></latexit>

+ . . .

<latexit sha1_base64="zO3npFVsJcMYwdmsbRFXWJrjvXE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBfVW9OKxgv2ANpTNZtMu3WzC7kQopT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1IpDLrut1NYW9/Y3Cpul3Z29/YPyodHLZNkmvEmS2SiOwE1XArFmyhQ8k6qOY0DydvB6G7mt5+4NiJRjzhOuR/TgRKRYBSt1L7oyTBB0y9X3Ko7B1klXk4qkKPRL3/1woRlMVfIJDWm67kp+hOqUTDJp6VeZnhK2YgOeNdSRWNu/Mn83Ck5s0pIokTbUkjm6u+JCY2NGceB7YwpDs2yNxP/87oZRtf+RKg0Q67YYlGUSYIJmf1OQqE5Qzm2hDIt7K2EDammDG1CJRuCt/zyKmldVr1a9eahVqnf5nEU4QRO4Rw8uII63EMDmsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w8nKo95</latexit>

External conformally coupled/massless scalars: 
 Arkani-Hamed and Maldacena 2015; 

Arkani-Hamed, Baumann, Lee and Pimentel 2018  integration contour



-1

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

-2-3

Poles in u, ū

<latexit sha1_base64="Px0FTi8OWV1GB9qJAUEJwW9DRns=">AAAB8nicdVDJSgNBEK2JW4xb1KOXxiB4kGFGAya3oBePEYwJTIbQ0+lJmvRMD70IYchnePGgiFe/xpt/Y2cRXB8UPN6roqpelHGmtOe9O4Wl5ZXVteJ6aWNza3unvLt3q4SRhLaI4EJ2IqwoZyltaaY57WSS4iTitB2NLqd++45KxUR6o8cZDRM8SFnMCNZWCswJyrsRlshMeuWK51brNe+sjn4T3/VmqMACzV75rdsXxCQ01YRjpQLfy3SYY6kZ4XRS6hpFM0xGeEADS1OcUBXms5Mn6MgqfRQLaSvVaKZ+nchxotQ4iWxngvVQ/fSm4l9eYHRcC3OWZkbTlMwXxYYjLdD0f9RnkhLNx5ZgIpm9FZEhlphom1LJhvD5Kfqf3J66ftWtX1crjYtFHEU4gEM4Bh/OoQFX0IQWEBBwD4/w5GjnwXl2XuatBWcxsw/f4Lx+ACVUkTY=</latexit>

:

Exchanges in dS

Factorisation

= sin

0

@

0

@J � d+
3X

j=1

�j

1

A ⇡

2

1

A

<latexit sha1_base64="vstf+arH8ro8oenV0oHqJitgOZc="></latexit>

sin

0

@

0

@�d+
3X

j=1

�j

1

A ⇡

2

1

A

<latexit sha1_base64="n74nlyTrRfoZAsI/dqkU2nVaxAY="></latexit>

The imprints of a particle exchange are particularly sharp in the limit  |kI | ⌧ |kj |

<latexit sha1_base64="BJoRztURRddv7ycwCoW7EWkeemc=">AAACBHicdVDLSgMxFM34rPVVddlNsAiuhox2sLMrutFdBfuAdhgyaaaNzTxIMkKZduHGX3HjQhG3foQ7/8b0oajogQsn59xL7j1+wplUCL0bC4tLyyurubX8+sbm1nZhZ7ch41QQWicxj0XLx5JyFtG6YorTViIoDn1Om/7gbOI3b6iQLI6u1DChboh7EQsYwUpLXqE4yjp+AAdj72IEO5zDr/f1yCuUkIlsx7YQRKaNLOd4QhynUrZtaJloihKYo+YV3jrdmKQhjRThWMq2hRLlZlgoRjgd5zuppAkmA9yjbU0jHFLpZtMjxvBAK10YxEJXpOBU/T6R4VDKYejrzhCrvvztTcS/vHaqgoqbsShJFY3I7KMg5VDFcJII7DJBieJDTTARTO8KSR8LTJTOLa9D+LwU/k8aR6ZVNp3Lcql6Oo8jB4pgHxwCC5yAKjgHNVAHBNyCe/AInow748F4Nl5mrQvGfGYP/IDx+gHAzJg2</latexit>

(OPE limit)

kI

<latexit sha1_base64="fiUs/59I3jk4G/BPULSLwvIvjyg=">AAAB8HicdVBNSwMxEM3Wr1q/qh69BIvgaclqF7u3ohe9VbCt0paSTbNtaJJdkqxQlv4KLx4U8erP8ea/MdtWUNEHA4/3ZpiZFyacaYPQh1NYWl5ZXSuulzY2t7Z3yrt7LR2nitAmiXmsbkOsKWeSNg0znN4mimIRctoOxxe5376nSrNY3phJQnsCDyWLGMHGSndZN4zgeNq/6pcryEV+4HsIItdHXnCakyCoVX0fei6aoQIWaPTL791BTFJBpSEca93xUGJ6GVaGEU6npW6qaYLJGA9px1KJBdW9bHbwFB5ZZQCjWNmSBs7U7xMZFlpPRGg7BTYj/dvLxb+8TmqiWi9jMkkNlWS+KEo5NDHMv4cDpigxfGIJJorZWyEZYYWJsRmVbAhfn8L/SevE9apucF2t1M8XcRTBATgEx8ADZ6AOLkEDNAEBAjyAJ/DsKOfReXFe560FZzGzD37AefsE3bSQfQ==</latexit>

✓

<latexit sha1_base64="DPyJ7JDxQkRVGUBMHbgM82wvEYw=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU0hqa9tb0YvHCrYV2lA22027drMJuxOhhP4HLx4U8er/8ea/cdtGUNEHA4/3ZpiZ58eCa3CcDyu3srq2vpHfLGxt7+zuFfcPOjpKFGVtGolI3fpEM8ElawMHwW5jxUjoC9b1J5dzv3vPlOaRvIFpzLyQjCQPOCVgpE4fxgzIoFhybGcB7NjnjepZtWxIza27jSp2M6uEMrQGxff+MKJJyCRQQbTuuU4MXkoUcCrYrNBPNIsJnZAR6xkqSci0ly6uneETowxxEClTEvBC/T6RklDraeibzpDAWP/25uJfXi+BoO6lXMYJMEmXi4JEYIjw/HU85IpREFNDCFXc3IrpmChCwQRUMCF8fYr/J52y7VbsxnWl1LzI4sijI3SMTpGLaqiJrlALtRFFd+gBPaFnK7IerRfrddmas7KZQ/QD1tsn/xaPcQ==</latexit>

x4

<latexit sha1_base64="7JF/lEA42uQ7aN9sbWBseaag2r4=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ9JWpt0V3bisYB/SDiWTZtrQTGZIMmIZ+hVuXCji1s9x59+YPgQVPXDhcM693HtPkAiuDUIfzsrq2vrGZm4rv72zu7dfODhs6ThVlDVpLGLVCYhmgkvWNNwI1kkUI1EgWDsYX8789h1TmsfyxkwS5kdkKHnIKTFWus16QQjvp/1Kv1BELkZeGXsQuajm1UrYElyu4to5xC6aowiWaPQL771BTNOISUMF0bqLUWL8jCjDqWDTfC/VLCF0TIasa6kkEdN+Nj94Ck+tMoBhrGxJA+fq94mMRFpPosB2RsSM9G9vJv7ldVMTVv2MyyQ1TNLFojAV0MRw9j0ccMWoERNLCFXc3grpiChCjc0ob0P4+hT+T1olF1fc2nWlWL9YxpEDx+AEnAEMPFAHV6ABmoCCCDyAJ/DsKOfReXFeF60rznLmCPyA8/YJzCiQcQ==</latexit>

x3

<latexit sha1_base64="ybezfQo7VUCIxz0zmmxvUhn9GX4=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw6StTGdXdOOygn1IW0omzbShSWZIMmIZ+hVuXCji1s9x59+YPgQVPXDhcM693HtPmHCmjed9OCura+sbm7mt/PbO7t5+4eCwqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4vpz5rTuqNIvljZkktCfwULKIEWysdJt1wwjeT/vlfqHoucjzy8iHnusFflBClqByFQXnELneHEWwRL1feO8OYpIKKg3hWOsO8hLTy7AyjHA6zXdTTRNMxnhIO5ZKLKjuZfODp/DUKgMYxcqWNHCufp/IsNB6IkLbKbAZ6d/eTPzL66QmqvYyJpPUUEkWi6KUQxPD2fdwwBQlhk8swUQxeyskI6wwMTajvA3h61P4P2mWXFRxg+tKsXaxjCMHjsEJOAMI+KAGrkAdNAABAjyAJ/DsKOfReXFeF60rznLmCPyA8/YJyqSQcA==</latexit>

x1

<latexit sha1_base64="fJCshM6oKJNwfHtp6Veli3ajmZs=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw6StTLsrunFZwT6kHUomzbShSWZIMmIZ+hVuXCji1s9x59+YPgQVPXDhcM693HtPmHCmjed9OCura+sbm7mt/PbO7t5+4eCwpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vpz57TuqNIvljZkkNBB4KFnECDZWus16YQTvp33ULxQ9F3l+GfnQc72aXyshS1C5imrnELneHEWwRKNfeO8NYpIKKg3hWOsu8hITZFgZRjid5nuppgkmYzykXUslFlQH2fzgKTy1ygBGsbIlDZyr3ycyLLSeiNB2CmxG+rc3E//yuqmJqkHGZJIaKsliUZRyaGI4+x4OmKLE8IklmChmb4VkhBUmxmaUtyF8fQr/J62Siypu7bpSrF8s48iBY3ACzgACPqiDK9AATUCAAA/gCTw7ynl0XpzXReuKs5w5Aj/gvH0Cx5yQbg==</latexit>

x2

<latexit sha1_base64="JKmsNIAf3CIKUyqn6N0RcP9TU04=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw6StTGdXdOOygn1IW0omzbShSWZIMmIZ+hVuXCji1s9x59+YPgQVPXDhcM693HtPmHCmjed9OCura+sbm7mt/PbO7t5+4eCwqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4vpz5rTuqNIvljZkktCfwULKIEWysdJt1wwjeT/ulfqHoucjzy8iHnusFflBClqByFQXnELneHEWwRL1feO8OYpIKKg3hWOsO8hLTy7AyjHA6zXdTTRNMxnhIO5ZKLKjuZfODp/DUKgMYxcqWNHCufp/IsNB6IkLbKbAZ6d/eTPzL66QmqvYyJpPUUEkWi6KUQxPD2fdwwBQlhk8swUQxeyskI6wwMTajvA3h61P4P2mWXFRxg+tKsXaxjCMHjsEJOAMI+KAGrkAdNAABAjyAJ/DsKOfReXFeF60rznLmCPyA8/YJySCQbw==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

u,kI

<latexit sha1_base64="E5f3qigSJ+z4O5E6j8BUGukV9fo=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4kLArgXgMetFbBPOAJITZSW8yZPbBTK8Ylr158Ve8eFDEq7/gzb9xkuxBEwsaiqru6elyIyk02va3tbS8srq2ntvIb25t7+wW9vYbOowVhzoPZahaLtMgRQB1FCihFSlgviuh6Y6uJn7zHpQWYXCH4wi6PhsEwhOcoZF6haMOwgNO30lcGUOaxOkZTTquR0dp76ZXKNolewq6SJyMFEmGWq/w1emHPPYhQC6Z1m3HjrCbMIWCS0jznVhDxPiIDaBtaMB80N1kuj+lJ0bpUy9UpgKkU/X3RMJ8rce+azp9hkM9703E/7x2jN5FNxFBFCMEfLbIiyXFkE5CoX2hgKMcG8K4EuavlA+ZYhxNdHkTgjN/8iJpnJeccqlyWy5WL7M4cuSQHJNT4pAKqZJrUiN1wskjeSav5M16sl6sd+tj1rpkZTMH5A+szx+f25nJ</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

�+, J

<latexit sha1_base64="WbrkHyQkxQUSIv8PseQ8oNxgM/E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIsgKCWRgnor6kE8VbAf2Iay2U7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdKO823llpZXVtfy64WNza3tneLuXkNFiaRYpxGPZMsnCjkTWNdMc2zFEknoc2z6w+uJ33xCqVgkHvQoRi8kfcECRok20mPnBrkm3ZPTu26x5JSdKexF4makBBlq3eJXpxfRJEShKSdKtV0n1l5KpGaU47jQSRTGhA5JH9uGChKi8tLpxWP7yCg9O4ikKaHtqfp7IiWhUqPQN50h0QM1703E/7x2ooMLL2UiTjQKOlsUJNzWkT153+4xiVTzkSGESmZutemASEK1CalgQnDnX14kjbOyWylf3ldK1assjjwcwCEcgwvnUIVbqEEdKAh4hld4s5T1Yr1bH7PWnJXN7MMfWJ8/hwWQMA==</latexit>

± branch

<latexit sha1_base64="Q2/fr2DfDj7NFD4CDnx+JML/oaY=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwX5AE8pmu2mXbjZhdyKGUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFySCa3Ccb2tldW19Y7O0Vd7e2d3btw8O2zpOFWUtGotYdQOimeCStYCDYN1EMRIFgnWC8c3U7zwwpXks7yFLmB+RoeQhpwSM1LcrXhJ5Z9gD9gh5oIiko0nfrjo1Zwa8TNyCVFGBZt/+8gYxTSMmgQqidc91EvBzooBTwSZlL9UsIXRMhqxnqCQR034+O36CT4wywGGsTEnAM/X3RE4irbMoMJ0RgZFe9Kbif14vhfDSz7lMUmCSzheFqcAQ42kSeMAVoyAyQwhV3NyK6YgoQsHkVTYhuIsvL5P2ec2t167u6tXGdRFHCR2hY3SKXHSBGugWNVELUZShZ/SK3qwn68V6tz7mrStWMVNBf2B9/gC/L5Td</latexit>

±̂ branch

<latexit sha1_base64="rbLkC0MfRX3FFkOFp5Em+5ZMry4=">AAACA3icbVA9SwNBEN2LXzF+ndppsxgECwl3ElC7oI1lBPMBuRD2Nptkye7esTsnhiNg41+xsVDE1j9h579xk1yhiQ8GHu/NMDMvjAU34HnfTm5peWV1Lb9e2Njc2t5xd/fqJko0ZTUaiUg3Q2KY4IrVgINgzVgzIkPBGuHweuI37pk2PFJ3MIpZW5K+4j1OCVip4x6kwYAADmI5Dk5xAOwB0lATRQfjjlv0St4UeJH4GSmiDNWO+xV0I5pIpoAKYkzL92Jop0QDp4KNC0FiWEzokPRZy1JFJDPtdPrDGB9bpYt7kbalAE/V3xMpkcaMZGg7JYGBmfcm4n9eK4HeRTvlKk6AKTpb1EsEhghPAsFdrhkFMbKEUM3trZgOiCYUbGwFG4I///IiqZ+V/HLp8rZcrFxlceTRITpCJ8hH56iCblAV1RBFj+gZvaI358l5cd6dj1lrzslm9tEfOJ8/E2aX1A==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

ū,�kI

<latexit sha1_base64="twC3SYsePjumlVzWCSueGhXg4ho=">AAACD3icbZC7SgNBFIZn4y3GW9TSZjAoFhp2JRDLoI12EcwFkhBmJ2eTIbMXZs6KYdk3sPFVbCwUsbW1822cXApNPDDw8f/nzJz53UgKjbb9bWWWlldW17LruY3Nre2d/O5eXYex4lDjoQxV02UapAighgIlNCMFzHclNNzh1dhv3IPSIgzucBRBx2f9QHiCMzRSN3/cRnjAyT2JK2NIk6TtMkXjND2lZ4Y9Oky7N918wS7ak6KL4MygQGZV7ea/2r2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukme6T0yCg96oXKnADpRP09kTBf65Hvmk6f4UDPe2PxP68Vo3fRSUQQxQgBnz7kxZJiSMfh0J5QwFGODDCuhNmV8gFTjKOJMGdCcOa/vAj186JTKpZvS4XK5SyOLDkgh+SEOKRMKuSaVEmNcPJInskrebOerBfr3fqYtmas2cw++VPW5w+B65zv</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

��, J

<latexit sha1_base64="t07PU+ij0/d13fFjnwprIvz74Q0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgQUsiBfVW1IN4qmA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKLS2vrK7l1wsbm1vbO8XdvYaKEkmxTiMeyZZPFHImsK6Z5tiKJZLQ59j0h9cTv/mEUrFIPOhRjF5I+oIFjBJtpMfODXJNuqcnd91iySk7U9iLxM1ICTLUusWvTi+iSYhCU06UartOrL2USM0ox3GhkyiMCR2SPrYNFSRE5aXTi8f2kVF6dhBJU0LbU/X3REpCpUahbzpDogdq3puI/3ntRAcXXspEnGgUdLYoSLitI3vyvt1jEqnmI0MIlczcatMBkYRqE1LBhODOv7xIGmdlt1K+vK+UqldZHHk4gEM4BhfOoQq3UIM6UBDwDK/wZinrxXq3PmatOSub2Yc/sD5/AIoRkDI=</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

⇠ (|kI |)�2(u+ū)

<latexit sha1_base64="14tyygZG499ajAi6CjshB2ryFoQ="></latexit>

m2, 0

<latexit sha1_base64="HyAqqXg8PLBxnqqvnBri0Bb1EQ0=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBg5TdUlBvRS8eK7htoV1LNs22oUl2SbJCWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVBHqk5jHqhNiTTmT1DfMcNpJFMUi5LQdjm9nfvuJKs1i+WAmCQ0EHkoWMYKNlXzxWLtw++WKW3XnQKvEy0kFcjT75a/eICapoNIQjrXuem5iggwrwwin01Iv1TTBZIyHtGupxILqIJsfO0VnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/r5ua6CrImExSQyVZLIpSjkyMZp+jAVOUGD6xBBPF7K2IjLDCxNh8SjYEb/nlVdKqVb169fq+Xmnc5HEU4QRO4Rw8uIQG3EETfCDA4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gDWNY4R</latexit>

�1, 0

<latexit sha1_base64="qohRI0Up5drupUk99/U/ddi+824=">AAAB8nicdVBNS0JBFJ1nX2ZfVss2QxK0iMeMGvp2Ui1aGqQJKjJvHHVw3gcz9wXy8Ge0aVFE235Nu/5N40dQUQcuHM65l3vv8WMlDRDy4WRWVtfWN7Kbua3tnd29/P5B00SJ5qLBIxXpls+MUDIUDZCgRCvWggW+Enf++HLm390LbWQU3sIkFt2ADUM5kJyBldqdK6GA9egZJr18gbiUVEq0golLvIpXpJbQUpV655i6ZI4CWqLey793+hFPAhECV8yYNiUxdFOmQXIlprlOYkTM+JgNRdvSkAXCdNP5yVN8YpU+HkTaVgh4rn6fSFlgzCTwbWfAYGR+ezPxL6+dwKDaTWUYJyBCvlg0SBSGCM/+x32pBQc1sYRxLe2tmI+YZhxsSjkbwten+H/SLLq07Ho35ULtYhlHFh2hY3SKKKqgGrpGddRAHEXoAT2hZwecR+fFeV20ZpzlzCH6AeftEywikJA=</latexit>

�2, 0

<latexit sha1_base64="E1Coqu2uFrFDEJl2raQLZHcXYUU=">AAAB8nicdVBNS0JBFJ1nX2ZfVss2QxK0iMeMGk93Ui1aGqQJT5F546iD8z6YuS8Q8We0aVFE235Nu/5N40dQUQcuHM65l3vvCRIlDRDy4WRWVtfWN7Kbua3tnd29/P5B08Sp5qLBYxXrVsCMUDISDZCgRCvRgoWBEnfB6HLm390LbWQc3cI4EZ2QDSLZl5yBlfz2lVDAusUzTLr5AnEp8UrUw8QlVa9apJbQUoVWzzF1yRwFtES9m39v92KehiICrpgxPiUJdCZMg+RKTHPt1IiE8REbCN/SiIXCdCbzk6f4xCo93I+1rQjwXP0+MWGhMeMwsJ0hg6H57c3Evzw/hX6lM5FRkoKI+GJRP1UYYjz7H/ekFhzU2BLGtbS3Yj5kmnGwKeVsCF+f4v9Js+jSslu9KRdqF8s4sugIHaNTRJGHauga1VEDcRSjB/SEnh1wHp0X53XRmnGWM4foB5y3Ty2pkJE=</latexit>

�3, 0

<latexit sha1_base64="np3XCYs7SvwJvPbEAHWJoRpdmCU=">AAAB8nicdVBNS0JBFJ1nX2ZfVss2QxK0iMeMGvp2Ui1aGqQJKjJvHHVw3gcz9wXy8Ge0aVFE235Nu/5N40dQUQcuHM65l3vv8WMlDRDy4WRWVtfWN7Kbua3tnd29/P5B00SJ5qLBIxXpls+MUDIUDZCgRCvWggW+Enf++HLm390LbWQU3sIkFt2ADUM5kJyBldqdK6GA9UpnmPTyBeJSUinRCiYu8SpekVpCS1XqnWPqkjkKaIl6L//e6Uc8CUQIXDFj2pTE0E2ZBsmVmOY6iREx42M2FG1LQxYI003nJ0/xiVX6eBBpWyHgufp9ImWBMZPAt50Bg5H57c3Ev7x2AoNqN5VhnIAI+WLRIFEYIjz7H/elFhzUxBLGtbS3Yj5imnGwKeVsCF+f4v9Js+jSsuvdlAu1i2UcWXSEjtEpoqiCauga1VEDcRShB/SEnh1wHp0X53XRmnGWM4foB5y3Ty8wkJI=</latexit>

�4, 0

<latexit sha1_base64="OyCNWrHYcfNrGVyvxRb/Ffa4mlU=">AAAB8nicdVBNS0JBFJ1nX2ZfVss2QxK0iMeMGvp2Ui1aGqQJKjJvHHVw3gcz9wXy8Ge0aVFE235Nu/5N40dQUQcuHM65l3vv8WMlDRDy4WRWVtfWN7Kbua3tnd29/P5B00SJ5qLBIxXpls+MUDIUDZCgRCvWggW+Enf++HLm390LbWQU3sIkFt2ADUM5kJyBldqdK6GA9cpnmPTyBeJSUinRCiYu8SpekVpCS1XqnWPqkjkKaIl6L//e6Uc8CUQIXDFj2pTE0E2ZBsmVmOY6iREx42M2FG1LQxYI003nJ0/xiVX6eBBpWyHgufp9ImWBMZPAt50Bg5H57c3Ev7x2AoNqN5VhnIAI+WLRIFEYIjz7H/elFhzUxBLGtbS3Yj5imnGwKeVsCF+f4v9Js+jSsuvdlAu1i2UcWXSEjtEpoqiCauga1VEDcRShB/SEnh1wHp0X53XRmnGWM4foB5y3TzC3kJM=</latexit>

+sin
⇣⇣

�1+�2+���d
2
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2
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����d

2
�
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<latexit sha1_base64="xw1tTCqGyhxCwqGXGY7GS1mqFiw="></latexit>
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�3+�4+���d

2

⌘
⇡
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k2I
���� d

2

<latexit sha1_base64="LRBoDf4dw5/cuMDZrtbCIL7PV5k="></latexit>

�
k2I

���� d
2
⇥
1 +O

�
k2I

�⇤

<latexit sha1_base64="g2zpkLR+SQo0P/y+ht7j6ixKbf0="></latexit>

�
k2I
��+� d

2

<latexit sha1_base64="ZgX2O9vqCDpwZtx6e8bHpZSqTyQ="></latexit>

�
k2I

���� d
2

<latexit sha1_base64="vMuXJgS4ToUYBsV1wfCURYeK+rc="></latexit>

sin
⇣⇣

�1+�2+�+�d
2

⌘
⇡
⌘
sin

⇣⇣
�3+�4+�+�d

2

⌘
⇡
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k2I
��+� d

2

<latexit sha1_base64="0P59Izg7bjP50vgl2KVtRMXhC5w="></latexit>

�
k2I

��+� d
2
⇥
1 +O

�
k2I

�⇤

<latexit sha1_base64="NTUijeHqh0K06F8MZrzV6iGSuN8="></latexit>

|kI |⌧|ki|⇠

<latexit sha1_base64="ll/jE08cVIoj0zt0cQyuibjWH6o=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyWRgrorutFdBfuAJoTJdNIOnUzCzEQoaf7Bjb/ixoUibt2482+ctEG09cCFM+fcy9x7/JhRqSzryygtLa+srpXXKxubW9s75u5eW0aJwKSFIxaJro8kYZSTlqKKkW4sCAp9Rjr+6Cr3O/dESBrxOzWOiRuiAacBxUhpyTNPnCi3iUonqeMHcJR5NxOHsZ8XnWSpI2mYQc+sWjVrCrhI7IJUQYGmZ346/QgnIeEKMyRlz7Zi5aZIKIoZySpOIkmM8AgNSE9TjkIi3XR6UwaPtNKHQSR0cQWn6u+JFIVSjkNfd4ZIDeW8l4v/eb1EBeduSnmcKMLx7KMgYVBFMA8I9qkgWLGxJggLqneFeIgEwkrnVNEh2PMnL5L2ac2u1y5u69XGZRFHGRyAQ3AMbHAGGuAaNEELYPAAnsALeDUejWfjzXiftZaMYmYf/IHx8Q289Z9W</latexit>

non-analytic

The expansion in this limit is generated by residues of poles in  u, ū

<latexit sha1_base64="RE7WqWO15r3ez0vEG/pQqH/DPbg=">AAACGXicbVDLSgNBEJz1GeMr6tHLYBA8SNiVgHoLevEYwTwgCWF20kmGzD6Y6RHDsr/hxV/x4kERj3ryb5xsctDEgoaiqnt6uvxYCo2u++0sLa+srq3nNvKbW9s7u4W9/bqOjOJQ45GMVNNnGqQIoYYCJTRjBSzwJTT80fXEb9yD0iIK73AcQydgg1D0BWdopW7BbSM8YPZO4ksDaWLSU7ogJm2fKWrSlHYLRbfkZqCLxJuRIpmh2i18tnsRNwGEyCXTuuW5MXYSplBwCWm+bTTEjI/YAFqWhiwA3Umy5Sk9tkqP9iNlK0Saqb8nEhZoPQ582xkwHOp5byL+57UM9i86iQhjgxDy6aK+kRQjOomJ9oQCjnJsCeNK2L9SPmSKcbRh5m0I3vzJi6R+VvLKpcvbcrFyNYsjRw7JETkhHjknFXJDqqRGOHkkz+SVvDlPzovz7nxMW5ec2cwB+QPn6wcsg6JG</latexit>

.

+ 1
2

�
d
2 ���

�

<latexit sha1_base64="PyLpcpM1ivmpOs0HW9m1U3+8cvo=">AAACGHicbZDLSgNBEEV74ivGV9Slm8EgRCRxJgTUXVAXLiOYB2RC6OnUJE16HnTXCGHIZ7jxV9y4UMRtdv6NnWQWGr3QcDlVRXVdNxJcoWV9GZmV1bX1jexmbmt7Z3cvv3/QVGEsGTRYKELZdqkCwQNoIEcB7UgC9V0BLXd0M6u3HkEqHgYPOI6g69NBwD3OKGrUy5+fOehJyhJ7klQmjgAPiynpz0jJuQWBtFdyJB8M8bSXL1hlay7zr7FTUyCp6r381OmHLPYhQCaoUh3birCbUImcCZjknFhBRNmIDqCjbUB9UN1kftjEPNGkb3qh1C9Ac05/TiTUV2rsu7rTpzhUy7UZ/K/WidG77CY8iGKEgC0WebEwMTRnKZl9LoGhGGtDmeT6ryYbUp0K6ixzOgR7+eS/plkp29Xy1X21ULtO48iSI3JMisQmF6RG7kidNAgjT+SFvJF349l4NT6Mz0VrxkhnDskvGdNvvxygOg==</latexit>

+ 1
2

�
d
2 ��+

�

<latexit sha1_base64="g13OsfmlVjAA/brl7TBw7faBgA0=">AAACGHicbZDLSgNBEEV74ivGV9Slm8EgRIJxJgTUXVAXLiOYB2RC6OnUJE16HnTXCGHIZ7jxV9y4UMRtdv6NnWQWGr3QcDlVRXVdNxJcoWV9GZmV1bX1jexmbmt7Z3cvv3/QVGEsGTRYKELZdqkCwQNoIEcB7UgC9V0BLXd0M6u3HkEqHgYPOI6g69NBwD3OKGrUy5+XHPQkZYk9SSoTR4CHxZT0Z+TMuQWBtFdyJB8M8bSXL1hlay7zr7FTUyCp6r381OmHLPYhQCaoUh3birCbUImcCZjknFhBRNmIDqCjbUB9UN1kftjEPNGkb3qh1C9Ac05/TiTUV2rsu7rTpzhUy7UZ/K/WidG77CY8iGKEgC0WebEwMTRnKZl9LoGhGGtDmeT6ryYbUp0K6ixzOgR7+eS/plkp29Xy1X21ULtO48iSI3JMisQmF6RG7kidNAgjT+SFvJF349l4NT6Mz0VrxkhnDskvGdNvvAagOA==</latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

If all the fields are scalars:
s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

+ . . .

<latexit sha1_base64="zO3npFVsJcMYwdmsbRFXWJrjvXE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBfVW9OKxgv2ANpTNZtMu3WzC7kQopT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1IpDLrut1NYW9/Y3Cpul3Z29/YPyodHLZNkmvEmS2SiOwE1XArFmyhQ8k6qOY0DydvB6G7mt5+4NiJRjzhOuR/TgRKRYBSt1L7oyTBB0y9X3Ko7B1klXk4qkKPRL3/1woRlMVfIJDWm67kp+hOqUTDJp6VeZnhK2YgOeNdSRWNu/Mn83Ck5s0pIokTbUkjm6u+JCY2NGceB7YwpDs2yNxP/87oZRtf+RKg0Q67YYlGUSYIJmf1OQqE5Qzm2hDIt7K2EDammDG1CJRuCt/zyKmldVr1a9eahVqnf5nEU4QRO4Rw8uII63EMDmsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w8nKo95</latexit>

External conformally coupled/massless scalars: 
 Arkani-Hamed and Maldacena 2015; 

Arkani-Hamed, Baumann, Lee and Pimentel 2018  integration contour



m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

-1

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

-2-3

Poles in u, ū

<latexit sha1_base64="Px0FTi8OWV1GB9qJAUEJwW9DRns=">AAAB8nicdVDJSgNBEK2JW4xb1KOXxiB4kGFGAya3oBePEYwJTIbQ0+lJmvRMD70IYchnePGgiFe/xpt/Y2cRXB8UPN6roqpelHGmtOe9O4Wl5ZXVteJ6aWNza3unvLt3q4SRhLaI4EJ2IqwoZyltaaY57WSS4iTitB2NLqd++45KxUR6o8cZDRM8SFnMCNZWCswJyrsRlshMeuWK51brNe+sjn4T3/VmqMACzV75rdsXxCQ01YRjpQLfy3SYY6kZ4XRS6hpFM0xGeEADS1OcUBXms5Mn6MgqfRQLaSvVaKZ+nchxotQ4iWxngvVQ/fSm4l9eYHRcC3OWZkbTlMwXxYYjLdD0f9RnkhLNx5ZgIpm9FZEhlphom1LJhvD5Kfqf3J66ftWtX1crjYtFHEU4gEM4Bh/OoQFX0IQWEBBwD4/w5GjnwXl2XuatBWcxsw/f4Lx+ACVUkTY=</latexit>

:

Exchanges in dS

If the exchanged field has spin J:The expansion in this limit is generated by residues of poles in  u, ū

<latexit sha1_base64="RE7WqWO15r3ez0vEG/pQqH/DPbg=">AAACGXicbVDLSgNBEJz1GeMr6tHLYBA8SNiVgHoLevEYwTwgCWF20kmGzD6Y6RHDsr/hxV/x4kERj3ryb5xsctDEgoaiqnt6uvxYCo2u++0sLa+srq3nNvKbW9s7u4W9/bqOjOJQ45GMVNNnGqQIoYYCJTRjBSzwJTT80fXEb9yD0iIK73AcQydgg1D0BWdopW7BbSM8YPZO4ksDaWLSU7ogJm2fKWrSlHYLRbfkZqCLxJuRIpmh2i18tnsRNwGEyCXTuuW5MXYSplBwCWm+bTTEjI/YAFqWhiwA3Umy5Sk9tkqP9iNlK0Saqb8nEhZoPQ582xkwHOp5byL+57UM9i86iQhjgxDy6aK+kRQjOomJ9oQCjnJsCeNK2L9SPmSKcbRh5m0I3vzJi6R+VvLKpcvbcrFyNYsjRw7JETkhHjknFXJDqqRGOHkkz+SVvDlPzovz7nxMW5ec2cwB+QPn6wcsg6JG</latexit>

.

The imprints of a particle exchange are particularly sharp in the limit  |kI | ⌧ |kj |

<latexit sha1_base64="BJoRztURRddv7ycwCoW7EWkeemc=">AAACBHicdVDLSgMxFM34rPVVddlNsAiuhox2sLMrutFdBfuAdhgyaaaNzTxIMkKZduHGX3HjQhG3foQ7/8b0oajogQsn59xL7j1+wplUCL0bC4tLyyurubX8+sbm1nZhZ7ch41QQWicxj0XLx5JyFtG6YorTViIoDn1Om/7gbOI3b6iQLI6u1DChboh7EQsYwUpLXqE4yjp+AAdj72IEO5zDr/f1yCuUkIlsx7YQRKaNLOd4QhynUrZtaJloihKYo+YV3jrdmKQhjRThWMq2hRLlZlgoRjgd5zuppAkmA9yjbU0jHFLpZtMjxvBAK10YxEJXpOBU/T6R4VDKYejrzhCrvvztTcS/vHaqgoqbsShJFY3I7KMg5VDFcJII7DJBieJDTTARTO8KSR8LTJTOLa9D+LwU/k8aR6ZVNp3Lcql6Oo8jB4pgHxwCC5yAKjgHNVAHBNyCe/AInow748F4Nl5mrQvGfGYP/IDx+gHAzJg2</latexit>

(OPE limit)

kI

<latexit sha1_base64="fiUs/59I3jk4G/BPULSLwvIvjyg=">AAAB8HicdVBNSwMxEM3Wr1q/qh69BIvgaclqF7u3ohe9VbCt0paSTbNtaJJdkqxQlv4KLx4U8erP8ea/MdtWUNEHA4/3ZpiZFyacaYPQh1NYWl5ZXSuulzY2t7Z3yrt7LR2nitAmiXmsbkOsKWeSNg0znN4mimIRctoOxxe5376nSrNY3phJQnsCDyWLGMHGSndZN4zgeNq/6pcryEV+4HsIItdHXnCakyCoVX0fei6aoQIWaPTL791BTFJBpSEca93xUGJ6GVaGEU6npW6qaYLJGA9px1KJBdW9bHbwFB5ZZQCjWNmSBs7U7xMZFlpPRGg7BTYj/dvLxb+8TmqiWi9jMkkNlWS+KEo5NDHMv4cDpigxfGIJJorZWyEZYYWJsRmVbAhfn8L/SevE9apucF2t1M8XcRTBATgEx8ADZ6AOLkEDNAEBAjyAJ/DsKOfReXFe560FZzGzD37AefsE3bSQfQ==</latexit>

✓

<latexit sha1_base64="DPyJ7JDxQkRVGUBMHbgM82wvEYw=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU0hqa9tb0YvHCrYV2lA22027drMJuxOhhP4HLx4U8er/8ea/cdtGUNEHA4/3ZpiZ58eCa3CcDyu3srq2vpHfLGxt7+zuFfcPOjpKFGVtGolI3fpEM8ElawMHwW5jxUjoC9b1J5dzv3vPlOaRvIFpzLyQjCQPOCVgpE4fxgzIoFhybGcB7NjnjepZtWxIza27jSp2M6uEMrQGxff+MKJJyCRQQbTuuU4MXkoUcCrYrNBPNIsJnZAR6xkqSci0ly6uneETowxxEClTEvBC/T6RklDraeibzpDAWP/25uJfXi+BoO6lXMYJMEmXi4JEYIjw/HU85IpREFNDCFXc3IrpmChCwQRUMCF8fYr/J52y7VbsxnWl1LzI4sijI3SMTpGLaqiJrlALtRFFd+gBPaFnK7IerRfrddmas7KZQ/QD1tsn/xaPcQ==</latexit>

x4

<latexit sha1_base64="7JF/lEA42uQ7aN9sbWBseaag2r4=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ9JWpt0V3bisYB/SDiWTZtrQTGZIMmIZ+hVuXCji1s9x59+YPgQVPXDhcM693HtPkAiuDUIfzsrq2vrGZm4rv72zu7dfODhs6ThVlDVpLGLVCYhmgkvWNNwI1kkUI1EgWDsYX8789h1TmsfyxkwS5kdkKHnIKTFWus16QQjvp/1Kv1BELkZeGXsQuajm1UrYElyu4to5xC6aowiWaPQL771BTNOISUMF0bqLUWL8jCjDqWDTfC/VLCF0TIasa6kkEdN+Nj94Ck+tMoBhrGxJA+fq94mMRFpPosB2RsSM9G9vJv7ldVMTVv2MyyQ1TNLFojAV0MRw9j0ccMWoERNLCFXc3grpiChCjc0ob0P4+hT+T1olF1fc2nWlWL9YxpEDx+AEnAEMPFAHV6ABmoCCCDyAJ/DsKOfReXFeF60rznLmCPyA8/YJzCiQcQ==</latexit>

x3

<latexit sha1_base64="ybezfQo7VUCIxz0zmmxvUhn9GX4=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw6StTGdXdOOygn1IW0omzbShSWZIMmIZ+hVuXCji1s9x59+YPgQVPXDhcM693HtPmHCmjed9OCura+sbm7mt/PbO7t5+4eCwqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4vpz5rTuqNIvljZkktCfwULKIEWysdJt1wwjeT/vlfqHoucjzy8iHnusFflBClqByFQXnELneHEWwRL1feO8OYpIKKg3hWOsO8hLTy7AyjHA6zXdTTRNMxnhIO5ZKLKjuZfODp/DUKgMYxcqWNHCufp/IsNB6IkLbKbAZ6d/eTPzL66QmqvYyJpPUUEkWi6KUQxPD2fdwwBQlhk8swUQxeyskI6wwMTajvA3h61P4P2mWXFRxg+tKsXaxjCMHjsEJOAMI+KAGrkAdNAABAjyAJ/DsKOfReXFeF60rznLmCPyA8/YJyqSQcA==</latexit>

x1

<latexit sha1_base64="fJCshM6oKJNwfHtp6Veli3ajmZs=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw6StTLsrunFZwT6kHUomzbShSWZIMmIZ+hVuXCji1s9x59+YPgQVPXDhcM693HtPmHCmjed9OCura+sbm7mt/PbO7t5+4eCwpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vpz57TuqNIvljZkkNBB4KFnECDZWus16YQTvp33ULxQ9F3l+GfnQc72aXyshS1C5imrnELneHEWwRKNfeO8NYpIKKg3hWOsu8hITZFgZRjid5nuppgkmYzykXUslFlQH2fzgKTy1ygBGsbIlDZyr3ycyLLSeiNB2CmxG+rc3E//yuqmJqkHGZJIaKsliUZRyaGI4+x4OmKLE8IklmChmb4VkhBUmxmaUtyF8fQr/J62Siypu7bpSrF8s48iBY3ACzgACPqiDK9AATUCAAA/gCTw7ynl0XpzXReuKs5w5Aj/gvH0Cx5yQbg==</latexit>

x2

<latexit sha1_base64="JKmsNIAf3CIKUyqn6N0RcP9TU04=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw6StTGdXdOOygn1IW0omzbShSWZIMmIZ+hVuXCji1s9x59+YPgQVPXDhcM693HtPmHCmjed9OCura+sbm7mt/PbO7t5+4eCwqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4vpz5rTuqNIvljZkktCfwULKIEWysdJt1wwjeT/ulfqHoucjzy8iHnusFflBClqByFQXnELneHEWwRL1feO8OYpIKKg3hWOsO8hLTy7AyjHA6zXdTTRNMxnhIO5ZKLKjuZfODp/DUKgMYxcqWNHCufp/IsNB6IkLbKbAZ6d/eTPzL66QmqvYyJpPUUEkWi6KUQxPD2fdwwBQlhk8swUQxeyskI6wwMTajvA3h61P4P2mWXFRxg+tKsXaxjCMHjsEJOAMI+KAGrkAdNAABAjyAJ/DsKOfReXFeF60rznLmCPyA8/YJySCQbw==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

u,kI

<latexit sha1_base64="E5f3qigSJ+z4O5E6j8BUGukV9fo=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4kLArgXgMetFbBPOAJITZSW8yZPbBTK8Ylr158Ve8eFDEq7/gzb9xkuxBEwsaiqru6elyIyk02va3tbS8srq2ntvIb25t7+wW9vYbOowVhzoPZahaLtMgRQB1FCihFSlgviuh6Y6uJn7zHpQWYXCH4wi6PhsEwhOcoZF6haMOwgNO30lcGUOaxOkZTTquR0dp76ZXKNolewq6SJyMFEmGWq/w1emHPPYhQC6Z1m3HjrCbMIWCS0jznVhDxPiIDaBtaMB80N1kuj+lJ0bpUy9UpgKkU/X3RMJ8rce+azp9hkM9703E/7x2jN5FNxFBFCMEfLbIiyXFkE5CoX2hgKMcG8K4EuavlA+ZYhxNdHkTgjN/8iJpnJeccqlyWy5WL7M4cuSQHJNT4pAKqZJrUiN1wskjeSav5M16sl6sd+tj1rpkZTMH5A+szx+f25nJ</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

�+, J

<latexit sha1_base64="WbrkHyQkxQUSIv8PseQ8oNxgM/E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIsgKCWRgnor6kE8VbAf2Iay2U7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdKO823llpZXVtfy64WNza3tneLuXkNFiaRYpxGPZMsnCjkTWNdMc2zFEknoc2z6w+uJ33xCqVgkHvQoRi8kfcECRok20mPnBrkm3ZPTu26x5JSdKexF4makBBlq3eJXpxfRJEShKSdKtV0n1l5KpGaU47jQSRTGhA5JH9uGChKi8tLpxWP7yCg9O4ikKaHtqfp7IiWhUqPQN50h0QM1703E/7x2ooMLL2UiTjQKOlsUJNzWkT153+4xiVTzkSGESmZutemASEK1CalgQnDnX14kjbOyWylf3ldK1assjjwcwCEcgwvnUIVbqEEdKAh4hld4s5T1Yr1bH7PWnJXN7MMfWJ8/hwWQMA==</latexit>

± branch

<latexit sha1_base64="Q2/fr2DfDj7NFD4CDnx+JML/oaY=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwX5AE8pmu2mXbjZhdyKGUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFySCa3Ccb2tldW19Y7O0Vd7e2d3btw8O2zpOFWUtGotYdQOimeCStYCDYN1EMRIFgnWC8c3U7zwwpXks7yFLmB+RoeQhpwSM1LcrXhJ5Z9gD9gh5oIiko0nfrjo1Zwa8TNyCVFGBZt/+8gYxTSMmgQqidc91EvBzooBTwSZlL9UsIXRMhqxnqCQR034+O36CT4wywGGsTEnAM/X3RE4irbMoMJ0RgZFe9Kbif14vhfDSz7lMUmCSzheFqcAQ42kSeMAVoyAyQwhV3NyK6YgoQsHkVTYhuIsvL5P2ec2t167u6tXGdRFHCR2hY3SKXHSBGugWNVELUZShZ/SK3qwn68V6tz7mrStWMVNBf2B9/gC/L5Td</latexit>

±̂ branch

<latexit sha1_base64="rbLkC0MfRX3FFkOFp5Em+5ZMry4=">AAACA3icbVA9SwNBEN2LXzF+ndppsxgECwl3ElC7oI1lBPMBuRD2Nptkye7esTsnhiNg41+xsVDE1j9h579xk1yhiQ8GHu/NMDMvjAU34HnfTm5peWV1Lb9e2Njc2t5xd/fqJko0ZTUaiUg3Q2KY4IrVgINgzVgzIkPBGuHweuI37pk2PFJ3MIpZW5K+4j1OCVip4x6kwYAADmI5Dk5xAOwB0lATRQfjjlv0St4UeJH4GSmiDNWO+xV0I5pIpoAKYkzL92Jop0QDp4KNC0FiWEzokPRZy1JFJDPtdPrDGB9bpYt7kbalAE/V3xMpkcaMZGg7JYGBmfcm4n9eK4HeRTvlKk6AKTpb1EsEhghPAsFdrhkFMbKEUM3trZgOiCYUbGwFG4I///IiqZ+V/HLp8rZcrFxlceTRITpCJ8hH56iCblAV1RBFj+gZvaI358l5cd6dj1lrzslm9tEfOJ8/E2aX1A==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

ū,�kI

<latexit sha1_base64="twC3SYsePjumlVzWCSueGhXg4ho=">AAACD3icbZC7SgNBFIZn4y3GW9TSZjAoFhp2JRDLoI12EcwFkhBmJ2eTIbMXZs6KYdk3sPFVbCwUsbW1822cXApNPDDw8f/nzJz53UgKjbb9bWWWlldW17LruY3Nre2d/O5eXYex4lDjoQxV02UapAighgIlNCMFzHclNNzh1dhv3IPSIgzucBRBx2f9QHiCMzRSN3/cRnjAyT2JK2NIk6TtMkXjND2lZ4Y9Oky7N918wS7ak6KL4MygQGZV7ea/2r2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukme6T0yCg96oXKnADpRP09kTBf65Hvmk6f4UDPe2PxP68Vo3fRSUQQxQgBnz7kxZJiSMfh0J5QwFGODDCuhNmV8gFTjKOJMGdCcOa/vAj186JTKpZvS4XK5SyOLDkgh+SEOKRMKuSaVEmNcPJInskrebOerBfr3fqYtmas2cw++VPW5w+B65zv</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

��, J

<latexit sha1_base64="t07PU+ij0/d13fFjnwprIvz74Q0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgQUsiBfVW1IN4qmA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKLS2vrK7l1wsbm1vbO8XdvYaKEkmxTiMeyZZPFHImsK6Z5tiKJZLQ59j0h9cTv/mEUrFIPOhRjF5I+oIFjBJtpMfODXJNuqcnd91iySk7U9iLxM1ICTLUusWvTi+iSYhCU06UartOrL2USM0ox3GhkyiMCR2SPrYNFSRE5aXTi8f2kVF6dhBJU0LbU/X3REpCpUahbzpDogdq3puI/3ntRAcXXspEnGgUdLYoSLitI3vyvt1jEqnmI0MIlczcatMBkYRqE1LBhODOv7xIGmdlt1K+vK+UqldZHHk4gEM4BhfOoQq3UIM6UBDwDK/wZinrxXq3PmatOSub2Yc/sD5/AIoRkDI=</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

⇠ (|kI |)�2(u+ū)

<latexit sha1_base64="14tyygZG499ajAi6CjshB2ryFoQ="></latexit>

Factorisation

= sin

0

@

0

@�d+ J +
3X

j=1

�j

1

A ⇡

2

1

A

<latexit sha1_base64="iU7EgATXIbG5jKC8IvOHNjcNeEw="></latexit>

J

<latexit sha1_base64="qs/PlINMgOcl7r4Znyso8q5wkvk=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnpiNMkt6EU8JWAWSIbQ06lJ2vQsdPcIYcgXePGgiFc/yZt/Y2cRVPRBweO9KqrqebHgShPyYWVWVtfWN7Kbua3tnd29/P5BS0WJZNBkkYhkx6MKBA+hqbkW0Ikl0MAT0PbGVzO/fQ9S8Si81ZMY3IAOQ+5zRrWRGjf9fIHY5KLkFB1M7HPiVIpkQarlM+zYZI4CWqLez7/3BhFLAgg1E1SprkNi7aZUas4ETHO9REFM2ZgOoWtoSANQbjo/dIpPjDLAfiRNhRrP1e8TKQ2UmgSe6QyoHqnf3kz8y+sm2q+4KQ/jREPIFov8RGAd4dnXeMAlMC0mhlAmubkVsxGVlGmTTc6E8PUp/p+0irZTsquNUqF2uYwji47QMTpFDiqjGrpGddREDAF6QE/o2bqzHq0X63XRmrGWM4foB6y3T/OZjRE=</latexit>

+ 1
2

�
d
2 ���

�

<latexit sha1_base64="PyLpcpM1ivmpOs0HW9m1U3+8cvo=">AAACGHicbZDLSgNBEEV74ivGV9Slm8EgRCRxJgTUXVAXLiOYB2RC6OnUJE16HnTXCGHIZ7jxV9y4UMRtdv6NnWQWGr3QcDlVRXVdNxJcoWV9GZmV1bX1jexmbmt7Z3cvv3/QVGEsGTRYKELZdqkCwQNoIEcB7UgC9V0BLXd0M6u3HkEqHgYPOI6g69NBwD3OKGrUy5+fOehJyhJ7klQmjgAPiynpz0jJuQWBtFdyJB8M8bSXL1hlay7zr7FTUyCp6r381OmHLPYhQCaoUh3birCbUImcCZjknFhBRNmIDqCjbUB9UN1kftjEPNGkb3qh1C9Ac05/TiTUV2rsu7rTpzhUy7UZ/K/WidG77CY8iGKEgC0WebEwMTRnKZl9LoGhGGtDmeT6ryYbUp0K6ixzOgR7+eS/plkp29Xy1X21ULtO48iSI3JMisQmF6RG7kidNAgjT+SFvJF349l4NT6Mz0VrxkhnDskvGdNvvxygOg==</latexit>

+ 1
2

�
d
2 ��+

�

<latexit sha1_base64="g13OsfmlVjAA/brl7TBw7faBgA0=">AAACGHicbZDLSgNBEEV74ivGV9Slm8EgRIJxJgTUXVAXLiOYB2RC6OnUJE16HnTXCGHIZ7jxV9y4UMRtdv6NnWQWGr3QcDlVRXVdNxJcoWV9GZmV1bX1jexmbmt7Z3cvv3/QVGEsGTRYKELZdqkCwQNoIEcB7UgC9V0BLXd0M6u3HkEqHgYPOI6g69NBwD3OKGrUy5+XHPQkZYk9SSoTR4CHxZT0Z+TMuQWBtFdyJB8M8bSXL1hlay7zr7FTUyCp6r381OmHLPYhQCaoUh3birCbUImcCZjknFhBRNmIDqCjbUB9UN1kftjEPNGkb3qh1C9Ac05/TiTUV2rsu7rTpzhUy7UZ/K/WidG77CY8iGKEgC0WebEwMTRnKZl9LoGhGGtDmeT6ryYbUp0K6ixzOgR7+eS/plkp29Xy1X21ULtO48iSI3JMisQmF6RG7kidNAgjT+SFvJF349l4NT6Mz0VrxkhnDskvGdNvvAagOA==</latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

|kI |⌧|ki|⇠

<latexit sha1_base64="ll/jE08cVIoj0zt0cQyuibjWH6o=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyWRgrorutFdBfuAJoTJdNIOnUzCzEQoaf7Bjb/ixoUibt2482+ctEG09cCFM+fcy9x7/JhRqSzryygtLa+srpXXKxubW9s75u5eW0aJwKSFIxaJro8kYZSTlqKKkW4sCAp9Rjr+6Cr3O/dESBrxOzWOiRuiAacBxUhpyTNPnCi3iUonqeMHcJR5NxOHsZ8XnWSpI2mYQc+sWjVrCrhI7IJUQYGmZ346/QgnIeEKMyRlz7Zi5aZIKIoZySpOIkmM8AgNSE9TjkIi3XR6UwaPtNKHQSR0cQWn6u+JFIVSjkNfd4ZIDeW8l4v/eb1EBeduSnmcKMLx7KMgYVBFMA8I9qkgWLGxJggLqneFeIgEwkrnVNEh2PMnL5L2ac2u1y5u69XGZRFHGRyAQ3AMbHAGGuAaNEELYPAAnsALeDUejWfjzXiftZaMYmYf/IHx8Q289Z9W</latexit>

�1, 0

<latexit sha1_base64="qohRI0Up5drupUk99/U/ddi+824=">AAAB8nicdVBNS0JBFJ1nX2ZfVss2QxK0iMeMGvp2Ui1aGqQJKjJvHHVw3gcz9wXy8Ge0aVFE235Nu/5N40dQUQcuHM65l3vv8WMlDRDy4WRWVtfWN7Kbua3tnd29/P5B00SJ5qLBIxXpls+MUDIUDZCgRCvWggW+Enf++HLm390LbWQU3sIkFt2ADUM5kJyBldqdK6GA9egZJr18gbiUVEq0golLvIpXpJbQUpV655i6ZI4CWqLey793+hFPAhECV8yYNiUxdFOmQXIlprlOYkTM+JgNRdvSkAXCdNP5yVN8YpU+HkTaVgh4rn6fSFlgzCTwbWfAYGR+ezPxL6+dwKDaTWUYJyBCvlg0SBSGCM/+x32pBQc1sYRxLe2tmI+YZhxsSjkbwten+H/SLLq07Ho35ULtYhlHFh2hY3SKKKqgGrpGddRAHEXoAT2hZwecR+fFeV20ZpzlzCH6AeftEywikJA=</latexit>

�2, 0

<latexit sha1_base64="E1Coqu2uFrFDEJl2raQLZHcXYUU=">AAAB8nicdVBNS0JBFJ1nX2ZfVss2QxK0iMeMGk93Ui1aGqQJT5F546iD8z6YuS8Q8We0aVFE235Nu/5N40dQUQcuHM65l3vvCRIlDRDy4WRWVtfWN7Kbua3tnd29/P5B08Sp5qLBYxXrVsCMUDISDZCgRCvRgoWBEnfB6HLm390LbWQc3cI4EZ2QDSLZl5yBlfz2lVDAusUzTLr5AnEp8UrUw8QlVa9apJbQUoVWzzF1yRwFtES9m39v92KehiICrpgxPiUJdCZMg+RKTHPt1IiE8REbCN/SiIXCdCbzk6f4xCo93I+1rQjwXP0+MWGhMeMwsJ0hg6H57c3Evzw/hX6lM5FRkoKI+GJRP1UYYjz7H/ekFhzU2BLGtbS3Yj5kmnGwKeVsCF+f4v9Js+jSslu9KRdqF8s4sugIHaNTRJGHauga1VEDcRSjB/SEnh1wHp0X53XRmnGWM4foB5y3Ty2pkJE=</latexit>

�3, 0

<latexit sha1_base64="np3XCYs7SvwJvPbEAHWJoRpdmCU=">AAAB8nicdVBNS0JBFJ1nX2ZfVss2QxK0iMeMGvp2Ui1aGqQJKjJvHHVw3gcz9wXy8Ge0aVFE235Nu/5N40dQUQcuHM65l3vv8WMlDRDy4WRWVtfWN7Kbua3tnd29/P5B00SJ5qLBIxXpls+MUDIUDZCgRCvWggW+Enf++HLm390LbWQU3sIkFt2ADUM5kJyBldqdK6GA9UpnmPTyBeJSUinRCiYu8SpekVpCS1XqnWPqkjkKaIl6L//e6Uc8CUQIXDFj2pTE0E2ZBsmVmOY6iREx42M2FG1LQxYI003nJ0/xiVX6eBBpWyHgufp9ImWBMZPAt50Bg5H57c3Ev7x2AoNqN5VhnIAI+WLRIFEYIjz7H/elFhzUxBLGtbS3Yj5imnGwKeVsCF+f4v9Js+jSsuvdlAu1i2UcWXSEjtEpoqiCauga1VEDcRShB/SEnh1wHp0X53XRmnGWM4foB5y3Ty8wkJI=</latexit>

�4, 0

<latexit sha1_base64="OyCNWrHYcfNrGVyvxRb/Ffa4mlU=">AAAB8nicdVBNS0JBFJ1nX2ZfVss2QxK0iMeMGvp2Ui1aGqQJKjJvHHVw3gcz9wXy8Ge0aVFE235Nu/5N40dQUQcuHM65l3vv8WMlDRDy4WRWVtfWN7Kbua3tnd29/P5B00SJ5qLBIxXpls+MUDIUDZCgRCvWggW+Enf++HLm390LbWQU3sIkFt2ADUM5kJyBldqdK6GA9cpnmPTyBeJSUinRCiYu8SpekVpCS1XqnWPqkjkKaIl6L//e6Uc8CUQIXDFj2pTE0E2ZBsmVmOY6iREx42M2FG1LQxYI003nJ0/xiVX6eBBpWyHgufp9ImWBMZPAt50Bg5H57c3Ev7x2AoNqN5VhnIAI+WLRIFEYIjz7H/elFhzUxBLGtbS3Yj5imnGwKeVsCF+f4v9Js+jSsuvdlAu1i2UcWXSEjtEpoqiCauga1VEDcRShB/SEnh1wHp0X53XRmnGWM4foB5y3TzC3kJM=</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

+ . . .

<latexit sha1_base64="zO3npFVsJcMYwdmsbRFXWJrjvXE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBfVW9OKxgv2ANpTNZtMu3WzC7kQopT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1IpDLrut1NYW9/Y3Cpul3Z29/YPyodHLZNkmvEmS2SiOwE1XArFmyhQ8k6qOY0DydvB6G7mt5+4NiJRjzhOuR/TgRKRYBSt1L7oyTBB0y9X3Ko7B1klXk4qkKPRL3/1woRlMVfIJDWm67kp+hOqUTDJp6VeZnhK2YgOeNdSRWNu/Mn83Ck5s0pIokTbUkjm6u+JCY2NGceB7YwpDs2yNxP/87oZRtf+RKg0Q67YYlGUSYIJmf1OQqE5Qzm2hDIt7K2EDammDG1CJRuCt/zyKmldVr1a9eahVqnf5nEU4QRO4Rw8uII63EMDmsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w8nKo95</latexit>

+sin
⇣⇣

�1+�2+���d
2

⌘
⇡
⌘
sin

⇣⇣
�3+�4+���d

2

⌘
⇡
⌘ �

k2I
����d

2
�
1 + k2I + . . .

�
<latexit sha1_base64="xw1tTCqGyhxCwqGXGY7GS1mqFiw="></latexit>

�
k2I

���� d
2

<latexit sha1_base64="vMuXJgS4ToUYBsV1wfCURYeK+rc="></latexit>

sin
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�1+�2+��+J�d
2

⌘
⇡
⌘
sin

⇣⇣
�3+�4+��+J�d

2

⌘
⇡
⌘ �

k2I
���� d

2

<latexit sha1_base64="lkVKho/IqJfXiwglKKW4XyCnOFM="></latexit>

J

<latexit sha1_base64="qs/PlINMgOcl7r4Znyso8q5wkvk=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnpiNMkt6EU8JWAWSIbQ06lJ2vQsdPcIYcgXePGgiFc/yZt/Y2cRVPRBweO9KqrqebHgShPyYWVWVtfWN7Kbua3tnd29/P5BS0WJZNBkkYhkx6MKBA+hqbkW0Ikl0MAT0PbGVzO/fQ9S8Si81ZMY3IAOQ+5zRrWRGjf9fIHY5KLkFB1M7HPiVIpkQarlM+zYZI4CWqLez7/3BhFLAgg1E1SprkNi7aZUas4ETHO9REFM2ZgOoWtoSANQbjo/dIpPjDLAfiRNhRrP1e8TKQ2UmgSe6QyoHqnf3kz8y+sm2q+4KQ/jREPIFov8RGAd4dnXeMAlMC0mhlAmubkVsxGVlGmTTc6E8PUp/p+0irZTsquNUqF2uYwji47QMTpFDiqjGrpGddREDAF6QE/o2bqzHq0X63XRmrGWM4foB6y3T/OZjRE=</latexit>

J

<latexit sha1_base64="qs/PlINMgOcl7r4Znyso8q5wkvk=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnpiNMkt6EU8JWAWSIbQ06lJ2vQsdPcIYcgXePGgiFc/yZt/Y2cRVPRBweO9KqrqebHgShPyYWVWVtfWN7Kbua3tnd29/P5BS0WJZNBkkYhkx6MKBA+hqbkW0Ikl0MAT0PbGVzO/fQ9S8Si81ZMY3IAOQ+5zRrWRGjf9fIHY5KLkFB1M7HPiVIpkQarlM+zYZI4CWqLez7/3BhFLAgg1E1SprkNi7aZUas4ETHO9REFM2ZgOoWtoSANQbjo/dIpPjDLAfiRNhRrP1e8TKQ2UmgSe6QyoHqnf3kz8y+sm2q+4KQ/jREPIFov8RGAd4dnXeMAlMC0mhlAmubkVsxGVlGmTTc6E8PUp/p+0irZTsquNUqF2uYwji47QMTpFDiqjGrpGddREDAF6QE/o2bqzHq0X63XRmrGWM4foB6y3T/OZjRE=</latexit>

sin
⇣⇣

�1+�2+�++J�d
2

⌘
⇡
⌘
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⇣⇣
�3+�4+�++J�d

2

⌘
⇡
⌘ �

k2I
���� d

2

<latexit sha1_base64="BXgiF3x9H+5qnhenq1eYPKtEMCk="></latexit>

J

<latexit sha1_base64="qs/PlINMgOcl7r4Znyso8q5wkvk=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnpiNMkt6EU8JWAWSIbQ06lJ2vQsdPcIYcgXePGgiFc/yZt/Y2cRVPRBweO9KqrqebHgShPyYWVWVtfWN7Kbua3tnd29/P5BS0WJZNBkkYhkx6MKBA+hqbkW0Ikl0MAT0PbGVzO/fQ9S8Si81ZMY3IAOQ+5zRrWRGjf9fIHY5KLkFB1M7HPiVIpkQarlM+zYZI4CWqLez7/3BhFLAgg1E1SprkNi7aZUas4ETHO9REFM2ZgOoWtoSANQbjo/dIpPjDLAfiRNhRrP1e8TKQ2UmgSe6QyoHqnf3kz8y+sm2q+4KQ/jREPIFov8RGAd4dnXeMAlMC0mhlAmubkVsxGVlGmTTc6E8PUp/p+0irZTsquNUqF2uYwji47QMTpFDiqjGrpGddREDAF6QE/o2bqzHq0X63XRmrGWM4foB6y3T/OZjRE=</latexit>

J

<latexit sha1_base64="qs/PlINMgOcl7r4Znyso8q5wkvk=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnpiNMkt6EU8JWAWSIbQ06lJ2vQsdPcIYcgXePGgiFc/yZt/Y2cRVPRBweO9KqrqebHgShPyYWVWVtfWN7Kbua3tnd29/P5BS0WJZNBkkYhkx6MKBA+hqbkW0Ikl0MAT0PbGVzO/fQ9S8Si81ZMY3IAOQ+5zRrWRGjf9fIHY5KLkFB1M7HPiVIpkQarlM+zYZI4CWqLez7/3BhFLAgg1E1SprkNi7aZUas4ETHO9REFM2ZgOoWtoSANQbjo/dIpPjDLAfiRNhRrP1e8TKQ2UmgSe6QyoHqnf3kz8y+sm2q+4KQ/jREPIFov8RGAd4dnXeMAlMC0mhlAmubkVsxGVlGmTTc6E8PUp/p+0irZTsquNUqF2uYwji47QMTpFDiqjGrpGddREDAF6QE/o2bqzHq0X63XRmrGWM4foB6y3T/OZjRE=</latexit>

�
k2I
��+� d

2

<latexit sha1_base64="ZgX2O9vqCDpwZtx6e8bHpZSqTyQ="></latexit>

C
( d�2

2 )
J (cos ✓)

<latexit sha1_base64="m/MHMww/l4MV3SUUHosNUZInPVY="></latexit>

angular dependence, 
(Gegenbauer polynomial)

non-analytic

External conformally coupled/massless scalars: 
 Arkani-Hamed and Maldacena 2015; 

Arkani-Hamed, Baumann, Lee and Pimentel 2018  integration contour



m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

Exchanges in dS

If the exchanged field has spin J:The expansion in this limit is generated by residues of poles in  u, ū

<latexit sha1_base64="RE7WqWO15r3ez0vEG/pQqH/DPbg=">AAACGXicbVDLSgNBEJz1GeMr6tHLYBA8SNiVgHoLevEYwTwgCWF20kmGzD6Y6RHDsr/hxV/x4kERj3ryb5xsctDEgoaiqnt6uvxYCo2u++0sLa+srq3nNvKbW9s7u4W9/bqOjOJQ45GMVNNnGqQIoYYCJTRjBSzwJTT80fXEb9yD0iIK73AcQydgg1D0BWdopW7BbSM8YPZO4ksDaWLSU7ogJm2fKWrSlHYLRbfkZqCLxJuRIpmh2i18tnsRNwGEyCXTuuW5MXYSplBwCWm+bTTEjI/YAFqWhiwA3Umy5Sk9tkqP9iNlK0Saqb8nEhZoPQ582xkwHOp5byL+57UM9i86iQhjgxDy6aK+kRQjOomJ9oQCjnJsCeNK2L9SPmSKcbRh5m0I3vzJi6R+VvLKpcvbcrFyNYsjRw7JETkhHjknFXJDqqRGOHkkz+SVvDlPzovz7nxMW5ec2cwB+QPn6wcsg6JG</latexit>

.

+ . . .

<latexit sha1_base64="zO3npFVsJcMYwdmsbRFXWJrjvXE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBfVW9OKxgv2ANpTNZtMu3WzC7kQopT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1IpDLrut1NYW9/Y3Cpul3Z29/YPyodHLZNkmvEmS2SiOwE1XArFmyhQ8k6qOY0DydvB6G7mt5+4NiJRjzhOuR/TgRKRYBSt1L7oyTBB0y9X3Ko7B1klXk4qkKPRL3/1woRlMVfIJDWm67kp+hOqUTDJp6VeZnhK2YgOeNdSRWNu/Mn83Ck5s0pIokTbUkjm6u+JCY2NGceB7YwpDs2yNxP/87oZRtf+RKg0Q67YYlGUSYIJmf1OQqE5Qzm2hDIt7K2EDammDG1CJRuCt/zyKmldVr1a9eahVqnf5nEU4QRO4Rw8uII63EMDmsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w8nKo95</latexit>

The imprints of a particle exchange are particularly sharp in the limit  |kI | ⌧ |kj |

<latexit sha1_base64="BJoRztURRddv7ycwCoW7EWkeemc=">AAACBHicdVDLSgMxFM34rPVVddlNsAiuhox2sLMrutFdBfuAdhgyaaaNzTxIMkKZduHGX3HjQhG3foQ7/8b0oajogQsn59xL7j1+wplUCL0bC4tLyyurubX8+sbm1nZhZ7ch41QQWicxj0XLx5JyFtG6YorTViIoDn1Om/7gbOI3b6iQLI6u1DChboh7EQsYwUpLXqE4yjp+AAdj72IEO5zDr/f1yCuUkIlsx7YQRKaNLOd4QhynUrZtaJloihKYo+YV3jrdmKQhjRThWMq2hRLlZlgoRjgd5zuppAkmA9yjbU0jHFLpZtMjxvBAK10YxEJXpOBU/T6R4VDKYejrzhCrvvztTcS/vHaqgoqbsShJFY3I7KMg5VDFcJII7DJBieJDTTARTO8KSR8LTJTOLa9D+LwU/k8aR6ZVNp3Lcql6Oo8jB4pgHxwCC5yAKjgHNVAHBNyCe/AInow748F4Nl5mrQvGfGYP/IDx+gHAzJg2</latexit>

(OPE limit)

kI

<latexit sha1_base64="fiUs/59I3jk4G/BPULSLwvIvjyg=">AAAB8HicdVBNSwMxEM3Wr1q/qh69BIvgaclqF7u3ohe9VbCt0paSTbNtaJJdkqxQlv4KLx4U8erP8ea/MdtWUNEHA4/3ZpiZFyacaYPQh1NYWl5ZXSuulzY2t7Z3yrt7LR2nitAmiXmsbkOsKWeSNg0znN4mimIRctoOxxe5376nSrNY3phJQnsCDyWLGMHGSndZN4zgeNq/6pcryEV+4HsIItdHXnCakyCoVX0fei6aoQIWaPTL791BTFJBpSEca93xUGJ6GVaGEU6npW6qaYLJGA9px1KJBdW9bHbwFB5ZZQCjWNmSBs7U7xMZFlpPRGg7BTYj/dvLxb+8TmqiWi9jMkkNlWS+KEo5NDHMv4cDpigxfGIJJorZWyEZYYWJsRmVbAhfn8L/SevE9apucF2t1M8XcRTBATgEx8ADZ6AOLkEDNAEBAjyAJ/DsKOfReXFe560FZzGzD37AefsE3bSQfQ==</latexit>

✓

<latexit sha1_base64="DPyJ7JDxQkRVGUBMHbgM82wvEYw=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU0hqa9tb0YvHCrYV2lA22027drMJuxOhhP4HLx4U8er/8ea/cdtGUNEHA4/3ZpiZ58eCa3CcDyu3srq2vpHfLGxt7+zuFfcPOjpKFGVtGolI3fpEM8ElawMHwW5jxUjoC9b1J5dzv3vPlOaRvIFpzLyQjCQPOCVgpE4fxgzIoFhybGcB7NjnjepZtWxIza27jSp2M6uEMrQGxff+MKJJyCRQQbTuuU4MXkoUcCrYrNBPNIsJnZAR6xkqSci0ly6uneETowxxEClTEvBC/T6RklDraeibzpDAWP/25uJfXi+BoO6lXMYJMEmXi4JEYIjw/HU85IpREFNDCFXc3IrpmChCwQRUMCF8fYr/J52y7VbsxnWl1LzI4sijI3SMTpGLaqiJrlALtRFFd+gBPaFnK7IerRfrddmas7KZQ/QD1tsn/xaPcQ==</latexit>

x4

<latexit sha1_base64="7JF/lEA42uQ7aN9sbWBseaag2r4=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXQ9JWpt0V3bisYB/SDiWTZtrQTGZIMmIZ+hVuXCji1s9x59+YPgQVPXDhcM693HtPkAiuDUIfzsrq2vrGZm4rv72zu7dfODhs6ThVlDVpLGLVCYhmgkvWNNwI1kkUI1EgWDsYX8789h1TmsfyxkwS5kdkKHnIKTFWus16QQjvp/1Kv1BELkZeGXsQuajm1UrYElyu4to5xC6aowiWaPQL771BTNOISUMF0bqLUWL8jCjDqWDTfC/VLCF0TIasa6kkEdN+Nj94Ck+tMoBhrGxJA+fq94mMRFpPosB2RsSM9G9vJv7ldVMTVv2MyyQ1TNLFojAV0MRw9j0ccMWoERNLCFXc3grpiChCjc0ob0P4+hT+T1olF1fc2nWlWL9YxpEDx+AEnAEMPFAHV6ABmoCCCDyAJ/DsKOfReXFeF60rznLmCPyA8/YJzCiQcQ==</latexit>

x3

<latexit sha1_base64="ybezfQo7VUCIxz0zmmxvUhn9GX4=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw6StTGdXdOOygn1IW0omzbShSWZIMmIZ+hVuXCji1s9x59+YPgQVPXDhcM693HtPmHCmjed9OCura+sbm7mt/PbO7t5+4eCwqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4vpz5rTuqNIvljZkktCfwULKIEWysdJt1wwjeT/vlfqHoucjzy8iHnusFflBClqByFQXnELneHEWwRL1feO8OYpIKKg3hWOsO8hLTy7AyjHA6zXdTTRNMxnhIO5ZKLKjuZfODp/DUKgMYxcqWNHCufp/IsNB6IkLbKbAZ6d/eTPzL66QmqvYyJpPUUEkWi6KUQxPD2fdwwBQlhk8swUQxeyskI6wwMTajvA3h61P4P2mWXFRxg+tKsXaxjCMHjsEJOAMI+KAGrkAdNAABAjyAJ/DsKOfReXFeF60rznLmCPyA8/YJyqSQcA==</latexit>

x1

<latexit sha1_base64="fJCshM6oKJNwfHtp6Veli3ajmZs=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw6StTLsrunFZwT6kHUomzbShSWZIMmIZ+hVuXCji1s9x59+YPgQVPXDhcM693HtPmHCmjed9OCura+sbm7mt/PbO7t5+4eCwpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vpz57TuqNIvljZkkNBB4KFnECDZWus16YQTvp33ULxQ9F3l+GfnQc72aXyshS1C5imrnELneHEWwRKNfeO8NYpIKKg3hWOsu8hITZFgZRjid5nuppgkmYzykXUslFlQH2fzgKTy1ygBGsbIlDZyr3ycyLLSeiNB2CmxG+rc3E//yuqmJqkHGZJIaKsliUZRyaGI4+x4OmKLE8IklmChmb4VkhBUmxmaUtyF8fQr/J62Siypu7bpSrF8s48iBY3ACzgACPqiDK9AATUCAAA/gCTw7ynl0XpzXReuKs5w5Aj/gvH0Cx5yQbg==</latexit>

x2

<latexit sha1_base64="JKmsNIAf3CIKUyqn6N0RcP9TU04=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw6StTGdXdOOygn1IW0omzbShSWZIMmIZ+hVuXCji1s9x59+YPgQVPXDhcM693HtPmHCmjed9OCura+sbm7mt/PbO7t5+4eCwqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4vpz5rTuqNIvljZkktCfwULKIEWysdJt1wwjeT/ulfqHoucjzy8iHnusFflBClqByFQXnELneHEWwRL1feO8OYpIKKg3hWOsO8hLTy7AyjHA6zXdTTRNMxnhIO5ZKLKjuZfODp/DUKgMYxcqWNHCufp/IsNB6IkLbKbAZ6d/eTPzL66QmqvYyJpPUUEkWi6KUQxPD2fdwwBQlhk8swUQxeyskI6wwMTajvA3h61P4P2mWXFRxg+tKsXaxjCMHjsEJOAMI+KAGrkAdNAABAjyAJ/DsKOfReXFeF60rznLmCPyA8/YJySCQbw==</latexit>

|kI |⌧|ki|⇠

<latexit sha1_base64="ll/jE08cVIoj0zt0cQyuibjWH6o=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQFyWRgrorutFdBfuAJoTJdNIOnUzCzEQoaf7Bjb/ixoUibt2482+ctEG09cCFM+fcy9x7/JhRqSzryygtLa+srpXXKxubW9s75u5eW0aJwKSFIxaJro8kYZSTlqKKkW4sCAp9Rjr+6Cr3O/dESBrxOzWOiRuiAacBxUhpyTNPnCi3iUonqeMHcJR5NxOHsZ8XnWSpI2mYQc+sWjVrCrhI7IJUQYGmZ346/QgnIeEKMyRlz7Zi5aZIKIoZySpOIkmM8AgNSE9TjkIi3XR6UwaPtNKHQSR0cQWn6u+JFIVSjkNfd4ZIDeW8l4v/eb1EBeduSnmcKMLx7KMgYVBFMA8I9qkgWLGxJggLqneFeIgEwkrnVNEh2PMnL5L2ac2u1y5u69XGZRFHGRyAQ3AMbHAGGuAaNEELYPAAnsALeDUejWfjzXiftZaMYmYf/IHx8Q289Z9W</latexit>

�1, 0

<latexit sha1_base64="qohRI0Up5drupUk99/U/ddi+824=">AAAB8nicdVBNS0JBFJ1nX2ZfVss2QxK0iMeMGvp2Ui1aGqQJKjJvHHVw3gcz9wXy8Ge0aVFE235Nu/5N40dQUQcuHM65l3vv8WMlDRDy4WRWVtfWN7Kbua3tnd29/P5B00SJ5qLBIxXpls+MUDIUDZCgRCvWggW+Enf++HLm390LbWQU3sIkFt2ADUM5kJyBldqdK6GA9egZJr18gbiUVEq0golLvIpXpJbQUpV655i6ZI4CWqLey793+hFPAhECV8yYNiUxdFOmQXIlprlOYkTM+JgNRdvSkAXCdNP5yVN8YpU+HkTaVgh4rn6fSFlgzCTwbWfAYGR+ezPxL6+dwKDaTWUYJyBCvlg0SBSGCM/+x32pBQc1sYRxLe2tmI+YZhxsSjkbwten+H/SLLq07Ho35ULtYhlHFh2hY3SKKKqgGrpGddRAHEXoAT2hZwecR+fFeV20ZpzlzCH6AeftEywikJA=</latexit>

�2, 0

<latexit sha1_base64="E1Coqu2uFrFDEJl2raQLZHcXYUU=">AAAB8nicdVBNS0JBFJ1nX2ZfVss2QxK0iMeMGk93Ui1aGqQJT5F546iD8z6YuS8Q8We0aVFE235Nu/5N40dQUQcuHM65l3vvCRIlDRDy4WRWVtfWN7Kbua3tnd29/P5B08Sp5qLBYxXrVsCMUDISDZCgRCvRgoWBEnfB6HLm390LbWQc3cI4EZ2QDSLZl5yBlfz2lVDAusUzTLr5AnEp8UrUw8QlVa9apJbQUoVWzzF1yRwFtES9m39v92KehiICrpgxPiUJdCZMg+RKTHPt1IiE8REbCN/SiIXCdCbzk6f4xCo93I+1rQjwXP0+MWGhMeMwsJ0hg6H57c3Evzw/hX6lM5FRkoKI+GJRP1UYYjz7H/ekFhzU2BLGtbS3Yj5kmnGwKeVsCF+f4v9Js+jSslu9KRdqF8s4sugIHaNTRJGHauga1VEDcRSjB/SEnh1wHp0X53XRmnGWM4foB5y3Ty2pkJE=</latexit>

�3, 0

<latexit sha1_base64="np3XCYs7SvwJvPbEAHWJoRpdmCU=">AAAB8nicdVBNS0JBFJ1nX2ZfVss2QxK0iMeMGvp2Ui1aGqQJKjJvHHVw3gcz9wXy8Ge0aVFE235Nu/5N40dQUQcuHM65l3vv8WMlDRDy4WRWVtfWN7Kbua3tnd29/P5B00SJ5qLBIxXpls+MUDIUDZCgRCvWggW+Enf++HLm390LbWQU3sIkFt2ADUM5kJyBldqdK6GA9UpnmPTyBeJSUinRCiYu8SpekVpCS1XqnWPqkjkKaIl6L//e6Uc8CUQIXDFj2pTE0E2ZBsmVmOY6iREx42M2FG1LQxYI003nJ0/xiVX6eBBpWyHgufp9ImWBMZPAt50Bg5H57c3Ev7x2AoNqN5VhnIAI+WLRIFEYIjz7H/elFhzUxBLGtbS3Yj5imnGwKeVsCF+f4v9Js+jSsuvdlAu1i2UcWXSEjtEpoqiCauga1VEDcRShB/SEnh1wHp0X53XRmnGWM4foB5y3Ty8wkJI=</latexit>

�4, 0

<latexit sha1_base64="OyCNWrHYcfNrGVyvxRb/Ffa4mlU=">AAAB8nicdVBNS0JBFJ1nX2ZfVss2QxK0iMeMGvp2Ui1aGqQJKjJvHHVw3gcz9wXy8Ge0aVFE235Nu/5N40dQUQcuHM65l3vv8WMlDRDy4WRWVtfWN7Kbua3tnd29/P5B00SJ5qLBIxXpls+MUDIUDZCgRCvWggW+Enf++HLm390LbWQU3sIkFt2ADUM5kJyBldqdK6GA9cpnmPTyBeJSUinRCiYu8SpekVpCS1XqnWPqkjkKaIl6L//e6Uc8CUQIXDFj2pTE0E2ZBsmVmOY6iREx42M2FG1LQxYI003nJ0/xiVX6eBBpWyHgufp9ImWBMZPAt50Bg5H57c3Ev7x2AoNqN5VhnIAI+WLRIFEYIjz7H/elFhzUxBLGtbS3Yj5imnGwKeVsCF+f4v9Js+jSsuvdlAu1i2UcWXSEjtEpoqiCauga1VEDcRShB/SEnh1wHp0X53XRmnGWM4foB5y3TzC3kJM=</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

+
1X

n=0

Res

<latexit sha1_base64="bYknzCoblvuQahjjMbsUCvPnuy4=">AAACDHicbVDLSsNAFJ3Ud31VXboJFkEQSiIFdSEU3bhUsVpoYplMb3TozCTM3Igl5APc+CtuXCji1g9w5984rV1o9cDA4ZxzuXNPlApu0PM+ndLE5NT0zOxceX5hcWm5srJ6YZJMM2iyRCS6FVEDgitoIkcBrVQDlZGAy6h3NPAvb0Ebnqhz7KcQSnqteMwZRSt1KtXtwGQyEFxyNFcBVzH2O7k68IoA4Q7zMzCFTXk1bwj3L/FHpEpGOOlUPoJuwjIJCpmgxrR9L8Uwpxo5E1CUg8xASlmPXkPbUkUlmDAfHlO4m1bpunGi7VPoDtWfEzmVxvRlZJOS4o0Z9wbif147w3gvzLlKMwTFvhfFmXAxcQfNuF2ugaHoW0KZ5vavLruhmjK0/ZVtCf74yX/JxU7Nr9f2T+vVxuGojlmyTjbIFvHJLmmQY3JCmoSRe/JInsmL8+A8Oa/O23e05Ixm1sgvOO9f806cOA==</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

+
X

n

Resu+ū=�n

<latexit sha1_base64="m6eKdhFQK1nmpVmiJZGs+a9OWgM="></latexit>

analytic /
�
k2I

�n

<latexit sha1_base64="rXVIc/aqR9qwAogjbGOODO2gdrA=">AAACBXicdVC7SgNBFJ31GeMraqnFYBC0CbvrkkcXtNEugolCdg2zk9lkyOyDmbtCCGls/BUbC0Vs/Qc7/8bZJIKKHhg4nHMvd87xE8EVmOaHMTe/sLi0nFvJr66tb2wWtrZbKk4lZU0ai1he+0QxwSPWBA6CXSeSkdAX7MofnGb+1S2TisfRJQwT5oWkF/GAUwJa6hT23ETGCcTYFSyAw8GN3Tl3Je/14ehG20WzVKuWbaeMzZJpVizbyohdcY4dbGklQxHN0OgU3t1uTNOQRUAFUaptmQl4IyKBU8HGeTdVLCF0QHqsrWlEQqa80STFGB9opYuDWOoXAZ6o3zdGJFRqGPp6MiTQV7+9TPzLa6cQVL0Rj5IUWESnh4JUYJ06qwR3uWQUxFATQiXXf8W0TyShoIvL6xK+kuL/ScsuWU6pduEU6yezOnJoF+2jQ2ShCqqjM9RATUTRHXpAT+jZuDcejRfjdTo6Z8x2dtAPGG+fP76Ycg==</latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

�1, 0

<latexit sha1_base64="qohRI0Up5drupUk99/U/ddi+824=">AAAB8nicdVBNS0JBFJ1nX2ZfVss2QxK0iMeMGvp2Ui1aGqQJKjJvHHVw3gcz9wXy8Ge0aVFE235Nu/5N40dQUQcuHM65l3vv8WMlDRDy4WRWVtfWN7Kbua3tnd29/P5B00SJ5qLBIxXpls+MUDIUDZCgRCvWggW+Enf++HLm390LbWQU3sIkFt2ADUM5kJyBldqdK6GA9egZJr18gbiUVEq0golLvIpXpJbQUpV655i6ZI4CWqLey793+hFPAhECV8yYNiUxdFOmQXIlprlOYkTM+JgNRdvSkAXCdNP5yVN8YpU+HkTaVgh4rn6fSFlgzCTwbWfAYGR+ezPxL6+dwKDaTWUYJyBCvlg0SBSGCM/+x32pBQc1sYRxLe2tmI+YZhxsSjkbwten+H/SLLq07Ho35ULtYhlHFh2hY3SKKKqgGrpGddRAHEXoAT2hZwecR+fFeV20ZpzlzCH6AeftEywikJA=</latexit>

�2, 0

<latexit sha1_base64="E1Coqu2uFrFDEJl2raQLZHcXYUU=">AAAB8nicdVBNS0JBFJ1nX2ZfVss2QxK0iMeMGk93Ui1aGqQJT5F546iD8z6YuS8Q8We0aVFE235Nu/5N40dQUQcuHM65l3vvCRIlDRDy4WRWVtfWN7Kbua3tnd29/P5B08Sp5qLBYxXrVsCMUDISDZCgRCvRgoWBEnfB6HLm390LbWQc3cI4EZ2QDSLZl5yBlfz2lVDAusUzTLr5AnEp8UrUw8QlVa9apJbQUoVWzzF1yRwFtES9m39v92KehiICrpgxPiUJdCZMg+RKTHPt1IiE8REbCN/SiIXCdCbzk6f4xCo93I+1rQjwXP0+MWGhMeMwsJ0hg6H57c3Evzw/hX6lM5FRkoKI+GJRP1UYYjz7H/ekFhzU2BLGtbS3Yj5kmnGwKeVsCF+f4v9Js+jSslu9KRdqF8s4sugIHaNTRJGHauga1VEDcRSjB/SEnh1wHp0X53XRmnGWM4foB5y3Ty2pkJE=</latexit>

�3, 0

<latexit sha1_base64="np3XCYs7SvwJvPbEAHWJoRpdmCU=">AAAB8nicdVBNS0JBFJ1nX2ZfVss2QxK0iMeMGvp2Ui1aGqQJKjJvHHVw3gcz9wXy8Ge0aVFE235Nu/5N40dQUQcuHM65l3vv8WMlDRDy4WRWVtfWN7Kbua3tnd29/P5B00SJ5qLBIxXpls+MUDIUDZCgRCvWggW+Enf++HLm390LbWQU3sIkFt2ADUM5kJyBldqdK6GA9UpnmPTyBeJSUinRCiYu8SpekVpCS1XqnWPqkjkKaIl6L//e6Uc8CUQIXDFj2pTE0E2ZBsmVmOY6iREx42M2FG1LQxYI003nJ0/xiVX6eBBpWyHgufp9ImWBMZPAt50Bg5H57c3Ev7x2AoNqN5VhnIAI+WLRIFEYIjz7H/elFhzUxBLGtbS3Yj5imnGwKeVsCF+f4v9Js+jSsuvdlAu1i2UcWXSEjtEpoqiCauga1VEDcRShB/SEnh1wHp0X53XRmnGWM4foB5y3Ty8wkJI=</latexit>

�4, 0

<latexit sha1_base64="OyCNWrHYcfNrGVyvxRb/Ffa4mlU=">AAAB8nicdVBNS0JBFJ1nX2ZfVss2QxK0iMeMGvp2Ui1aGqQJKjJvHHVw3gcz9wXy8Ge0aVFE235Nu/5N40dQUQcuHM65l3vv8WMlDRDy4WRWVtfWN7Kbua3tnd29/P5B00SJ5qLBIxXpls+MUDIUDZCgRCvWggW+Enf++HLm390LbWQU3sIkFt2ADUM5kJyBldqdK6GA9cpnmPTyBeJSUinRCiYu8SpekVpCS1XqnWPqkjkKaIl6L//e6Uc8CUQIXDFj2pTE0E2ZBsmVmOY6iREx42M2FG1LQxYI003nJ0/xiVX6eBBpWyHgufp9ImWBMZPAt50Bg5H57c3Ev7x2AoNqN5VhnIAI+WLRIFEYIjz7H/elFhzUxBLGtbS3Yj5imnGwKeVsCF+f4v9Js+jSsuvdlAu1i2UcWXSEjtEpoqiCauga1VEDcRShB/SEnh1wHp0X53XRmnGWM4foB5y3TzC3kJM=</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

-1

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

-2-3

Poles in u, ū

<latexit sha1_base64="Px0FTi8OWV1GB9qJAUEJwW9DRns=">AAAB8nicdVDJSgNBEK2JW4xb1KOXxiB4kGFGAya3oBePEYwJTIbQ0+lJmvRMD70IYchnePGgiFe/xpt/Y2cRXB8UPN6roqpelHGmtOe9O4Wl5ZXVteJ6aWNza3unvLt3q4SRhLaI4EJ2IqwoZyltaaY57WSS4iTitB2NLqd++45KxUR6o8cZDRM8SFnMCNZWCswJyrsRlshMeuWK51brNe+sjn4T3/VmqMACzV75rdsXxCQ01YRjpQLfy3SYY6kZ4XRS6hpFM0xGeEADS1OcUBXms5Mn6MgqfRQLaSvVaKZ+nchxotQ4iWxngvVQ/fSm4l9eYHRcC3OWZkbTlMwXxYYjLdD0f9RnkhLNx5ZgIpm9FZEhlphom1LJhvD5Kfqf3J66ftWtX1crjYtFHEU4gEM4Bh/OoQFX0IQWEBBwD4/w5GjnwXl2XuatBWcxsw/f4Lx+ACVUkTY=</latexit>

:

. . .
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

...
<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

u+ ū = �n

<latexit sha1_base64="J4rYCtQ/31cuE8fDjEEukCVluqg=">AAACK3icbVDLSgMxFM34rPU16tJNsAiCWGZEUBeC1I1LBauFtpRMeluDmcyQ3IhlmP9x46+40IUP3Pofpo+Fth64cDjn3tzcE6VSGAyCD29qemZ2br6wUFxcWl5Z9dfWr01iNYcqT2SiaxEzIIWCKgqUUEs1sDiScBPdnfX9m3vQRiTqCnspNGPWVaIjOEMntfxKA+EBB+9kkbSQZzbfndCyRsQ0tXl+8svS0M6zPZW3/FJQDgagkyQckRIZ4aLlvzTaCbcxKOSSGVMPgxSbGdMouIS82LAGUsbvWBfqjioWg2lmg6U53XZKm3YS7UohHai/JzIWG9OLI9cZM7w1415f/M+rW+wcNTOhUoug+HBRx0qKCe0HR9tCA0fZc4RxLdxfKb9lmnF08RZdCOH4yZPker8cHpSPLw9Kp5VRHAWySbbIDgnJITkl5+SCVAknj+SZvJF378l79T69r2HrlDea2SB/4H3/AKTEqvw=</latexit>

+ 1
2

�
d
2 ���

�

<latexit sha1_base64="PyLpcpM1ivmpOs0HW9m1U3+8cvo=">AAACGHicbZDLSgNBEEV74ivGV9Slm8EgRCRxJgTUXVAXLiOYB2RC6OnUJE16HnTXCGHIZ7jxV9y4UMRtdv6NnWQWGr3QcDlVRXVdNxJcoWV9GZmV1bX1jexmbmt7Z3cvv3/QVGEsGTRYKELZdqkCwQNoIEcB7UgC9V0BLXd0M6u3HkEqHgYPOI6g69NBwD3OKGrUy5+fOehJyhJ7klQmjgAPiynpz0jJuQWBtFdyJB8M8bSXL1hlay7zr7FTUyCp6r381OmHLPYhQCaoUh3birCbUImcCZjknFhBRNmIDqCjbUB9UN1kftjEPNGkb3qh1C9Ac05/TiTUV2rsu7rTpzhUy7UZ/K/WidG77CY8iGKEgC0WebEwMTRnKZl9LoGhGGtDmeT6ryYbUp0K6ixzOgR7+eS/plkp29Xy1X21ULtO48iSI3JMisQmF6RG7kidNAgjT+SFvJF349l4NT6Mz0VrxkhnDskvGdNvvxygOg==</latexit>

+ 1
2

�
d
2 ��+

�

<latexit sha1_base64="g13OsfmlVjAA/brl7TBw7faBgA0=">AAACGHicbZDLSgNBEEV74ivGV9Slm8EgRIJxJgTUXVAXLiOYB2RC6OnUJE16HnTXCGHIZ7jxV9y4UMRtdv6NnWQWGr3QcDlVRXVdNxJcoWV9GZmV1bX1jexmbmt7Z3cvv3/QVGEsGTRYKELZdqkCwQNoIEcB7UgC9V0BLXd0M6u3HkEqHgYPOI6g69NBwD3OKGrUy5+XHPQkZYk9SSoTR4CHxZT0Z+TMuQWBtFdyJB8M8bSXL1hlay7zr7FTUyCp6r381OmHLPYhQCaoUh3birCbUImcCZjknFhBRNmIDqCjbUB9UN1kftjEPNGkb3qh1C9Ac05/TiTUV2rsu7rTpzhUy7UZ/K/WidG77CY8iGKEgC0WebEwMTRnKZl9LoGhGGtDmeT6ryYbUp0K6ixzOgR7+eS/plkp29Xy1X21ULtO48iSI3JMisQmF6RG7kidNAgjT+SFvJF349l4NT6Mz0VrxkhnDskvGdNvvAagOA==</latexit>

+ . . .

<latexit sha1_base64="zO3npFVsJcMYwdmsbRFXWJrjvXE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBfVW9OKxgv2ANpTNZtMu3WzC7kQopT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1IpDLrut1NYW9/Y3Cpul3Z29/YPyodHLZNkmvEmS2SiOwE1XArFmyhQ8k6qOY0DydvB6G7mt5+4NiJRjzhOuR/TgRKRYBSt1L7oyTBB0y9X3Ko7B1klXk4qkKPRL3/1woRlMVfIJDWm67kp+hOqUTDJp6VeZnhK2YgOeNdSRWNu/Mn83Ck5s0pIokTbUkjm6u+JCY2NGceB7YwpDs2yNxP/87oZRtf+RKg0Q67YYlGUSYIJmf1OQqE5Qzm2hDIt7K2EDammDG1CJRuCt/zyKmldVr1a9eahVqnf5nEU4QRO4Rw8uII63EMDmsBgBM/wCm9O6rw4787HorXg5DPH8AfO5w8nKo95</latexit>

+sin
⇣⇣

�1+�2+���d
2

⌘
⇡
⌘
sin

⇣⇣
�3+�4+���d

2

⌘
⇡
⌘ �

k2I
����d

2
�
1 + k2I + . . .

�
<latexit sha1_base64="xw1tTCqGyhxCwqGXGY7GS1mqFiw="></latexit>

�
k2I

���� d
2

<latexit sha1_base64="vMuXJgS4ToUYBsV1wfCURYeK+rc="></latexit>

sin
⇣⇣

�1+�2+��+J�d
2

⌘
⇡
⌘
sin

⇣⇣
�3+�4+��+J�d

2

⌘
⇡
⌘ �

k2I
���� d

2

<latexit sha1_base64="lkVKho/IqJfXiwglKKW4XyCnOFM="></latexit>

J

<latexit sha1_base64="qs/PlINMgOcl7r4Znyso8q5wkvk=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnpiNMkt6EU8JWAWSIbQ06lJ2vQsdPcIYcgXePGgiFc/yZt/Y2cRVPRBweO9KqrqebHgShPyYWVWVtfWN7Kbua3tnd29/P5BS0WJZNBkkYhkx6MKBA+hqbkW0Ikl0MAT0PbGVzO/fQ9S8Si81ZMY3IAOQ+5zRrWRGjf9fIHY5KLkFB1M7HPiVIpkQarlM+zYZI4CWqLez7/3BhFLAgg1E1SprkNi7aZUas4ETHO9REFM2ZgOoWtoSANQbjo/dIpPjDLAfiRNhRrP1e8TKQ2UmgSe6QyoHqnf3kz8y+sm2q+4KQ/jREPIFov8RGAd4dnXeMAlMC0mhlAmubkVsxGVlGmTTc6E8PUp/p+0irZTsquNUqF2uYwji47QMTpFDiqjGrpGddREDAF6QE/o2bqzHq0X63XRmrGWM4foB6y3T/OZjRE=</latexit>

J

<latexit sha1_base64="qs/PlINMgOcl7r4Znyso8q5wkvk=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnpiNMkt6EU8JWAWSIbQ06lJ2vQsdPcIYcgXePGgiFc/yZt/Y2cRVPRBweO9KqrqebHgShPyYWVWVtfWN7Kbua3tnd29/P5BS0WJZNBkkYhkx6MKBA+hqbkW0Ikl0MAT0PbGVzO/fQ9S8Si81ZMY3IAOQ+5zRrWRGjf9fIHY5KLkFB1M7HPiVIpkQarlM+zYZI4CWqLez7/3BhFLAgg1E1SprkNi7aZUas4ETHO9REFM2ZgOoWtoSANQbjo/dIpPjDLAfiRNhRrP1e8TKQ2UmgSe6QyoHqnf3kz8y+sm2q+4KQ/jREPIFov8RGAd4dnXeMAlMC0mhlAmubkVsxGVlGmTTc6E8PUp/p+0irZTsquNUqF2uYwji47QMTpFDiqjGrpGddREDAF6QE/o2bqzHq0X63XRmrGWM4foB6y3T/OZjRE=</latexit>

sin
⇣⇣

�1+�2+�++J�d
2

⌘
⇡
⌘
sin

⇣⇣
�3+�4+�++J�d

2

⌘
⇡
⌘ �

k2I
���� d

2

<latexit sha1_base64="BXgiF3x9H+5qnhenq1eYPKtEMCk="></latexit>

J

<latexit sha1_base64="qs/PlINMgOcl7r4Znyso8q5wkvk=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnpiNMkt6EU8JWAWSIbQ06lJ2vQsdPcIYcgXePGgiFc/yZt/Y2cRVPRBweO9KqrqebHgShPyYWVWVtfWN7Kbua3tnd29/P5BS0WJZNBkkYhkx6MKBA+hqbkW0Ikl0MAT0PbGVzO/fQ9S8Si81ZMY3IAOQ+5zRrWRGjf9fIHY5KLkFB1M7HPiVIpkQarlM+zYZI4CWqLez7/3BhFLAgg1E1SprkNi7aZUas4ETHO9REFM2ZgOoWtoSANQbjo/dIpPjDLAfiRNhRrP1e8TKQ2UmgSe6QyoHqnf3kz8y+sm2q+4KQ/jREPIFov8RGAd4dnXeMAlMC0mhlAmubkVsxGVlGmTTc6E8PUp/p+0irZTsquNUqF2uYwji47QMTpFDiqjGrpGddREDAF6QE/o2bqzHq0X63XRmrGWM4foB6y3T/OZjRE=</latexit>

J

<latexit sha1_base64="qs/PlINMgOcl7r4Znyso8q5wkvk=">AAAB6HicdVDJSgNBEO2JW4xb1KOXxiB4GnpiNMkt6EU8JWAWSIbQ06lJ2vQsdPcIYcgXePGgiFc/yZt/Y2cRVPRBweO9KqrqebHgShPyYWVWVtfWN7Kbua3tnd29/P5BS0WJZNBkkYhkx6MKBA+hqbkW0Ikl0MAT0PbGVzO/fQ9S8Si81ZMY3IAOQ+5zRrWRGjf9fIHY5KLkFB1M7HPiVIpkQarlM+zYZI4CWqLez7/3BhFLAgg1E1SprkNi7aZUas4ETHO9REFM2ZgOoWtoSANQbjo/dIpPjDLAfiRNhRrP1e8TKQ2UmgSe6QyoHqnf3kz8y+sm2q+4KQ/jREPIFov8RGAd4dnXeMAlMC0mhlAmubkVsxGVlGmTTc6E8PUp/p+0irZTsquNUqF2uYwji47QMTpFDiqjGrpGddREDAF6QE/o2bqzHq0X63XRmrGWM4foB6y3T/OZjRE=</latexit>

�
k2I
��+� d

2

<latexit sha1_base64="ZgX2O9vqCDpwZtx6e8bHpZSqTyQ="></latexit>

C
( d�2

2 )
J (cos ✓)

<latexit sha1_base64="m/MHMww/l4MV3SUUHosNUZInPVY="></latexit>

angular dependence, 
(Gegenbauer polynomial)

non-analytic

, EFT expansion⇠ H
2
/m

2

<latexit sha1_base64="ldu6u4wUZTAnmLXdAbvIc9Say/U=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAguJCZpqe2u6KbLCvYBTVom00k7dCYJMxOllP6HGxeKuPVf3Pk3TtoIKnrgwuGce7n3Hj9mVCrL+jBWVtfWNzZzW/ntnd29/cLBYVtGicCkhSMWia6PJGE0JC1FFSPdWBDEfUY6/uQ69Tt3REgahbdqGhOPo1FIA4qR0lLflZS757DRdy543xkUipZZq5YrJQtaprVASpyS5VSgnSlFkKE5KLy7wwgnnIQKMyRlz7Zi5c2QUBQzMs+7iSQxwhM0Ij1NQ8SJ9GaLq+fwVCtDGERCV6jgQv0+MUNcyin3dSdHaix/e6n4l9dLVFD1ZjSME0VCvFwUJAyqCKYRwCEVBCs21QRhQfWtEI+RQFjpoPI6hK9P4f+k7Zh22azdlIv1qyyOHDgGJ+AM2OAS1EEDNEELYCDAA3gCz8a98Wi8GK/L1hUjmzkCP2C8fQL87ZGO</latexit>

External conformally coupled/massless scalars: 
 Arkani-Hamed and Maldacena 2015; 

Arkani-Hamed, Baumann, Lee and Pimentel 2018  

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

±̂ branch

<latexit sha1_base64="rbLkC0MfRX3FFkOFp5Em+5ZMry4=">AAACA3icbVA9SwNBEN2LXzF+ndppsxgECwl3ElC7oI1lBPMBuRD2Nptkye7esTsnhiNg41+xsVDE1j9h579xk1yhiQ8GHu/NMDMvjAU34HnfTm5peWV1Lb9e2Njc2t5xd/fqJko0ZTUaiUg3Q2KY4IrVgINgzVgzIkPBGuHweuI37pk2PFJ3MIpZW5K+4j1OCVip4x6kwYAADmI5Dk5xAOwB0lATRQfjjlv0St4UeJH4GSmiDNWO+xV0I5pIpoAKYkzL92Jop0QDp4KNC0FiWEzokPRZy1JFJDPtdPrDGB9bpYt7kbalAE/V3xMpkcaMZGg7JYGBmfcm4n9eK4HeRTvlKk6AKTpb1EsEhghPAsFdrhkFMbKEUM3trZgOiCYUbGwFG4I///IiqZ+V/HLp8rZcrFxlceTRITpCJ8hH56iCblAV1RBFj+gZvaI358l5cd6dj1lrzslm9tEfOJ8/E2aX1A==</latexit>

u,kI

<latexit sha1_base64="E5f3qigSJ+z4O5E6j8BUGukV9fo=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4kLArgXgMetFbBPOAJITZSW8yZPbBTK8Ylr158Ve8eFDEq7/gzb9xkuxBEwsaiqru6elyIyk02va3tbS8srq2ntvIb25t7+wW9vYbOowVhzoPZahaLtMgRQB1FCihFSlgviuh6Y6uJn7zHpQWYXCH4wi6PhsEwhOcoZF6haMOwgNO30lcGUOaxOkZTTquR0dp76ZXKNolewq6SJyMFEmGWq/w1emHPPYhQC6Z1m3HjrCbMIWCS0jznVhDxPiIDaBtaMB80N1kuj+lJ0bpUy9UpgKkU/X3RMJ8rce+azp9hkM9703E/7x2jN5FNxFBFCMEfLbIiyXFkE5CoX2hgKMcG8K4EuavlA+ZYhxNdHkTgjN/8iJpnJeccqlyWy5WL7M4cuSQHJNT4pAKqZJrUiN1wskjeSav5M16sl6sd+tj1rpkZTMH5A+szx+f25nJ</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

�+, J

<latexit sha1_base64="WbrkHyQkxQUSIv8PseQ8oNxgM/E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIsgKCWRgnor6kE8VbAf2Iay2U7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdKO823llpZXVtfy64WNza3tneLuXkNFiaRYpxGPZMsnCjkTWNdMc2zFEknoc2z6w+uJ33xCqVgkHvQoRi8kfcECRok20mPnBrkm3ZPTu26x5JSdKexF4makBBlq3eJXpxfRJEShKSdKtV0n1l5KpGaU47jQSRTGhA5JH9uGChKi8tLpxWP7yCg9O4ikKaHtqfp7IiWhUqPQN50h0QM1703E/7x2ooMLL2UiTjQKOlsUJNzWkT153+4xiVTzkSGESmZutemASEK1CalgQnDnX14kjbOyWylf3ldK1assjjwcwCEcgwvnUIVbqEEdKAh4hld4s5T1Yr1bH7PWnJXN7MMfWJ8/hwWQMA==</latexit>

± branch

<latexit sha1_base64="Q2/fr2DfDj7NFD4CDnx+JML/oaY=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwX5AE8pmu2mXbjZhdyKGUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFySCa3Ccb2tldW19Y7O0Vd7e2d3btw8O2zpOFWUtGotYdQOimeCStYCDYN1EMRIFgnWC8c3U7zwwpXks7yFLmB+RoeQhpwSM1LcrXhJ5Z9gD9gh5oIiko0nfrjo1Zwa8TNyCVFGBZt/+8gYxTSMmgQqidc91EvBzooBTwSZlL9UsIXRMhqxnqCQR034+O36CT4wywGGsTEnAM/X3RE4irbMoMJ0RgZFe9Kbif14vhfDSz7lMUmCSzheFqcAQ42kSeMAVoyAyQwhV3NyK6YgoQsHkVTYhuIsvL5P2ec2t167u6tXGdRFHCR2hY3SKXHSBGugWNVELUZShZ/SK3qwn68V6tz7mrStWMVNBf2B9/gC/L5Td</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

ū,�kI

<latexit sha1_base64="twC3SYsePjumlVzWCSueGhXg4ho=">AAACD3icbZC7SgNBFIZn4y3GW9TSZjAoFhp2JRDLoI12EcwFkhBmJ2eTIbMXZs6KYdk3sPFVbCwUsbW1822cXApNPDDw8f/nzJz53UgKjbb9bWWWlldW17LruY3Nre2d/O5eXYex4lDjoQxV02UapAighgIlNCMFzHclNNzh1dhv3IPSIgzucBRBx2f9QHiCMzRSN3/cRnjAyT2JK2NIk6TtMkXjND2lZ4Y9Oky7N918wS7ak6KL4MygQGZV7ea/2r2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukme6T0yCg96oXKnADpRP09kTBf65Hvmk6f4UDPe2PxP68Vo3fRSUQQxQgBnz7kxZJiSMfh0J5QwFGODDCuhNmV8gFTjKOJMGdCcOa/vAj186JTKpZvS4XK5SyOLDkgh+SEOKRMKuSaVEmNcPJInskrebOerBfr3fqYtmas2cw++VPW5w+B65zv</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

��, J

<latexit sha1_base64="t07PU+ij0/d13fFjnwprIvz74Q0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgQUsiBfVW1IN4qmA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKLS2vrK7l1wsbm1vbO8XdvYaKEkmxTiMeyZZPFHImsK6Z5tiKJZLQ59j0h9cTv/mEUrFIPOhRjF5I+oIFjBJtpMfODXJNuqcnd91iySk7U9iLxM1ICTLUusWvTi+iSYhCU06UartOrL2USM0ox3GhkyiMCR2SPrYNFSRE5aXTi8f2kVF6dhBJU0LbU/X3REpCpUahbzpDogdq3puI/3ntRAcXXspEnGgUdLYoSLitI3vyvt1jEqnmI0MIlczcatMBkYRqE1LBhODOv7xIGmdlt1K+vK+UqldZHHk4gEM4BhfOoQq3UIM6UBDwDK/wZinrxXq3PmatOSub2Yc/sD5/AIoRkDI=</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

⇠ (|kI |)�2(u+ū)

<latexit sha1_base64="14tyygZG499ajAi6CjshB2ryFoQ="></latexit>

contact terms

= csc (⇡ (u+ ū))
X

±±̂

<latexit sha1_base64="BXMDJqY3iwkE20amKKaD0IabwUA="></latexit>

integration contour



Constraints on Massless Particles
Toy model: Cubic coupling of a massless spin-J field to scalars.

�+
3 = d� 2 + J

<latexit sha1_base64="jW5LRhj17JkTQpYh5FdL01Mkt8c=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0UQiiGp9dGFUNSFuKpgH9DGMJlO2qGTSZiZFEron7hxoYhb/8Sdf+P0Ifg8cOFwzr3ce48fMyqVbb8bmbn5hcWl7HJuZXVtfcPc3KrLKBGY1HDEItH0kSSMclJTVDHSjAVBoc9Iw+9fjP3GgAhJI36rhjFxQ9TlNKAYKS15ptm+JEyhu4J3eNY5KBauPTNvW0e2Uz524G/iWPYEeTBD1TPf2p0IJyHhCjMkZcuxY+WmSCiKGRnl2okkMcJ91CUtTTkKiXTTyeUjuKeVDgwioYsrOFG/TqQolHIY+rozRKonf3pj8S+vlajg1E0pjxNFOJ4uChIGVQTHMcAOFQQrNtQEYUH1rRD3kEBY6bByOoTPT+H/pF60nJJVvinlK+ezOLJgB+yCfeCAE1ABV6AKagCDAbgHj+DJSI0H49l4mbZmjNnMNvgG4/UDswCSbw==</latexit>

Decomposition into helicities m = 0, 1, …, J : 

�+
2 , 0

<latexit sha1_base64="CQhaQlvHqs4YG7/Uc9g+K4b8O/o=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiAISpgJAfUW1IPHCGaBzBh6OjVJk56F7h4hDPkNLx4U8erPePNv7CwHTXxQ8Hiviqp6fiK40rb9beVWVtfWN/Kbha3tnd294v5BU8WpZNhgsYhl26cKBY+wobkW2E4k0tAX2PKHNxO/9YRS8Th60KMEvZD2Ix5wRrWRXPcWhaaPZ93Kud0tluyyPQVZJs6clGCOerf45fZiloYYaSaoUh3HTrSXUak5EzguuKnChLIh7WPH0IiGqLxsevOYnBilR4JYmoo0maq/JzIaKjUKfdMZUj1Qi95E/M/rpDq49DIeJanGiM0WBakgOiaTAEiPS2RajAyhTHJzK2EDKinTJqaCCcFZfHmZNCtlp1q+uq+WatfzOPJwBMdwCg5cQA3uoA4NYJDAM7zCm5VaL9a79TFrzVnzmUP4A+vzB4r2kLo=</latexit>

�+
1 , 0

<latexit sha1_base64="3qhytAtqZb4KnIKrCgcAKwgMbwM=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAEJexKQL0F9eAxgnlAdg2zk9lkyOyDmV4hLPkNLx4U8erPePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUMd5gsYxV26eaSxHxBgqUvJ0oTkNf8pY/vJn4rSeutIijBxwl3AtpPxKBYBSN5Lq3XCJ9PO06Z3a3VLYr9hRkkTg5KUOOerf05fZiloY8Qiap1h3HTtDLqELBJB8X3VTzhLIh7fOOoRENufay6c1jcmyUHgliZSpCMlV/T2Q01HoU+qYzpDjQ895E/M/rpBhcepmIkhR5xGaLglQSjMkkANITijOUI0MoU8LcStiAKsrQxFQ0ITjzLy+S5nnFqVau7qvl2nUeRwEO4QhOwIELqMEd1KEBDBJ4hld4s1LrxXq3PmatS1Y+cwB/YH3+AIlwkLk=</latexit>

s1, k1

<latexit sha1_base64="wfay2nEn4kzfmXwJ32Fl+a/EY2c=">AAACCXicbVC7SgNBFJ31GeMramkzGASLEHYloGXQxjKCeUA2LLOTu8mQ2Qczd8WwbGvjr9hYKGLrH9j5N04ehSYeuHA4596Ze4+fSKHRtr+tldW19Y3NwlZxe2d3b790cNjScao4NHksY9XxmQYpImiiQAmdRAELfQltf3Q98dv3oLSIozscJ9AL2SASgeAMjeSVqIvwgNN3MgX9PNOek1fcSub6AR3lnuOVynbVnoIuE2dOymSOhlf6cvsxT0OIkEumddexE+xlTKHgEvKim2pIGB+xAXQNjVgIupdNN8jpqVH6NIiVqQjpVP09kbFQ63Hom86Q4VAvehPxP6+bYnDZy0SUpAgRn30UpJJiTCex0L5QwFGODWFcCbMr5UOmGEcTXtGE4CyevExa51WnVq3d1sr1q3kcBXJMTsgZccgFqZMb0iBNwskjeSav5M16sl6sd+tj1rpizWeOyB9Ynz+q05pL</latexit>

s2, k2

<latexit sha1_base64="G0qE++x1NSJ7bYzJDbemSad9M2s=">AAACCXicbVDJSgNBEO1xjXGLevTSGAQPEmZCQI9BLx4jmAUyw9DTU6NNeha6a8QwzNWLv+LFgyJe/QNv/o2d5eD2oODxXlV31QsyKTTa9qe1sLi0vLJaWauub2xubdd2dns6zRWHLk9lqgYB0yBFAl0UKGGQKWBxIKEfjM4nfv8WlBZpcoXjDLyYXSciEpyhkfwadRHucPpOoSAsC+03y2P3uHCDiI5Kv+nX6nbDnoL+Jc6c1MkcHb/24YYpz2NIkEum9dCxM/QKplBwCWXVzTVkjI/YNQwNTVgM2iumG5T00CghjVJlKkE6Vb9PFCzWehwHpjNmeKN/exPxP2+YY3TqFSLJcoSEzz6KckkxpZNYaCgUcJRjQxhXwuxK+Q1TjKMJr2pCcH6f/Jf0mg2n1Whdturts3kcFbJPDsgRccgJaZML0iFdwsk9eSTP5MV6sJ6sV+tt1rpgzWf2yA9Y71+t6JpN</latexit>

s3, k3

<latexit sha1_base64="vMUxWfsL6O8J9k2i1gT+dRaGung=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsQrgzAS2DNpYRTBRy4djbzCVL9j7YnRPDca2Nf8XGQhFb/4Gd/8bNmUKjDwYe783szjw/kUKjbX9aC4tLyyurpbXy+sbm1nZlZ7er41Rx6PBYxurGZxqkiKCDAiXcJApY6Eu49sfnU//6FpQWcXSFkwT6IRtGIhCcoZG8CnUR7rB4J1MwyDPtNfKaW8tcP6Dj3Gt4lapdtwvQv8SZkSqZoe1VPtxBzNMQIuSSad1z7AT7GVMouIS87KYaEsbHbAg9QyMWgu5nxQY5PTTKgAaxMhUhLdSfExkLtZ6EvukMGY70vDcV//N6KQan/UxESYoQ8e+PglRSjOk0FjoQCjjKiSGMK2F2pXzEFONowiubEJz5k/+S7nHdadabl81q62wWR4nskwNyRBxyQlrkgrRJh3ByTx7JM3mxHqwn69V6+25dsGYze+QXrPcvsP2aTw==</latexit>

�+
3 , J

<latexit sha1_base64="4vCF7ljaTUkPSEb1nOgBtzQw1mM=">AAAB83icbVDJSgNBEK1xjXGLevTSGARBCTMaUG9BPYinCGaBzBh6Oj1Jk56F7hohDPkNLx4U8erPePNv7CwHTXxQ8Hiviqp6fiKFRtv+thYWl5ZXVnNr+fWNza3tws5uXcepYrzGYhmrpk81lyLiNRQoeTNRnIa+5A2/fz3yG09caRFHDzhIuBfSbiQCwSgayXVvuET6eNw+O7lrF4p2yR6DzBNnSoowRbVd+HI7MUtDHiGTVOuWYyfoZVShYJIP826qeUJZn3Z5y9CIhlx72fjmITk0SocEsTIVIRmrvycyGmo9CH3TGVLs6VlvJP7ntVIMLrxMREmKPGKTRUEqCcZkFADpCMUZyoEhlClhbiWsRxVlaGLKmxCc2ZfnSf205JRLl/flYuVqGkcO9uEAjsCBc6jALVShBgwSeIZXeLNS68V6tz4mrQvWdGYP/sD6/AGz5JDV</latexit>

�+
2 , 0

<latexit sha1_base64="CQhaQlvHqs4YG7/Uc9g+K4b8O/o=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiAISpgJAfUW1IPHCGaBzBh6OjVJk56F7h4hDPkNLx4U8erPePNv7CwHTXxQ8Hiviqp6fiK40rb9beVWVtfWN/Kbha3tnd294v5BU8WpZNhgsYhl26cKBY+wobkW2E4k0tAX2PKHNxO/9YRS8Th60KMEvZD2Ix5wRrWRXPcWhaaPZ93Kud0tluyyPQVZJs6clGCOerf45fZiloYYaSaoUh3HTrSXUak5EzguuKnChLIh7WPH0IiGqLxsevOYnBilR4JYmoo0maq/JzIaKjUKfdMZUj1Qi95E/M/rpDq49DIeJanGiM0WBakgOiaTAEiPS2RajAyhTHJzK2EDKinTJqaCCcFZfHmZNCtlp1q+uq+WatfzOPJwBMdwCg5cQA3uoA4NYJDAM7zCm5VaL9a79TFrzVnzmUP4A+vzB4r2kLo=</latexit>

�+
1 , 0

<latexit sha1_base64="3qhytAtqZb4KnIKrCgcAKwgMbwM=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAEJexKQL0F9eAxgnlAdg2zk9lkyOyDmV4hLPkNLx4U8erPePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUMd5gsYxV26eaSxHxBgqUvJ0oTkNf8pY/vJn4rSeutIijBxwl3AtpPxKBYBSN5Lq3XCJ9PO06Z3a3VLYr9hRkkTg5KUOOerf05fZiloY8Qiap1h3HTtDLqELBJB8X3VTzhLIh7fOOoRENufay6c1jcmyUHgliZSpCMlV/T2Q01HoU+qYzpDjQ895E/M/rpBhcepmIkhR5xGaLglQSjMkkANITijOUI0MoU8LcStiAKsrQxFQ0ITjzLy+S5nnFqVau7qvl2nUeRwEO4QhOwIELqMEd1KEBDBJ4hld4s1LrxXq3PmatS1Y+cwB/YH3+AIlwkLk=</latexit>

s1, k1

<latexit sha1_base64="wfay2nEn4kzfmXwJ32Fl+a/EY2c=">AAACCXicbVC7SgNBFJ31GeMramkzGASLEHYloGXQxjKCeUA2LLOTu8mQ2Qczd8WwbGvjr9hYKGLrH9j5N04ehSYeuHA4596Ze4+fSKHRtr+tldW19Y3NwlZxe2d3b790cNjScao4NHksY9XxmQYpImiiQAmdRAELfQltf3Q98dv3oLSIozscJ9AL2SASgeAMjeSVqIvwgNN3MgX9PNOek1fcSub6AR3lnuOVynbVnoIuE2dOymSOhlf6cvsxT0OIkEumddexE+xlTKHgEvKim2pIGB+xAXQNjVgIupdNN8jpqVH6NIiVqQjpVP09kbFQ63Hom86Q4VAvehPxP6+bYnDZy0SUpAgRn30UpJJiTCex0L5QwFGODWFcCbMr5UOmGEcTXtGE4CyevExa51WnVq3d1sr1q3kcBXJMTsgZccgFqZMb0iBNwskjeSav5M16sl6sd+tj1rpizWeOyB9Ynz+q05pL</latexit>

s2, k2

<latexit sha1_base64="G0qE++x1NSJ7bYzJDbemSad9M2s=">AAACCXicbVDJSgNBEO1xjXGLevTSGAQPEmZCQI9BLx4jmAUyw9DTU6NNeha6a8QwzNWLv+LFgyJe/QNv/o2d5eD2oODxXlV31QsyKTTa9qe1sLi0vLJaWauub2xubdd2dns6zRWHLk9lqgYB0yBFAl0UKGGQKWBxIKEfjM4nfv8WlBZpcoXjDLyYXSciEpyhkfwadRHucPpOoSAsC+03y2P3uHCDiI5Kv+nX6nbDnoL+Jc6c1MkcHb/24YYpz2NIkEum9dCxM/QKplBwCWXVzTVkjI/YNQwNTVgM2iumG5T00CghjVJlKkE6Vb9PFCzWehwHpjNmeKN/exPxP2+YY3TqFSLJcoSEzz6KckkxpZNYaCgUcJRjQxhXwuxK+Q1TjKMJr2pCcH6f/Jf0mg2n1Whdturts3kcFbJPDsgRccgJaZML0iFdwsk9eSTP5MV6sJ6sV+tt1rpgzWf2yA9Y71+t6JpN</latexit>

s3, k3

<latexit sha1_base64="vMUxWfsL6O8J9k2i1gT+dRaGung=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsQrgzAS2DNpYRTBRy4djbzCVL9j7YnRPDca2Nf8XGQhFb/4Gd/8bNmUKjDwYe783szjw/kUKjbX9aC4tLyyurpbXy+sbm1nZlZ7er41Rx6PBYxurGZxqkiKCDAiXcJApY6Eu49sfnU//6FpQWcXSFkwT6IRtGIhCcoZG8CnUR7rB4J1MwyDPtNfKaW8tcP6Dj3Gt4lapdtwvQv8SZkSqZoe1VPtxBzNMQIuSSad1z7AT7GVMouIS87KYaEsbHbAg9QyMWgu5nxQY5PTTKgAaxMhUhLdSfExkLtZ6EvukMGY70vDcV//N6KQan/UxESYoQ8e+PglRSjOk0FjoQCjjKiSGMK2F2pXzEFONowiubEJz5k/+S7nHdadabl81q62wWR4nskwNyRBxyQlrkgrRJh3ByTx7JM3mxHqwn69V6+25dsGYze+QXrPcvsP2aTw==</latexit>

�+
3 , J

<latexit sha1_base64="4vCF7ljaTUkPSEb1nOgBtzQw1mM=">AAAB83icbVDJSgNBEK1xjXGLevTSGARBCTMaUG9BPYinCGaBzBh6Oj1Jk56F7hohDPkNLx4U8erPePNv7CwHTXxQ8Hiviqp6fiKFRtv+thYWl5ZXVnNr+fWNza3tws5uXcepYrzGYhmrpk81lyLiNRQoeTNRnIa+5A2/fz3yG09caRFHDzhIuBfSbiQCwSgayXVvuET6eNw+O7lrF4p2yR6DzBNnSoowRbVd+HI7MUtDHiGTVOuWYyfoZVShYJIP826qeUJZn3Z5y9CIhlx72fjmITk0SocEsTIVIRmrvycyGmo9CH3TGVLs6VlvJP7ntVIMLrxMREmKPGKTRUEqCcZkFADpCMUZyoEhlClhbiWsRxVlaGLKmxCc2ZfnSf205JRLl/flYuVqGkcO9uEAjsCBc6jALVShBgwSeIZXeLNS68V6tz4mrQvWdGYP/sD6/AGz5JDV</latexit>

= M (si, ✏i · kj , ✏i · ✏j)

<latexit sha1_base64="wmDJQjGWXunsZZfOPy8ajciCdB8="></latexit>

�+
2 , 0

<latexit sha1_base64="CQhaQlvHqs4YG7/Uc9g+K4b8O/o=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiAISpgJAfUW1IPHCGaBzBh6OjVJk56F7h4hDPkNLx4U8erPePNv7CwHTXxQ8Hiviqp6fiK40rb9beVWVtfWN/Kbha3tnd294v5BU8WpZNhgsYhl26cKBY+wobkW2E4k0tAX2PKHNxO/9YRS8Th60KMEvZD2Ix5wRrWRXPcWhaaPZ93Kud0tluyyPQVZJs6clGCOerf45fZiloYYaSaoUh3HTrSXUak5EzguuKnChLIh7WPH0IiGqLxsevOYnBilR4JYmoo0maq/JzIaKjUKfdMZUj1Qi95E/M/rpDq49DIeJanGiM0WBakgOiaTAEiPS2RajAyhTHJzK2EDKinTJqaCCcFZfHmZNCtlp1q+uq+WatfzOPJwBMdwCg5cQA3uoA4NYJDAM7zCm5VaL9a79TFrzVnzmUP4A+vzB4r2kLo=</latexit>

�+
1 , 0

<latexit sha1_base64="3qhytAtqZb4KnIKrCgcAKwgMbwM=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAEJexKQL0F9eAxgnlAdg2zk9lkyOyDmV4hLPkNLx4U8erPePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUMd5gsYxV26eaSxHxBgqUvJ0oTkNf8pY/vJn4rSeutIijBxwl3AtpPxKBYBSN5Lq3XCJ9PO06Z3a3VLYr9hRkkTg5KUOOerf05fZiloY8Qiap1h3HTtDLqELBJB8X3VTzhLIh7fOOoRENufay6c1jcmyUHgliZSpCMlV/T2Q01HoU+qYzpDjQ895E/M/rpBhcepmIkhR5xGaLglQSjMkkANITijOUI0MoU8LcStiAKsrQxFQ0ITjzLy+S5nnFqVau7qvl2nUeRwEO4QhOwIELqMEd1KEBDBJ4hld4s1LrxXq3PmatS1Y+cwB/YH3+AIlwkLk=</latexit>

s1, k1

<latexit sha1_base64="wfay2nEn4kzfmXwJ32Fl+a/EY2c=">AAACCXicbVC7SgNBFJ31GeMramkzGASLEHYloGXQxjKCeUA2LLOTu8mQ2Qczd8WwbGvjr9hYKGLrH9j5N04ehSYeuHA4596Ze4+fSKHRtr+tldW19Y3NwlZxe2d3b790cNjScao4NHksY9XxmQYpImiiQAmdRAELfQltf3Q98dv3oLSIozscJ9AL2SASgeAMjeSVqIvwgNN3MgX9PNOek1fcSub6AR3lnuOVynbVnoIuE2dOymSOhlf6cvsxT0OIkEumddexE+xlTKHgEvKim2pIGB+xAXQNjVgIupdNN8jpqVH6NIiVqQjpVP09kbFQ63Hom86Q4VAvehPxP6+bYnDZy0SUpAgRn30UpJJiTCex0L5QwFGODWFcCbMr5UOmGEcTXtGE4CyevExa51WnVq3d1sr1q3kcBXJMTsgZccgFqZMb0iBNwskjeSav5M16sl6sd+tj1rpizWeOyB9Ynz+q05pL</latexit>

s2, k2

<latexit sha1_base64="G0qE++x1NSJ7bYzJDbemSad9M2s=">AAACCXicbVDJSgNBEO1xjXGLevTSGAQPEmZCQI9BLx4jmAUyw9DTU6NNeha6a8QwzNWLv+LFgyJe/QNv/o2d5eD2oODxXlV31QsyKTTa9qe1sLi0vLJaWauub2xubdd2dns6zRWHLk9lqgYB0yBFAl0UKGGQKWBxIKEfjM4nfv8WlBZpcoXjDLyYXSciEpyhkfwadRHucPpOoSAsC+03y2P3uHCDiI5Kv+nX6nbDnoL+Jc6c1MkcHb/24YYpz2NIkEum9dCxM/QKplBwCWXVzTVkjI/YNQwNTVgM2iumG5T00CghjVJlKkE6Vb9PFCzWehwHpjNmeKN/exPxP2+YY3TqFSLJcoSEzz6KckkxpZNYaCgUcJRjQxhXwuxK+Q1TjKMJr2pCcH6f/Jf0mg2n1Whdturts3kcFbJPDsgRccgJaZML0iFdwsk9eSTP5MV6sJ6sV+tt1rpgzWf2yA9Y71+t6JpN</latexit>

s3, k3

<latexit sha1_base64="vMUxWfsL6O8J9k2i1gT+dRaGung=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsQrgzAS2DNpYRTBRy4djbzCVL9j7YnRPDca2Nf8XGQhFb/4Gd/8bNmUKjDwYe783szjw/kUKjbX9aC4tLyyurpbXy+sbm1nZlZ7er41Rx6PBYxurGZxqkiKCDAiXcJApY6Eu49sfnU//6FpQWcXSFkwT6IRtGIhCcoZG8CnUR7rB4J1MwyDPtNfKaW8tcP6Dj3Gt4lapdtwvQv8SZkSqZoe1VPtxBzNMQIuSSad1z7AT7GVMouIS87KYaEsbHbAg9QyMWgu5nxQY5PTTKgAaxMhUhLdSfExkLtZ6EvukMGY70vDcV//N6KQan/UxESYoQ8e+PglRSjOk0FjoQCjjKiSGMK2F2pXzEFONowiubEJz5k/+S7nHdadabl81q62wWR4nskwNyRBxyQlrkgrRJh3ByTx7JM3mxHqwn69V6+25dsGYze+QXrPcvsP2aTw==</latexit>

�+
3 , J

<latexit sha1_base64="4vCF7ljaTUkPSEb1nOgBtzQw1mM=">AAAB83icbVDJSgNBEK1xjXGLevTSGARBCTMaUG9BPYinCGaBzBh6Oj1Jk56F7hohDPkNLx4U8erPePNv7CwHTXxQ8Hiviqp6fiKFRtv+thYWl5ZXVnNr+fWNza3tws5uXcepYrzGYhmrpk81lyLiNRQoeTNRnIa+5A2/fz3yG09caRFHDzhIuBfSbiQCwSgayXVvuET6eNw+O7lrF4p2yR6DzBNnSoowRbVd+HI7MUtDHiGTVOuWYyfoZVShYJIP826qeUJZn3Z5y9CIhlx72fjmITk0SocEsTIVIRmrvycyGmo9CH3TGVLs6VlvJP7ntVIMLrxMREmKPGKTRUEqCcZkFADpCMUZyoEhlClhbiWsRxVlaGLKmxCc2ZfnSf205JRLl/flYuVqGkcO9uEAjsCBc6jALVShBgwSeIZXeLNS68V6tz4mrQvWdGYP/sD6/AGz5JDV</latexit>

+

<latexit sha1_base64="5gUpEueemIOpL4kdq4Bq/9+7w9Q=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXAuot6MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv5rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSE1/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7FXKN/VKqXqbxZGHEziFc/DgCqpwDzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3VljLs=</latexit>

m = J

<latexit sha1_base64="RxK54WDR5KcAx6EZtXUDJUi+yso=">AAAB6nicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrBfUgFL2Ip4r2A9qlZNNsG5pklyQrlKU/wYsHRbz6i7z5b0zbPWjrg4HHezPMzAsTzrTxvG+nsLK6tr5R3Cxtbe/s7rn7B00dp4rQBol5rNoh1pQzSRuGGU7biaJYhJy2wtHN1G89UaVZLB/NOKGBwAPJIkawsdKDuLrruWWv4s2AlomfkzLkqPfcr24/Jqmg0hCOte74XmKCDCvDCKeTUjfVNMFkhAe0Y6nEguogm506QSdW6aMoVrakQTP190SGhdZjEdpOgc1QL3pT8T+vk5roIsiYTFJDJZkvilKOTIymf6M+U5QYPrYEE8XsrYgMscLE2HRKNgR/8eVl0jyr+NXK5X21XLvO4yjCERzDKfhwDjW4hTo0gMAAnuEV3hzuvDjvzse8teDkM4fwB87nD/D5jZg=</latexit>

m = J

<latexit sha1_base64="RxK54WDR5KcAx6EZtXUDJUi+yso=">AAAB6nicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrBfUgFL2Ip4r2A9qlZNNsG5pklyQrlKU/wYsHRbz6i7z5b0zbPWjrg4HHezPMzAsTzrTxvG+nsLK6tr5R3Cxtbe/s7rn7B00dp4rQBol5rNoh1pQzSRuGGU7biaJYhJy2wtHN1G89UaVZLB/NOKGBwAPJIkawsdKDuLrruWWv4s2AlomfkzLkqPfcr24/Jqmg0hCOte74XmKCDCvDCKeTUjfVNMFkhAe0Y6nEguogm506QSdW6aMoVrakQTP190SGhdZjEdpOgc1QL3pT8T+vk5roIsiYTFJDJZkvilKOTIymf6M+U5QYPrYEE8XsrYgMscLE2HRKNgR/8eVl0jyr+NXK5X21XLvO4yjCERzDKfhwDjW4hTo0gMAAnuEV3hzuvDjvzse8teDkM4fwB87nD/D5jZg=</latexit>

M 0 (si, ✏ · ki) = M (J) (si, ✏ · ki) +
J�1X

m=0

M (m) (si, ✏ · ki)

<latexit sha1_base64="FINDHDDJSJrAqeLoiVWgxIlljVU="></latexit>

lower helicity components 

 cannot contain bulk contact terms 

gauge 
invariance

i.e. no singularity in ET = |k1|+ |k2|+ |k3| ! 0

<latexit sha1_base64="qkrlaTbnJpgwtvQ8geqS5MxF+Rk=">AAACGHicdVBJSwMxGM241rqNevQSLIIgjDO1uByEoggeK3SDzjBk0kwbmllIMkKZ9md48a948aCI1978N2baKnV7EPJ47/tI3vNiRoU0zXdtbn5hcWk5t5JfXVvf2NS3tusiSjgmNRyxiDc9JAijIalJKhlpxpygwGOk4fWuMr9xR7igUViV/Zg4AeqE1KcYSSW5+tG1W4UXcJDang97Q9caHH7x4gw/HkBbRtB09YJpnJgZ4G9iGePbLIApKq4+stsRTgISSsyQEC3LjKWTIi4pZmSYtxNBYoR7qENaioYoIMJJx8GGcF8pbehHXJ1QwrE6u5GiQIh+4KnJAMmu+Oll4l9eK5H+mZPSME4kCfHkIT9hUEXMWoJtygmWrK8Iwpyqv0LcRRxhqbrMqxI+k8L/Sb1oWCXj/LZUKF9O68iBXbAHDoAFTkEZ3IAKqAEM7sEjeAYv2oP2pL1qb5PROW26swO+QRt9ADPUnqk=</latexit>



Constraints on Massless Particles
Toy model: Cubic coupling of a massless spin-J field to scalars.

�+
3 = d� 2 + J

<latexit sha1_base64="jW5LRhj17JkTQpYh5FdL01Mkt8c=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0UQiiGp9dGFUNSFuKpgH9DGMJlO2qGTSZiZFEron7hxoYhb/8Sdf+P0Ifg8cOFwzr3ce48fMyqVbb8bmbn5hcWl7HJuZXVtfcPc3KrLKBGY1HDEItH0kSSMclJTVDHSjAVBoc9Iw+9fjP3GgAhJI36rhjFxQ9TlNKAYKS15ptm+JEyhu4J3eNY5KBauPTNvW0e2Uz524G/iWPYEeTBD1TPf2p0IJyHhCjMkZcuxY+WmSCiKGRnl2okkMcJ91CUtTTkKiXTTyeUjuKeVDgwioYsrOFG/TqQolHIY+rozRKonf3pj8S+vlajg1E0pjxNFOJ4uChIGVQTHMcAOFQQrNtQEYUH1rRD3kEBY6bByOoTPT+H/pF60nJJVvinlK+ezOLJgB+yCfeCAE1ABV6AKagCDAbgHj+DJSI0H49l4mbZmjNnMNvgG4/UDswCSbw==</latexit>

M (m<J) (si, ✏ · ki) /
�
✏? · k12

�m �
d+2J

4 � (J �m)� s1 � s2 � s3
�
�
�
d+2J

4 � (J �m)� s1 � s2 � s3
�

<latexit sha1_base64="5PJkC11CACHxOK62wQc6nu2ekFM="></latexit>

M (m<J) (si, ✏ · ki) /
�
✏? · k12

�m �
d+2J

4 � (J �m)� s1 � s2 � s3
�
�
�
d+2J

4 � (J �m)� s1 � s2 � s3
�

<latexit sha1_base64="5PJkC11CACHxOK62wQc6nu2ekFM="></latexit>

�+
2 , 0

<latexit sha1_base64="CQhaQlvHqs4YG7/Uc9g+K4b8O/o=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiAISpgJAfUW1IPHCGaBzBh6OjVJk56F7h4hDPkNLx4U8erPePNv7CwHTXxQ8Hiviqp6fiK40rb9beVWVtfWN/Kbha3tnd294v5BU8WpZNhgsYhl26cKBY+wobkW2E4k0tAX2PKHNxO/9YRS8Th60KMEvZD2Ix5wRrWRXPcWhaaPZ93Kud0tluyyPQVZJs6clGCOerf45fZiloYYaSaoUh3HTrSXUak5EzguuKnChLIh7WPH0IiGqLxsevOYnBilR4JYmoo0maq/JzIaKjUKfdMZUj1Qi95E/M/rpDq49DIeJanGiM0WBakgOiaTAEiPS2RajAyhTHJzK2EDKinTJqaCCcFZfHmZNCtlp1q+uq+WatfzOPJwBMdwCg5cQA3uoA4NYJDAM7zCm5VaL9a79TFrzVnzmUP4A+vzB4r2kLo=</latexit>

�+
1 , 0

<latexit sha1_base64="3qhytAtqZb4KnIKrCgcAKwgMbwM=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAEJexKQL0F9eAxgnlAdg2zk9lkyOyDmV4hLPkNLx4U8erPePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUMd5gsYxV26eaSxHxBgqUvJ0oTkNf8pY/vJn4rSeutIijBxwl3AtpPxKBYBSN5Lq3XCJ9PO06Z3a3VLYr9hRkkTg5KUOOerf05fZiloY8Qiap1h3HTtDLqELBJB8X3VTzhLIh7fOOoRENufay6c1jcmyUHgliZSpCMlV/T2Q01HoU+qYzpDjQ895E/M/rpBhcepmIkhR5xGaLglQSjMkkANITijOUI0MoU8LcStiAKsrQxFQ0ITjzLy+S5nnFqVau7qvl2nUeRwEO4QhOwIELqMEd1KEBDBJ4hld4s1LrxXq3PmatS1Y+cwB/YH3+AIlwkLk=</latexit>

s1, k1

<latexit sha1_base64="wfay2nEn4kzfmXwJ32Fl+a/EY2c=">AAACCXicbVC7SgNBFJ31GeMramkzGASLEHYloGXQxjKCeUA2LLOTu8mQ2Qczd8WwbGvjr9hYKGLrH9j5N04ehSYeuHA4596Ze4+fSKHRtr+tldW19Y3NwlZxe2d3b790cNjScao4NHksY9XxmQYpImiiQAmdRAELfQltf3Q98dv3oLSIozscJ9AL2SASgeAMjeSVqIvwgNN3MgX9PNOek1fcSub6AR3lnuOVynbVnoIuE2dOymSOhlf6cvsxT0OIkEumddexE+xlTKHgEvKim2pIGB+xAXQNjVgIupdNN8jpqVH6NIiVqQjpVP09kbFQ63Hom86Q4VAvehPxP6+bYnDZy0SUpAgRn30UpJJiTCex0L5QwFGODWFcCbMr5UOmGEcTXtGE4CyevExa51WnVq3d1sr1q3kcBXJMTsgZccgFqZMb0iBNwskjeSav5M16sl6sd+tj1rpizWeOyB9Ynz+q05pL</latexit>

s2, k2

<latexit sha1_base64="G0qE++x1NSJ7bYzJDbemSad9M2s=">AAACCXicbVDJSgNBEO1xjXGLevTSGAQPEmZCQI9BLx4jmAUyw9DTU6NNeha6a8QwzNWLv+LFgyJe/QNv/o2d5eD2oODxXlV31QsyKTTa9qe1sLi0vLJaWauub2xubdd2dns6zRWHLk9lqgYB0yBFAl0UKGGQKWBxIKEfjM4nfv8WlBZpcoXjDLyYXSciEpyhkfwadRHucPpOoSAsC+03y2P3uHCDiI5Kv+nX6nbDnoL+Jc6c1MkcHb/24YYpz2NIkEum9dCxM/QKplBwCWXVzTVkjI/YNQwNTVgM2iumG5T00CghjVJlKkE6Vb9PFCzWehwHpjNmeKN/exPxP2+YY3TqFSLJcoSEzz6KckkxpZNYaCgUcJRjQxhXwuxK+Q1TjKMJr2pCcH6f/Jf0mg2n1Whdturts3kcFbJPDsgRccgJaZML0iFdwsk9eSTP5MV6sJ6sV+tt1rpgzWf2yA9Y71+t6JpN</latexit>

s3, k3

<latexit sha1_base64="vMUxWfsL6O8J9k2i1gT+dRaGung=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsQrgzAS2DNpYRTBRy4djbzCVL9j7YnRPDca2Nf8XGQhFb/4Gd/8bNmUKjDwYe783szjw/kUKjbX9aC4tLyyurpbXy+sbm1nZlZ7er41Rx6PBYxurGZxqkiKCDAiXcJApY6Eu49sfnU//6FpQWcXSFkwT6IRtGIhCcoZG8CnUR7rB4J1MwyDPtNfKaW8tcP6Dj3Gt4lapdtwvQv8SZkSqZoe1VPtxBzNMQIuSSad1z7AT7GVMouIS87KYaEsbHbAg9QyMWgu5nxQY5PTTKgAaxMhUhLdSfExkLtZ6EvukMGY70vDcV//N6KQan/UxESYoQ8e+PglRSjOk0FjoQCjjKiSGMK2F2pXzEFONowiubEJz5k/+S7nHdadabl81q62wWR4nskwNyRBxyQlrkgrRJh3ByTx7JM3mxHqwn69V6+25dsGYze+QXrPcvsP2aTw==</latexit>

�+
3 , J

<latexit sha1_base64="4vCF7ljaTUkPSEb1nOgBtzQw1mM=">AAAB83icbVDJSgNBEK1xjXGLevTSGARBCTMaUG9BPYinCGaBzBh6Oj1Jk56F7hohDPkNLx4U8erPePNv7CwHTXxQ8Hiviqp6fiKFRtv+thYWl5ZXVnNr+fWNza3tws5uXcepYrzGYhmrpk81lyLiNRQoeTNRnIa+5A2/fz3yG09caRFHDzhIuBfSbiQCwSgayXVvuET6eNw+O7lrF4p2yR6DzBNnSoowRbVd+HI7MUtDHiGTVOuWYyfoZVShYJIP826qeUJZn3Z5y9CIhlx72fjmITk0SocEsTIVIRmrvycyGmo9CH3TGVLs6VlvJP7ntVIMLrxMREmKPGKTRUEqCcZkFADpCMUZyoEhlClhbiWsRxVlaGLKmxCc2ZfnSf205JRLl/flYuVqGkcO9uEAjsCBc6jALVShBgwSeIZXeLNS68V6tz4mrQvWdGYP/sD6/AGz5JDV</latexit>

m = J

<latexit sha1_base64="RxK54WDR5KcAx6EZtXUDJUi+yso=">AAAB6nicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrBfUgFL2Ip4r2A9qlZNNsG5pklyQrlKU/wYsHRbz6i7z5b0zbPWjrg4HHezPMzAsTzrTxvG+nsLK6tr5R3Cxtbe/s7rn7B00dp4rQBol5rNoh1pQzSRuGGU7biaJYhJy2wtHN1G89UaVZLB/NOKGBwAPJIkawsdKDuLrruWWv4s2AlomfkzLkqPfcr24/Jqmg0hCOte74XmKCDCvDCKeTUjfVNMFkhAe0Y6nEguogm506QSdW6aMoVrakQTP190SGhdZjEdpOgc1QL3pT8T+vk5roIsiYTFJDJZkvilKOTIymf6M+U5QYPrYEE8XsrYgMscLE2HRKNgR/8eVl0jyr+NXK5X21XLvO4yjCERzDKfhwDjW4hTo0gMAAnuEV3hzuvDjvzse8teDkM4fwB87nD/D5jZg=</latexit>

Dilatation Ward identities

For each helicity component we have:



Gauge invariance requires that for the lower helicity components m < J we have:

Constraints on Massless Particles
Toy model: Cubic coupling of a massless spin-J field to scalars.

�+
3 = d� 2 + J

<latexit sha1_base64="jW5LRhj17JkTQpYh5FdL01Mkt8c=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0UQiiGp9dGFUNSFuKpgH9DGMJlO2qGTSZiZFEron7hxoYhb/8Sdf+P0Ifg8cOFwzr3ce48fMyqVbb8bmbn5hcWl7HJuZXVtfcPc3KrLKBGY1HDEItH0kSSMclJTVDHSjAVBoc9Iw+9fjP3GgAhJI36rhjFxQ9TlNKAYKS15ptm+JEyhu4J3eNY5KBauPTNvW0e2Uz524G/iWPYEeTBD1TPf2p0IJyHhCjMkZcuxY+WmSCiKGRnl2okkMcJ91CUtTTkKiXTTyeUjuKeVDgwioYsrOFG/TqQolHIY+rozRKonf3pj8S+vlajg1E0pjxNFOJ4uChIGVQTHMcAOFQQrNtQEYUH1rRD3kEBY6bByOoTPT+H/pF60nJJVvinlK+ezOLJgB+yCfeCAE1ABV6AKagCDAbgHj+DJSI0H49l4mbZmjNnMNvgG4/UDswCSbw==</latexit>

m < J

<latexit sha1_base64="OyOCaI5p4ByDj8W2mAdWnW7K1hA=">AAAB6nicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrBRU8FL2Ip4r2A9qlZNNsG5pklyQrlKU/wYsHRbz6i7z5b0zbPWjrg4HHezPMzAsTzrTxvG+nsLK6tr5R3Cxtbe/s7rn7B00dp4rQBol5rNoh1pQzSRuGGU7biaJYhJy2wtHN1G89UaVZLB/NOKGBwAPJIkawsdKDuLrruWWv4s2AlomfkzLkqPfcr24/Jqmg0hCOte74XmKCDCvDCKeTUjfVNMFkhAe0Y6nEguogm506QSdW6aMoVrakQTP190SGhdZjEdpOgc1QL3pT8T+vk5roIsiYTFJDJZkvilKOTIymf6M+U5QYPrYEE8XsrYgMscLE2HRKNgR/8eVl0jyr+NXK5X21XLvO4yjCERzDKfhwDjW4hTo0gMAAnuEV3hzuvDjvzse8teDkM4fwB87nD+90jZc=</latexit>

�+
2 , 0

<latexit sha1_base64="CQhaQlvHqs4YG7/Uc9g+K4b8O/o=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiAISpgJAfUW1IPHCGaBzBh6OjVJk56F7h4hDPkNLx4U8erPePNv7CwHTXxQ8Hiviqp6fiK40rb9beVWVtfWN/Kbha3tnd294v5BU8WpZNhgsYhl26cKBY+wobkW2E4k0tAX2PKHNxO/9YRS8Th60KMEvZD2Ix5wRrWRXPcWhaaPZ93Kud0tluyyPQVZJs6clGCOerf45fZiloYYaSaoUh3HTrSXUak5EzguuKnChLIh7WPH0IiGqLxsevOYnBilR4JYmoo0maq/JzIaKjUKfdMZUj1Qi95E/M/rpDq49DIeJanGiM0WBakgOiaTAEiPS2RajAyhTHJzK2EDKinTJqaCCcFZfHmZNCtlp1q+uq+WatfzOPJwBMdwCg5cQA3uoA4NYJDAM7zCm5VaL9a79TFrzVnzmUP4A+vzB4r2kLo=</latexit>

�+
1 , 0

<latexit sha1_base64="3qhytAtqZb4KnIKrCgcAKwgMbwM=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAEJexKQL0F9eAxgnlAdg2zk9lkyOyDmV4hLPkNLx4U8erPePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUMd5gsYxV26eaSxHxBgqUvJ0oTkNf8pY/vJn4rSeutIijBxwl3AtpPxKBYBSN5Lq3XCJ9PO06Z3a3VLYr9hRkkTg5KUOOerf05fZiloY8Qiap1h3HTtDLqELBJB8X3VTzhLIh7fOOoRENufay6c1jcmyUHgliZSpCMlV/T2Q01HoU+qYzpDjQ895E/M/rpBhcepmIkhR5xGaLglQSjMkkANITijOUI0MoU8LcStiAKsrQxFQ0ITjzLy+S5nnFqVau7qvl2nUeRwEO4QhOwIELqMEd1KEBDBJ4hld4s1LrxXq3PmatS1Y+cwB/YH3+AIlwkLk=</latexit>

s1, k1

<latexit sha1_base64="wfay2nEn4kzfmXwJ32Fl+a/EY2c=">AAACCXicbVC7SgNBFJ31GeMramkzGASLEHYloGXQxjKCeUA2LLOTu8mQ2Qczd8WwbGvjr9hYKGLrH9j5N04ehSYeuHA4596Ze4+fSKHRtr+tldW19Y3NwlZxe2d3b790cNjScao4NHksY9XxmQYpImiiQAmdRAELfQltf3Q98dv3oLSIozscJ9AL2SASgeAMjeSVqIvwgNN3MgX9PNOek1fcSub6AR3lnuOVynbVnoIuE2dOymSOhlf6cvsxT0OIkEumddexE+xlTKHgEvKim2pIGB+xAXQNjVgIupdNN8jpqVH6NIiVqQjpVP09kbFQ63Hom86Q4VAvehPxP6+bYnDZy0SUpAgRn30UpJJiTCex0L5QwFGODWFcCbMr5UOmGEcTXtGE4CyevExa51WnVq3d1sr1q3kcBXJMTsgZccgFqZMb0iBNwskjeSav5M16sl6sd+tj1rpizWeOyB9Ynz+q05pL</latexit>

s2, k2

<latexit sha1_base64="G0qE++x1NSJ7bYzJDbemSad9M2s=">AAACCXicbVDJSgNBEO1xjXGLevTSGAQPEmZCQI9BLx4jmAUyw9DTU6NNeha6a8QwzNWLv+LFgyJe/QNv/o2d5eD2oODxXlV31QsyKTTa9qe1sLi0vLJaWauub2xubdd2dns6zRWHLk9lqgYB0yBFAl0UKGGQKWBxIKEfjM4nfv8WlBZpcoXjDLyYXSciEpyhkfwadRHucPpOoSAsC+03y2P3uHCDiI5Kv+nX6nbDnoL+Jc6c1MkcHb/24YYpz2NIkEum9dCxM/QKplBwCWXVzTVkjI/YNQwNTVgM2iumG5T00CghjVJlKkE6Vb9PFCzWehwHpjNmeKN/exPxP2+YY3TqFSLJcoSEzz6KckkxpZNYaCgUcJRjQxhXwuxK+Q1TjKMJr2pCcH6f/Jf0mg2n1Whdturts3kcFbJPDsgRccgJaZML0iFdwsk9eSTP5MV6sJ6sV+tt1rpgzWf2yA9Y71+t6JpN</latexit>

s3, k3

<latexit sha1_base64="vMUxWfsL6O8J9k2i1gT+dRaGung=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsQrgzAS2DNpYRTBRy4djbzCVL9j7YnRPDca2Nf8XGQhFb/4Gd/8bNmUKjDwYe783szjw/kUKjbX9aC4tLyyurpbXy+sbm1nZlZ7er41Rx6PBYxurGZxqkiKCDAiXcJApY6Eu49sfnU//6FpQWcXSFkwT6IRtGIhCcoZG8CnUR7rB4J1MwyDPtNfKaW8tcP6Dj3Gt4lapdtwvQv8SZkSqZoe1VPtxBzNMQIuSSad1z7AT7GVMouIS87KYaEsbHbAg9QyMWgu5nxQY5PTTKgAaxMhUhLdSfExkLtZ6EvukMGY70vDcV//N6KQan/UxESYoQ8e+PglRSjOk0FjoQCjjKiSGMK2F2pXzEFONowiubEJz5k/+S7nHdadabl81q62wWR4nskwNyRBxyQlrkgrRJh3ByTx7JM3mxHqwn69V6+25dsGYze+QXrPcvsP2aTw==</latexit>

�+
3 , J

<latexit sha1_base64="4vCF7ljaTUkPSEb1nOgBtzQw1mM=">AAAB83icbVDJSgNBEK1xjXGLevTSGARBCTMaUG9BPYinCGaBzBh6Oj1Jk56F7hohDPkNLx4U8erPePNv7CwHTXxQ8Hiviqp6fiKFRtv+thYWl5ZXVnNr+fWNza3tws5uXcepYrzGYhmrpk81lyLiNRQoeTNRnIa+5A2/fz3yG09caRFHDzhIuBfSbiQCwSgayXVvuET6eNw+O7lrF4p2yR6DzBNnSoowRbVd+HI7MUtDHiGTVOuWYyfoZVShYJIP826qeUJZn3Z5y9CIhlx72fjmITk0SocEsTIVIRmrvycyGmo9CH3TGVLs6VlvJP7ntVIMLrxMREmKPGKTRUEqCcZkFADpCMUZyoEhlClhbiWsRxVlaGLKmxCc2ZfnSf205JRLl/flYuVqGkcO9uEAjsCBc6jALVShBgwSeIZXeLNS68V6tz4mrQvWdGYP/sD6/AGz5JDV</latexit>

M (m<J) (si, ✏ · ki) /
�
✏? · k12

�m �
d+2J

4 � (J �m)� s1 � s2 � s3
�
�
�
d+2J

4 � (J �m)� s1 � s2 � s3
�

<latexit sha1_base64="5PJkC11CACHxOK62wQc6nu2ekFM="></latexit>

M (m<J) (si, ✏ · ki) /
�
✏? · k12

�m �
d+2J

4 � (J �m)� s1 � s2 � s3
�
�
�
d+2J

4 � (J �m)� s1 � s2 � s3
�

<latexit sha1_base64="5PJkC11CACHxOK62wQc6nu2ekFM="></latexit>

This combination cancels the bulk contact singularity and replaces it with a boundary term:

lim
⌘0!0

Z ⌘0

�1
d⌘ @⌘

⇣
⌘

d+2J
4 �(J�m)�s1�s2�s3

⌘
= lim

⌘0!0

⇣
⌘

d+2J
4 �(J�m)�s1�s2�s3

0

⌘

<latexit sha1_base64="kLRXZ712VBT/PfOcBS+Pggzalj8="></latexit>

Scalars of unequal mass

�1 = �2 = �

<latexit sha1_base64="c1/9aMyovlvOBXW0knGxjJJt3y4=">AAACAXicdZDLSgMxFIYzXmu9jboR3ASL4GqYKcXLQijqwmUFe4F2KJn0TBuauZBkhDLUja/ixoUibn0Ld76NmXYKXg+EfPz/OSTn92LOpLLtD2NufmFxabmwUlxdW9/YNLe2GzJKBIU6jXgkWh6RwFkIdcUUh1YsgAQeh6Y3vMj85i0IyaLwRo1icAPSD5nPKFFa6pq7nUvginSdsxzKMzBLtnVkZ4V/g2NNbruE8qp1zfdOL6JJAKGinEjZduxYuSkRilEO42InkRATOiR9aGsMSQDSTScbjPGBVnrYj4Q+ocIT9etESgIpR4GnOwOiBvKnl4l/ee1E+SduysI4URDS6UN+wrGKcBYH7jEBVPGRBkIF03/FdEAEoUqHVtQhzDbF/0OjbDkV6/S6Uqqe53EU0B7aR4fIQceoiq5QDdURRXfoAT2hZ+PeeDRejNdp65yRz+ygb2W8fQJABZYm</latexit>

Scalars of equal mass
k � (k) =

Z
dx (�i@x)

�
eik·x

�

<latexit sha1_base64="rLC0tUd7xFkPO7ORTWTF9X9lBW0="></latexit>

cf.

(Consistent with Berends, Burgers and van Dam 1986 )



Gauge invariance requires that for the lower helicity components m < J we have:

Constraints on Massless Particles
Toy model: Cubic coupling of a massless spin-J field to scalars.

�+
3 = d� 2 + J

<latexit sha1_base64="jW5LRhj17JkTQpYh5FdL01Mkt8c=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0UQiiGp9dGFUNSFuKpgH9DGMJlO2qGTSZiZFEron7hxoYhb/8Sdf+P0Ifg8cOFwzr3ce48fMyqVbb8bmbn5hcWl7HJuZXVtfcPc3KrLKBGY1HDEItH0kSSMclJTVDHSjAVBoc9Iw+9fjP3GgAhJI36rhjFxQ9TlNKAYKS15ptm+JEyhu4J3eNY5KBauPTNvW0e2Uz524G/iWPYEeTBD1TPf2p0IJyHhCjMkZcuxY+WmSCiKGRnl2okkMcJ91CUtTTkKiXTTyeUjuKeVDgwioYsrOFG/TqQolHIY+rozRKonf3pj8S+vlajg1E0pjxNFOJ4uChIGVQTHMcAOFQQrNtQEYUH1rRD3kEBY6bByOoTPT+H/pF60nJJVvinlK+ezOLJgB+yCfeCAE1ABV6AKagCDAbgHj+DJSI0H49l4mbZmjNnMNvgG4/UDswCSbw==</latexit>

m < J

<latexit sha1_base64="OyOCaI5p4ByDj8W2mAdWnW7K1hA=">AAAB6nicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrBRU8FL2Ip4r2A9qlZNNsG5pklyQrlKU/wYsHRbz6i7z5b0zbPWjrg4HHezPMzAsTzrTxvG+nsLK6tr5R3Cxtbe/s7rn7B00dp4rQBol5rNoh1pQzSRuGGU7biaJYhJy2wtHN1G89UaVZLB/NOKGBwAPJIkawsdKDuLrruWWv4s2AlomfkzLkqPfcr24/Jqmg0hCOte74XmKCDCvDCKeTUjfVNMFkhAe0Y6nEguogm506QSdW6aMoVrakQTP190SGhdZjEdpOgc1QL3pT8T+vk5roIsiYTFJDJZkvilKOTIymf6M+U5QYPrYEE8XsrYgMscLE2HRKNgR/8eVl0jyr+NXK5X21XLvO4yjCERzDKfhwDjW4hTo0gMAAnuEV3hzuvDjvzse8teDkM4fwB87nD+90jZc=</latexit>

�+
2 , 0

<latexit sha1_base64="CQhaQlvHqs4YG7/Uc9g+K4b8O/o=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiAISpgJAfUW1IPHCGaBzBh6OjVJk56F7h4hDPkNLx4U8erPePNv7CwHTXxQ8Hiviqp6fiK40rb9beVWVtfWN/Kbha3tnd294v5BU8WpZNhgsYhl26cKBY+wobkW2E4k0tAX2PKHNxO/9YRS8Th60KMEvZD2Ix5wRrWRXPcWhaaPZ93Kud0tluyyPQVZJs6clGCOerf45fZiloYYaSaoUh3HTrSXUak5EzguuKnChLIh7WPH0IiGqLxsevOYnBilR4JYmoo0maq/JzIaKjUKfdMZUj1Qi95E/M/rpDq49DIeJanGiM0WBakgOiaTAEiPS2RajAyhTHJzK2EDKinTJqaCCcFZfHmZNCtlp1q+uq+WatfzOPJwBMdwCg5cQA3uoA4NYJDAM7zCm5VaL9a79TFrzVnzmUP4A+vzB4r2kLo=</latexit>

�+
1 , 0

<latexit sha1_base64="3qhytAtqZb4KnIKrCgcAKwgMbwM=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAEJexKQL0F9eAxgnlAdg2zk9lkyOyDmV4hLPkNLx4U8erPePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUMd5gsYxV26eaSxHxBgqUvJ0oTkNf8pY/vJn4rSeutIijBxwl3AtpPxKBYBSN5Lq3XCJ9PO06Z3a3VLYr9hRkkTg5KUOOerf05fZiloY8Qiap1h3HTtDLqELBJB8X3VTzhLIh7fOOoRENufay6c1jcmyUHgliZSpCMlV/T2Q01HoU+qYzpDjQ895E/M/rpBhcepmIkhR5xGaLglQSjMkkANITijOUI0MoU8LcStiAKsrQxFQ0ITjzLy+S5nnFqVau7qvl2nUeRwEO4QhOwIELqMEd1KEBDBJ4hld4s1LrxXq3PmatS1Y+cwB/YH3+AIlwkLk=</latexit>

s1, k1

<latexit sha1_base64="wfay2nEn4kzfmXwJ32Fl+a/EY2c=">AAACCXicbVC7SgNBFJ31GeMramkzGASLEHYloGXQxjKCeUA2LLOTu8mQ2Qczd8WwbGvjr9hYKGLrH9j5N04ehSYeuHA4596Ze4+fSKHRtr+tldW19Y3NwlZxe2d3b790cNjScao4NHksY9XxmQYpImiiQAmdRAELfQltf3Q98dv3oLSIozscJ9AL2SASgeAMjeSVqIvwgNN3MgX9PNOek1fcSub6AR3lnuOVynbVnoIuE2dOymSOhlf6cvsxT0OIkEumddexE+xlTKHgEvKim2pIGB+xAXQNjVgIupdNN8jpqVH6NIiVqQjpVP09kbFQ63Hom86Q4VAvehPxP6+bYnDZy0SUpAgRn30UpJJiTCex0L5QwFGODWFcCbMr5UOmGEcTXtGE4CyevExa51WnVq3d1sr1q3kcBXJMTsgZccgFqZMb0iBNwskjeSav5M16sl6sd+tj1rpizWeOyB9Ynz+q05pL</latexit>

s2, k2

<latexit sha1_base64="G0qE++x1NSJ7bYzJDbemSad9M2s=">AAACCXicbVDJSgNBEO1xjXGLevTSGAQPEmZCQI9BLx4jmAUyw9DTU6NNeha6a8QwzNWLv+LFgyJe/QNv/o2d5eD2oODxXlV31QsyKTTa9qe1sLi0vLJaWauub2xubdd2dns6zRWHLk9lqgYB0yBFAl0UKGGQKWBxIKEfjM4nfv8WlBZpcoXjDLyYXSciEpyhkfwadRHucPpOoSAsC+03y2P3uHCDiI5Kv+nX6nbDnoL+Jc6c1MkcHb/24YYpz2NIkEum9dCxM/QKplBwCWXVzTVkjI/YNQwNTVgM2iumG5T00CghjVJlKkE6Vb9PFCzWehwHpjNmeKN/exPxP2+YY3TqFSLJcoSEzz6KckkxpZNYaCgUcJRjQxhXwuxK+Q1TjKMJr2pCcH6f/Jf0mg2n1Whdturts3kcFbJPDsgRccgJaZML0iFdwsk9eSTP5MV6sJ6sV+tt1rpgzWf2yA9Y71+t6JpN</latexit>

s3, k3

<latexit sha1_base64="vMUxWfsL6O8J9k2i1gT+dRaGung=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsQrgzAS2DNpYRTBRy4djbzCVL9j7YnRPDca2Nf8XGQhFb/4Gd/8bNmUKjDwYe783szjw/kUKjbX9aC4tLyyurpbXy+sbm1nZlZ7er41Rx6PBYxurGZxqkiKCDAiXcJApY6Eu49sfnU//6FpQWcXSFkwT6IRtGIhCcoZG8CnUR7rB4J1MwyDPtNfKaW8tcP6Dj3Gt4lapdtwvQv8SZkSqZoe1VPtxBzNMQIuSSad1z7AT7GVMouIS87KYaEsbHbAg9QyMWgu5nxQY5PTTKgAaxMhUhLdSfExkLtZ6EvukMGY70vDcV//N6KQan/UxESYoQ8e+PglRSjOk0FjoQCjjKiSGMK2F2pXzEFONowiubEJz5k/+S7nHdadabl81q62wWR4nskwNyRBxyQlrkgrRJh3ByTx7JM3mxHqwn69V6+25dsGYze+QXrPcvsP2aTw==</latexit>

�+
3 , J

<latexit sha1_base64="4vCF7ljaTUkPSEb1nOgBtzQw1mM=">AAAB83icbVDJSgNBEK1xjXGLevTSGARBCTMaUG9BPYinCGaBzBh6Oj1Jk56F7hohDPkNLx4U8erPePNv7CwHTXxQ8Hiviqp6fiKFRtv+thYWl5ZXVnNr+fWNza3tws5uXcepYrzGYhmrpk81lyLiNRQoeTNRnIa+5A2/fz3yG09caRFHDzhIuBfSbiQCwSgayXVvuET6eNw+O7lrF4p2yR6DzBNnSoowRbVd+HI7MUtDHiGTVOuWYyfoZVShYJIP826qeUJZn3Z5y9CIhlx72fjmITk0SocEsTIVIRmrvycyGmo9CH3TGVLs6VlvJP7ntVIMLrxMREmKPGKTRUEqCcZkFADpCMUZyoEhlClhbiWsRxVlaGLKmxCc2ZfnSf205JRLl/flYuVqGkcO9uEAjsCBc6jALVShBgwSeIZXeLNS68V6tz4mrQvWdGYP/sD6/AGz5JDV</latexit>

M (m<J) (si, ✏ · ki) /
�
✏? · k12

�m �
d+2J

4 � (J �m)� s1 � s2 � s3
�
�
�
d+2J

4 � (J �m)� s1 � s2 � s3
�

<latexit sha1_base64="5PJkC11CACHxOK62wQc6nu2ekFM="></latexit>

M (m<J) (si, ✏ · ki) /
�
✏? · k12

�m �
d+2J

4 � (J �m)� s1 � s2 � s3
�
�
�
d+2J

4 � (J �m)� s1 � s2 � s3
�

<latexit sha1_base64="5PJkC11CACHxOK62wQc6nu2ekFM="></latexit>

A non-trivial Ward-Takahashi identity is generated by the finite number of poles that satisfy:

d+ 2J

4
� (J �m)� s1 � s2 � s3 = 0

<latexit sha1_base64="LUB4IvGl1Ohc9xYI4bLXYOv3Hu8=">AAACFnicbVDLSsNAFJ34rPVVdekmWISKpCS1oC6EohvpqoJ9QFPKZDJph84kYeZGKKFf4cZfceNCEbfizr9x+lho64EDh3PuZeYeL+ZMgW1/G0vLK6tr65mN7ObW9s5ubm+/oaJEElonEY9ky8OKchbSOjDgtBVLioXHadMb3Izz5gOVikXhPQxj2hG4F7KAEQza6uYsN5CYpP5pqTpKyyPL5TSAQtUSrmS9PpxYqutoljTPruxuLm8X7QnMReHMRB7NUOvmvlw/IomgIRCOlWo7dgydFEtghNNR1k0UjTEZ4B5taxliQVUnnZw1Mo+145tBJDVDMCfu740UC6WGwtOTAkNfzWdj87+snUBw0UlZGCdAQzJ9KEi4CZE57sj0maQE+FALTCTTfzVJH+ueQDeZ1SU48ycvikap6JSLl3flfOV6VkcGHaIjVEAOOkcVdItqqI4IekTP6BW9GU/Gi/FufExHl4zZzgH6A+PzBzhQnYM=</latexit>

(n1 + n2 + n3) = (J � 1�m)

<latexit sha1_base64="tL4QqOj3NU+SDoclnIFXN+bDkkk=">AAACFHicbVBNS8NAEN3Ur1q/qh69BItQKS1JLagHoehFPFWwtdCGsNlu2qWbTdidCCX0R3jxr3jxoIhXD978N27bHLT1wcDjvRlm5nkRZwos69vILC2vrK5l13Mbm1vbO/ndvZYKY0lok4Q8lG0PK8qZoE1gwGk7khQHHqf33vBq4t8/UKlYKO5gFFEnwH3BfEYwaMnNl7qc+lAUrl0SblXXSVey/gCOL2bGTdkuB6nk5gtWxZrCXCR2SgooRcPNf3V7IYkDKoBwrFTHtiJwEiyBEU7HuW6saITJEPdpR1OBA6qcZPrU2DzSSs/0Q6lLgDlVf08kOFBqFHi6M8AwUPPeRPzP68TgnzkJE1EMVJDZIj/mJoTmJCGzxyQlwEeaYCKZvtUkAywxAZ1jTodgz7+8SFrVil2rnN/WCvXLNI4sOkCHqIhsdIrq6Bo1UBMR9Iie0St6M56MF+Pd+Ji1Zox0Zh/9gfH5A+D6nNs=</latexit>

with

s1 = ± 1
2

�
�� d

2

�
� n1, s2 = ⌥ 1

2

�
�� d

2

�
� n2, s3 = 1

2

�
�+

3 � d
2

�
� n3,

<latexit sha1_base64="Krnru9jUwtD+YwZywlrSHO8lW/Q="></latexit>

which are: ni 2 N

<latexit sha1_base64="VqimgoSilqHPcqnXhxayf9gNVnI=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUmkoO6KblxJBfuAJoTJdNIOnUzCzEQsob/ixoUibv0Rd/6N0zYLbT0wcDjnXu6ZE6acKe0431ZpbX1jc6u8XdnZ3ds/sA+rHZVkktA2SXgieyFWlDNB25ppTnuppDgOOe2G45uZ332kUrFEPOhJSv0YDwWLGMHaSIFdFQFDHhPIi7EehWF+Nw3smlN35kCrxC1IDQq0AvvLGyQki6nQhGOl+q6Taj/HUjPC6bTiZYqmmIzxkPYNFTimys/n2afo1CgDFCXSPKHRXP29keNYqUkcmslZQrXszcT/vH6mo0s/ZyLNNBVkcSjKONIJmhWBBkxSovnEEEwkM1kRGWGJiTZ1VUwJ7vKXV0nnvO426lf3jVrzuqijDMdwAmfgwgU04RZa0AYCT/AMr/BmTa0X6936WIyWrGLnCP7A+vwBiFqUJA==</latexit>

lim
⌘0!0

Z ⌘0

�1
d⌘ @⌘

⇣
⌘

d+2J
4 �(J�m)�s1�s2�s3

⌘
= lim

⌘0!0

⇣
⌘

d+2J
4 �(J�m)�s1�s2�s3

0

⌘

<latexit sha1_base64="kLRXZ712VBT/PfOcBS+Pggzalj8="></latexit>

�1 = �2 = �

<latexit sha1_base64="c1/9aMyovlvOBXW0knGxjJJt3y4=">AAACAXicdZDLSgMxFIYzXmu9jboR3ASL4GqYKcXLQijqwmUFe4F2KJn0TBuauZBkhDLUja/ixoUibn0Ld76NmXYKXg+EfPz/OSTn92LOpLLtD2NufmFxabmwUlxdW9/YNLe2GzJKBIU6jXgkWh6RwFkIdcUUh1YsgAQeh6Y3vMj85i0IyaLwRo1icAPSD5nPKFFa6pq7nUvginSdsxzKMzBLtnVkZ4V/g2NNbruE8qp1zfdOL6JJAKGinEjZduxYuSkRilEO42InkRATOiR9aGsMSQDSTScbjPGBVnrYj4Q+ocIT9etESgIpR4GnOwOiBvKnl4l/ee1E+SduysI4URDS6UN+wrGKcBYH7jEBVPGRBkIF03/FdEAEoUqHVtQhzDbF/0OjbDkV6/S6Uqqe53EU0B7aR4fIQceoiq5QDdURRXfoAT2hZ+PeeDRejNdp65yRz+ygb2W8fQJABZYm</latexit>

Scalars of equal mass
k � (k) =

Z
dx (�i@x)

�
eik·x

�

<latexit sha1_base64="rLC0tUd7xFkPO7ORTWTF9X9lBW0="></latexit>

cf.

This combination cancels the bulk contact singularity and replaces it with a boundary term:



Gauge invariance requires that for the lower helicity components m < J we have:

Constraints on Massless Particles
Toy model: Cubic coupling of a massless spin-J field to scalars.

�+
3 = d� 2 + J

<latexit sha1_base64="jW5LRhj17JkTQpYh5FdL01Mkt8c=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0UQiiGp9dGFUNSFuKpgH9DGMJlO2qGTSZiZFEron7hxoYhb/8Sdf+P0Ifg8cOFwzr3ce48fMyqVbb8bmbn5hcWl7HJuZXVtfcPc3KrLKBGY1HDEItH0kSSMclJTVDHSjAVBoc9Iw+9fjP3GgAhJI36rhjFxQ9TlNKAYKS15ptm+JEyhu4J3eNY5KBauPTNvW0e2Uz524G/iWPYEeTBD1TPf2p0IJyHhCjMkZcuxY+WmSCiKGRnl2okkMcJ91CUtTTkKiXTTyeUjuKeVDgwioYsrOFG/TqQolHIY+rozRKonf3pj8S+vlajg1E0pjxNFOJ4uChIGVQTHMcAOFQQrNtQEYUH1rRD3kEBY6bByOoTPT+H/pF60nJJVvinlK+ezOLJgB+yCfeCAE1ABV6AKagCDAbgHj+DJSI0H49l4mbZmjNnMNvgG4/UDswCSbw==</latexit>

For example:

m = J � 1

<latexit sha1_base64="ZjOcekDwEqga+SuViBFbwitdLP8=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXCupBKHoRTxXcttAuJZtm29AkuyRZoSz9DV48KOLVH+TNf2Pa7kFbHww83pthZl6YcKaN6347hZXVtfWN4mZpa3tnd6+8f9DUcaoI9UnMY9UOsaacSeobZjhtJ4piEXLaCke3U7/1RJVmsXw044QGAg8kixjBxkq+uL4/83rlilt1Z0DLxMtJBXI0euWvbj8mqaDSEI617nhuYoIMK8MIp5NSN9U0wWSEB7RjqcSC6iCbHTtBJ1bpoyhWtqRBM/X3RIaF1mMR2k6BzVAvelPxP6+TmugyyJhMUkMlmS+KUo5MjKafoz5TlBg+tgQTxeytiAyxwsTYfEo2BG/x5WXSPK96terVQ61Sv8njKMIRHMMpeHABdbiDBvhAgMEzvMKbI50X5935mLcWnHzmEP7A+fwBy2eOCg==</latexit>

�+
2 , 0

<latexit sha1_base64="CQhaQlvHqs4YG7/Uc9g+K4b8O/o=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiAISpgJAfUW1IPHCGaBzBh6OjVJk56F7h4hDPkNLx4U8erPePNv7CwHTXxQ8Hiviqp6fiK40rb9beVWVtfWN/Kbha3tnd294v5BU8WpZNhgsYhl26cKBY+wobkW2E4k0tAX2PKHNxO/9YRS8Th60KMEvZD2Ix5wRrWRXPcWhaaPZ93Kud0tluyyPQVZJs6clGCOerf45fZiloYYaSaoUh3HTrSXUak5EzguuKnChLIh7WPH0IiGqLxsevOYnBilR4JYmoo0maq/JzIaKjUKfdMZUj1Qi95E/M/rpDq49DIeJanGiM0WBakgOiaTAEiPS2RajAyhTHJzK2EDKinTJqaCCcFZfHmZNCtlp1q+uq+WatfzOPJwBMdwCg5cQA3uoA4NYJDAM7zCm5VaL9a79TFrzVnzmUP4A+vzB4r2kLo=</latexit>

�+
1 , 0

<latexit sha1_base64="3qhytAtqZb4KnIKrCgcAKwgMbwM=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAEJexKQL0F9eAxgnlAdg2zk9lkyOyDmV4hLPkNLx4U8erPePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUMd5gsYxV26eaSxHxBgqUvJ0oTkNf8pY/vJn4rSeutIijBxwl3AtpPxKBYBSN5Lq3XCJ9PO06Z3a3VLYr9hRkkTg5KUOOerf05fZiloY8Qiap1h3HTtDLqELBJB8X3VTzhLIh7fOOoRENufay6c1jcmyUHgliZSpCMlV/T2Q01HoU+qYzpDjQ895E/M/rpBhcepmIkhR5xGaLglQSjMkkANITijOUI0MoU8LcStiAKsrQxFQ0ITjzLy+S5nnFqVau7qvl2nUeRwEO4QhOwIELqMEd1KEBDBJ4hld4s1LrxXq3PmatS1Y+cwB/YH3+AIlwkLk=</latexit>

s1, k1

<latexit sha1_base64="wfay2nEn4kzfmXwJ32Fl+a/EY2c=">AAACCXicbVC7SgNBFJ31GeMramkzGASLEHYloGXQxjKCeUA2LLOTu8mQ2Qczd8WwbGvjr9hYKGLrH9j5N04ehSYeuHA4596Ze4+fSKHRtr+tldW19Y3NwlZxe2d3b790cNjScao4NHksY9XxmQYpImiiQAmdRAELfQltf3Q98dv3oLSIozscJ9AL2SASgeAMjeSVqIvwgNN3MgX9PNOek1fcSub6AR3lnuOVynbVnoIuE2dOymSOhlf6cvsxT0OIkEumddexE+xlTKHgEvKim2pIGB+xAXQNjVgIupdNN8jpqVH6NIiVqQjpVP09kbFQ63Hom86Q4VAvehPxP6+bYnDZy0SUpAgRn30UpJJiTCex0L5QwFGODWFcCbMr5UOmGEcTXtGE4CyevExa51WnVq3d1sr1q3kcBXJMTsgZccgFqZMb0iBNwskjeSav5M16sl6sd+tj1rpizWeOyB9Ynz+q05pL</latexit>

s2, k2

<latexit sha1_base64="G0qE++x1NSJ7bYzJDbemSad9M2s=">AAACCXicbVDJSgNBEO1xjXGLevTSGAQPEmZCQI9BLx4jmAUyw9DTU6NNeha6a8QwzNWLv+LFgyJe/QNv/o2d5eD2oODxXlV31QsyKTTa9qe1sLi0vLJaWauub2xubdd2dns6zRWHLk9lqgYB0yBFAl0UKGGQKWBxIKEfjM4nfv8WlBZpcoXjDLyYXSciEpyhkfwadRHucPpOoSAsC+03y2P3uHCDiI5Kv+nX6nbDnoL+Jc6c1MkcHb/24YYpz2NIkEum9dCxM/QKplBwCWXVzTVkjI/YNQwNTVgM2iumG5T00CghjVJlKkE6Vb9PFCzWehwHpjNmeKN/exPxP2+YY3TqFSLJcoSEzz6KckkxpZNYaCgUcJRjQxhXwuxK+Q1TjKMJr2pCcH6f/Jf0mg2n1Whdturts3kcFbJPDsgRccgJaZML0iFdwsk9eSTP5MV6sJ6sV+tt1rpgzWf2yA9Y71+t6JpN</latexit>

s3, k3

<latexit sha1_base64="vMUxWfsL6O8J9k2i1gT+dRaGung=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsQrgzAS2DNpYRTBRy4djbzCVL9j7YnRPDca2Nf8XGQhFb/4Gd/8bNmUKjDwYe783szjw/kUKjbX9aC4tLyyurpbXy+sbm1nZlZ7er41Rx6PBYxurGZxqkiKCDAiXcJApY6Eu49sfnU//6FpQWcXSFkwT6IRtGIhCcoZG8CnUR7rB4J1MwyDPtNfKaW8tcP6Dj3Gt4lapdtwvQv8SZkSqZoe1VPtxBzNMQIuSSad1z7AT7GVMouIS87KYaEsbHbAg9QyMWgu5nxQY5PTTKgAaxMhUhLdSfExkLtZ6EvukMGY70vDcV//N6KQan/UxESYoQ8e+PglRSjOk0FjoQCjjKiSGMK2F2pXzEFONowiubEJz5k/+S7nHdadabl81q62wWR4nskwNyRBxyQlrkgrRJh3ByTx7JM3mxHqwn69V6+25dsGYze+QXrPcvsP2aTw==</latexit>

�+
3 , J

<latexit sha1_base64="4vCF7ljaTUkPSEb1nOgBtzQw1mM=">AAAB83icbVDJSgNBEK1xjXGLevTSGARBCTMaUG9BPYinCGaBzBh6Oj1Jk56F7hohDPkNLx4U8erPePNv7CwHTXxQ8Hiviqp6fiKFRtv+thYWl5ZXVnNr+fWNza3tws5uXcepYrzGYhmrpk81lyLiNRQoeTNRnIa+5A2/fz3yG09caRFHDzhIuBfSbiQCwSgayXVvuET6eNw+O7lrF4p2yR6DzBNnSoowRbVd+HI7MUtDHiGTVOuWYyfoZVShYJIP826qeUJZn3Z5y9CIhlx72fjmITk0SocEsTIVIRmrvycyGmo9CH3TGVLs6VlvJP7ntVIMLrxMREmKPGKTRUEqCcZkFADpCMUZyoEhlClhbiWsRxVlaGLKmxCc2ZfnSf205JRLl/flYuVqGkcO9uEAjsCBc6jALVShBgwSeIZXeLNS68V6tz4mrQvWdGYP/sD6/AGz5JDV</latexit>

A non-trivial Ward-Takahashi identity is generated by the finite number of poles that satisfy:

d+ 2J

4
� (J �m)� s1 � s2 � s3 = 0

<latexit sha1_base64="LUB4IvGl1Ohc9xYI4bLXYOv3Hu8=">AAACFnicbVDLSsNAFJ34rPVVdekmWISKpCS1oC6EohvpqoJ9QFPKZDJph84kYeZGKKFf4cZfceNCEbfizr9x+lho64EDh3PuZeYeL+ZMgW1/G0vLK6tr65mN7ObW9s5ubm+/oaJEElonEY9ky8OKchbSOjDgtBVLioXHadMb3Izz5gOVikXhPQxj2hG4F7KAEQza6uYsN5CYpP5pqTpKyyPL5TSAQtUSrmS9PpxYqutoljTPruxuLm8X7QnMReHMRB7NUOvmvlw/IomgIRCOlWo7dgydFEtghNNR1k0UjTEZ4B5taxliQVUnnZw1Mo+145tBJDVDMCfu740UC6WGwtOTAkNfzWdj87+snUBw0UlZGCdAQzJ9KEi4CZE57sj0maQE+FALTCTTfzVJH+ueQDeZ1SU48ycvikap6JSLl3flfOV6VkcGHaIjVEAOOkcVdItqqI4IekTP6BW9GU/Gi/FufExHl4zZzgH6A+PzBzhQnYM=</latexit>

m < J

<latexit sha1_base64="OyOCaI5p4ByDj8W2mAdWnW7K1hA=">AAAB6nicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrBRU8FL2Ip4r2A9qlZNNsG5pklyQrlKU/wYsHRbz6i7z5b0zbPWjrg4HHezPMzAsTzrTxvG+nsLK6tr5R3Cxtbe/s7rn7B00dp4rQBol5rNoh1pQzSRuGGU7biaJYhJy2wtHN1G89UaVZLB/NOKGBwAPJIkawsdKDuLrruWWv4s2AlomfkzLkqPfcr24/Jqmg0hCOte74XmKCDCvDCKeTUjfVNMFkhAe0Y6nEguogm506QSdW6aMoVrakQTP190SGhdZjEdpOgc1QL3pT8T+vk5roIsiYTFJDJZkvilKOTIymf6M+U5QYPrYEE8XsrYgMscLE2HRKNgR/8eVl0jyr+NXK5X21XLvO4yjCERzDKfhwDjW4hTo0gMAAnuEV3hzuvDjvzse8teDkM4fwB87nD+90jZc=</latexit>

�+
2 , 0

<latexit sha1_base64="CQhaQlvHqs4YG7/Uc9g+K4b8O/o=">AAAB83icbVDJSgNBEK2JW4xb1KOXxiAISpgJAfUW1IPHCGaBzBh6OjVJk56F7h4hDPkNLx4U8erPePNv7CwHTXxQ8Hiviqp6fiK40rb9beVWVtfWN/Kbha3tnd294v5BU8WpZNhgsYhl26cKBY+wobkW2E4k0tAX2PKHNxO/9YRS8Th60KMEvZD2Ix5wRrWRXPcWhaaPZ93Kud0tluyyPQVZJs6clGCOerf45fZiloYYaSaoUh3HTrSXUak5EzguuKnChLIh7WPH0IiGqLxsevOYnBilR4JYmoo0maq/JzIaKjUKfdMZUj1Qi95E/M/rpDq49DIeJanGiM0WBakgOiaTAEiPS2RajAyhTHJzK2EDKinTJqaCCcFZfHmZNCtlp1q+uq+WatfzOPJwBMdwCg5cQA3uoA4NYJDAM7zCm5VaL9a79TFrzVnzmUP4A+vzB4r2kLo=</latexit>

�+
1 , 0

<latexit sha1_base64="3qhytAtqZb4KnIKrCgcAKwgMbwM=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAEJexKQL0F9eAxgnlAdg2zk9lkyOyDmV4hLPkNLx4U8erPePNvnCR70MSChqKqm+4uP5FCo21/W0vLK6tr64WN4ubW9s5uaW+/qeNUMd5gsYxV26eaSxHxBgqUvJ0oTkNf8pY/vJn4rSeutIijBxwl3AtpPxKBYBSN5Lq3XCJ9PO06Z3a3VLYr9hRkkTg5KUOOerf05fZiloY8Qiap1h3HTtDLqELBJB8X3VTzhLIh7fOOoRENufay6c1jcmyUHgliZSpCMlV/T2Q01HoU+qYzpDjQ895E/M/rpBhcepmIkhR5xGaLglQSjMkkANITijOUI0MoU8LcStiAKsrQxFQ0ITjzLy+S5nnFqVau7qvl2nUeRwEO4QhOwIELqMEd1KEBDBJ4hld4s1LrxXq3PmatS1Y+cwB/YH3+AIlwkLk=</latexit>

s1, k1

<latexit sha1_base64="wfay2nEn4kzfmXwJ32Fl+a/EY2c=">AAACCXicbVC7SgNBFJ31GeMramkzGASLEHYloGXQxjKCeUA2LLOTu8mQ2Qczd8WwbGvjr9hYKGLrH9j5N04ehSYeuHA4596Ze4+fSKHRtr+tldW19Y3NwlZxe2d3b790cNjScao4NHksY9XxmQYpImiiQAmdRAELfQltf3Q98dv3oLSIozscJ9AL2SASgeAMjeSVqIvwgNN3MgX9PNOek1fcSub6AR3lnuOVynbVnoIuE2dOymSOhlf6cvsxT0OIkEumddexE+xlTKHgEvKim2pIGB+xAXQNjVgIupdNN8jpqVH6NIiVqQjpVP09kbFQ63Hom86Q4VAvehPxP6+bYnDZy0SUpAgRn30UpJJiTCex0L5QwFGODWFcCbMr5UOmGEcTXtGE4CyevExa51WnVq3d1sr1q3kcBXJMTsgZccgFqZMb0iBNwskjeSav5M16sl6sd+tj1rpizWeOyB9Ynz+q05pL</latexit>

s2, k2

<latexit sha1_base64="G0qE++x1NSJ7bYzJDbemSad9M2s=">AAACCXicbVDJSgNBEO1xjXGLevTSGAQPEmZCQI9BLx4jmAUyw9DTU6NNeha6a8QwzNWLv+LFgyJe/QNv/o2d5eD2oODxXlV31QsyKTTa9qe1sLi0vLJaWauub2xubdd2dns6zRWHLk9lqgYB0yBFAl0UKGGQKWBxIKEfjM4nfv8WlBZpcoXjDLyYXSciEpyhkfwadRHucPpOoSAsC+03y2P3uHCDiI5Kv+nX6nbDnoL+Jc6c1MkcHb/24YYpz2NIkEum9dCxM/QKplBwCWXVzTVkjI/YNQwNTVgM2iumG5T00CghjVJlKkE6Vb9PFCzWehwHpjNmeKN/exPxP2+YY3TqFSLJcoSEzz6KckkxpZNYaCgUcJRjQxhXwuxK+Q1TjKMJr2pCcH6f/Jf0mg2n1Whdturts3kcFbJPDsgRccgJaZML0iFdwsk9eSTP5MV6sJ6sV+tt1rpgzWf2yA9Y71+t6JpN</latexit>

s3, k3

<latexit sha1_base64="vMUxWfsL6O8J9k2i1gT+dRaGung=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsQrgzAS2DNpYRTBRy4djbzCVL9j7YnRPDca2Nf8XGQhFb/4Gd/8bNmUKjDwYe783szjw/kUKjbX9aC4tLyyurpbXy+sbm1nZlZ7er41Rx6PBYxurGZxqkiKCDAiXcJApY6Eu49sfnU//6FpQWcXSFkwT6IRtGIhCcoZG8CnUR7rB4J1MwyDPtNfKaW8tcP6Dj3Gt4lapdtwvQv8SZkSqZoe1VPtxBzNMQIuSSad1z7AT7GVMouIS87KYaEsbHbAg9QyMWgu5nxQY5PTTKgAaxMhUhLdSfExkLtZ6EvukMGY70vDcV//N6KQan/UxESYoQ8e+PglRSjOk0FjoQCjjKiSGMK2F2pXzEFONowiubEJz5k/+S7nHdadabl81q62wWR4nskwNyRBxyQlrkgrRJh3ByTx7JM3mxHqwn69V6+25dsGYze+QXrPcvsP2aTw==</latexit>

�+
3 , J

<latexit sha1_base64="4vCF7ljaTUkPSEb1nOgBtzQw1mM=">AAAB83icbVDJSgNBEK1xjXGLevTSGARBCTMaUG9BPYinCGaBzBh6Oj1Jk56F7hohDPkNLx4U8erPePNv7CwHTXxQ8Hiviqp6fiKFRtv+thYWl5ZXVnNr+fWNza3tws5uXcepYrzGYhmrpk81lyLiNRQoeTNRnIa+5A2/fz3yG09caRFHDzhIuBfSbiQCwSgayXVvuET6eNw+O7lrF4p2yR6DzBNnSoowRbVd+HI7MUtDHiGTVOuWYyfoZVShYJIP826qeUJZn3Z5y9CIhlx72fjmITk0SocEsTIVIRmrvycyGmo9CH3TGVLs6VlvJP7ntVIMLrxMREmKPGKTRUEqCcZkFADpCMUZyoEhlClhbiWsRxVlaGLKmxCc2ZfnSf205JRLl/flYuVqGkcO9uEAjsCBc6jALVShBgwSeIZXeLNS68V6tz4mrQvWdGYP/sD6/AGz5JDV</latexit>

M (m<J) (si, ✏ · ki) /
�
✏? · k12

�m �
d+2J

4 � (J �m)� s1 � s2 � s3
�
�
�
d+2J

4 � (J �m)� s1 � s2 � s3
�

<latexit sha1_base64="5PJkC11CACHxOK62wQc6nu2ekFM="></latexit>

M (m<J) (si, ✏ · ki) /
�
✏? · k12

�m �
d+2J

4 � (J �m)� s1 � s2 � s3
�
�
�
d+2J

4 � (J �m)� s1 � s2 � s3
�

<latexit sha1_base64="5PJkC11CACHxOK62wQc6nu2ekFM="></latexit>

lim
⌘0!0

Z ⌘0

�1
d⌘ @⌘

⇣
⌘

d+2J
4 �(J�m)�s1�s2�s3

⌘
= lim

⌘0!0

⇣
⌘

d+2J
4 �(J�m)�s1�s2�s3

0

⌘

<latexit sha1_base64="kLRXZ712VBT/PfOcBS+Pggzalj8="></latexit>

�1 = �2 = �

<latexit sha1_base64="c1/9aMyovlvOBXW0knGxjJJt3y4=">AAACAXicdZDLSgMxFIYzXmu9jboR3ASL4GqYKcXLQijqwmUFe4F2KJn0TBuauZBkhDLUja/ixoUibn0Ld76NmXYKXg+EfPz/OSTn92LOpLLtD2NufmFxabmwUlxdW9/YNLe2GzJKBIU6jXgkWh6RwFkIdcUUh1YsgAQeh6Y3vMj85i0IyaLwRo1icAPSD5nPKFFa6pq7nUvginSdsxzKMzBLtnVkZ4V/g2NNbruE8qp1zfdOL6JJAKGinEjZduxYuSkRilEO42InkRATOiR9aGsMSQDSTScbjPGBVnrYj4Q+ocIT9etESgIpR4GnOwOiBvKnl4l/ee1E+SduysI4URDS6UN+wrGKcBYH7jEBVPGRBkIF03/FdEAEoUqHVtQhzDbF/0OjbDkV6/S6Uqqe53EU0B7aR4fIQceoiq5QDdURRXfoAT2hZ+PeeDRejNdp65yRz+ygb2W8fQJABZYm</latexit>

Scalars of equal mass

This combination cancels the bulk contact singularity and replaces it with a boundary term:

k � (k) =

Z
dx (�i@x)

�
eik·x

�

<latexit sha1_base64="rLC0tUd7xFkPO7ORTWTF9X9lBW0="></latexit>

cf.

⇠ (⇠ · k12)
J�1

hO� (k1)O� (�k1)i � (⇠ · k12)
J�1

hO� (k2)O� (�k2)i

<latexit sha1_base64="IpV8XBUoI+7+QQfqgEgYhv/+8vM="></latexit>



Constraints on Massless Particles
Toy model: Cubic coupling of a massless spin-J field to scalars.

�+
3 = d� 2 + J

<latexit sha1_base64="jW5LRhj17JkTQpYh5FdL01Mkt8c=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0UQiiGp9dGFUNSFuKpgH9DGMJlO2qGTSZiZFEron7hxoYhb/8Sdf+P0Ifg8cOFwzr3ce48fMyqVbb8bmbn5hcWl7HJuZXVtfcPc3KrLKBGY1HDEItH0kSSMclJTVDHSjAVBoc9Iw+9fjP3GgAhJI36rhjFxQ9TlNKAYKS15ptm+JEyhu4J3eNY5KBauPTNvW0e2Uz524G/iWPYEeTBD1TPf2p0IJyHhCjMkZcuxY+WmSCiKGRnl2okkMcJ91CUtTTkKiXTTyeUjuKeVDgwioYsrOFG/TqQolHIY+rozRKonf3pj8S+vlajg1E0pjxNFOJ4uChIGVQTHMcAOFQQrNtQEYUH1rRD3kEBY6bByOoTPT+H/pF60nJJVvinlK+ezOLJgB+yCfeCAE1ABV6AKagCDAbgHj+DJSI0H49l4mbZmjNnMNvgG4/UDswCSbw==</latexit>

k1 ·D✏

<latexit sha1_base64="LjQmIEBsTm3DxNtzq3yuoTN7fKY=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KokU1F1RFy4r2Ac0IUwmk3boZCbMTIQSsnHjr7hxoYhb/8Gdf+O0zUJbD1w4nHMv994Tpowq7Tjf1tLyyuraemWjurm1vbNr7+13lMgkJm0smJC9ECnCKCdtTTUjvVQSlISMdMPR9cTvPhCpqOD3epwSP0EDTmOKkTZSYB/lXhjDURG40MOR0PAmyD2SKsoELwK75tSdKeAicUtSAyVagf3lRQJnCeEaM6RU33VS7edIaooZKapepkiK8AgNSN9QjhKi/Hz6RQFPjBLBWEhTXMOp+nsiR4lS4yQ0nQnSQzXvTcT/vH6m4ws/pzzNNOF4tijOGNQCTiKBEZUEazY2BGFJza0QD5FEWJvgqiYEd/7lRdI5q7uN+uVdo9a8KuOogENwDE6BC85BE9yCFmgDDB7BM3gFb9aT9WK9Wx+z1iWrnDkAf2B9/gDqjZg9</latexit>

+

<latexit sha1_base64="5gUpEueemIOpL4kdq4Bq/9+7w9Q=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXAuot6MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv5rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSE1/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7FXKN/VKqXqbxZGHEziFc/DgCqpwDzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3VljLs=</latexit>

+

<latexit sha1_base64="5gUpEueemIOpL4kdq4Bq/9+7w9Q=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXAuot6MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv5rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSE1/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7FXKN/VKqXqbxZGHEziFc/DgCqpwDzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3VljLs=</latexit>

g4

<latexit sha1_base64="OiZruTw4OO1F3NvWknFoqwJ6cdY=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiQaaLsrunFZ0T6gDWUynaRDJ5MwMxFK6Ce4caGIW7/InX/j9CH4PHDhcM693HtPkHKmtOO8W4WV1bX1jeJmaWt7Z3evvH/QVkkmCW2RhCeyG2BFORO0pZnmtJtKiuOA004wvpz5nTsqFUvErZ6k1I9xJFjICNZGuokG3qBccWyvXnPO6+g3cW1njgos0RyU3/rDhGQxFZpwrFTPdVLt51hqRjidlvqZoikmYxzRnqECx1T5+fzUKToxyhCFiTQlNJqrXydyHCs1iQPTGWM9Uj+9mfiX18t0WPNzJtJMU0EWi8KMI52g2d9oyCQlmk8MwUQycysiIywx0Sadkgnh81P0P2mf2a5n16+9SuNiGUcRjuAYTsGFKjTgCprQAgIR3MMjPFncerCerZdFa8FazhzCN1ivH4l/jgE=</latexit>

g2

<latexit sha1_base64="tyJiD6t9yUm9hf1HC9vXzaR4OWk=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiQ1YLsrunFZ0T6gDWUynaRDJ5MwMxFK6Ce4caGIW7/InX/j9CH4PHDhcM693HtPkHKmtOO8W4WV1bX1jeJmaWt7Z3evvH/QVkkmCW2RhCeyG2BFORO0pZnmtJtKiuOA004wvpz5nTsqFUvErZ6k1I9xJFjICNZGuokG1UG54theveac1dFv4trOHBVYojkov/WHCcliKjThWKme66Taz7HUjHA6LfUzRVNMxjiiPUMFjqny8/mpU3RilCEKE2lKaDRXv07kOFZqEgemM8Z6pH56M/Evr5fpsObnTKSZpoIsFoUZRzpBs7/RkElKNJ8Ygolk5lZERlhiok06JRPC56fof9Ku2q5n16+9SuNiGUcRjuAYTsGFc2jAFTShBQQiuIdHeLK49WA9Wy+L1oK1nDmEb7BePwCGd43/</latexit>

g3

<latexit sha1_base64="frd9HfUfVjlLFF3orVf2Gmy0iXs=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiQ2YLsrunFZ0T6gDWUynaRDJ5MwMxFK6Ce4caGIW7/InX/j9CH4PHDhcM693HtPkHKmtOO8W4WV1bX1jeJmaWt7Z3evvH/QVkkmCW2RhCeyG2BFORO0pZnmtJtKiuOA004wvpz5nTsqFUvErZ6k1I9xJFjICNZGuokG1UG54theveZU6+g3cW1njgos0RyU3/rDhGQxFZpwrFTPdVLt51hqRjidlvqZoikmYxzRnqECx1T5+fzUKToxyhCFiTQlNJqrXydyHCs1iQPTGWM9Uj+9mfiX18t0WPNzJtJMU0EWi8KMI52g2d9oyCQlmk8MwUQycysiIywx0Sadkgnh81P0P2mf2a5n16+9SuNiGUcRjuAYTsGFc2jAFTShBQQiuIdHeLK49WA9Wy+L1oK1nDmEb7BePwCH+44A</latexit>

✏,k1

<latexit sha1_base64="ZEGgd8GV/fN8w3fxyl4ytft8ZQk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCBymJFNRb0YvHCvYDmlA220m7dLMJuxshhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bZKa+sbm1vl7crO7t7+gX141FFxKim0acxj2QuIAs4EtDXTHHqJBBIFHLrB5Hbmdx9BKhaLB50l4EdkJFjIKNFGGthVDxLFeCzOce4FIZ5MB+7Arjl1Zw68StyC1FCB1sD+8oYxTSMQmnKiVN91Eu3nRGpGOUwrXqogIXRCRtA3VJAIlJ/Pj5/iU6MMcRhLU0Ljufp7IieRUlkUmM6I6LFa9mbif14/1eGVnzORpBoEXSwKU451jGdJ4CGTQDXPDCFUMnMrpmMiCdUmr4oJwV1+eZV0Lupuo35936g1b4o4yugYnaAz5KJL1ER3qIXaiKIMPaNX9GY9WS/Wu/WxaC1ZxUwV/YH1+QPn9ZRO</latexit>

k2

<latexit sha1_base64="7UTpGj3yrbrDXGE0SGo/GsZMV98=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEYwSRKsoTZyWwyZB7LzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUNirVhLaI4ko/RNhQziRtWWY5fUg0xSLitBONb2Z+54lqw5S8t5OEhgIPJYsZwdZJj1kvitF42q/1yxW/6s+BVkmQkwrkaPbLX72BIqmg0hKOjekGfmLDDGvLCKfTUi81NMFkjIe066jEgpowmx88RWdOGaBYaVfSorn6eyLDwpiJiFynwHZklr2Z+J/XTW18GWZMJqmlkiwWxSlHVqHZ92jANCWWTxzBRDN3KyIjrDGxLqOSCyFYfnmVtGvVoF69uqtXGtd5HEU4gVM4hwAuoAG30IQWEBDwDK/w5mnvxXv3PhatBS+fOYY/8D5/AEqLkBg=</latexit>

k3

<latexit sha1_base64="gLvJ3rI07dswIb8aX42suSxYvNI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexqQL0FvXiMYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPGi1oKKq66e6KEs6M9f0vr7Cyura+UdwsbW3v7O6V9w9aRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8M/Pbj1QbpuS9nSQ0FHgoWcwItk56yHpRjMbT/nm/XPGr/hzoLwlyUoEcjX75szdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm84On6MQpAxQr7UpaNFd/TmRYGDMRkesU2I7MsjcT//O6qY0vw4zJJLVUksWiOOXIKjT7Hg2YpsTyiSOYaOZuRWSENSbWZVRyIQTLL/8lrbNqUKte3dUq9es8jiIcwTGcQgAXUIdbaEATCAh4ghd49bT37L1574vWgpfPHMIveB/fTA+QGQ==</latexit>

k4

<latexit sha1_base64="bInGAtZSrwnIiBiP6NAF4+2+4ys=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXiMYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ30mPWiGI2n/Vq/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+cFTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZp9jwZMU2L5xBFMNHO3IjLCGhPrMiq5EILll1dJ66Ia1KrX97VK/SaPowgncArnEMAl1OEOGtAEAgKe4RXePO29eO/ex6K14OUzx/AH3ucPTZOQGg==</latexit>

✏,k1

<latexit sha1_base64="ZEGgd8GV/fN8w3fxyl4ytft8ZQk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCBymJFNRb0YvHCvYDmlA220m7dLMJuxshhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bZKa+sbm1vl7crO7t7+gX141FFxKim0acxj2QuIAs4EtDXTHHqJBBIFHLrB5Hbmdx9BKhaLB50l4EdkJFjIKNFGGthVDxLFeCzOce4FIZ5MB+7Arjl1Zw68StyC1FCB1sD+8oYxTSMQmnKiVN91Eu3nRGpGOUwrXqogIXRCRtA3VJAIlJ/Pj5/iU6MMcRhLU0Ljufp7IieRUlkUmM6I6LFa9mbif14/1eGVnzORpBoEXSwKU451jGdJ4CGTQDXPDCFUMnMrpmMiCdUmr4oJwV1+eZV0Lupuo35936g1b4o4yugYnaAz5KJL1ER3qIXaiKIMPaNX9GY9WS/Wu/WxaC1ZxUwV/YH1+QPn9ZRO</latexit>

k2

<latexit sha1_base64="7UTpGj3yrbrDXGE0SGo/GsZMV98=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEYwSRKsoTZyWwyZB7LzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUNirVhLaI4ko/RNhQziRtWWY5fUg0xSLitBONb2Z+54lqw5S8t5OEhgIPJYsZwdZJj1kvitF42q/1yxW/6s+BVkmQkwrkaPbLX72BIqmg0hKOjekGfmLDDGvLCKfTUi81NMFkjIe066jEgpowmx88RWdOGaBYaVfSorn6eyLDwpiJiFynwHZklr2Z+J/XTW18GWZMJqmlkiwWxSlHVqHZ92jANCWWTxzBRDN3KyIjrDGxLqOSCyFYfnmVtGvVoF69uqtXGtd5HEU4gVM4hwAuoAG30IQWEBDwDK/w5mnvxXv3PhatBS+fOYY/8D5/AEqLkBg=</latexit>

k3

<latexit sha1_base64="gLvJ3rI07dswIb8aX42suSxYvNI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexqQL0FvXiMYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPGi1oKKq66e6KEs6M9f0vr7Cyura+UdwsbW3v7O6V9w9aRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8M/Pbj1QbpuS9nSQ0FHgoWcwItk56yHpRjMbT/nm/XPGr/hzoLwlyUoEcjX75szdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm84On6MQpAxQr7UpaNFd/TmRYGDMRkesU2I7MsjcT//O6qY0vw4zJJLVUksWiOOXIKjT7Hg2YpsTyiSOYaOZuRWSENSbWZVRyIQTLL/8lrbNqUKte3dUq9es8jiIcwTGcQgAXUIdbaEATCAh4ghd49bT37L1574vWgpfPHMIveB/fTA+QGQ==</latexit>

k4

<latexit sha1_base64="bInGAtZSrwnIiBiP6NAF4+2+4ys=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXiMYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ30mPWiGI2n/Vq/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+cFTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZp9jwZMU2L5xBFMNHO3IjLCGhPrMiq5EILll1dJ66Ia1KrX97VK/SaPowgncArnEMAl1OEOGtAEAgKe4RXePO29eO/ex6K14OUzx/AH3ucPTZOQGg==</latexit>

✏,k1

<latexit sha1_base64="ZEGgd8GV/fN8w3fxyl4ytft8ZQk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCBymJFNRb0YvHCvYDmlA220m7dLMJuxshhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bZKa+sbm1vl7crO7t7+gX141FFxKim0acxj2QuIAs4EtDXTHHqJBBIFHLrB5Hbmdx9BKhaLB50l4EdkJFjIKNFGGthVDxLFeCzOce4FIZ5MB+7Arjl1Zw68StyC1FCB1sD+8oYxTSMQmnKiVN91Eu3nRGpGOUwrXqogIXRCRtA3VJAIlJ/Pj5/iU6MMcRhLU0Ljufp7IieRUlkUmM6I6LFa9mbif14/1eGVnzORpBoEXSwKU451jGdJ4CGTQDXPDCFUMnMrpmMiCdUmr4oJwV1+eZV0Lupuo35936g1b4o4yugYnaAz5KJL1ER3qIXaiKIMPaNX9GY9WS/Wu/WxaC1ZxUwV/YH1+QPn9ZRO</latexit>

k2

<latexit sha1_base64="7UTpGj3yrbrDXGE0SGo/GsZMV98=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEYwSRKsoTZyWwyZB7LzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUNirVhLaI4ko/RNhQziRtWWY5fUg0xSLitBONb2Z+54lqw5S8t5OEhgIPJYsZwdZJj1kvitF42q/1yxW/6s+BVkmQkwrkaPbLX72BIqmg0hKOjekGfmLDDGvLCKfTUi81NMFkjIe066jEgpowmx88RWdOGaBYaVfSorn6eyLDwpiJiFynwHZklr2Z+J/XTW18GWZMJqmlkiwWxSlHVqHZ92jANCWWTxzBRDN3KyIjrDGxLqOSCyFYfnmVtGvVoF69uqtXGtd5HEU4gVM4hwAuoAG30IQWEBDwDK/w5mnvxXv3PhatBS+fOYY/8D5/AEqLkBg=</latexit>

k3

<latexit sha1_base64="gLvJ3rI07dswIb8aX42suSxYvNI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexqQL0FvXiMYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPGi1oKKq66e6KEs6M9f0vr7Cyura+UdwsbW3v7O6V9w9aRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8M/Pbj1QbpuS9nSQ0FHgoWcwItk56yHpRjMbT/nm/XPGr/hzoLwlyUoEcjX75szdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm84On6MQpAxQr7UpaNFd/TmRYGDMRkesU2I7MsjcT//O6qY0vw4zJJLVUksWiOOXIKjT7Hg2YpsTyiSOYaOZuRWSENSbWZVRyIQTLL/8lrbNqUKte3dUq9es8jiIcwTGcQgAXUIdbaEATCAh4ghd49bT37L1574vWgpfPHMIveB/fTA+QGQ==</latexit>

k4

<latexit sha1_base64="bInGAtZSrwnIiBiP6NAF4+2+4ys=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXiMYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ30mPWiGI2n/Vq/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+cFTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZp9jwZMU2L5xBFMNHO3IjLCGhPrMiq5EILll1dJ66Ia1KrX97VK/SaPowgncArnEMAl1OEOGtAEAgKe4RXePO29eO/ex6K14OUzx/AH3ucPTZOQGg==</latexit>

~    [ Ward-Takahashi identity ]              +                                  

 ?k1 ·D✏

<latexit sha1_base64="LjQmIEBsTm3DxNtzq3yuoTN7fKY=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KokU1F1RFy4r2Ac0IUwmk3boZCbMTIQSsnHjr7hxoYhb/8Gdf+O0zUJbD1w4nHMv994Tpowq7Tjf1tLyyuraemWjurm1vbNr7+13lMgkJm0smJC9ECnCKCdtTTUjvVQSlISMdMPR9cTvPhCpqOD3epwSP0EDTmOKkTZSYB/lXhjDURG40MOR0PAmyD2SKsoELwK75tSdKeAicUtSAyVagf3lRQJnCeEaM6RU33VS7edIaooZKapepkiK8AgNSN9QjhKi/Hz6RQFPjBLBWEhTXMOp+nsiR4lS4yQ0nQnSQzXvTcT/vH6m4ws/pzzNNOF4tijOGNQCTiKBEZUEazY2BGFJza0QD5FEWJvgqiYEd/7lRdI5q7uN+uVdo9a8KuOogENwDE6BC85BE9yCFmgDDB7BM3gFb9aT9WK9Wx+z1iWrnDkAf2B9/gDqjZg9</latexit>

✏,k1

<latexit sha1_base64="ZEGgd8GV/fN8w3fxyl4ytft8ZQk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCBymJFNRb0YvHCvYDmlA220m7dLMJuxshhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bZKa+sbm1vl7crO7t7+gX141FFxKim0acxj2QuIAs4EtDXTHHqJBBIFHLrB5Hbmdx9BKhaLB50l4EdkJFjIKNFGGthVDxLFeCzOce4FIZ5MB+7Arjl1Zw68StyC1FCB1sD+8oYxTSMQmnKiVN91Eu3nRGpGOUwrXqogIXRCRtA3VJAIlJ/Pj5/iU6MMcRhLU0Ljufp7IieRUlkUmM6I6LFa9mbif14/1eGVnzORpBoEXSwKU451jGdJ4CGTQDXPDCFUMnMrpmMiCdUmr4oJwV1+eZV0Lupuo35936g1b4o4yugYnaAz5KJL1ER3qIXaiKIMPaNX9GY9WS/Wu/WxaC1ZxUwV/YH1+QPn9ZRO</latexit>

k2

<latexit sha1_base64="7UTpGj3yrbrDXGE0SGo/GsZMV98=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEYwSRKsoTZyWwyZB7LzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUNirVhLaI4ko/RNhQziRtWWY5fUg0xSLitBONb2Z+54lqw5S8t5OEhgIPJYsZwdZJj1kvitF42q/1yxW/6s+BVkmQkwrkaPbLX72BIqmg0hKOjekGfmLDDGvLCKfTUi81NMFkjIe066jEgpowmx88RWdOGaBYaVfSorn6eyLDwpiJiFynwHZklr2Z+J/XTW18GWZMJqmlkiwWxSlHVqHZ92jANCWWTxzBRDN3KyIjrDGxLqOSCyFYfnmVtGvVoF69uqtXGtd5HEU4gVM4hwAuoAG30IQWEBDwDK/w5mnvxXv3PhatBS+fOYY/8D5/AEqLkBg=</latexit>

k3

<latexit sha1_base64="gLvJ3rI07dswIb8aX42suSxYvNI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexqQL0FvXiMYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPGi1oKKq66e6KEs6M9f0vr7Cyura+UdwsbW3v7O6V9w9aRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8M/Pbj1QbpuS9nSQ0FHgoWcwItk56yHpRjMbT/nm/XPGr/hzoLwlyUoEcjX75szdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm84On6MQpAxQr7UpaNFd/TmRYGDMRkesU2I7MsjcT//O6qY0vw4zJJLVUksWiOOXIKjT7Hg2YpsTyiSOYaOZuRWSENSbWZVRyIQTLL/8lrbNqUKte3dUq9es8jiIcwTGcQgAXUIdbaEATCAh4ghd49bT37L1574vWgpfPHMIveB/fTA+QGQ==</latexit>

k4

<latexit sha1_base64="bInGAtZSrwnIiBiP6NAF4+2+4ys=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXiMYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ30mPWiGI2n/Vq/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+cFTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZp9jwZMU2L5xBFMNHO3IjLCGhPrMiq5EILll1dJ66Ia1KrX97VK/SaPowgncArnEMAl1OEOGtAEAgKe4RXePO29eO/ex6K14OUzx/AH3ucPTZOQGg==</latexit>

Bulk contact singularities

                                                 ET = |k1|+ |k2|+ |k3|+ |k4| ! 0

<latexit sha1_base64="nhCtuWIIOT1FbExk4I9tuKexfaI=">AAACJHicdZDLSgMxFIYzXmu9jbp0EyyCIAwztXhBhKIILiv0Bp1hyKSZNjRzIckIZdqHceOruHHhBRdufBYzbZV6OxDy8Z9zSP7fixkV0jTftJnZufmFxdxSfnlldW1d39isiyjhmNRwxCLe9JAgjIakJqlkpBlzggKPkYbXu8j6jRvCBY3CquzHxAlQJ6Q+xUgqydVPL90qPIOD1PZ82Bu61mD/i4tTfDDFpQG0ZQRNVy+YxqGZFfwNljG6zQKYVMXVn+12hJOAhBIzJETLMmPppIhLihkZ5u1EkBjhHuqQlsIQBUQ46cjkEO4qpQ39iKsTSjhSpzdSFAjRDzw1GSDZFT97mfhXr5VI/9hJaRgnkoR4/JCfMKgsZonBNuUES9ZXgDCn6q8QdxFHWKpc8yqET6fwf6gXDatknFyXCuXzSRw5sA12wB6wwBEogytQATWAwS24B4/gSbvTHrQX7XU8OqNNdrbAt9LePwBwZKN+</latexit>

] ]
Can they be compensated by:Violates gauge invariance.Comes from the on-shell exchange, inherited from


the gauge invariant 3pt functions  



Some singularities in ET

<latexit sha1_base64="j65xQ05w1J0dsbhFxbcFPI1LrCI=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0gkYHsriuCxYr+gDWWz3bRLN5uwuxFK6E/w4kERr/4ib/4bt22EKvpg4PHeDDPzgoQzpR3n0yqsrW9sbhW3Szu7e/sH5cOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyfXc7zxQqVgsmnqaUD/CI8FCRrA20v3NoDkoV1zbWQA5tleruVXPkFz5tiqQozEof/SHMUkjKjThWKme6yTaz7DUjHA6K/VTRRNMJnhEe4YKHFHlZ4tTZ+jMKEMUxtKU0Gihrk5kOFJqGgWmM8J6rH57c/Evr5fqsOpnTCSppoIsF4UpRzpG87/RkElKNJ8agolk5lZExlhiok06pdUQ/iftC9v17NqdV6lf5XEU4QRO4RxcuIQ63EIDWkBgBI/wDC8Wt56sV+tt2Vqw8plj+AHr/QsrF43A</latexit>

cannot be cancelled! 
(by local quartic vertices)

"
4X

i=2

gi (⇠ · ki)
J�1

#

<latexit sha1_base64="FMyMteR+05B4zdn5MtWje/DfUUY="></latexit>

(ET )
# = 0

<latexit sha1_base64="ooHfj7e7ywgrbbYf+wMTTH7FbZM=">AAACE3icdVDJSgNBFOxxjXGLevTSGAT1EGYkoDkIQRE8RsgiZGLo6bxJGnsWut+IYcg/ePFXvHhQxKsXb/6NnUWIogUPiqq3UV4shUbb/rRmZufmFxYzS9nlldW19dzGZl1HieJQ45GM1JXHNEgRQg0FSriKFbDAk9Dwbs6GfuMWlBZRWMV+DK2AdUPhC87QSO3cgSvBx73zdtVVotvD/Ws3T12EOxztTj3J+M0gPbEHtJ3LOwV7BGoXiqWSc1w0ZKJ8W3kyQaWd+3A7EU8CCJFLpnXTsWNspUyh4BIGWTfREJv1rAtNQ0MWgG6lo7sDumuUDvUjZSpEOlKnJ1IWaN0PPNMZMOzp395Q/MtrJugft1IRxglCyMeH/ERSjOgwINoRCjjKviGMK2F+pbzHFONoYsxOh/A/qR8WnGKhdFnMl08ncWTINtkhe8QhR6RMLkiF1Agn9+SRPJMX68F6sl6tt3HrjDWZ2SI/YL1/AY61ngA=</latexit>

J = 1 : g2 + g3 + g4 = 0, J = 2 : g2 = g3 = g4, J > 2 : g2 = g3 = g4 = 0

<latexit sha1_base64="eKcK9jRUboYI21C69UE8AOK1mcY="></latexit>

charge conservation

equivalence principleJ = 1 : g2 + g3 + g4 = 0, J = 2 : g2 = g3 = g4, J > 2 : g2 = g3 = g4 = 0

<latexit sha1_base64="eKcK9jRUboYI21C69UE8AOK1mcY="></latexit>

no consistent coupling (in local theories) J = 1 : g2 + g3 + g4 = 0, J = 2 : g2 = g3 = g4, J > 2 : g2 = g3 = g4 = 0

<latexit sha1_base64="eKcK9jRUboYI21C69UE8AOK1mcY="></latexit>

J = 1 : g2 + g3 + g4 = 0, J = 2 : g2 = g3 = g4, J > 2 : g2 = g3 = g4 = 0

<latexit sha1_base64="eKcK9jRUboYI21C69UE8AOK1mcY="></latexit>

See also 
 Baumann et al.  

May 2020

Constraints on Massless Particles
Toy model: Cubic coupling of a massless spin-J field to scalars.

�+
3 = d� 2 + J

<latexit sha1_base64="jW5LRhj17JkTQpYh5FdL01Mkt8c=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0UQiiGp9dGFUNSFuKpgH9DGMJlO2qGTSZiZFEron7hxoYhb/8Sdf+P0Ifg8cOFwzr3ce48fMyqVbb8bmbn5hcWl7HJuZXVtfcPc3KrLKBGY1HDEItH0kSSMclJTVDHSjAVBoc9Iw+9fjP3GgAhJI36rhjFxQ9TlNKAYKS15ptm+JEyhu4J3eNY5KBauPTNvW0e2Uz524G/iWPYEeTBD1TPf2p0IJyHhCjMkZcuxY+WmSCiKGRnl2okkMcJ91CUtTTkKiXTTyeUjuKeVDgwioYsrOFG/TqQolHIY+rozRKonf3pj8S+vlajg1E0pjxNFOJ4uChIGVQTHMcAOFQQrNtQEYUH1rRD3kEBY6bByOoTPT+H/pF60nJJVvinlK+ezOLJgB+yCfeCAE1ABV6AKagCDAbgHj+DJSI0H49l4mbZmjNnMNvgG4/UDswCSbw==</latexit>

k1 ·D✏

<latexit sha1_base64="LjQmIEBsTm3DxNtzq3yuoTN7fKY=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KokU1F1RFy4r2Ac0IUwmk3boZCbMTIQSsnHjr7hxoYhb/8Gdf+O0zUJbD1w4nHMv994Tpowq7Tjf1tLyyuraemWjurm1vbNr7+13lMgkJm0smJC9ECnCKCdtTTUjvVQSlISMdMPR9cTvPhCpqOD3epwSP0EDTmOKkTZSYB/lXhjDURG40MOR0PAmyD2SKsoELwK75tSdKeAicUtSAyVagf3lRQJnCeEaM6RU33VS7edIaooZKapepkiK8AgNSN9QjhKi/Hz6RQFPjBLBWEhTXMOp+nsiR4lS4yQ0nQnSQzXvTcT/vH6m4ws/pzzNNOF4tijOGNQCTiKBEZUEazY2BGFJza0QD5FEWJvgqiYEd/7lRdI5q7uN+uVdo9a8KuOogENwDE6BC85BE9yCFmgDDB7BM3gFb9aT9WK9Wx+z1iWrnDkAf2B9/gDqjZg9</latexit>

+

<latexit sha1_base64="5gUpEueemIOpL4kdq4Bq/9+7w9Q=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXAuot6MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv5rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSE1/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7FXKN/VKqXqbxZGHEziFc/DgCqpwDzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3VljLs=</latexit>

+

<latexit sha1_base64="5gUpEueemIOpL4kdq4Bq/9+7w9Q=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXAuot6MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv5rSdUmsfywYwT9CM6kDzkjBor1S96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSE1/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOy7FXKN/VKqXqbxZGHEziFc/DgCqpwDzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH3VljLs=</latexit>

g4

<latexit sha1_base64="OiZruTw4OO1F3NvWknFoqwJ6cdY=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiQaaLsrunFZ0T6gDWUynaRDJ5MwMxFK6Ce4caGIW7/InX/j9CH4PHDhcM693HtPkHKmtOO8W4WV1bX1jeJmaWt7Z3evvH/QVkkmCW2RhCeyG2BFORO0pZnmtJtKiuOA004wvpz5nTsqFUvErZ6k1I9xJFjICNZGuokG3qBccWyvXnPO6+g3cW1njgos0RyU3/rDhGQxFZpwrFTPdVLt51hqRjidlvqZoikmYxzRnqECx1T5+fzUKToxyhCFiTQlNJqrXydyHCs1iQPTGWM9Uj+9mfiX18t0WPNzJtJMU0EWi8KMI52g2d9oyCQlmk8MwUQycysiIywx0Sadkgnh81P0P2mf2a5n16+9SuNiGUcRjuAYTsGFKjTgCprQAgIR3MMjPFncerCerZdFa8FazhzCN1ivH4l/jgE=</latexit>

g2

<latexit sha1_base64="tyJiD6t9yUm9hf1HC9vXzaR4OWk=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiQ1YLsrunFZ0T6gDWUynaRDJ5MwMxFK6Ce4caGIW7/InX/j9CH4PHDhcM693HtPkHKmtOO8W4WV1bX1jeJmaWt7Z3evvH/QVkkmCW2RhCeyG2BFORO0pZnmtJtKiuOA004wvpz5nTsqFUvErZ6k1I9xJFjICNZGuokG1UG54theveac1dFv4trOHBVYojkov/WHCcliKjThWKme66Taz7HUjHA6LfUzRVNMxjiiPUMFjqny8/mpU3RilCEKE2lKaDRXv07kOFZqEgemM8Z6pH56M/Evr5fpsObnTKSZpoIsFoUZRzpBs7/RkElKNJ8Ygolk5lZERlhiok06JRPC56fof9Ku2q5n16+9SuNiGUcRjuAYTsGFc2jAFTShBQQiuIdHeLK49WA9Wy+L1oK1nDmEb7BePwCGd43/</latexit>

g3

<latexit sha1_base64="frd9HfUfVjlLFF3orVf2Gmy0iXs=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiQ2YLsrunFZ0T6gDWUynaRDJ5MwMxFK6Ce4caGIW7/InX/j9CH4PHDhcM693HtPkHKmtOO8W4WV1bX1jeJmaWt7Z3evvH/QVkkmCW2RhCeyG2BFORO0pZnmtJtKiuOA004wvpz5nTsqFUvErZ6k1I9xJFjICNZGuokG1UG54theveZU6+g3cW1njgos0RyU3/rDhGQxFZpwrFTPdVLt51hqRjidlvqZoikmYxzRnqECx1T5+fzUKToxyhCFiTQlNJqrXydyHCs1iQPTGWM9Uj+9mfiX18t0WPNzJtJMU0EWi8KMI52g2d9oyCQlmk8MwUQycysiIywx0Sadkgnh81P0P2mf2a5n16+9SuNiGUcRjuAYTsGFc2jAFTShBQQiuIdHeLK49WA9Wy+L1oK1nDmEb7BePwCH+44A</latexit>

✏,k1

<latexit sha1_base64="ZEGgd8GV/fN8w3fxyl4ytft8ZQk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCBymJFNRb0YvHCvYDmlA220m7dLMJuxshhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bZKa+sbm1vl7crO7t7+gX141FFxKim0acxj2QuIAs4EtDXTHHqJBBIFHLrB5Hbmdx9BKhaLB50l4EdkJFjIKNFGGthVDxLFeCzOce4FIZ5MB+7Arjl1Zw68StyC1FCB1sD+8oYxTSMQmnKiVN91Eu3nRGpGOUwrXqogIXRCRtA3VJAIlJ/Pj5/iU6MMcRhLU0Ljufp7IieRUlkUmM6I6LFa9mbif14/1eGVnzORpBoEXSwKU451jGdJ4CGTQDXPDCFUMnMrpmMiCdUmr4oJwV1+eZV0Lupuo35936g1b4o4yugYnaAz5KJL1ER3qIXaiKIMPaNX9GY9WS/Wu/WxaC1ZxUwV/YH1+QPn9ZRO</latexit>

k2

<latexit sha1_base64="7UTpGj3yrbrDXGE0SGo/GsZMV98=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEYwSRKsoTZyWwyZB7LzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUNirVhLaI4ko/RNhQziRtWWY5fUg0xSLitBONb2Z+54lqw5S8t5OEhgIPJYsZwdZJj1kvitF42q/1yxW/6s+BVkmQkwrkaPbLX72BIqmg0hKOjekGfmLDDGvLCKfTUi81NMFkjIe066jEgpowmx88RWdOGaBYaVfSorn6eyLDwpiJiFynwHZklr2Z+J/XTW18GWZMJqmlkiwWxSlHVqHZ92jANCWWTxzBRDN3KyIjrDGxLqOSCyFYfnmVtGvVoF69uqtXGtd5HEU4gVM4hwAuoAG30IQWEBDwDK/w5mnvxXv3PhatBS+fOYY/8D5/AEqLkBg=</latexit>

k3

<latexit sha1_base64="gLvJ3rI07dswIb8aX42suSxYvNI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexqQL0FvXiMYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPGi1oKKq66e6KEs6M9f0vr7Cyura+UdwsbW3v7O6V9w9aRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8M/Pbj1QbpuS9nSQ0FHgoWcwItk56yHpRjMbT/nm/XPGr/hzoLwlyUoEcjX75szdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm84On6MQpAxQr7UpaNFd/TmRYGDMRkesU2I7MsjcT//O6qY0vw4zJJLVUksWiOOXIKjT7Hg2YpsTyiSOYaOZuRWSENSbWZVRyIQTLL/8lrbNqUKte3dUq9es8jiIcwTGcQgAXUIdbaEATCAh4ghd49bT37L1574vWgpfPHMIveB/fTA+QGQ==</latexit>

k4

<latexit sha1_base64="bInGAtZSrwnIiBiP6NAF4+2+4ys=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXiMYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ30mPWiGI2n/Vq/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+cFTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZp9jwZMU2L5xBFMNHO3IjLCGhPrMiq5EILll1dJ66Ia1KrX97VK/SaPowgncArnEMAl1OEOGtAEAgKe4RXePO29eO/ex6K14OUzx/AH3ucPTZOQGg==</latexit>

✏,k1

<latexit sha1_base64="ZEGgd8GV/fN8w3fxyl4ytft8ZQk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCBymJFNRb0YvHCvYDmlA220m7dLMJuxshhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bZKa+sbm1vl7crO7t7+gX141FFxKim0acxj2QuIAs4EtDXTHHqJBBIFHLrB5Hbmdx9BKhaLB50l4EdkJFjIKNFGGthVDxLFeCzOce4FIZ5MB+7Arjl1Zw68StyC1FCB1sD+8oYxTSMQmnKiVN91Eu3nRGpGOUwrXqogIXRCRtA3VJAIlJ/Pj5/iU6MMcRhLU0Ljufp7IieRUlkUmM6I6LFa9mbif14/1eGVnzORpBoEXSwKU451jGdJ4CGTQDXPDCFUMnMrpmMiCdUmr4oJwV1+eZV0Lupuo35936g1b4o4yugYnaAz5KJL1ER3qIXaiKIMPaNX9GY9WS/Wu/WxaC1ZxUwV/YH1+QPn9ZRO</latexit>

k2

<latexit sha1_base64="7UTpGj3yrbrDXGE0SGo/GsZMV98=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEYwSRKsoTZyWwyZB7LzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUNirVhLaI4ko/RNhQziRtWWY5fUg0xSLitBONb2Z+54lqw5S8t5OEhgIPJYsZwdZJj1kvitF42q/1yxW/6s+BVkmQkwrkaPbLX72BIqmg0hKOjekGfmLDDGvLCKfTUi81NMFkjIe066jEgpowmx88RWdOGaBYaVfSorn6eyLDwpiJiFynwHZklr2Z+J/XTW18GWZMJqmlkiwWxSlHVqHZ92jANCWWTxzBRDN3KyIjrDGxLqOSCyFYfnmVtGvVoF69uqtXGtd5HEU4gVM4hwAuoAG30IQWEBDwDK/w5mnvxXv3PhatBS+fOYY/8D5/AEqLkBg=</latexit>

k3

<latexit sha1_base64="gLvJ3rI07dswIb8aX42suSxYvNI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexqQL0FvXiMYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPGi1oKKq66e6KEs6M9f0vr7Cyura+UdwsbW3v7O6V9w9aRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8M/Pbj1QbpuS9nSQ0FHgoWcwItk56yHpRjMbT/nm/XPGr/hzoLwlyUoEcjX75szdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm84On6MQpAxQr7UpaNFd/TmRYGDMRkesU2I7MsjcT//O6qY0vw4zJJLVUksWiOOXIKjT7Hg2YpsTyiSOYaOZuRWSENSbWZVRyIQTLL/8lrbNqUKte3dUq9es8jiIcwTGcQgAXUIdbaEATCAh4ghd49bT37L1574vWgpfPHMIveB/fTA+QGQ==</latexit>

k4

<latexit sha1_base64="bInGAtZSrwnIiBiP6NAF4+2+4ys=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXiMYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ30mPWiGI2n/Vq/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+cFTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZp9jwZMU2L5xBFMNHO3IjLCGhPrMiq5EILll1dJ66Ia1KrX97VK/SaPowgncArnEMAl1OEOGtAEAgKe4RXePO29eO/ex6K14OUzx/AH3ucPTZOQGg==</latexit>

✏,k1

<latexit sha1_base64="ZEGgd8GV/fN8w3fxyl4ytft8ZQk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCBymJFNRb0YvHCvYDmlA220m7dLMJuxshhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bZKa+sbm1vl7crO7t7+gX141FFxKim0acxj2QuIAs4EtDXTHHqJBBIFHLrB5Hbmdx9BKhaLB50l4EdkJFjIKNFGGthVDxLFeCzOce4FIZ5MB+7Arjl1Zw68StyC1FCB1sD+8oYxTSMQmnKiVN91Eu3nRGpGOUwrXqogIXRCRtA3VJAIlJ/Pj5/iU6MMcRhLU0Ljufp7IieRUlkUmM6I6LFa9mbif14/1eGVnzORpBoEXSwKU451jGdJ4CGTQDXPDCFUMnMrpmMiCdUmr4oJwV1+eZV0Lupuo35936g1b4o4yugYnaAz5KJL1ER3qIXaiKIMPaNX9GY9WS/Wu/WxaC1ZxUwV/YH1+QPn9ZRO</latexit>

k2

<latexit sha1_base64="7UTpGj3yrbrDXGE0SGo/GsZMV98=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEYwSRKsoTZyWwyZB7LzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUNirVhLaI4ko/RNhQziRtWWY5fUg0xSLitBONb2Z+54lqw5S8t5OEhgIPJYsZwdZJj1kvitF42q/1yxW/6s+BVkmQkwrkaPbLX72BIqmg0hKOjekGfmLDDGvLCKfTUi81NMFkjIe066jEgpowmx88RWdOGaBYaVfSorn6eyLDwpiJiFynwHZklr2Z+J/XTW18GWZMJqmlkiwWxSlHVqHZ92jANCWWTxzBRDN3KyIjrDGxLqOSCyFYfnmVtGvVoF69uqtXGtd5HEU4gVM4hwAuoAG30IQWEBDwDK/w5mnvxXv3PhatBS+fOYY/8D5/AEqLkBg=</latexit>

k3

<latexit sha1_base64="gLvJ3rI07dswIb8aX42suSxYvNI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexqQL0FvXiMYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPGi1oKKq66e6KEs6M9f0vr7Cyura+UdwsbW3v7O6V9w9aRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8M/Pbj1QbpuS9nSQ0FHgoWcwItk56yHpRjMbT/nm/XPGr/hzoLwlyUoEcjX75szdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm84On6MQpAxQr7UpaNFd/TmRYGDMRkesU2I7MsjcT//O6qY0vw4zJJLVUksWiOOXIKjT7Hg2YpsTyiSOYaOZuRWSENSbWZVRyIQTLL/8lrbNqUKte3dUq9es8jiIcwTGcQgAXUIdbaEATCAh4ghd49bT37L1574vWgpfPHMIveB/fTA+QGQ==</latexit>

k4

<latexit sha1_base64="bInGAtZSrwnIiBiP6NAF4+2+4ys=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXiMYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ30mPWiGI2n/Vq/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+cFTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZp9jwZMU2L5xBFMNHO3IjLCGhPrMiq5EILll1dJ66Ia1KrX97VK/SaPowgncArnEMAl1OEOGtAEAgKe4RXePO29eO/ex6K14OUzx/AH3ucPTZOQGg==</latexit>

~    [ Ward-Takahashi identity ]              +                                  

 ?k1 ·D✏

<latexit sha1_base64="LjQmIEBsTm3DxNtzq3yuoTN7fKY=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4KokU1F1RFy4r2Ac0IUwmk3boZCbMTIQSsnHjr7hxoYhb/8Gdf+O0zUJbD1w4nHMv994Tpowq7Tjf1tLyyuraemWjurm1vbNr7+13lMgkJm0smJC9ECnCKCdtTTUjvVQSlISMdMPR9cTvPhCpqOD3epwSP0EDTmOKkTZSYB/lXhjDURG40MOR0PAmyD2SKsoELwK75tSdKeAicUtSAyVagf3lRQJnCeEaM6RU33VS7edIaooZKapepkiK8AgNSN9QjhKi/Hz6RQFPjBLBWEhTXMOp+nsiR4lS4yQ0nQnSQzXvTcT/vH6m4ws/pzzNNOF4tijOGNQCTiKBEZUEazY2BGFJza0QD5FEWJvgqiYEd/7lRdI5q7uN+uVdo9a8KuOogENwDE6BC85BE9yCFmgDDB7BM3gFb9aT9WK9Wx+z1iWrnDkAf2B9/gDqjZg9</latexit>

✏,k1

<latexit sha1_base64="ZEGgd8GV/fN8w3fxyl4ytft8ZQk=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCBymJFNRb0YvHCvYDmlA220m7dLMJuxshhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bZKa+sbm1vl7crO7t7+gX141FFxKim0acxj2QuIAs4EtDXTHHqJBBIFHLrB5Hbmdx9BKhaLB50l4EdkJFjIKNFGGthVDxLFeCzOce4FIZ5MB+7Arjl1Zw68StyC1FCB1sD+8oYxTSMQmnKiVN91Eu3nRGpGOUwrXqogIXRCRtA3VJAIlJ/Pj5/iU6MMcRhLU0Ljufp7IieRUlkUmM6I6LFa9mbif14/1eGVnzORpBoEXSwKU451jGdJ4CGTQDXPDCFUMnMrpmMiCdUmr4oJwV1+eZV0Lupuo35936g1b4o4yugYnaAz5KJL1ER3qIXaiKIMPaNX9GY9WS/Wu/WxaC1ZxUwV/YH1+QPn9ZRO</latexit>

k2

<latexit sha1_base64="7UTpGj3yrbrDXGE0SGo/GsZMV98=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEYwSRKsoTZyWwyZB7LzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUNirVhLaI4ko/RNhQziRtWWY5fUg0xSLitBONb2Z+54lqw5S8t5OEhgIPJYsZwdZJj1kvitF42q/1yxW/6s+BVkmQkwrkaPbLX72BIqmg0hKOjekGfmLDDGvLCKfTUi81NMFkjIe066jEgpowmx88RWdOGaBYaVfSorn6eyLDwpiJiFynwHZklr2Z+J/XTW18GWZMJqmlkiwWxSlHVqHZ92jANCWWTxzBRDN3KyIjrDGxLqOSCyFYfnmVtGvVoF69uqtXGtd5HEU4gVM4hwAuoAG30IQWEBDwDK/w5mnvxXv3PhatBS+fOYY/8D5/AEqLkBg=</latexit>

k3

<latexit sha1_base64="gLvJ3rI07dswIb8aX42suSxYvNI=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexqQL0FvXiMYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPGi1oKKq66e6KEs6M9f0vr7Cyura+UdwsbW3v7O6V9w9aRqWa0CZRXOlOhA3lTNKmZZbTTqIpFhGn7Wh8M/Pbj1QbpuS9nSQ0FHgoWcwItk56yHpRjMbT/nm/XPGr/hzoLwlyUoEcjX75szdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm84On6MQpAxQr7UpaNFd/TmRYGDMRkesU2I7MsjcT//O6qY0vw4zJJLVUksWiOOXIKjT7Hg2YpsTyiSOYaOZuRWSENSbWZVRyIQTLL/8lrbNqUKte3dUq9es8jiIcwTGcQgAXUIdbaEATCAh4ghd49bT37L1574vWgpfPHMIveB/fTA+QGQ==</latexit>

k4

<latexit sha1_base64="bInGAtZSrwnIiBiP6NAF4+2+4ys=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXiMYB6SLGF2MpsMmccyMyuEJV/hxYMiXv0cb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ30mPWiGI2n/Vq/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+cFTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZp9jwZMU2L5xBFMNHO3IjLCGhPrMiq5EILll1dJ66Ia1KrX97VK/SaPowgncArnEMAl1OEOGtAEAgKe4RXePO29eO/ex6K14OUzx/AH3ucPTZOQGg==</latexit>

Bulk contact singularities

                                                 ET = |k1|+ |k2|+ |k3|+ |k4| ! 0

<latexit sha1_base64="nhCtuWIIOT1FbExk4I9tuKexfaI=">AAACJHicdZDLSgMxFIYzXmu9jbp0EyyCIAwztXhBhKIILiv0Bp1hyKSZNjRzIckIZdqHceOruHHhBRdufBYzbZV6OxDy8Z9zSP7fixkV0jTftJnZufmFxdxSfnlldW1d39isiyjhmNRwxCLe9JAgjIakJqlkpBlzggKPkYbXu8j6jRvCBY3CquzHxAlQJ6Q+xUgqydVPL90qPIOD1PZ82Bu61mD/i4tTfDDFpQG0ZQRNVy+YxqGZFfwNljG6zQKYVMXVn+12hJOAhBIzJETLMmPppIhLihkZ5u1EkBjhHuqQlsIQBUQ46cjkEO4qpQ39iKsTSjhSpzdSFAjRDzw1GSDZFT97mfhXr5VI/9hJaRgnkoR4/JCfMKgsZonBNuUES9ZXgDCn6q8QdxFHWKpc8yqET6fwf6gXDatknFyXCuXzSRw5sA12wB6wwBEogytQATWAwS24B4/gSbvTHrQX7XU8OqNNdrbAt9LePwBwZKN+</latexit>

] ]
Can they be compensated by:Violates gauge invariance.

The helicity-(J-1) component this gives the constraint:

cf. Weinberg soft theorem in flat space!

These singularities must therefore cancel by themselves          constrains   gi

<latexit sha1_base64="OBXBq5ixudh+i0s/d3DWh6LooOI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZTtKlm03Y3Qil9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAej25nffkKleSIfzThFP6aR5CFn1FjpIerzfrniVt05yCrxclKBHI1++as3SFgWozRMUK27npsaf0KV4UzgtNTLNKaUjWiEXUsljVH7k/mpU3JmlQEJE2VLGjJXf09MaKz1OA5sZ0zNUC97M/E/r5uZ8MqfcJlmBiVbLAozQUxCZn+TAVfIjBhbQpni9lbChlRRZmw6JRuCt/zyKmldVL1a9fq+Vqnf5HEU4QRO4Rw8uIQ63EEDmsAggmd4hTdHOC/Ou/OxaC04+cwx/IHz+QNKio3T</latexit>

Comes from the on-shell exchange, inherited from

the gauge invariant 3pt functions  



Summary

EFT
boundary conditions

Factorisation + Conformal Symmetry 

= csc (⇡ (u+ ū)) [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="sPDkU1ODcIItyElZRgXNEtM3Nbw="></latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

m,J

<latexit sha1_base64="kg/kk9TTexj0KqIDTNE9odxj38Q=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBg5RdKdRj0Yt4qmg/oF1KNs22oUl2SbLCsvQnePGgiFd/kTf/jWm7B219MPB4b4aZeUHMmTau++0U1tY3NreK26Wd3b39g/LhUVtHiSK0RSIeqW6ANeVM0pZhhtNurCgWAaedYHIz8ztPVGkWyUeTxtQXeCRZyAg2VnoQF3eDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+hpVhhNNpqZ9oGmMywSPas1RiQbWfzU+dojOrDFEYKVvSoLn6eyLDQutUBLZTYDPWy95M/M/rJSa88jMm48RQSRaLwoQjE6HZ32jIFCWGp5Zgopi9FZExVpgYm07JhuAtv7xK2pdVr1at39cqjes8jiKcwCmcgwd1aMAtNKEFBEbwDK/w5nDnxXl3PhatBSefOYY/cD5/ANaAjYU=</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

u,kI

<latexit sha1_base64="E5f3qigSJ+z4O5E6j8BUGukV9fo=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4kLArgXgMetFbBPOAJITZSW8yZPbBTK8Ylr158Ve8eFDEq7/gzb9xkuxBEwsaiqru6elyIyk02va3tbS8srq2ntvIb25t7+wW9vYbOowVhzoPZahaLtMgRQB1FCihFSlgviuh6Y6uJn7zHpQWYXCH4wi6PhsEwhOcoZF6haMOwgNO30lcGUOaxOkZTTquR0dp76ZXKNolewq6SJyMFEmGWq/w1emHPPYhQC6Z1m3HjrCbMIWCS0jznVhDxPiIDaBtaMB80N1kuj+lJ0bpUy9UpgKkU/X3RMJ8rce+azp9hkM9703E/7x2jN5FNxFBFCMEfLbIiyXFkE5CoX2hgKMcG8K4EuavlA+ZYhxNdHkTgjN/8iJpnJeccqlyWy5WL7M4cuSQHJNT4pAKqZJrUiN1wskjeSav5M16sl6sd+tj1rpkZTMH5A+szx+f25nJ</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

�+, J

<latexit sha1_base64="WbrkHyQkxQUSIv8PseQ8oNxgM/E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIsgKCWRgnor6kE8VbAf2Iay2U7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdKO823llpZXVtfy64WNza3tneLuXkNFiaRYpxGPZMsnCjkTWNdMc2zFEknoc2z6w+uJ33xCqVgkHvQoRi8kfcECRok20mPnBrkm3ZPTu26x5JSdKexF4makBBlq3eJXpxfRJEShKSdKtV0n1l5KpGaU47jQSRTGhA5JH9uGChKi8tLpxWP7yCg9O4ikKaHtqfp7IiWhUqPQN50h0QM1703E/7x2ooMLL2UiTjQKOlsUJNzWkT153+4xiVTzkSGESmZutemASEK1CalgQnDnX14kjbOyWylf3ldK1assjjwcwCEcgwvnUIVbqEEdKAh4hld4s5T1Yr1bH7PWnJXN7MMfWJ8/hwWQMA==</latexit>

± branch

<latexit sha1_base64="Q2/fr2DfDj7NFD4CDnx+JML/oaY=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwX5AE8pmu2mXbjZhdyKGUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFySCa3Ccb2tldW19Y7O0Vd7e2d3btw8O2zpOFWUtGotYdQOimeCStYCDYN1EMRIFgnWC8c3U7zwwpXks7yFLmB+RoeQhpwSM1LcrXhJ5Z9gD9gh5oIiko0nfrjo1Zwa8TNyCVFGBZt/+8gYxTSMmgQqidc91EvBzooBTwSZlL9UsIXRMhqxnqCQR034+O36CT4wywGGsTEnAM/X3RE4irbMoMJ0RgZFe9Kbif14vhfDSz7lMUmCSzheFqcAQ42kSeMAVoyAyQwhV3NyK6YgoQsHkVTYhuIsvL5P2ec2t167u6tXGdRFHCR2hY3SKXHSBGugWNVELUZShZ/SK3qwn68V6tz7mrStWMVNBf2B9/gC/L5Td</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

±̂ branch

<latexit sha1_base64="rbLkC0MfRX3FFkOFp5Em+5ZMry4=">AAACA3icbVA9SwNBEN2LXzF+ndppsxgECwl3ElC7oI1lBPMBuRD2Nptkye7esTsnhiNg41+xsVDE1j9h579xk1yhiQ8GHu/NMDMvjAU34HnfTm5peWV1Lb9e2Njc2t5xd/fqJko0ZTUaiUg3Q2KY4IrVgINgzVgzIkPBGuHweuI37pk2PFJ3MIpZW5K+4j1OCVip4x6kwYAADmI5Dk5xAOwB0lATRQfjjlv0St4UeJH4GSmiDNWO+xV0I5pIpoAKYkzL92Jop0QDp4KNC0FiWEzokPRZy1JFJDPtdPrDGB9bpYt7kbalAE/V3xMpkcaMZGg7JYGBmfcm4n9eK4HeRTvlKk6AKTpb1EsEhghPAsFdrhkFMbKEUM3trZgOiCYUbGwFG4I///IiqZ+V/HLp8rZcrFxlceTRITpCJ8hH56iCblAV1RBFj+gZvaI358l5cd6dj1lrzslm9tEfOJ8/E2aX1A==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

ū,�kI

<latexit sha1_base64="twC3SYsePjumlVzWCSueGhXg4ho=">AAACD3icbZC7SgNBFIZn4y3GW9TSZjAoFhp2JRDLoI12EcwFkhBmJ2eTIbMXZs6KYdk3sPFVbCwUsbW1822cXApNPDDw8f/nzJz53UgKjbb9bWWWlldW17LruY3Nre2d/O5eXYex4lDjoQxV02UapAighgIlNCMFzHclNNzh1dhv3IPSIgzucBRBx2f9QHiCMzRSN3/cRnjAyT2JK2NIk6TtMkXjND2lZ4Y9Oky7N918wS7ak6KL4MygQGZV7ea/2r2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukme6T0yCg96oXKnADpRP09kTBf65Hvmk6f4UDPe2PxP68Vo3fRSUQQxQgBnz7kxZJiSMfh0J5QwFGODDCuhNmV8gFTjKOJMGdCcOa/vAj186JTKpZvS4XK5SyOLDkgh+SEOKRMKuSaVEmNcPJInskrebOerBfr3fqYtmas2cw++VPW5w+B65zv</latexit>

��, J

<latexit sha1_base64="t07PU+ij0/d13fFjnwprIvz74Q0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgQUsiBfVW1IN4qmA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKLS2vrK7l1wsbm1vbO8XdvYaKEkmxTiMeyZZPFHImsK6Z5tiKJZLQ59j0h9cTv/mEUrFIPOhRjF5I+oIFjBJtpMfODXJNuqcnd91iySk7U9iLxM1ICTLUusWvTi+iSYhCU06UartOrL2USM0ox3GhkyiMCR2SPrYNFSRE5aXTi8f2kVF6dhBJU0LbU/X3REpCpUahbzpDogdq3puI/3ntRAcXXspEnGgUdLYoSLitI3vyvt1jEqnmI0MIlczcatMBkYRqE1LBhODOv7xIGmdlt1K+vK+UqldZHHk4gEM4BhfOoQq3UIM6UBDwDK/wZinrxXq3PmatOSub2Yc/sD5/AIoRkDI=</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

Comments:

The Mellin-Barnes representation captures the full analytic structure of boundary correlators

2F1 (a, b; c; z) =
� (c)

� (a)� (b)

Z i1

�i1

ds

2⇡i

� (a+ s)� (b+ s)� (�s)

� (c+ s)
(�z)s

c=b
= (1� z)�a

<latexit sha1_base64="Q8mvJVl03qBi64qgmDRPl7LtTao="></latexit>

c.f. Gauss Hypergeometric function:

For some special representations the Mellin-Barnes integrals can be lifted
Includes: (partially-)massless fields, conformally coupled scalar

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

and

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

massless spin-J

�

<latexit sha1_base64="uGd0okehDoFk+oRyzO0MixH+Fuk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvXisYD+gDWWz3TRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmBQln2rjut1Pa2Nza3invVvb2Dw6PqscnXR2nitAOiXms+gHWlDNJO4YZTvuJolgEnPaC6V3u956o0iyWj2aWUF/giWQhI9jk0jCJ2Khac+vuAmideAWpQYH2qPo1HMckFVQawrHWA89NjJ9hZRjhdF4ZppommEzxhA4slVhQ7WeLW+fowipjFMbKljRoof6eyLDQeiYC2ymwifSql4v/eYPUhNd+xmSSGirJclGYcmRilD+OxkxRYvjMEkwUs7ciEmGFibHxVGwI3urL66R7Vfca9ZuHRq11W8RRhjM4h0vwoAktuIc2dIBABM/wCm+OcF6cd+dj2VpyiplT+APn8wcXaI5L</latexit>

�

<latexit sha1_base64="uGd0okehDoFk+oRyzO0MixH+Fuk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvXisYD+gDWWz3TRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmBQln2rjut1Pa2Nza3invVvb2Dw6PqscnXR2nitAOiXms+gHWlDNJO4YZTvuJolgEnPaC6V3u956o0iyWj2aWUF/giWQhI9jk0jCJ2Khac+vuAmideAWpQYH2qPo1HMckFVQawrHWA89NjJ9hZRjhdF4ZppommEzxhA4slVhQ7WeLW+fowipjFMbKljRoof6eyLDQeiYC2ymwifSql4v/eYPUhNd+xmSSGirJclGYcmRilD+OxkxRYvjMEkwUs7ciEmGFibHxVGwI3urL66R7Vfca9ZuHRq11W8RRhjM4h0vwoAktuIc2dIBABM/wCm+OcF6cd+dj2VpyiplT+APn8wcXaI5L</latexit>

�

<latexit sha1_base64="uGd0okehDoFk+oRyzO0MixH+Fuk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvXisYD+gDWWz3TRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmBQln2rjut1Pa2Nza3invVvb2Dw6PqscnXR2nitAOiXms+gHWlDNJO4YZTvuJolgEnPaC6V3u956o0iyWj2aWUF/giWQhI9jk0jCJ2Khac+vuAmideAWpQYH2qPo1HMckFVQawrHWA89NjJ9hZRjhdF4ZppommEzxhA4slVhQ7WeLW+fowipjFMbKljRoof6eyLDQeiYC2ymwifSql4v/eYPUhNd+xmSSGirJclGYcmRilD+OxkxRYvjMEkwUs7ciEmGFibHxVGwI3urL66R7Vfca9ZuHRq11W8RRhjM4h0vwoAktuIc2dIBABM/wCm+OcF6cd+dj2VpyiplT+APn8wcXaI5L</latexit>

�

<latexit sha1_base64="uGd0okehDoFk+oRyzO0MixH+Fuk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvXisYD+gDWWz3TRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmBQln2rjut1Pa2Nza3invVvb2Dw6PqscnXR2nitAOiXms+gHWlDNJO4YZTvuJolgEnPaC6V3u956o0iyWj2aWUF/giWQhI9jk0jCJ2Khac+vuAmideAWpQYH2qPo1HMckFVQawrHWA89NjJ9hZRjhdF4ZppommEzxhA4slVhQ7WeLW+fowipjFMbKljRoof6eyLDQeiYC2ymwifSql4v/eYPUhNd+xmSSGirJclGYcmRilD+OxkxRYvjMEkwUs7ciEmGFibHxVGwI3urL66R7Vfca9ZuHRq11W8RRhjM4h0vwoAktuIc2dIBABM/wCm+OcF6cd+dj2VpyiplT+APn8wcXaI5L</latexit>

� =

<latexit sha1_base64="o8OQqAjcOSu62unlu43ZmZSMBfg=">AAAB7HicdVDLSgNBEOyNrxhfUY9eBoPgadnVgMlBCHrxGME1gWQJs5PZZMjM7DIzK4Ql3+DFgyJe/SBv/o2Th+CzoKGo6qa7K0o508bz3p3C0vLK6lpxvbSxubW9U97du9VJpggNSMIT1Y6wppxJGhhmOG2nimIRcdqKRpdTv3VHlWaJvDHjlIYCDySLGcHGSkE3HbLzXrniudV6zTuto9/Ed70ZKrBAs1d+6/YTkgkqDeFY647vpSbMsTKMcDopdTNNU0xGeEA7lkosqA7z2bETdGSVPooTZUsaNFO/TuRYaD0Wke0U2Az1T28q/uV1MhPXwpzJNDNUkvmiOOPIJGj6OeozRYnhY0swUczeisgQK0yMzadkQ/j8FP1Pbk9cv+rWr6uVxsUijiIcwCEcgw9n0IAraEIABBjcwyM8OdJ5cJ6dl3lrwVnM7MM3OK8fKbuO9Q==</latexit>

conformally coupled 

or massless scalar

in Yang Mills and Gravity

E.g.

=
1X

n=0

(a)n (b)n
(c)n

zn

n!
, |z| < 1

<latexit sha1_base64="roQj6imAVo2Xys0OePacERS5kLI="></latexit>



Summary

EFT
boundary conditions

Factorisation + Conformal Symmetry 

= csc (⇡ (u+ ū)) [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="sPDkU1ODcIItyElZRgXNEtM3Nbw="></latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

m,J

<latexit sha1_base64="kg/kk9TTexj0KqIDTNE9odxj38Q=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBg5RdKdRj0Yt4qmg/oF1KNs22oUl2SbLCsvQnePGgiFd/kTf/jWm7B219MPB4b4aZeUHMmTau++0U1tY3NreK26Wd3b39g/LhUVtHiSK0RSIeqW6ANeVM0pZhhtNurCgWAaedYHIz8ztPVGkWyUeTxtQXeCRZyAg2VnoQF3eDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+hpVhhNNpqZ9oGmMywSPas1RiQbWfzU+dojOrDFEYKVvSoLn6eyLDQutUBLZTYDPWy95M/M/rJSa88jMm48RQSRaLwoQjE6HZ32jIFCWGp5Zgopi9FZExVpgYm07JhuAtv7xK2pdVr1at39cqjes8jiKcwCmcgwd1aMAtNKEFBEbwDK/w5nDnxXl3PhatBSefOYY/cD5/ANaAjYU=</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

u,kI

<latexit sha1_base64="E5f3qigSJ+z4O5E6j8BUGukV9fo=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4kLArgXgMetFbBPOAJITZSW8yZPbBTK8Ylr158Ve8eFDEq7/gzb9xkuxBEwsaiqru6elyIyk02va3tbS8srq2ntvIb25t7+wW9vYbOowVhzoPZahaLtMgRQB1FCihFSlgviuh6Y6uJn7zHpQWYXCH4wi6PhsEwhOcoZF6haMOwgNO30lcGUOaxOkZTTquR0dp76ZXKNolewq6SJyMFEmGWq/w1emHPPYhQC6Z1m3HjrCbMIWCS0jznVhDxPiIDaBtaMB80N1kuj+lJ0bpUy9UpgKkU/X3RMJ8rce+azp9hkM9703E/7x2jN5FNxFBFCMEfLbIiyXFkE5CoX2hgKMcG8K4EuavlA+ZYhxNdHkTgjN/8iJpnJeccqlyWy5WL7M4cuSQHJNT4pAKqZJrUiN1wskjeSav5M16sl6sd+tj1rpkZTMH5A+szx+f25nJ</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

�+, J

<latexit sha1_base64="WbrkHyQkxQUSIv8PseQ8oNxgM/E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIsgKCWRgnor6kE8VbAf2Iay2U7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdKO823llpZXVtfy64WNza3tneLuXkNFiaRYpxGPZMsnCjkTWNdMc2zFEknoc2z6w+uJ33xCqVgkHvQoRi8kfcECRok20mPnBrkm3ZPTu26x5JSdKexF4makBBlq3eJXpxfRJEShKSdKtV0n1l5KpGaU47jQSRTGhA5JH9uGChKi8tLpxWP7yCg9O4ikKaHtqfp7IiWhUqPQN50h0QM1703E/7x2ooMLL2UiTjQKOlsUJNzWkT153+4xiVTzkSGESmZutemASEK1CalgQnDnX14kjbOyWylf3ldK1assjjwcwCEcgwvnUIVbqEEdKAh4hld4s5T1Yr1bH7PWnJXN7MMfWJ8/hwWQMA==</latexit>

± branch

<latexit sha1_base64="Q2/fr2DfDj7NFD4CDnx+JML/oaY=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwX5AE8pmu2mXbjZhdyKGUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFySCa3Ccb2tldW19Y7O0Vd7e2d3btw8O2zpOFWUtGotYdQOimeCStYCDYN1EMRIFgnWC8c3U7zwwpXks7yFLmB+RoeQhpwSM1LcrXhJ5Z9gD9gh5oIiko0nfrjo1Zwa8TNyCVFGBZt/+8gYxTSMmgQqidc91EvBzooBTwSZlL9UsIXRMhqxnqCQR034+O36CT4wywGGsTEnAM/X3RE4irbMoMJ0RgZFe9Kbif14vhfDSz7lMUmCSzheFqcAQ42kSeMAVoyAyQwhV3NyK6YgoQsHkVTYhuIsvL5P2ec2t167u6tXGdRFHCR2hY3SKXHSBGugWNVELUZShZ/SK3qwn68V6tz7mrStWMVNBf2B9/gC/L5Td</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

±̂ branch

<latexit sha1_base64="rbLkC0MfRX3FFkOFp5Em+5ZMry4=">AAACA3icbVA9SwNBEN2LXzF+ndppsxgECwl3ElC7oI1lBPMBuRD2Nptkye7esTsnhiNg41+xsVDE1j9h579xk1yhiQ8GHu/NMDMvjAU34HnfTm5peWV1Lb9e2Njc2t5xd/fqJko0ZTUaiUg3Q2KY4IrVgINgzVgzIkPBGuHweuI37pk2PFJ3MIpZW5K+4j1OCVip4x6kwYAADmI5Dk5xAOwB0lATRQfjjlv0St4UeJH4GSmiDNWO+xV0I5pIpoAKYkzL92Jop0QDp4KNC0FiWEzokPRZy1JFJDPtdPrDGB9bpYt7kbalAE/V3xMpkcaMZGg7JYGBmfcm4n9eK4HeRTvlKk6AKTpb1EsEhghPAsFdrhkFMbKEUM3trZgOiCYUbGwFG4I///IiqZ+V/HLp8rZcrFxlceTRITpCJ8hH56iCblAV1RBFj+gZvaI358l5cd6dj1lrzslm9tEfOJ8/E2aX1A==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

ū,�kI

<latexit sha1_base64="twC3SYsePjumlVzWCSueGhXg4ho=">AAACD3icbZC7SgNBFIZn4y3GW9TSZjAoFhp2JRDLoI12EcwFkhBmJ2eTIbMXZs6KYdk3sPFVbCwUsbW1822cXApNPDDw8f/nzJz53UgKjbb9bWWWlldW17LruY3Nre2d/O5eXYex4lDjoQxV02UapAighgIlNCMFzHclNNzh1dhv3IPSIgzucBRBx2f9QHiCMzRSN3/cRnjAyT2JK2NIk6TtMkXjND2lZ4Y9Oky7N918wS7ak6KL4MygQGZV7ea/2r2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukme6T0yCg96oXKnADpRP09kTBf65Hvmk6f4UDPe2PxP68Vo3fRSUQQxQgBnz7kxZJiSMfh0J5QwFGODDCuhNmV8gFTjKOJMGdCcOa/vAj186JTKpZvS4XK5SyOLDkgh+SEOKRMKuSaVEmNcPJInskrebOerBfr3fqYtmas2cw++VPW5w+B65zv</latexit>

��, J

<latexit sha1_base64="t07PU+ij0/d13fFjnwprIvz74Q0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgQUsiBfVW1IN4qmA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKLS2vrK7l1wsbm1vbO8XdvYaKEkmxTiMeyZZPFHImsK6Z5tiKJZLQ59j0h9cTv/mEUrFIPOhRjF5I+oIFjBJtpMfODXJNuqcnd91iySk7U9iLxM1ICTLUusWvTi+iSYhCU06UartOrL2USM0ox3GhkyiMCR2SPrYNFSRE5aXTi8f2kVF6dhBJU0LbU/X3REpCpUahbzpDogdq3puI/3ntRAcXXspEnGgUdLYoSLitI3vyvt1jEqnmI0MIlczcatMBkYRqE1LBhODOv7xIGmdlt1K+vK+UqldZHHk4gEM4BhfOoQq3UIM6UBDwDK/wZinrxXq3PmatOSub2Yc/sD5/AIoRkDI=</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

Comments:

The Mellin-Barnes representation captures the full analytic structure of boundary correlators

c.f. Gauss Hypergeometric function:

For some special representations the Mellin-Barnes integrals can be lifted
Includes: (partially-)massless fields, conformally coupled scalar

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

and

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

massless spin-J

�

<latexit sha1_base64="uGd0okehDoFk+oRyzO0MixH+Fuk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvXisYD+gDWWz3TRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmBQln2rjut1Pa2Nza3invVvb2Dw6PqscnXR2nitAOiXms+gHWlDNJO4YZTvuJolgEnPaC6V3u956o0iyWj2aWUF/giWQhI9jk0jCJ2Khac+vuAmideAWpQYH2qPo1HMckFVQawrHWA89NjJ9hZRjhdF4ZppommEzxhA4slVhQ7WeLW+fowipjFMbKljRoof6eyLDQeiYC2ymwifSql4v/eYPUhNd+xmSSGirJclGYcmRilD+OxkxRYvjMEkwUs7ciEmGFibHxVGwI3urL66R7Vfca9ZuHRq11W8RRhjM4h0vwoAktuIc2dIBABM/wCm+OcF6cd+dj2VpyiplT+APn8wcXaI5L</latexit>

�

<latexit sha1_base64="uGd0okehDoFk+oRyzO0MixH+Fuk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvXisYD+gDWWz3TRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmBQln2rjut1Pa2Nza3invVvb2Dw6PqscnXR2nitAOiXms+gHWlDNJO4YZTvuJolgEnPaC6V3u956o0iyWj2aWUF/giWQhI9jk0jCJ2Khac+vuAmideAWpQYH2qPo1HMckFVQawrHWA89NjJ9hZRjhdF4ZppommEzxhA4slVhQ7WeLW+fowipjFMbKljRoof6eyLDQeiYC2ymwifSql4v/eYPUhNd+xmSSGirJclGYcmRilD+OxkxRYvjMEkwUs7ciEmGFibHxVGwI3urL66R7Vfca9ZuHRq11W8RRhjM4h0vwoAktuIc2dIBABM/wCm+OcF6cd+dj2VpyiplT+APn8wcXaI5L</latexit>

�

<latexit sha1_base64="uGd0okehDoFk+oRyzO0MixH+Fuk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvXisYD+gDWWz3TRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmBQln2rjut1Pa2Nza3invVvb2Dw6PqscnXR2nitAOiXms+gHWlDNJO4YZTvuJolgEnPaC6V3u956o0iyWj2aWUF/giWQhI9jk0jCJ2Khac+vuAmideAWpQYH2qPo1HMckFVQawrHWA89NjJ9hZRjhdF4ZppommEzxhA4slVhQ7WeLW+fowipjFMbKljRoof6eyLDQeiYC2ymwifSql4v/eYPUhNd+xmSSGirJclGYcmRilD+OxkxRYvjMEkwUs7ciEmGFibHxVGwI3urL66R7Vfca9ZuHRq11W8RRhjM4h0vwoAktuIc2dIBABM/wCm+OcF6cd+dj2VpyiplT+APn8wcXaI5L</latexit>

�

<latexit sha1_base64="uGd0okehDoFk+oRyzO0MixH+Fuk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvXisYD+gDWWz3TRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmBQln2rjut1Pa2Nza3invVvb2Dw6PqscnXR2nitAOiXms+gHWlDNJO4YZTvuJolgEnPaC6V3u956o0iyWj2aWUF/giWQhI9jk0jCJ2Khac+vuAmideAWpQYH2qPo1HMckFVQawrHWA89NjJ9hZRjhdF4ZppommEzxhA4slVhQ7WeLW+fowipjFMbKljRoof6eyLDQeiYC2ymwifSql4v/eYPUhNd+xmSSGirJclGYcmRilD+OxkxRYvjMEkwUs7ciEmGFibHxVGwI3urL66R7Vfca9ZuHRq11W8RRhjM4h0vwoAktuIc2dIBABM/wCm+OcF6cd+dj2VpyiplT+APn8wcXaI5L</latexit>

� =

<latexit sha1_base64="o8OQqAjcOSu62unlu43ZmZSMBfg=">AAAB7HicdVDLSgNBEOyNrxhfUY9eBoPgadnVgMlBCHrxGME1gWQJs5PZZMjM7DIzK4Ql3+DFgyJe/SBv/o2Th+CzoKGo6qa7K0o508bz3p3C0vLK6lpxvbSxubW9U97du9VJpggNSMIT1Y6wppxJGhhmOG2nimIRcdqKRpdTv3VHlWaJvDHjlIYCDySLGcHGSkE3HbLzXrniudV6zTuto9/Ed70ZKrBAs1d+6/YTkgkqDeFY647vpSbMsTKMcDopdTNNU0xGeEA7lkosqA7z2bETdGSVPooTZUsaNFO/TuRYaD0Wke0U2Az1T28q/uV1MhPXwpzJNDNUkvmiOOPIJGj6OeozRYnhY0swUczeisgQK0yMzadkQ/j8FP1Pbk9cv+rWr6uVxsUijiIcwCEcgw9n0IAraEIABBjcwyM8OdJ5cJ6dl3lrwVnM7MM3OK8fKbuO9Q==</latexit>

conformally coupled 

or massless scalar

in Yang Mills and Gravity

E.g.

=
1X

n=0

(a)n (b)n
(c)n

zn

n!
, |z| < 1

<latexit sha1_base64="roQj6imAVo2Xys0OePacERS5kLI="></latexit>

2F1 (a, b; c; z) =
� (c)

� (a)� (b)

Z i1

�i1

ds

2⇡i

� (a+ s)� (b+ s)� (�s)

� (c+ s)
(�z)s

c=b
= (1� z)�a

<latexit sha1_base64="Q8mvJVl03qBi64qgmDRPl7LtTao="></latexit>

e.g.



Summary

EFT
boundary conditions

Factorisation + Conformal Symmetry 

= csc (⇡ (u+ ū)) [↵!+ (u, ū) + � !� (u, ū)]

<latexit sha1_base64="sPDkU1ODcIItyElZRgXNEtM3Nbw="></latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

u,kI

<latexit sha1_base64="E5f3qigSJ+z4O5E6j8BUGukV9fo=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4kLArgXgMetFbBPOAJITZSW8yZPbBTK8Ylr158Ve8eFDEq7/gzb9xkuxBEwsaiqru6elyIyk02va3tbS8srq2ntvIb25t7+wW9vYbOowVhzoPZahaLtMgRQB1FCihFSlgviuh6Y6uJn7zHpQWYXCH4wi6PhsEwhOcoZF6haMOwgNO30lcGUOaxOkZTTquR0dp76ZXKNolewq6SJyMFEmGWq/w1emHPPYhQC6Z1m3HjrCbMIWCS0jznVhDxPiIDaBtaMB80N1kuj+lJ0bpUy9UpgKkU/X3RMJ8rce+azp9hkM9703E/7x2jN5FNxFBFCMEfLbIiyXFkE5CoX2hgKMcG8K4EuavlA+ZYhxNdHkTgjN/8iJpnJeccqlyWy5WL7M4cuSQHJNT4pAKqZJrUiN1wskjeSav5M16sl6sd+tj1rpkZTMH5A+szx+f25nJ</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

�+, J

<latexit sha1_base64="WbrkHyQkxQUSIv8PseQ8oNxgM/E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIsgKCWRgnor6kE8VbAf2Iay2U7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdKO823llpZXVtfy64WNza3tneLuXkNFiaRYpxGPZMsnCjkTWNdMc2zFEknoc2z6w+uJ33xCqVgkHvQoRi8kfcECRok20mPnBrkm3ZPTu26x5JSdKexF4makBBlq3eJXpxfRJEShKSdKtV0n1l5KpGaU47jQSRTGhA5JH9uGChKi8tLpxWP7yCg9O4ikKaHtqfp7IiWhUqPQN50h0QM1703E/7x2ooMLL2UiTjQKOlsUJNzWkT153+4xiVTzkSGESmZutemASEK1CalgQnDnX14kjbOyWylf3ldK1assjjwcwCEcgwvnUIVbqEEdKAh4hld4s5T1Yr1bH7PWnJXN7MMfWJ8/hwWQMA==</latexit>

± branch

<latexit sha1_base64="Q2/fr2DfDj7NFD4CDnx+JML/oaY=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwX5AE8pmu2mXbjZhdyKGUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFySCa3Ccb2tldW19Y7O0Vd7e2d3btw8O2zpOFWUtGotYdQOimeCStYCDYN1EMRIFgnWC8c3U7zwwpXks7yFLmB+RoeQhpwSM1LcrXhJ5Z9gD9gh5oIiko0nfrjo1Zwa8TNyCVFGBZt/+8gYxTSMmgQqidc91EvBzooBTwSZlL9UsIXRMhqxnqCQR034+O36CT4wywGGsTEnAM/X3RE4irbMoMJ0RgZFe9Kbif14vhfDSz7lMUmCSzheFqcAQ42kSeMAVoyAyQwhV3NyK6YgoQsHkVTYhuIsvL5P2ec2t167u6tXGdRFHCR2hY3SKXHSBGugWNVELUZShZ/SK3qwn68V6tz7mrStWMVNBf2B9/gC/L5Td</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

±̂ branch

<latexit sha1_base64="rbLkC0MfRX3FFkOFp5Em+5ZMry4=">AAACA3icbVA9SwNBEN2LXzF+ndppsxgECwl3ElC7oI1lBPMBuRD2Nptkye7esTsnhiNg41+xsVDE1j9h579xk1yhiQ8GHu/NMDMvjAU34HnfTm5peWV1Lb9e2Njc2t5xd/fqJko0ZTUaiUg3Q2KY4IrVgINgzVgzIkPBGuHweuI37pk2PFJ3MIpZW5K+4j1OCVip4x6kwYAADmI5Dk5xAOwB0lATRQfjjlv0St4UeJH4GSmiDNWO+xV0I5pIpoAKYkzL92Jop0QDp4KNC0FiWEzokPRZy1JFJDPtdPrDGB9bpYt7kbalAE/V3xMpkcaMZGg7JYGBmfcm4n9eK4HeRTvlKk6AKTpb1EsEhghPAsFdrhkFMbKEUM3trZgOiCYUbGwFG4I///IiqZ+V/HLp8rZcrFxlceTRITpCJ8hH56iCblAV1RBFj+gZvaI358l5cd6dj1lrzslm9tEfOJ8/E2aX1A==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

ū,�kI

<latexit sha1_base64="twC3SYsePjumlVzWCSueGhXg4ho=">AAACD3icbZC7SgNBFIZn4y3GW9TSZjAoFhp2JRDLoI12EcwFkhBmJ2eTIbMXZs6KYdk3sPFVbCwUsbW1822cXApNPDDw8f/nzJz53UgKjbb9bWWWlldW17LruY3Nre2d/O5eXYex4lDjoQxV02UapAighgIlNCMFzHclNNzh1dhv3IPSIgzucBRBx2f9QHiCMzRSN3/cRnjAyT2JK2NIk6TtMkXjND2lZ4Y9Oky7N918wS7ak6KL4MygQGZV7ea/2r2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukme6T0yCg96oXKnADpRP09kTBf65Hvmk6f4UDPe2PxP68Vo3fRSUQQxQgBnz7kxZJiSMfh0J5QwFGODDCuhNmV8gFTjKOJMGdCcOa/vAj186JTKpZvS4XK5SyOLDkgh+SEOKRMKuSaVEmNcPJInskrebOerBfr3fqYtmas2cw++VPW5w+B65zv</latexit>

��, J

<latexit sha1_base64="t07PU+ij0/d13fFjnwprIvz74Q0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgQUsiBfVW1IN4qmA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKLS2vrK7l1wsbm1vbO8XdvYaKEkmxTiMeyZZPFHImsK6Z5tiKJZLQ59j0h9cTv/mEUrFIPOhRjF5I+oIFjBJtpMfODXJNuqcnd91iySk7U9iLxM1ICTLUusWvTi+iSYhCU06UartOrL2USM0ox3GhkyiMCR2SPrYNFSRE5aXTi8f2kVF6dhBJU0LbU/X3REpCpUahbzpDogdq3puI/3ntRAcXXspEnGgUdLYoSLitI3vyvt1jEqnmI0MIlczcatMBkYRqE1LBhODOv7xIGmdlt1K+vK+UqldZHHk4gEM4BhfOoQq3UIM6UBDwDK/wZinrxXq3PmatOSub2Yc/sD5/AIoRkDI=</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

Plenty of diverse directions for the future!

Higher points and Loops. Nice parallel with generalised unitarity methods/Cutkosky rules:

Celestial Amplitudes?

Conformal Bootstrap?
...

<latexit sha1_base64="VBpHJEBT97tDzHG8unvL1loUUmU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJq1b1L6q1+8tK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL1tjzw=</latexit>

similar in spirit to existing generalised unitarity methods in AdS/CFT — next talk by David Meltzer.

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

=
X

±±̂

⇥
↵±±̂ !D (u1, ū1) + �±±̂ !N (u1, ū1)

⇤ ⇥
↵±±̂ !D (u2, ū2) + �±±̂ !N (u2, ū2)

⇤

<latexit sha1_base64="xQyEUU/t98myoLELY9IBqWDhVPg="></latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

u1, ū1

<latexit sha1_base64="rW2O3Gv5QoGcbXMbh6WPCHrgrww=">AAACDXicdVDLSgMxFM34rPVVdekmWAUXUial2HZXdOOygn1ApwyZNLWhmQfJHbEM8wNu/BU3LhRx696df2OmraCiBwKHc+4rx4uk0GDbH9bC4tLyympuLb++sbm1XdjZbeswVoy3WChD1fWo5lIEvAUCJO9GilPfk7zjjc8zv3PDlRZhcAWTiPd9eh2IoWAUjOQWDmOXOMBvYToq8SRl4zQ5SZ0TnDgeVThOXeIWinbJtm1CCM4IqZ7ahtTrtTKpYZJZBkU0R9MtvDuDkMU+D4BJqnWP2BH0E6pAMMnTvBNrHplN9Jr3DA2oz3U/mZ6Q4iOjDPAwVOYFgKfq946E+lpPfM9U+hRG+reXiX95vRiGtX4igigGHrDZomEsMYQ4iwYPhOIM5MQQypQwt2I2oooyMAHmTQhfP8X/k3a5RCql+mWl2Dibx5FD++gAHSOCqqiBLlATtRBDd+gBPaFn6956tF6s11npgjXv2UM/YL19AspKnAk=</latexit>

u2, ū2

<latexit sha1_base64="xRXbj1p/oGMTOqcl76/ZPBr8BmI=">AAACDXicdVDLSgMxFM34rPU16tJNsAouSpkMRdud6MZlBatCZxgyaVqDmQfJHbEM8wNu/BU3LhRx696df2OmVlDRA4HDOfeVE6ZSaHCcd2tqemZ2br6yUF1cWl5ZtdfWz3SSKca7LJGJugip5lLEvAsCJL9IFadRKPl5eHVU+ufXXGmRxKcwSrkf0WEsBoJRMFJgb2eB6wG/gfGoPJSUXRV5vfDqOPdCqnBWBG5g15yG4ziEEFwSsr/nGNJut1zSwqS0DGpogk5gv3n9hGURj4FJqnWPOCn4OVUgmORF1cs0T80mOuQ9Q2Mace3n4xMKvGOUPh4kyrwY8Fj93pHTSOtRFJrKiMKl/u2V4l9eL4NBy89FnGbAY/a5aJBJDAkuo8F9oTgDOTKEMiXMrZhdUkUZmACrJoSvn+L/yZnbIM1G+6RZOzicxFFBm2gL7SKC9tEBOkYd1EUM3aJ79IierDvrwXq2Xj5Lp6xJzwb6Aev1A81znAs=</latexit>

± branch

<latexit sha1_base64="Q2/fr2DfDj7NFD4CDnx+JML/oaY=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwX5AE8pmu2mXbjZhdyKGUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFySCa3Ccb2tldW19Y7O0Vd7e2d3btw8O2zpOFWUtGotYdQOimeCStYCDYN1EMRIFgnWC8c3U7zwwpXks7yFLmB+RoeQhpwSM1LcrXhJ5Z9gD9gh5oIiko0nfrjo1Zwa8TNyCVFGBZt/+8gYxTSMmgQqidc91EvBzooBTwSZlL9UsIXRMhqxnqCQR034+O36CT4wywGGsTEnAM/X3RE4irbMoMJ0RgZFe9Kbif14vhfDSz7lMUmCSzheFqcAQ42kSeMAVoyAyQwhV3NyK6YgoQsHkVTYhuIsvL5P2ec2t167u6tXGdRFHCR2hY3SKXHSBGugWNVELUZShZ/SK3qwn68V6tz7mrStWMVNBf2B9/gC/L5Td</latexit>

Z
ddk

(2⇡)d

<latexit sha1_base64="YlmGS7jqK2FgkHWXR3Ryzh7choY=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVpCSloO6KblxWsA9o2jKZTNqhkwczN0IJ+Qk3/oobF4q4Fdz5N07bLLT1wIXDOfdy7z1uLLgCy/o2VlbX1jc2C1vF7Z3dvX3z4LClokRS1qSRiGTHJYoJHrImcBCsE0tGAlewtju+mfrtByYVj8J7mMSsF5BhyH1OCWhpYJ47PATs+JLQ1Ot7OHVcH4+zLHUE86FcdWLuSD4cwVnfywZmyapYM+BlYuekhHI0BuaX40U0CVgIVBClurYVQy8lEjgVLCs6iWIxoWMyZF1NQxIw1UtnX2X4VCse9iOpS984U39PpCRQahK4ujMgMFKL3lT8z+sm4F/2Uh7GCbCQzhf5icAQ4WlE2OOSURATTQiVXN+K6YjohEAHWdQh2IsvL5NWtWLXKld3tVL9Oo+jgI7RCSojG12gOrpFDdREFD2iZ/SK3own48V4Nz7mrStGPnOE/sD4/AFy4Z8G</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

�+, J

<latexit sha1_base64="WbrkHyQkxQUSIv8PseQ8oNxgM/E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIsgKCWRgnor6kE8VbAf2Iay2U7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdKO823llpZXVtfy64WNza3tneLuXkNFiaRYpxGPZMsnCjkTWNdMc2zFEknoc2z6w+uJ33xCqVgkHvQoRi8kfcECRok20mPnBrkm3ZPTu26x5JSdKexF4makBBlq3eJXpxfRJEShKSdKtV0n1l5KpGaU47jQSRTGhA5JH9uGChKi8tLpxWP7yCg9O4ikKaHtqfp7IiWhUqPQN50h0QM1703E/7x2ooMLL2UiTjQKOlsUJNzWkT153+4xiVTzkSGESmZutemASEK1CalgQnDnX14kjbOyWylf3ldK1assjjwcwCEcgwvnUIVbqEEdKAh4hld4s5T1Yr1bH7PWnJXN7MMfWJ8/hwWQMA==</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

�+, J

<latexit sha1_base64="WbrkHyQkxQUSIv8PseQ8oNxgM/E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIsgKCWRgnor6kE8VbAf2Iay2U7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdKO823llpZXVtfy64WNza3tneLuXkNFiaRYpxGPZMsnCjkTWNdMc2zFEknoc2z6w+uJ33xCqVgkHvQoRi8kfcECRok20mPnBrkm3ZPTu26x5JSdKexF4makBBlq3eJXpxfRJEShKSdKtV0n1l5KpGaU47jQSRTGhA5JH9uGChKi8tLpxWP7yCg9O4ikKaHtqfp7IiWhUqPQN50h0QM1703E/7x2ooMLL2UiTjQKOlsUJNzWkT153+4xiVTzkSGESmZutemASEK1CalgQnDnX14kjbOyWylf3ldK1assjjwcwCEcgwvnUIVbqEEdKAh4hld4s5T1Yr1bH7PWnJXN7MMfWJ8/hwWQMA==</latexit>

u2,k

<latexit sha1_base64="LImgLSMUc3wLe2O89j5z0qL4hyw=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4kLAbAuot6MVjBPOAJITZSW8yZPbBTK8Ylr158Ve8eFDEq7/gzb9xkuxBEwsaiqru6elyIyk02va3tbS8srq2ntvIb25t7+wW9vYbOowVhzoPZahaLtMgRQB1FCihFSlgviuh6Y6uJ37zHpQWYXCH4wi6PhsEwhOcoZF6haMOwgNO30lcGUOaxL1yekaTjuvRUdorFO2SPQVdJE5GiiRDrVf46vRDHvsQIJdM67ZjR9hNmELBJaT5TqwhYnzEBtA2NGA+6G4y3Z/SE6P0qRcqUwHSqfp7ImG+1mPfNZ0+w6Ge9ybif147Ru+im4ggihECPlvkxZJiSCeh0L5QwFGODWFcCfNXyodMMY4murwJwZk/eZE0yiWnUrq8rRSrV1kcOXJIjskpccg5qZIbUiN1wskjeSav5M16sl6sd+tj1rpkZTMH5A+szx98bZm0</latexit>

u1, kI � k

<latexit sha1_base64="Z7b4sAbQlzqz9KKQVX62RwgSN/s=">AAACFXicbZDLSgMxFIYzXmu9VV26CRbBRS0zUlB3RTe6q2BV6JSSSc+0oZkLyRmxDPMSbnwVNy4UcSu4821MxyLaeiDw8f/nJCe/F0uh0bY/rZnZufmFxcJScXlldW29tLF5paNEcWjySEbqxmMapAihiQIl3MQKWOBJuPYGpyP/+haUFlF4icMY2gHrhcIXnKGROqWKi3CH+T2pJxPI0qTjZBW3QlPX8+kg65zT/R8ule2qnRedBmcMZTKuRqf04XYjngQQIpdM65Zjx9hOmULBJWRFN9EQMz5gPWgZDFkAup3m22R01yhd6kfKnBBprv6eSFmg9TDwTGfAsK8nvZH4n9dK0D9qpyKME4SQfz/kJ5JiREcR0a5QwFEODTCuhNmV8j5TjKMJsmhCcCa/PA1XB1WnVj2+qJXrJ+M4CmSb7JA94pBDUidnpEGahJN78kieyYv1YD1Zr9bbd+uMNZ7ZIn/Kev8Cubqegw==</latexit>

±̂

<latexit sha1_base64="gMEqwVIgubcDl7VQzmPnthq5O0I=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/YhLLZbtulm03YnQgl9F948aCIV/+NN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6SGS6F4EwVK3kk0p1EoeTsc38789hPXRsTqAScJDyI6VGIgGEUrPWb+iCLxk2jaK1fcqjsHWSVeTiqQo9Erf/n9mKURV8gkNabruQkGGdUomOTTkp8anlA2pkPetVTRiJsgm188JWdW6ZNBrG0pJHP190RGI2MmUWg7I4ojs+zNxP+8boqDqyATKkmRK7ZYNEglwZjM3id9oTlDObGEMi3srYSNqKYMbUglG4K3/PIqaV1UvVr1+r5Wqd/kcRThBE7hHDy4hDrcQQOawEDBM7zCm2OcF+fd+Vi0Fpx85hj+wPn8AYEMkNQ=</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

��, J

<latexit sha1_base64="t07PU+ij0/d13fFjnwprIvz74Q0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgQUsiBfVW1IN4qmA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKLS2vrK7l1wsbm1vbO8XdvYaKEkmxTiMeyZZPFHImsK6Z5tiKJZLQ59j0h9cTv/mEUrFIPOhRjF5I+oIFjBJtpMfODXJNuqcnd91iySk7U9iLxM1ICTLUusWvTi+iSYhCU06UartOrL2USM0ox3GhkyiMCR2SPrYNFSRE5aXTi8f2kVF6dhBJU0LbU/X3REpCpUahbzpDogdq3puI/3ntRAcXXspEnGgUdLYoSLitI3vyvt1jEqnmI0MIlczcatMBkYRqE1LBhODOv7xIGmdlt1K+vK+UqldZHHk4gEM4BhfOoQq3UIM6UBDwDK/wZinrxXq3PmatOSub2Yc/sD5/AIoRkDI=</latexit>

��, J

<latexit sha1_base64="t07PU+ij0/d13fFjnwprIvz74Q0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgQUsiBfVW1IN4qmA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKLS2vrK7l1wsbm1vbO8XdvYaKEkmxTiMeyZZPFHImsK6Z5tiKJZLQ59j0h9cTv/mEUrFIPOhRjF5I+oIFjBJtpMfODXJNuqcnd91iySk7U9iLxM1ICTLUusWvTi+iSYhCU06UartOrL2USM0ox3GhkyiMCR2SPrYNFSRE5aXTi8f2kVF6dhBJU0LbU/X3REpCpUahbzpDogdq3puI/3ntRAcXXspEnGgUdLYoSLitI3vyvt1jEqnmI0MIlczcatMBkYRqE1LBhODOv7xIGmdlt1K+vK+UqldZHHk4gEM4BhfOoQq3UIM6UBDwDK/wZinrxXq3PmatOSub2Yc/sD5/AIoRkDI=</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

ū2,�k

<latexit sha1_base64="V8RpqoA7Unj+ygAe2YB22esY4W4=">AAACD3icbVC7SgNBFJ2NrxhfUUubwaBYaNgNAbUL2lhGMA9IQpid3E2GzD6YuSuGZf/Axl+xsVDE1tbOv3HyKDTxwMCZc+69c+e4kRQabfvbyiwtr6yuZddzG5tb2zv53b26DmPFocZDGaqmyzRIEUANBUpoRgqY70pouMPrsd+4B6VFGNzhKIKOz/qB8ARnaKRu/riN8ICTOYkrY0iTpO0yReO0W0pP6Zm5eXSYdvMFu2hPQBeJMyMFMkO1m/9q90Ie+xAgl0zrlmNH2EmYQsElpLl2rCFifMj60DI0YD7oTjLZI6VHRulRL1TmBEgn6u+OhPlaj3zXVPoMB3reG4v/ea0YvYtOIoIoRgj49CEvlhRDOg6H9oQCjnJkCONKmF0pHzDFOJoIcyYEZ/7Li6ReKjrl4uVtuVC5msWRJQfkkJwQh5yTCrkhVVIjnDySZ/JK3qwn68V6tz6mpRlr1rNP/sD6/AFetJza</latexit>

ū1, k� kI

<latexit sha1_base64="CoTAZqHphnqack4YSODGO47ljFk=">AAACHHicbVDLSgMxFM3UV62vqks3wSK40DKjgroT3eiugq1CpwyZ9I4NzTxI7ohlmA9x46+4caGIGxeCf2P6ELT1QODknHtvbo6fSKHRtr+swtT0zOxccb60sLi0vFJeXWvoOFUc6jyWsbrxmQYpIqijQAk3iQIW+hKu/e5Z37++A6VFHF1hL4FWyG4jEQjO0Eheed9FuMfBnMyXKeRZ5vpM0TT3nHzH3aHmGtBuTnd/mHfhlSt21R6AThJnRCpkhJpX/nDbMU9DiJBLpnXTsRNsZUyh4BLykptqSBjvsltoGhqxEHQrGyyV0y2jtGkQK3MipAP1d0fGQq17oW8qQ4YdPe71xf+8ZorBUSsTUZIiRHz4UJBKijHtJ0XbQgFH2TOEcSXMrpR3mGIcTZ4lE4Iz/uVJ0tirOgfV48uDysnpKI4i2SCbZJs45JCckHNSI3XCyQN5Ii/k1Xq0nq03631YWrBGPevkD6zPb0sOoXI=</latexit>





Back up



s3, k3

<latexit sha1_base64="vMUxWfsL6O8J9k2i1gT+dRaGung=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsQrgzAS2DNpYRTBRy4djbzCVL9j7YnRPDca2Nf8XGQhFb/4Gd/8bNmUKjDwYe783szjw/kUKjbX9aC4tLyyurpbXy+sbm1nZlZ7er41Rx6PBYxurGZxqkiKCDAiXcJApY6Eu49sfnU//6FpQWcXSFkwT6IRtGIhCcoZG8CnUR7rB4J1MwyDPtNfKaW8tcP6Dj3Gt4lapdtwvQv8SZkSqZoe1VPtxBzNMQIuSSad1z7AT7GVMouIS87KYaEsbHbAg9QyMWgu5nxQY5PTTKgAaxMhUhLdSfExkLtZ6EvukMGY70vDcV//N6KQan/UxESYoQ8e+PglRSjOk0FjoQCjjKiSGMK2F2pXzEFONowiubEJz5k/+S7nHdadabl81q62wWR4nskwNyRBxyQlrkgrRJh3ByTx7JM3mxHqwn69V6+25dsGYze+QXrPcvsP2aTw==</latexit>

s2, k2

<latexit sha1_base64="G0qE++x1NSJ7bYzJDbemSad9M2s=">AAACCXicbVDJSgNBEO1xjXGLevTSGAQPEmZCQI9BLx4jmAUyw9DTU6NNeha6a8QwzNWLv+LFgyJe/QNv/o2d5eD2oODxXlV31QsyKTTa9qe1sLi0vLJaWauub2xubdd2dns6zRWHLk9lqgYB0yBFAl0UKGGQKWBxIKEfjM4nfv8WlBZpcoXjDLyYXSciEpyhkfwadRHucPpOoSAsC+03y2P3uHCDiI5Kv+nX6nbDnoL+Jc6c1MkcHb/24YYpz2NIkEum9dCxM/QKplBwCWXVzTVkjI/YNQwNTVgM2iumG5T00CghjVJlKkE6Vb9PFCzWehwHpjNmeKN/exPxP2+YY3TqFSLJcoSEzz6KckkxpZNYaCgUcJRjQxhXwuxK+Q1TjKMJr2pCcH6f/Jf0mg2n1Whdturts3kcFbJPDsgRccgJaZML0iFdwsk9eSTP5MV6sJ6sV+tt1rpgzWf2yA9Y71+t6JpN</latexit>

s1, k1

<latexit sha1_base64="wfay2nEn4kzfmXwJ32Fl+a/EY2c=">AAACCXicbVC7SgNBFJ31GeMramkzGASLEHYloGXQxjKCeUA2LLOTu8mQ2Qczd8WwbGvjr9hYKGLrH9j5N04ehSYeuHA4596Ze4+fSKHRtr+tldW19Y3NwlZxe2d3b790cNjScao4NHksY9XxmQYpImiiQAmdRAELfQltf3Q98dv3oLSIozscJ9AL2SASgeAMjeSVqIvwgNN3MgX9PNOek1fcSub6AR3lnuOVynbVnoIuE2dOymSOhlf6cvsxT0OIkEumddexE+xlTKHgEvKim2pIGB+xAXQNjVgIupdNN8jpqVH6NIiVqQjpVP09kbFQ63Hom86Q4VAvehPxP6+bYnDZy0SUpAgRn30UpJJiTCex0L5QwFGODWFcCbMr5UOmGEcTXtGE4CyevExa51WnVq3d1sr1q3kcBXJMTsgZccgFqZMb0iBNwskjeSav5M16sl6sd+tj1rpizWeOyB9Ynz+q05pL</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

⇥
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<latexit sha1_base64="E++JxfkWyd/BDni/Iafwvjil92k="></latexit>

= M (si, ✏i · kj , ✏i · ✏j)

<latexit sha1_base64="wmDJQjGWXunsZZfOPy8ajciCdB8="></latexit>

M (si, ✏i · kj , ✏i · ✏j) = �(d) (k1 + k2 + k3) �
⇣

d+2(J1+J2+J3)
4 � s1 � s2 � s3

⌘
M (si, ✏i · kj , ✏i · ✏j)

<latexit sha1_base64="L4U6RrrKAIi2snjlHsKBMKsNT44="></latexit>

3pt Contact 

polynomial

J1 = J2 = J3 = 0 :

<latexit sha1_base64="rLWR4B1GA/lLu/LGy7gLOUIYoQE=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKezGgA8IBL1IThHMA5J1mZ1MkiGzs8vMrBKW/IcXD4p49V+8+TdOkj1oYkFDUdVNd5cfcaa0bX9bmZXVtfWN7GZua3tndy+/f9BUYSwJbZCQh7LtY0U5E7Shmea0HUmKA5/Tlj+6mfqtRyoVC8W9HkfUDfBAsD4jWBvpoeY5lZpXMnVWsa+8fMEu2jOgZeKkpAAp6l7+q9sLSRxQoQnHSnUcO9JugqVmhNNJrhsrGmEywgPaMVTggCo3mV09QSdG6aF+KE0JjWbq74kEB0qNA990BlgP1aI3Ff/zOrHuX7gJE1GsqSDzRf2YIx2iaQSoxyQlmo8NwUQycysiQywx0SaonAnBWXx5mTRLRadcvLwrF6rXaRxZOIJjOAUHzqEKt1CHBhCQ8Ayv8GY9WS/Wu/Uxb81Y6cwh/IH1+QPH3JDE</latexit>

M (si, ✏i · kj , ✏i · ✏j) = 1

<latexit sha1_base64="x5F7o38L3PvDuakr0fO5R2Sqe2E="></latexit>

Gravity, 

highest helicity 

component:
M (si, ✏i · kj , ✏i · ✏j) = (✏1 · k2 ✏2 · ✏3 + ✏2 · k3 ✏3 · ✏1 + ✏3 · k1 ✏1 · ✏2)2

<latexit sha1_base64="KzkAXsfIf8KY31noKP+LLLunDpo="></latexit>

Yang Mills, 

highest helicity 

component:
M (si, ✏i · kj , ✏i · ✏j) = (✏1 · k2 ✏2 · ✏3 + ✏2 · k3 ✏3 · ✏1 + ✏3 · k1 ✏1 · ✏2)

<latexit sha1_base64="RftSpJYlBGMetfLfu7ws7RKYJeQ="></latexit>

3pt Yang-Mills amplitude in flat space

External propagators



/ (2⇡)3 �(3)(
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<latexit sha1_base64="8JGgd84tKi1qTGpGJIRahPq7i0M="></latexit>

2F1 (a, b; c; z) =
� (c)

� (a)� (b)

Z i1

�i1

ds

2⇡i

� (a+ s)� (b+ s)� (�s)

� (c+ s)
(�z)s

c=b
= (1� z)�a

<latexit sha1_base64="Q8mvJVl03qBi64qgmDRPl7LtTao="></latexit>

cf.

Exchanges in dS

For some special representations [e.g. (partially)-massless fields] the Mellin-Barnes integrals can be lifted.
e.g. massless spin-J exchange between conformally coupled scalars:

⇥
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J�1X

n=0

cn
�
(|k1|+ |k2|) (|k3|+ |k4|) + |kI |2

�J�1�n
(|kI |ET )

n

#
⌅J

<latexit sha1_base64="mZqyJqFN/gp8/aBVjQg8WPHYFU0="></latexit>

⇥
"
J�1X

n=0

cn
�
(|k1|+ |k2|) (|k3|+ |k4|) + |kI |2

�J�1�n
(|kI |ET )

n

#
⌅J + . . .

<latexit sha1_base64="iALfcIxceKA+T5raYd+oLc9MNcw="></latexit>

ET

<latexit sha1_base64="j65xQ05w1J0dsbhFxbcFPI1LrCI=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0gkYHsriuCxYr+gDWWz3bRLN5uwuxFK6E/w4kERr/4ib/4bt22EKvpg4PHeDDPzgoQzpR3n0yqsrW9sbhW3Szu7e/sH5cOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyfXc7zxQqVgsmnqaUD/CI8FCRrA20v3NoDkoV1zbWQA5tleruVXPkFz5tiqQozEof/SHMUkjKjThWKme6yTaz7DUjHA6K/VTRRNMJnhEe4YKHFHlZ4tTZ+jMKEMUxtKU0Gihrk5kOFJqGgWmM8J6rH57c/Evr5fqsOpnTCSppoIsF4UpRzpG87/RkElKNJ8agolk5lZExlhiok06pdUQ/iftC9v17NqdV6lf5XEU4QRO4RxcuIQ63EIDWkBgBI/wDC8Wt56sV+tt2Vqw8plj+AHr/QsrF43A</latexit>

Lower helicity,

contact terms

Simple integer coefficients.

 helicity-Js1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

ki = (|ki|,ki)

<latexit sha1_base64="XZbPKH53rDQzCTo4lT0h9VBYpr8=">AAACEXicbZDLSsNAFIYn9VbrrerSzWARKkhJpKAuhKIblxXsBZoQJtNJO2RyYeZEKGlfwY2v4saFIm7dufNtnF4Qbf1h4OM/53Dm/F4iuALT/DJyS8srq2v59cLG5tb2TnF3r6niVFLWoLGIZdsjigkesQZwEKydSEZCT7CWF1yP6617JhWPozsYJMwJSS/iPqcEtOUWy4HL8SW2BfOhPMxsz8fByOXDkx+0Je/14dgtlsyKORFeBGsGJTRT3S1+2t2YpiGLgAqiVMcyE3AyIoFTwUYFO1UsITQgPdbRGJGQKSebXDTCR9rpYj+W+kWAJ+7viYyESg1CT3eGBPpqvjY2/6t1UvDPnYxHSQosotNFfiowxHgcD+5yySiIgQZCJdd/xbRPJKGgQyzoEKz5kxeheVqxqpWL22qpdjWLI48O0CEqIwudoRq6QXXUQBQ9oCf0gl6NR+PZeDPep605Yzazj/7I+PgGaN6cyw==</latexit>

(d+1)-dim. null momentum:

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

±̂ branch

<latexit sha1_base64="rbLkC0MfRX3FFkOFp5Em+5ZMry4=">AAACA3icbVA9SwNBEN2LXzF+ndppsxgECwl3ElC7oI1lBPMBuRD2Nptkye7esTsnhiNg41+xsVDE1j9h579xk1yhiQ8GHu/NMDMvjAU34HnfTm5peWV1Lb9e2Njc2t5xd/fqJko0ZTUaiUg3Q2KY4IrVgINgzVgzIkPBGuHweuI37pk2PFJ3MIpZW5K+4j1OCVip4x6kwYAADmI5Dk5xAOwB0lATRQfjjlv0St4UeJH4GSmiDNWO+xV0I5pIpoAKYkzL92Jop0QDp4KNC0FiWEzokPRZy1JFJDPtdPrDGB9bpYt7kbalAE/V3xMpkcaMZGg7JYGBmfcm4n9eK4HeRTvlKk6AKTpb1EsEhghPAsFdrhkFMbKEUM3trZgOiCYUbGwFG4I///IiqZ+V/HLp8rZcrFxlceTRITpCJ8hH56iCblAV1RBFj+gZvaI358l5cd6dj1lrzslm9tEfOJ8/E2aX1A==</latexit>

u,kI

<latexit sha1_base64="E5f3qigSJ+z4O5E6j8BUGukV9fo=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4kLArgXgMetFbBPOAJITZSW8yZPbBTK8Ylr158Ve8eFDEq7/gzb9xkuxBEwsaiqru6elyIyk02va3tbS8srq2ntvIb25t7+wW9vYbOowVhzoPZahaLtMgRQB1FCihFSlgviuh6Y6uJn7zHpQWYXCH4wi6PhsEwhOcoZF6haMOwgNO30lcGUOaxOkZTTquR0dp76ZXKNolewq6SJyMFEmGWq/w1emHPPYhQC6Z1m3HjrCbMIWCS0jznVhDxPiIDaBtaMB80N1kuj+lJ0bpUy9UpgKkU/X3RMJ8rce+azp9hkM9703E/7x2jN5FNxFBFCMEfLbIiyXFkE5CoX2hgKMcG8K4EuavlA+ZYhxNdHkTgjN/8iJpnJeccqlyWy5WL7M4cuSQHJNT4pAKqZJrUiN1wskjeSav5M16sl6sd+tj1rpkZTMH5A+szx+f25nJ</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

�+, J

<latexit sha1_base64="WbrkHyQkxQUSIv8PseQ8oNxgM/E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIsgKCWRgnor6kE8VbAf2Iay2U7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdKO823llpZXVtfy64WNza3tneLuXkNFiaRYpxGPZMsnCjkTWNdMc2zFEknoc2z6w+uJ33xCqVgkHvQoRi8kfcECRok20mPnBrkm3ZPTu26x5JSdKexF4makBBlq3eJXpxfRJEShKSdKtV0n1l5KpGaU47jQSRTGhA5JH9uGChKi8tLpxWP7yCg9O4ikKaHtqfp7IiWhUqPQN50h0QM1703E/7x2ooMLL2UiTjQKOlsUJNzWkT153+4xiVTzkSGESmZutemASEK1CalgQnDnX14kjbOyWylf3ldK1assjjwcwCEcgwvnUIVbqEEdKAh4hld4s5T1Yr1bH7PWnJXN7MMfWJ8/hwWQMA==</latexit>

± branch

<latexit sha1_base64="Q2/fr2DfDj7NFD4CDnx+JML/oaY=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwX5AE8pmu2mXbjZhdyKGUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFySCa3Ccb2tldW19Y7O0Vd7e2d3btw8O2zpOFWUtGotYdQOimeCStYCDYN1EMRIFgnWC8c3U7zwwpXks7yFLmB+RoeQhpwSM1LcrXhJ5Z9gD9gh5oIiko0nfrjo1Zwa8TNyCVFGBZt/+8gYxTSMmgQqidc91EvBzooBTwSZlL9UsIXRMhqxnqCQR034+O36CT4wywGGsTEnAM/X3RE4irbMoMJ0RgZFe9Kbif14vhfDSz7lMUmCSzheFqcAQ42kSeMAVoyAyQwhV3NyK6YgoQsHkVTYhuIsvL5P2ec2t167u6tXGdRFHCR2hY3SKXHSBGugWNVELUZShZ/SK3qwn68V6tz7mrStWMVNBf2B9/gC/L5Td</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

ū,�kI

<latexit sha1_base64="twC3SYsePjumlVzWCSueGhXg4ho=">AAACD3icbZC7SgNBFIZn4y3GW9TSZjAoFhp2JRDLoI12EcwFkhBmJ2eTIbMXZs6KYdk3sPFVbCwUsbW1822cXApNPDDw8f/nzJz53UgKjbb9bWWWlldW17LruY3Nre2d/O5eXYex4lDjoQxV02UapAighgIlNCMFzHclNNzh1dhv3IPSIgzucBRBx2f9QHiCMzRSN3/cRnjAyT2JK2NIk6TtMkXjND2lZ4Y9Oky7N918wS7ak6KL4MygQGZV7ea/2r2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukme6T0yCg96oXKnADpRP09kTBf65Hvmk6f4UDPe2PxP68Vo3fRSUQQxQgBnz7kxZJiSMfh0J5QwFGODDCuhNmV8gFTjKOJMGdCcOa/vAj186JTKpZvS4XK5SyOLDkgh+SEOKRMKuSaVEmNcPJInskrebOerBfr3fqYtmas2cw++VPW5w+B65zv</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

��, J

<latexit sha1_base64="t07PU+ij0/d13fFjnwprIvz74Q0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgQUsiBfVW1IN4qmA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKLS2vrK7l1wsbm1vbO8XdvYaKEkmxTiMeyZZPFHImsK6Z5tiKJZLQ59j0h9cTv/mEUrFIPOhRjF5I+oIFjBJtpMfODXJNuqcnd91iySk7U9iLxM1ICTLUusWvTi+iSYhCU06UartOrL2USM0ox3GhkyiMCR2SPrYNFSRE5aXTi8f2kVF6dhBJU0LbU/X3REpCpUahbzpDogdq3puI/3ntRAcXXspEnGgUdLYoSLitI3vyvt1jEqnmI0MIlczcatMBkYRqE1LBhODOv7xIGmdlt1K+vK+UqldZHHk4gEM4BhfOoQq3UIM6UBDwDK/wZinrxXq3PmatOSub2Yc/sD5/AIoRkDI=</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

= csc (⇡ (u+ ū))
X

±±̂

<latexit sha1_base64="BXMDJqY3iwkE20amKKaD0IabwUA="></latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

The Mellin-Barnes representation above captures the full analytic structure of the boundary correlators.

cf. Mellin-Barnes representation   
of the Gauss Hypergeometric function

ET = |k1|+ |k2|+ |k3|+ |k4|

<latexit sha1_base64="ADUJWp8tw6PD6nP6mKx10G5Xf/I=">AAACHHicdZDLSgMxGIUzXmu9jbp0EyyCIJSZdsB2IRRFcFmhN2iHIZNm2tDMhSQjlGkfxI2v4saFIm5cCL6NaTvKKHog8HHO/5PkuBGjQhrGh7a0vLK6tp7byG9ube/s6nv7LRHGHJMmDlnIOy4ShNGANCWVjHQiTpDvMtJ2R5ezvH1LuKBh0JDjiNg+GgTUoxhJZTl6+cppnE+SnuvB0dQxJ6ffXMpwOcPWxNELZtGYCxpFq1o1K5aC1PmKCiBV3dHfev0Qxz4JJGZIiK5pRNJOEJcUMzLN92JBIoRHaEC6CgPkE2En889N4bFy+tALuTqBhHM3u5EgX4ix76pJH8mh+J3NzL+ybiy9ip3QIIolCfDiIi9mUIZw1hTsU06wZGMFCHOq3grxEHGEpeozny3hf2iViqZVrN5YhdpFWkcOHIIjcAJMcAZq4BrUQRNgcAcewBN41u61R+1Fe12MLmnpzgH4Ie39E+15oVE=</latexit>

EL

<latexit sha1_base64="d0DhGQqDuIjI2iYS3Rf1E1oAYAc=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjK1Op1dUQQXLiraB7RDyaRpG5rJDElGKEM/wY0LRdz6Re78GzNtBRU9cOFwzr3ce08Qc6Y0Qh9Wbml5ZXUtv17Y2Nza3inu7jVVlEhCGyTikWwHWFHOBG1opjltx5LiMOC0FYwvMr91T6VikbjTk5j6IR4KNmAEayPdXvaue8USsp2yW0UORPbZKXJPPEMQ8tyKBx1DMpTAAvVe8b3bj0gSUqEJx0p1HBRrP8VSM8LptNBNFI0xGeMh7RgqcEiVn85OncIjo/ThIJKmhIYz9ftEikOlJmFgOkOsR+q3l4l/eZ1ED6p+ykScaCrIfNEg4VBHMPsb9pmkRPOJIZhIZm6FZIQlJtqkUzAhfH0K/yfNsu1UbO+mUqqdL+LIgwNwCI6BA1xQA1egDhqAgCF4AE/g2eLWo/Vivc5bc9ZiZh/8gPX2CVsyjeI=</latexit>

ER

<latexit sha1_base64="NY1FXETnuzsrL5BY2DsQQg+0D14=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjK1Op1dUQSX9dEHtEPJpGkbmskMSUYoQz/BjQtF3PpF7vwbM20FFT1w4XDOvdx7TxBzpjRCH1ZuaXlldS2/XtjY3NreKe7uNVWUSEIbJOKRbAdYUc4EbWimOW3HkuIw4LQVjC8yv3VPpWKRuNOTmPohHgo2YARrI91e9m56xRKynbJbRQ5E9tkpck88QxDy3IoHHUMylMAC9V7xvduPSBJSoQnHSnUcFGs/xVIzwum00E0UjTEZ4yHtGCpwSJWfzk6dwiOj9OEgkqaEhjP1+0SKQ6UmYWA6Q6xH6reXiX95nUQPqn7KRJxoKsh80SDhUEcw+xv2maRE84khmEhmboVkhCUm2qRTMCF8fQr/J82y7VRs77pSqp0v4siDA3AIjoEDXFADV6AOGoCAIXgAT+DZ4taj9WK9zltz1mJmH/yA9fYJZEqN6A==</latexit>

ET

<latexit sha1_base64="j65xQ05w1J0dsbhFxbcFPI1LrCI=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0gkYHsriuCxYr+gDWWz3bRLN5uwuxFK6E/w4kERr/4ib/4bt22EKvpg4PHeDDPzgoQzpR3n0yqsrW9sbhW3Szu7e/sH5cOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyfXc7zxQqVgsmnqaUD/CI8FCRrA20v3NoDkoV1zbWQA5tleruVXPkFz5tiqQozEof/SHMUkjKjThWKme6yTaz7DUjHA6K/VTRRNMJnhEe4YKHFHlZ4tTZ+jMKEMUxtKU0Gihrk5kOFJqGgWmM8J6rH57c/Evr5fqsOpnTCSppoIsF4UpRzpG87/RkElKNJ8agolk5lZExlhiok06pdUQ/iftC9v17NqdV6lf5XEU4QRO4RxcuIQ63EIDWkBgBI/wDC8Wt56sV+tt2Vqw8plj+AHr/QsrF43A</latexit>

EL = |k1|+ |k2|+ |kI |,

<latexit sha1_base64="UX/tW3EOwxDOGSy19TU0WAwR65g="></latexit>

ER = |kI |+ |k3|+ |k4|

<latexit sha1_base64="D5pe2iK+lJLp2z1iLYGW63BV9TQ="></latexit>

cf. corresponding amplitude in (d+1)-dimensional flat space:

k1

<latexit sha1_base64="6wuQJuDrVp8L9tRa5PbveQ9iIlQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSw7jv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL1a9fq+Vqnf5HEU4QRO4Rw8uIQ63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wf7s42f</latexit>

k2

<latexit sha1_base64="EggZBQXb6Mxyzvj9Xu4JwQddQls=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvXisaGuhDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BiMb2b+4xMqzWP5YCYJ+hEdSh5yRo2V7sf9Wr9ccavuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE176GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5J2rerVq1d39UrjOo+jCCdwCufgwQU04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/9N42g</latexit>

k3

<latexit sha1_base64="WbMgSVmoEeiMzwywRAGCEDjb4WQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oN6KXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHrT4YeLw3w8y8IJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++5FrI2L1gJOE+xEdKhEKRtFK9+P+eb9ccavuHOQv8XJSgRyNfvmzN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkxCoDEsbalkIyV39OZDQyZhIFtjOiODLL3kz8z+umGF76mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLf0nrrOrVqld3tUr9Oo+jCEdwDKfgwQXU4RYa0AQGQ3iCF3h1pPPsvDnvi9aCk88cwi84H9/+u42h</latexit>

k4

<latexit sha1_base64="4jskZJLpNYS6LdYBVqE7uOEVrW4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSw7hf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHq16vV9rVK/yeMowgmcwjl4cAl1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8ATo2i</latexit>

EL

<latexit sha1_base64="d0DhGQqDuIjI2iYS3Rf1E1oAYAc=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjK1Op1dUQQXLiraB7RDyaRpG5rJDElGKEM/wY0LRdz6Re78GzNtBRU9cOFwzr3ce08Qc6Y0Qh9Wbml5ZXUtv17Y2Nza3inu7jVVlEhCGyTikWwHWFHOBG1opjltx5LiMOC0FYwvMr91T6VikbjTk5j6IR4KNmAEayPdXvaue8USsp2yW0UORPbZKXJPPEMQ8tyKBx1DMpTAAvVe8b3bj0gSUqEJx0p1HBRrP8VSM8LptNBNFI0xGeMh7RgqcEiVn85OncIjo/ThIJKmhIYz9ftEikOlJmFgOkOsR+q3l4l/eZ1ED6p+ykScaCrIfNEg4VBHMPsb9pmkRPOJIZhIZm6FZIQlJtqkUzAhfH0K/yfNsu1UbO+mUqqdL+LIgwNwCI6BA1xQA1egDhqAgCF4AE/g2eLWo/Vivc5bc9ZiZh/8gPX2CVsyjeI=</latexit>

ER

<latexit sha1_base64="NY1FXETnuzsrL5BY2DsQQg+0D14=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjK1Op1dUQSX9dEHtEPJpGkbmskMSUYoQz/BjQtF3PpF7vwbM20FFT1w4XDOvdx7TxBzpjRCH1ZuaXlldS2/XtjY3NreKe7uNVWUSEIbJOKRbAdYUc4EbWimOW3HkuIw4LQVjC8yv3VPpWKRuNOTmPohHgo2YARrI91e9m56xRKynbJbRQ5E9tkpck88QxDy3IoHHUMylMAC9V7xvduPSBJSoQnHSnUcFGs/xVIzwum00E0UjTEZ4yHtGCpwSJWfzk6dwiOj9OEgkqaEhjP1+0SKQ6UmYWA6Q6xH6reXiX95nUQPqn7KRJxoKsh80SDhUEcw+xv2maRE84khmEhmboVkhCUm2qRTMCF8fQr/J82y7VRs77pSqp0v4siDA3AIjoEDXFADV6AOGoCAIXgAT+DZ4taj9WK9zltz1mJmH/yA9fYJZEqN6A==</latexit>

= (2⇡) �(ET ) (2⇡)
3 �(3)(

4X

i=1

ki )
1

s
⌅J

<latexit sha1_base64="i1XzUwVEIC1q6c43Bo94d8n1qlc="></latexit>

(d+1)-dim. Mandelstam variable

ET

<latexit sha1_base64="j65xQ05w1J0dsbhFxbcFPI1LrCI=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0gkYHsriuCxYr+gDWWz3bRLN5uwuxFK6E/w4kERr/4ib/4bt22EKvpg4PHeDDPzgoQzpR3n0yqsrW9sbhW3Szu7e/sH5cOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyfXc7zxQqVgsmnqaUD/CI8FCRrA20v3NoDkoV1zbWQA5tleruVXPkFz5tiqQozEof/SHMUkjKjThWKme6yTaz7DUjHA6K/VTRRNMJnhEe4YKHFHlZ4tTZ+jMKEMUxtKU0Gihrk5kOFJqGgWmM8J6rH57c/Evr5fqsOpnTCSppoIsF4UpRzpG87/RkElKNJ8agolk5lZExlhiok06pdUQ/iftC9v17NqdV6lf5XEU4QRO4RxcuIQ63EIDWkBgBI/wDC8Wt56sV+tt2Vqw8plj+AHr/QsrF43A</latexit>



2F1 (a, b; c; z) =
� (c)

� (a)� (b)

Z i1

�i1

ds

2⇡i

� (a+ s)� (b+ s)� (�s)

� (c+ s)
(�z)s

c=b
= (1� z)�a

<latexit sha1_base64="Q8mvJVl03qBi64qgmDRPl7LtTao="></latexit>

cf.

Exchanges in dS

For some special representations [e.g. (partially)-massless fields] the Mellin-Barnes integrals can be lifted.
e.g. massless spin-J exchange between conformally coupled scalars:

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

±̂ branch

<latexit sha1_base64="rbLkC0MfRX3FFkOFp5Em+5ZMry4=">AAACA3icbVA9SwNBEN2LXzF+ndppsxgECwl3ElC7oI1lBPMBuRD2Nptkye7esTsnhiNg41+xsVDE1j9h579xk1yhiQ8GHu/NMDMvjAU34HnfTm5peWV1Lb9e2Njc2t5xd/fqJko0ZTUaiUg3Q2KY4IrVgINgzVgzIkPBGuHweuI37pk2PFJ3MIpZW5K+4j1OCVip4x6kwYAADmI5Dk5xAOwB0lATRQfjjlv0St4UeJH4GSmiDNWO+xV0I5pIpoAKYkzL92Jop0QDp4KNC0FiWEzokPRZy1JFJDPtdPrDGB9bpYt7kbalAE/V3xMpkcaMZGg7JYGBmfcm4n9eK4HeRTvlKk6AKTpb1EsEhghPAsFdrhkFMbKEUM3trZgOiCYUbGwFG4I///IiqZ+V/HLp8rZcrFxlceTRITpCJ8hH56iCblAV1RBFj+gZvaI358l5cd6dj1lrzslm9tEfOJ8/E2aX1A==</latexit>

u,kI

<latexit sha1_base64="E5f3qigSJ+z4O5E6j8BUGukV9fo=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4kLArgXgMetFbBPOAJITZSW8yZPbBTK8Ylr158Ve8eFDEq7/gzb9xkuxBEwsaiqru6elyIyk02va3tbS8srq2ntvIb25t7+wW9vYbOowVhzoPZahaLtMgRQB1FCihFSlgviuh6Y6uJn7zHpQWYXCH4wi6PhsEwhOcoZF6haMOwgNO30lcGUOaxOkZTTquR0dp76ZXKNolewq6SJyMFEmGWq/w1emHPPYhQC6Z1m3HjrCbMIWCS0jznVhDxPiIDaBtaMB80N1kuj+lJ0bpUy9UpgKkU/X3RMJ8rce+azp9hkM9703E/7x2jN5FNxFBFCMEfLbIiyXFkE5CoX2hgKMcG8K4EuavlA+ZYhxNdHkTgjN/8iJpnJeccqlyWy5WL7M4cuSQHJNT4pAKqZJrUiN1wskjeSav5M16sl6sd+tj1rpkZTMH5A+szx+f25nJ</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

�+, J

<latexit sha1_base64="WbrkHyQkxQUSIv8PseQ8oNxgM/E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIsgKCWRgnor6kE8VbAf2Iay2U7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdKO823llpZXVtfy64WNza3tneLuXkNFiaRYpxGPZMsnCjkTWNdMc2zFEknoc2z6w+uJ33xCqVgkHvQoRi8kfcECRok20mPnBrkm3ZPTu26x5JSdKexF4makBBlq3eJXpxfRJEShKSdKtV0n1l5KpGaU47jQSRTGhA5JH9uGChKi8tLpxWP7yCg9O4ikKaHtqfp7IiWhUqPQN50h0QM1703E/7x2ooMLL2UiTjQKOlsUJNzWkT153+4xiVTzkSGESmZutemASEK1CalgQnDnX14kjbOyWylf3ldK1assjjwcwCEcgwvnUIVbqEEdKAh4hld4s5T1Yr1bH7PWnJXN7MMfWJ8/hwWQMA==</latexit>

± branch

<latexit sha1_base64="Q2/fr2DfDj7NFD4CDnx+JML/oaY=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwX5AE8pmu2mXbjZhdyKGUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFySCa3Ccb2tldW19Y7O0Vd7e2d3btw8O2zpOFWUtGotYdQOimeCStYCDYN1EMRIFgnWC8c3U7zwwpXks7yFLmB+RoeQhpwSM1LcrXhJ5Z9gD9gh5oIiko0nfrjo1Zwa8TNyCVFGBZt/+8gYxTSMmgQqidc91EvBzooBTwSZlL9UsIXRMhqxnqCQR034+O36CT4wywGGsTEnAM/X3RE4irbMoMJ0RgZFe9Kbif14vhfDSz7lMUmCSzheFqcAQ42kSeMAVoyAyQwhV3NyK6YgoQsHkVTYhuIsvL5P2ec2t167u6tXGdRFHCR2hY3SKXHSBGugWNVELUZShZ/SK3qwn68V6tz7mrStWMVNBf2B9/gC/L5Td</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

ū,�kI

<latexit sha1_base64="twC3SYsePjumlVzWCSueGhXg4ho=">AAACD3icbZC7SgNBFIZn4y3GW9TSZjAoFhp2JRDLoI12EcwFkhBmJ2eTIbMXZs6KYdk3sPFVbCwUsbW1822cXApNPDDw8f/nzJz53UgKjbb9bWWWlldW17LruY3Nre2d/O5eXYex4lDjoQxV02UapAighgIlNCMFzHclNNzh1dhv3IPSIgzucBRBx2f9QHiCMzRSN3/cRnjAyT2JK2NIk6TtMkXjND2lZ4Y9Oky7N918wS7ak6KL4MygQGZV7ea/2r2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukme6T0yCg96oXKnADpRP09kTBf65Hvmk6f4UDPe2PxP68Vo3fRSUQQxQgBnz7kxZJiSMfh0J5QwFGODDCuhNmV8gFTjKOJMGdCcOa/vAj186JTKpZvS4XK5SyOLDkgh+SEOKRMKuSaVEmNcPJInskrebOerBfr3fqYtmas2cw++VPW5w+B65zv</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

��, J

<latexit sha1_base64="t07PU+ij0/d13fFjnwprIvz74Q0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgQUsiBfVW1IN4qmA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKLS2vrK7l1wsbm1vbO8XdvYaKEkmxTiMeyZZPFHImsK6Z5tiKJZLQ59j0h9cTv/mEUrFIPOhRjF5I+oIFjBJtpMfODXJNuqcnd91iySk7U9iLxM1ICTLUusWvTi+iSYhCU06UartOrL2USM0ox3GhkyiMCR2SPrYNFSRE5aXTi8f2kVF6dhBJU0LbU/X3REpCpUahbzpDogdq3puI/3ntRAcXXspEnGgUdLYoSLitI3vyvt1jEqnmI0MIlczcatMBkYRqE1LBhODOv7xIGmdlt1K+vK+UqldZHHk4gEM4BhfOoQq3UIM6UBDwDK/wZinrxXq3PmatOSub2Yc/sD5/AIoRkDI=</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

= csc (⇡ (u+ ū))
X

±±̂

<latexit sha1_base64="BXMDJqY3iwkE20amKKaD0IabwUA="></latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

The Mellin-Barnes representation above captures the full analytic structure of the boundary correlators.

cf. Mellin-Barnes representation   
of the Gauss Hypergeometric function

ki = (|ki|,ki)

<latexit sha1_base64="XZbPKH53rDQzCTo4lT0h9VBYpr8=">AAACEXicbZDLSsNAFIYn9VbrrerSzWARKkhJpKAuhKIblxXsBZoQJtNJO2RyYeZEKGlfwY2v4saFIm7dufNtnF4Qbf1h4OM/53Dm/F4iuALT/DJyS8srq2v59cLG5tb2TnF3r6niVFLWoLGIZdsjigkesQZwEKydSEZCT7CWF1yP6617JhWPozsYJMwJSS/iPqcEtOUWy4HL8SW2BfOhPMxsz8fByOXDkx+0Je/14dgtlsyKORFeBGsGJTRT3S1+2t2YpiGLgAqiVMcyE3AyIoFTwUYFO1UsITQgPdbRGJGQKSebXDTCR9rpYj+W+kWAJ+7viYyESg1CT3eGBPpqvjY2/6t1UvDPnYxHSQosotNFfiowxHgcD+5yySiIgQZCJdd/xbRPJKGgQyzoEKz5kxeheVqxqpWL22qpdjWLI48O0CEqIwudoRq6QXXUQBQ9oCf0gl6NR+PZeDPep605Yzazj/7I+PgGaN6cyw==</latexit>

(d+1)-dim. null momentum:

ET = |k1|+ |k2|+ |k3|+ |k4|

<latexit sha1_base64="ADUJWp8tw6PD6nP6mKx10G5Xf/I=">AAACHHicdZDLSgMxGIUzXmu9jbp0EyyCIJSZdsB2IRRFcFmhN2iHIZNm2tDMhSQjlGkfxI2v4saFIm5cCL6NaTvKKHog8HHO/5PkuBGjQhrGh7a0vLK6tp7byG9ube/s6nv7LRHGHJMmDlnIOy4ShNGANCWVjHQiTpDvMtJ2R5ezvH1LuKBh0JDjiNg+GgTUoxhJZTl6+cppnE+SnuvB0dQxJ6ffXMpwOcPWxNELZtGYCxpFq1o1K5aC1PmKCiBV3dHfev0Qxz4JJGZIiK5pRNJOEJcUMzLN92JBIoRHaEC6CgPkE2En889N4bFy+tALuTqBhHM3u5EgX4ix76pJH8mh+J3NzL+ybiy9ip3QIIolCfDiIi9mUIZw1hTsU06wZGMFCHOq3grxEHGEpeozny3hf2iViqZVrN5YhdpFWkcOHIIjcAJMcAZq4BrUQRNgcAcewBN41u61R+1Fe12MLmnpzgH4Ie39E+15oVE=</latexit>

EL = |k1|+ |k2|+ |kI |,

<latexit sha1_base64="UX/tW3EOwxDOGSy19TU0WAwR65g="></latexit>

ER = |kI |+ |k3|+ |k4|

<latexit sha1_base64="D5pe2iK+lJLp2z1iLYGW63BV9TQ="></latexit>

/ (2⇡)3 �(3)(
4X

i=1

ki )
1

(EL)
J (ER)

J (ET )
2J�1

<latexit sha1_base64="8JGgd84tKi1qTGpGJIRahPq7i0M="></latexit>

⇥
"
J�1X

n=0

cn
�
(|k1|+ |k2|) (|k3|+ |k4|) + |kI |2

�J�1�n
(|kI |ET )

n

#
⌅J

<latexit sha1_base64="mZqyJqFN/gp8/aBVjQg8WPHYFU0="></latexit>

⇥
"
J�1X

n=0

cn
�
(|k1|+ |k2|) (|k3|+ |k4|) + |kI |2

�J�1�n
(|kI |ET )

n

#
⌅J + . . .

<latexit sha1_base64="iALfcIxceKA+T5raYd+oLc9MNcw="></latexit>

ET

<latexit sha1_base64="j65xQ05w1J0dsbhFxbcFPI1LrCI=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0gkYHsriuCxYr+gDWWz3bRLN5uwuxFK6E/w4kERr/4ib/4bt22EKvpg4PHeDDPzgoQzpR3n0yqsrW9sbhW3Szu7e/sH5cOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyfXc7zxQqVgsmnqaUD/CI8FCRrA20v3NoDkoV1zbWQA5tleruVXPkFz5tiqQozEof/SHMUkjKjThWKme6yTaz7DUjHA6K/VTRRNMJnhEe4YKHFHlZ4tTZ+jMKEMUxtKU0Gihrk5kOFJqGgWmM8J6rH57c/Evr5fqsOpnTCSppoIsF4UpRzpG87/RkElKNJ8agolk5lZExlhiok06pdUQ/iftC9v17NqdV6lf5XEU4QRO4RxcuIQ63EIDWkBgBI/wDC8Wt56sV+tt2Vqw8plj+AHr/QsrF43A</latexit>

Lower helicity,

contact terms

 helicity-Js1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

EL

<latexit sha1_base64="d0DhGQqDuIjI2iYS3Rf1E1oAYAc=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjK1Op1dUQQXLiraB7RDyaRpG5rJDElGKEM/wY0LRdz6Re78GzNtBRU9cOFwzr3ce08Qc6Y0Qh9Wbml5ZXUtv17Y2Nza3inu7jVVlEhCGyTikWwHWFHOBG1opjltx5LiMOC0FYwvMr91T6VikbjTk5j6IR4KNmAEayPdXvaue8USsp2yW0UORPbZKXJPPEMQ8tyKBx1DMpTAAvVe8b3bj0gSUqEJx0p1HBRrP8VSM8LptNBNFI0xGeMh7RgqcEiVn85OncIjo/ThIJKmhIYz9ftEikOlJmFgOkOsR+q3l4l/eZ1ED6p+ykScaCrIfNEg4VBHMPsb9pmkRPOJIZhIZm6FZIQlJtqkUzAhfH0K/yfNsu1UbO+mUqqdL+LIgwNwCI6BA1xQA1egDhqAgCF4AE/g2eLWo/Vivc5bc9ZiZh/8gPX2CVsyjeI=</latexit>

ER

<latexit sha1_base64="NY1FXETnuzsrL5BY2DsQQg+0D14=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjK1Op1dUQSX9dEHtEPJpGkbmskMSUYoQz/BjQtF3PpF7vwbM20FFT1w4XDOvdx7TxBzpjRCH1ZuaXlldS2/XtjY3NreKe7uNVWUSEIbJOKRbAdYUc4EbWimOW3HkuIw4LQVjC8yv3VPpWKRuNOTmPohHgo2YARrI91e9m56xRKynbJbRQ5E9tkpck88QxDy3IoHHUMylMAC9V7xvduPSBJSoQnHSnUcFGs/xVIzwum00E0UjTEZ4yHtGCpwSJWfzk6dwiOj9OEgkqaEhjP1+0SKQ6UmYWA6Q6xH6reXiX95nUQPqn7KRJxoKsh80SDhUEcw+xv2maRE84khmEhmboVkhCUm2qRTMCF8fQr/J82y7VRs77pSqp0v4siDA3AIjoEDXFADV6AOGoCAIXgAT+DZ4taj9WK9zltz1mJmH/yA9fYJZEqN6A==</latexit>

ET

<latexit sha1_base64="j65xQ05w1J0dsbhFxbcFPI1LrCI=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0gkYHsriuCxYr+gDWWz3bRLN5uwuxFK6E/w4kERr/4ib/4bt22EKvpg4PHeDDPzgoQzpR3n0yqsrW9sbhW3Szu7e/sH5cOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyfXc7zxQqVgsmnqaUD/CI8FCRrA20v3NoDkoV1zbWQA5tleruVXPkFz5tiqQozEof/SHMUkjKjThWKme6yTaz7DUjHA6K/VTRRNMJnhEe4YKHFHlZ4tTZ+jMKEMUxtKU0Gihrk5kOFJqGgWmM8J6rH57c/Evr5fqsOpnTCSppoIsF4UpRzpG87/RkElKNJ8agolk5lZExlhiok06pdUQ/iftC9v17NqdV6lf5XEU4QRO4RxcuIQ63EIDWkBgBI/wDC8Wt56sV+tt2Vqw8plj+AHr/QsrF43A</latexit>

k1

<latexit sha1_base64="6wuQJuDrVp8L9tRa5PbveQ9iIlQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSw7jv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL1a9fq+Vqnf5HEU4QRO4Rw8uIQ63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wf7s42f</latexit>

k2

<latexit sha1_base64="EggZBQXb6Mxyzvj9Xu4JwQddQls=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvXisaGuhDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BiMb2b+4xMqzWP5YCYJ+hEdSh5yRo2V7sf9Wr9ccavuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE176GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5J2rerVq1d39UrjOo+jCCdwCufgwQU04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/9N42g</latexit>

k3

<latexit sha1_base64="WbMgSVmoEeiMzwywRAGCEDjb4WQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oN6KXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHrT4YeLw3w8y8IJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++5FrI2L1gJOE+xEdKhEKRtFK9+P+eb9ccavuHOQv8XJSgRyNfvmzN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkxCoDEsbalkIyV39OZDQyZhIFtjOiODLL3kz8z+umGF76mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLf0nrrOrVqld3tUr9Oo+jCEdwDKfgwQXU4RYa0AQGQ3iCF3h1pPPsvDnvi9aCk88cwi84H9/+u42h</latexit>

k4

<latexit sha1_base64="4jskZJLpNYS6LdYBVqE7uOEVrW4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSw7hf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHq16vV9rVK/yeMowgmcwjl4cAl1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8ATo2i</latexit>

ER

<latexit sha1_base64="NY1FXETnuzsrL5BY2DsQQg+0D14=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjK1Op1dUQSX9dEHtEPJpGkbmskMSUYoQz/BjQtF3PpF7vwbM20FFT1w4XDOvdx7TxBzpjRCH1ZuaXlldS2/XtjY3NreKe7uNVWUSEIbJOKRbAdYUc4EbWimOW3HkuIw4LQVjC8yv3VPpWKRuNOTmPohHgo2YARrI91e9m56xRKynbJbRQ5E9tkpck88QxDy3IoHHUMylMAC9V7xvduPSBJSoQnHSnUcFGs/xVIzwum00E0UjTEZ4yHtGCpwSJWfzk6dwiOj9OEgkqaEhjP1+0SKQ6UmYWA6Q6xH6reXiX95nUQPqn7KRJxoKsh80SDhUEcw+xv2maRE84khmEhmboVkhCUm2qRTMCF8fQr/J82y7VRs77pSqp0v4siDA3AIjoEDXFADV6AOGoCAIXgAT+DZ4taj9WK9zltz1mJmH/yA9fYJZEqN6A==</latexit>

⇥ 1

(ET )
power

<latexit sha1_base64="hT9CQRweBk1gJYrj6WIibebSX0I=">AAACHHicbVDLSgNBEJyN7/ha9ehlMAgRJOxqQL2JInhUMBrIxjA76U2GzD6Y6VXDsh/ixV/x4kERLx4E/8ZJzEGNBQ1FVTfdXX4ihUbH+bQKE5NT0zOzc8X5hcWlZXtl9VLHqeJQ47GMVd1nGqSIoIYCJdQTBSz0JVz5veOBf3UDSos4usB+As2QdSIRCM7QSC1710MRgqbeNvUCxXjm5pknIcDySevCU6LTxa3rzEO4wyyJb0Hled6yS07FGYKOE3dESmSEs5b97rVjnoYQIZdM64brJNjMmELBJeRFL9WQMN5jHWgYGjFzUTMbPpfTTaO0aRArUxHSofpzImOh1v3QN50hw67+6w3E/7xGisF+MxNRkiJE/HtRkEqKMR0kRdtCAUfZN4RxJcytlHeZyQhNnkUTgvv35XFyuVNxq5WD82rp8GgUxyxZJxukTFyyRw7JKTkjNcLJPXkkz+TFerCerFfr7bu1YI1m1sgvWB9fvJqieg==</latexit>

⇥ 1

(ET )
power

<latexit sha1_base64="hT9CQRweBk1gJYrj6WIibebSX0I=">AAACHHicbVDLSgNBEJyN7/ha9ehlMAgRJOxqQL2JInhUMBrIxjA76U2GzD6Y6VXDsh/ixV/x4kERLx4E/8ZJzEGNBQ1FVTfdXX4ihUbH+bQKE5NT0zOzc8X5hcWlZXtl9VLHqeJQ47GMVd1nGqSIoIYCJdQTBSz0JVz5veOBf3UDSos4usB+As2QdSIRCM7QSC1710MRgqbeNvUCxXjm5pknIcDySevCU6LTxa3rzEO4wyyJb0Hled6yS07FGYKOE3dESmSEs5b97rVjnoYQIZdM64brJNjMmELBJeRFL9WQMN5jHWgYGjFzUTMbPpfTTaO0aRArUxHSofpzImOh1v3QN50hw67+6w3E/7xGisF+MxNRkiJE/HtRkEqKMR0kRdtCAUfZN4RxJcytlHeZyQhNnkUTgvv35XFyuVNxq5WD82rp8GgUxyxZJxukTFyyRw7JKTkjNcLJPXkkz+TFerCerFfr7bu1YI1m1sgvWB9fvJqieg==</latexit>

ET

<latexit sha1_base64="j65xQ05w1J0dsbhFxbcFPI1LrCI=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0gkYHsriuCxYr+gDWWz3bRLN5uwuxFK6E/w4kERr/4ib/4bt22EKvpg4PHeDDPzgoQzpR3n0yqsrW9sbhW3Szu7e/sH5cOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyfXc7zxQqVgsmnqaUD/CI8FCRrA20v3NoDkoV1zbWQA5tleruVXPkFz5tiqQozEof/SHMUkjKjThWKme6yTaz7DUjHA6K/VTRRNMJnhEe4YKHFHlZ4tTZ+jMKEMUxtKU0Gihrk5kOFJqGgWmM8J6rH57c/Evr5fqsOpnTCSppoIsF4UpRzpG87/RkElKNJ8agolk5lZExlhiok06pdUQ/iftC9v17NqdV6lf5XEU4QRO4RxcuIQ63EIDWkBgBI/wDC8Wt56sV+tt2Vqw8plj+AHr/QsrF43A</latexit>

ET ! 0

<latexit sha1_base64="/udrK3Onpch1Y4s9gqoFQdxv078=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0gkYHsriuCxQr+kDWWz3bRLN5uwuxFK6K/w4kERr/4cb/4bt22EKvpg4PHeDDPzgoQzpR3n0yqsrW9sbhW3Szu7e/sH5cOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyfXc7zxQqVgsmnqaUD/CI8FCRrA20v3NoIn6OkbOoFxxbWcB5NhereZWPUNy5duqQI7GoPzRH8YkjajQhGOleq6TaD/DUjPC6azUTxVNMJngEe0ZKnBElZ8tDp6hM6MMURhLU0Kjhbo6keFIqWkUmM4I67H67c3Fv7xeqsOqnzGRpJoKslwUphyZF+ffoyGTlGg+NQQTycytiIyxxESbjEqrIfxP2he269m1O69Sv8rjKMIJnMI5uHAJdbiFBrSAQASP8AwvlrSerFfrbdlasPKZY/gB6/0LoEiPqw==</latexit>

Maldacena, Pimentel 
 & Raju 2011-2012

EL

<latexit sha1_base64="d0DhGQqDuIjI2iYS3Rf1E1oAYAc=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjK1Op1dUQQXLiraB7RDyaRpG5rJDElGKEM/wY0LRdz6Re78GzNtBRU9cOFwzr3ce08Qc6Y0Qh9Wbml5ZXUtv17Y2Nza3inu7jVVlEhCGyTikWwHWFHOBG1opjltx5LiMOC0FYwvMr91T6VikbjTk5j6IR4KNmAEayPdXvaue8USsp2yW0UORPbZKXJPPEMQ8tyKBx1DMpTAAvVe8b3bj0gSUqEJx0p1HBRrP8VSM8LptNBNFI0xGeMh7RgqcEiVn85OncIjo/ThIJKmhIYz9ftEikOlJmFgOkOsR+q3l4l/eZ1ED6p+ykScaCrIfNEg4VBHMPsb9pmkRPOJIZhIZm6FZIQlJtqkUzAhfH0K/yfNsu1UbO+mUqqdL+LIgwNwCI6BA1xQA1egDhqAgCF4AE/g2eLWo/Vivc5bc9ZiZh/8gPX2CVsyjeI=</latexit>



2F1 (a, b; c; z) =
� (c)

� (a)� (b)

Z i1

�i1

ds

2⇡i

� (a+ s)� (b+ s)� (�s)

� (c+ s)
(�z)s

c=b
= (1� z)�a

<latexit sha1_base64="Q8mvJVl03qBi64qgmDRPl7LtTao="></latexit>

cf.

Exchanges in dS

For some special representations [e.g. (partially)-massless fields] the Mellin-Barnes integrals can be lifted.
e.g. massless spin-J exchange between conformally coupled scalars:

ki = (|ki|,ki)

<latexit sha1_base64="XZbPKH53rDQzCTo4lT0h9VBYpr8=">AAACEXicbZDLSsNAFIYn9VbrrerSzWARKkhJpKAuhKIblxXsBZoQJtNJO2RyYeZEKGlfwY2v4saFIm7dufNtnF4Qbf1h4OM/53Dm/F4iuALT/DJyS8srq2v59cLG5tb2TnF3r6niVFLWoLGIZdsjigkesQZwEKydSEZCT7CWF1yP6617JhWPozsYJMwJSS/iPqcEtOUWy4HL8SW2BfOhPMxsz8fByOXDkx+0Je/14dgtlsyKORFeBGsGJTRT3S1+2t2YpiGLgAqiVMcyE3AyIoFTwUYFO1UsITQgPdbRGJGQKSebXDTCR9rpYj+W+kWAJ+7viYyESg1CT3eGBPpqvjY2/6t1UvDPnYxHSQosotNFfiowxHgcD+5yySiIgQZCJdd/xbRPJKGgQyzoEKz5kxeheVqxqpWL22qpdjWLI48O0CEqIwudoRq6QXXUQBQ9oCf0gl6NR+PZeDPep605Yzazj/7I+PgGaN6cyw==</latexit>

(d+1)-dim. null momentum:

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

±̂ branch

<latexit sha1_base64="rbLkC0MfRX3FFkOFp5Em+5ZMry4=">AAACA3icbVA9SwNBEN2LXzF+ndppsxgECwl3ElC7oI1lBPMBuRD2Nptkye7esTsnhiNg41+xsVDE1j9h579xk1yhiQ8GHu/NMDMvjAU34HnfTm5peWV1Lb9e2Njc2t5xd/fqJko0ZTUaiUg3Q2KY4IrVgINgzVgzIkPBGuHweuI37pk2PFJ3MIpZW5K+4j1OCVip4x6kwYAADmI5Dk5xAOwB0lATRQfjjlv0St4UeJH4GSmiDNWO+xV0I5pIpoAKYkzL92Jop0QDp4KNC0FiWEzokPRZy1JFJDPtdPrDGB9bpYt7kbalAE/V3xMpkcaMZGg7JYGBmfcm4n9eK4HeRTvlKk6AKTpb1EsEhghPAsFdrhkFMbKEUM3trZgOiCYUbGwFG4I///IiqZ+V/HLp8rZcrFxlceTRITpCJ8hH56iCblAV1RBFj+gZvaI358l5cd6dj1lrzslm9tEfOJ8/E2aX1A==</latexit>

u,kI

<latexit sha1_base64="E5f3qigSJ+z4O5E6j8BUGukV9fo=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4kLArgXgMetFbBPOAJITZSW8yZPbBTK8Ylr158Ve8eFDEq7/gzb9xkuxBEwsaiqru6elyIyk02va3tbS8srq2ntvIb25t7+wW9vYbOowVhzoPZahaLtMgRQB1FCihFSlgviuh6Y6uJn7zHpQWYXCH4wi6PhsEwhOcoZF6haMOwgNO30lcGUOaxOkZTTquR0dp76ZXKNolewq6SJyMFEmGWq/w1emHPPYhQC6Z1m3HjrCbMIWCS0jznVhDxPiIDaBtaMB80N1kuj+lJ0bpUy9UpgKkU/X3RMJ8rce+azp9hkM9703E/7x2jN5FNxFBFCMEfLbIiyXFkE5CoX2hgKMcG8K4EuavlA+ZYhxNdHkTgjN/8iJpnJeccqlyWy5WL7M4cuSQHJNT4pAKqZJrUiN1wskjeSav5M16sl6sd+tj1rpkZTMH5A+szx+f25nJ</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

�+, J

<latexit sha1_base64="WbrkHyQkxQUSIv8PseQ8oNxgM/E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIsgKCWRgnor6kE8VbAf2Iay2U7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdKO823llpZXVtfy64WNza3tneLuXkNFiaRYpxGPZMsnCjkTWNdMc2zFEknoc2z6w+uJ33xCqVgkHvQoRi8kfcECRok20mPnBrkm3ZPTu26x5JSdKexF4makBBlq3eJXpxfRJEShKSdKtV0n1l5KpGaU47jQSRTGhA5JH9uGChKi8tLpxWP7yCg9O4ikKaHtqfp7IiWhUqPQN50h0QM1703E/7x2ooMLL2UiTjQKOlsUJNzWkT153+4xiVTzkSGESmZutemASEK1CalgQnDnX14kjbOyWylf3ldK1assjjwcwCEcgwvnUIVbqEEdKAh4hld4s5T1Yr1bH7PWnJXN7MMfWJ8/hwWQMA==</latexit>

± branch

<latexit sha1_base64="Q2/fr2DfDj7NFD4CDnx+JML/oaY=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwX5AE8pmu2mXbjZhdyKGUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFySCa3Ccb2tldW19Y7O0Vd7e2d3btw8O2zpOFWUtGotYdQOimeCStYCDYN1EMRIFgnWC8c3U7zwwpXks7yFLmB+RoeQhpwSM1LcrXhJ5Z9gD9gh5oIiko0nfrjo1Zwa8TNyCVFGBZt/+8gYxTSMmgQqidc91EvBzooBTwSZlL9UsIXRMhqxnqCQR034+O36CT4wywGGsTEnAM/X3RE4irbMoMJ0RgZFe9Kbif14vhfDSz7lMUmCSzheFqcAQ42kSeMAVoyAyQwhV3NyK6YgoQsHkVTYhuIsvL5P2ec2t167u6tXGdRFHCR2hY3SKXHSBGugWNVELUZShZ/SK3qwn68V6tz7mrStWMVNBf2B9/gC/L5Td</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

ū,�kI

<latexit sha1_base64="twC3SYsePjumlVzWCSueGhXg4ho=">AAACD3icbZC7SgNBFIZn4y3GW9TSZjAoFhp2JRDLoI12EcwFkhBmJ2eTIbMXZs6KYdk3sPFVbCwUsbW1822cXApNPDDw8f/nzJz53UgKjbb9bWWWlldW17LruY3Nre2d/O5eXYex4lDjoQxV02UapAighgIlNCMFzHclNNzh1dhv3IPSIgzucBRBx2f9QHiCMzRSN3/cRnjAyT2JK2NIk6TtMkXjND2lZ4Y9Oky7N918wS7ak6KL4MygQGZV7ea/2r2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukme6T0yCg96oXKnADpRP09kTBf65Hvmk6f4UDPe2PxP68Vo3fRSUQQxQgBnz7kxZJiSMfh0J5QwFGODDCuhNmV8gFTjKOJMGdCcOa/vAj186JTKpZvS4XK5SyOLDkgh+SEOKRMKuSaVEmNcPJInskrebOerBfr3fqYtmas2cw++VPW5w+B65zv</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

��, J

<latexit sha1_base64="t07PU+ij0/d13fFjnwprIvz74Q0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgQUsiBfVW1IN4qmA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKLS2vrK7l1wsbm1vbO8XdvYaKEkmxTiMeyZZPFHImsK6Z5tiKJZLQ59j0h9cTv/mEUrFIPOhRjF5I+oIFjBJtpMfODXJNuqcnd91iySk7U9iLxM1ICTLUusWvTi+iSYhCU06UartOrL2USM0ox3GhkyiMCR2SPrYNFSRE5aXTi8f2kVF6dhBJU0LbU/X3REpCpUahbzpDogdq3puI/3ntRAcXXspEnGgUdLYoSLitI3vyvt1jEqnmI0MIlczcatMBkYRqE1LBhODOv7xIGmdlt1K+vK+UqldZHHk4gEM4BhfOoQq3UIM6UBDwDK/wZinrxXq3PmatOSub2Yc/sD5/AIoRkDI=</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

= csc (⇡ (u+ ū))
X

±±̂

<latexit sha1_base64="BXMDJqY3iwkE20amKKaD0IabwUA="></latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

The Mellin-Barnes representation above captures the full analytic structure of the boundary correlators.

cf. Mellin-Barnes representation   
of the Gauss Hypergeometric function

ET = |k1|+ |k2|+ |k3|+ |k4|

<latexit sha1_base64="ADUJWp8tw6PD6nP6mKx10G5Xf/I=">AAACHHicdZDLSgMxGIUzXmu9jbp0EyyCIJSZdsB2IRRFcFmhN2iHIZNm2tDMhSQjlGkfxI2v4saFIm5cCL6NaTvKKHog8HHO/5PkuBGjQhrGh7a0vLK6tp7byG9ube/s6nv7LRHGHJMmDlnIOy4ShNGANCWVjHQiTpDvMtJ2R5ezvH1LuKBh0JDjiNg+GgTUoxhJZTl6+cppnE+SnuvB0dQxJ6ffXMpwOcPWxNELZtGYCxpFq1o1K5aC1PmKCiBV3dHfev0Qxz4JJGZIiK5pRNJOEJcUMzLN92JBIoRHaEC6CgPkE2En889N4bFy+tALuTqBhHM3u5EgX4ix76pJH8mh+J3NzL+ybiy9ip3QIIolCfDiIi9mUIZw1hTsU06wZGMFCHOq3grxEHGEpeozny3hf2iViqZVrN5YhdpFWkcOHIIjcAJMcAZq4BrUQRNgcAcewBN41u61R+1Fe12MLmnpzgH4Ie39E+15oVE=</latexit>

EL = |k1|+ |k2|+ |kI |,

<latexit sha1_base64="UX/tW3EOwxDOGSy19TU0WAwR65g="></latexit>

ER = |kI |+ |k3|+ |k4|

<latexit sha1_base64="D5pe2iK+lJLp2z1iLYGW63BV9TQ="></latexit>

ET ! 0

<latexit sha1_base64="/udrK3Onpch1Y4s9gqoFQdxv078=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0gkYHsriuCxQr+kDWWz3bRLN5uwuxFK6K/w4kERr/4cb/4bt22EKvpg4PHeDDPzgoQzpR3n0yqsrW9sbhW3Szu7e/sH5cOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyfXc7zxQqVgsmnqaUD/CI8FCRrA20v3NoIn6OkbOoFxxbWcB5NhereZWPUNy5duqQI7GoPzRH8YkjajQhGOleq6TaD/DUjPC6azUTxVNMJngEe0ZKnBElZ8tDp6hM6MMURhLU0Kjhbo6keFIqWkUmM4I67H67c3Fv7xeqsOqnzGRpJoKslwUphyZF+ffoyGTlGg+NQQTycytiIyxxESbjEqrIfxP2he269m1O69Sv8rjKMIJnMI5uHAJdbiFBrSAQASP8AwvlrSerFfrbdlasPKZY/gB6/0LoEiPqw==</latexit>

= (2⇡)3 �(3)(
4X

i=1

ki )
⌅J

s
⇥ 1

(ET )
2J�1

<latexit sha1_base64="KvrITrxzqCqgwX+pDqav8dTEaBo="></latexit>

/ (2⇡)3 �(3)(
4X

i=1

ki )
1

(EL)
J (ER)

J (ET )
2J�1

<latexit sha1_base64="8JGgd84tKi1qTGpGJIRahPq7i0M="></latexit>

⇥
"
J�1X

n=0

cn
�
(|k1|+ |k2|) (|k3|+ |k4|) + |kI |2

�J�1�n
(|kI |ET )

n

#
⌅J

<latexit sha1_base64="mZqyJqFN/gp8/aBVjQg8WPHYFU0="></latexit>

⇥
"
J�1X

n=0

cn
�
(|k1|+ |k2|) (|k3|+ |k4|) + |kI |2

�J�1�n
(|kI |ET )

n

#
⌅J + . . .

<latexit sha1_base64="iALfcIxceKA+T5raYd+oLc9MNcw="></latexit>

ET

<latexit sha1_base64="j65xQ05w1J0dsbhFxbcFPI1LrCI=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0gkYHsriuCxYr+gDWWz3bRLN5uwuxFK6E/w4kERr/4ib/4bt22EKvpg4PHeDDPzgoQzpR3n0yqsrW9sbhW3Szu7e/sH5cOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyfXc7zxQqVgsmnqaUD/CI8FCRrA20v3NoDkoV1zbWQA5tleruVXPkFz5tiqQozEof/SHMUkjKjThWKme6yTaz7DUjHA6K/VTRRNMJnhEe4YKHFHlZ4tTZ+jMKEMUxtKU0Gihrk5kOFJqGgWmM8J6rH57c/Evr5fqsOpnTCSppoIsF4UpRzpG87/RkElKNJ8agolk5lZExlhiok06pdUQ/iftC9v17NqdV6lf5XEU4QRO4RxcuIQ63EIDWkBgBI/wDC8Wt56sV+tt2Vqw8plj+AHr/QsrF43A</latexit>

Lower helicity,

contact terms

 helicity-Js1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

EL

<latexit sha1_base64="d0DhGQqDuIjI2iYS3Rf1E1oAYAc=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjK1Op1dUQQXLiraB7RDyaRpG5rJDElGKEM/wY0LRdz6Re78GzNtBRU9cOFwzr3ce08Qc6Y0Qh9Wbml5ZXUtv17Y2Nza3inu7jVVlEhCGyTikWwHWFHOBG1opjltx5LiMOC0FYwvMr91T6VikbjTk5j6IR4KNmAEayPdXvaue8USsp2yW0UORPbZKXJPPEMQ8tyKBx1DMpTAAvVe8b3bj0gSUqEJx0p1HBRrP8VSM8LptNBNFI0xGeMh7RgqcEiVn85OncIjo/ThIJKmhIYz9ftEikOlJmFgOkOsR+q3l4l/eZ1ED6p+ykScaCrIfNEg4VBHMPsb9pmkRPOJIZhIZm6FZIQlJtqkUzAhfH0K/yfNsu1UbO+mUqqdL+LIgwNwCI6BA1xQA1egDhqAgCF4AE/g2eLWo/Vivc5bc9ZiZh/8gPX2CVsyjeI=</latexit>

ER

<latexit sha1_base64="NY1FXETnuzsrL5BY2DsQQg+0D14=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjK1Op1dUQSX9dEHtEPJpGkbmskMSUYoQz/BjQtF3PpF7vwbM20FFT1w4XDOvdx7TxBzpjRCH1ZuaXlldS2/XtjY3NreKe7uNVWUSEIbJOKRbAdYUc4EbWimOW3HkuIw4LQVjC8yv3VPpWKRuNOTmPohHgo2YARrI91e9m56xRKynbJbRQ5E9tkpck88QxDy3IoHHUMylMAC9V7xvduPSBJSoQnHSnUcFGs/xVIzwum00E0UjTEZ4yHtGCpwSJWfzk6dwiOj9OEgkqaEhjP1+0SKQ6UmYWA6Q6xH6reXiX95nUQPqn7KRJxoKsh80SDhUEcw+xv2maRE84khmEhmboVkhCUm2qRTMCF8fQr/J82y7VRs77pSqp0v4siDA3AIjoEDXFADV6AOGoCAIXgAT+DZ4taj9WK9zltz1mJmH/yA9fYJZEqN6A==</latexit>

ET

<latexit sha1_base64="j65xQ05w1J0dsbhFxbcFPI1LrCI=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0gkYHsriuCxYr+gDWWz3bRLN5uwuxFK6E/w4kERr/4ib/4bt22EKvpg4PHeDDPzgoQzpR3n0yqsrW9sbhW3Szu7e/sH5cOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyfXc7zxQqVgsmnqaUD/CI8FCRrA20v3NoDkoV1zbWQA5tleruVXPkFz5tiqQozEof/SHMUkjKjThWKme6yTaz7DUjHA6K/VTRRNMJnhEe4YKHFHlZ4tTZ+jMKEMUxtKU0Gihrk5kOFJqGgWmM8J6rH57c/Evr5fqsOpnTCSppoIsF4UpRzpG87/RkElKNJ8agolk5lZExlhiok06pdUQ/iftC9v17NqdV6lf5XEU4QRO4RxcuIQ63EIDWkBgBI/wDC8Wt56sV+tt2Vqw8plj+AHr/QsrF43A</latexit>

ET ! 0

<latexit sha1_base64="/udrK3Onpch1Y4s9gqoFQdxv078=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0gkYHsriuCxQr+kDWWz3bRLN5uwuxFK6K/w4kERr/4cb/4bt22EKvpg4PHeDDPzgoQzpR3n0yqsrW9sbhW3Szu7e/sH5cOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyfXc7zxQqVgsmnqaUD/CI8FCRrA20v3NoIn6OkbOoFxxbWcB5NhereZWPUNy5duqQI7GoPzRH8YkjajQhGOleq6TaD/DUjPC6azUTxVNMJngEe0ZKnBElZ8tDp6hM6MMURhLU0Kjhbo6keFIqWkUmM4I67H67c3Fv7xeqsOqnzGRpJoKslwUphyZF+ffoyGTlGg+NQQTycytiIyxxESbjEqrIfxP2he269m1O69Sv8rjKMIJnMI5uHAJdbiFBrSAQASP8AwvlrSerFfrbdlasPKZY/gB6/0LoEiPqw==</latexit>

(ELER)
J�1 = sJ�1

<latexit sha1_base64="y5LBfzNx4AaKXjEiA8xr0QGEZEA=">AAACEXicbVC7SgNBFJ2NrxhfUUubwSDEwrArAbUQghIQsYhiHpCNy+xkNhky+2DmrhCW/QUbf8XGQhFbOzv/xsmj0OiBC2fOuZe597iR4ApM88vIzM0vLC5ll3Mrq2vrG/nNrYYKY0lZnYYilC2XKCZ4wOrAQbBWJBnxXcGa7uB85DfvmVQ8DG5hGLGOT3oB9zgloCUnX7QF86BYda5w1bmxJe/1Yf8uuTyw0tPEVh5W6eTl5AtmyRwD/yXWlBTQFDUn/2l3Qxr7LAAqiFJty4ygkxAJnAqW5uxYsYjQAemxtqYB8ZnqJOOLUrynlS72QqkrADxWf04kxFdq6Lu60yfQV7PeSPzPa8fgHXcSHkQxsIBOPvJigSHEo3hwl0tGQQw1IVRyvSumfSIJBR1iTodgzZ78lzQOS1a5dHJdLlTOpnFk0Q7aRUVkoSNUQReohuqIogf0hF7Qq/FoPBtvxvukNWNMZ7bRLxgf31INnBg=</latexit>

(ELER)
J�1

<latexit sha1_base64="W0EH1I+zgKgs7DJOJ/0cFfHhfDg=">AAACA3icbVDLSgNBEJz1GeNr1ZteBoMQD4ZdCai3oAREPEQxD0jiMjuZTYbMPpjpFcIS8OKvePGgiFd/wpt/4yTZgyYWNBRV3XR3uZHgCizr25ibX1hcWs6sZFfX1jc2za3tmgpjSVmVhiKUDZcoJnjAqsBBsEYkGfFdwepu/2Lk1x+YVDwM7mAQsbZPugH3OCWgJcfcbQnmQb7sXOOyc9uSvNuDw/vk6sgeOmbOKlhj4FlipySHUlQc86vVCWnsswCoIEo1bSuCdkIkcCrYMNuKFYsI7ZMua2oaEJ+pdjL+YYgPtNLBXih1BYDH6u+JhPhKDXxXd/oEemraG4n/ec0YvNN2woMoBhbQySIvFhhCPAoEd7hkFMRAE0Il17di2iOSUNCxZXUI9vTLs6R2XLCLhbObYq50nsaRQXtoH+WRjU5QCV2iCqoiih7RM3pFb8aT8WK8Gx+T1jkjndlBf2B8/gAemJaR</latexit>

EL

<latexit sha1_base64="d0DhGQqDuIjI2iYS3Rf1E1oAYAc=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjK1Op1dUQQXLiraB7RDyaRpG5rJDElGKEM/wY0LRdz6Re78GzNtBRU9cOFwzr3ce08Qc6Y0Qh9Wbml5ZXUtv17Y2Nza3inu7jVVlEhCGyTikWwHWFHOBG1opjltx5LiMOC0FYwvMr91T6VikbjTk5j6IR4KNmAEayPdXvaue8USsp2yW0UORPbZKXJPPEMQ8tyKBx1DMpTAAvVe8b3bj0gSUqEJx0p1HBRrP8VSM8LptNBNFI0xGeMh7RgqcEiVn85OncIjo/ThIJKmhIYz9ftEikOlJmFgOkOsR+q3l4l/eZ1ED6p+ykScaCrIfNEg4VBHMPsb9pmkRPOJIZhIZm6FZIQlJtqkUzAhfH0K/yfNsu1UbO+mUqqdL+LIgwNwCI6BA1xQA1egDhqAgCF4AE/g2eLWo/Vivc5bc9ZiZh/8gPX2CVsyjeI=</latexit>

ER

<latexit sha1_base64="NY1FXETnuzsrL5BY2DsQQg+0D14=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjK1Op1dUQSX9dEHtEPJpGkbmskMSUYoQz/BjQtF3PpF7vwbM20FFT1w4XDOvdx7TxBzpjRCH1ZuaXlldS2/XtjY3NreKe7uNVWUSEIbJOKRbAdYUc4EbWimOW3HkuIw4LQVjC8yv3VPpWKRuNOTmPohHgo2YARrI91e9m56xRKynbJbRQ5E9tkpck88QxDy3IoHHUMylMAC9V7xvduPSBJSoQnHSnUcFGs/xVIzwum00E0UjTEZ4yHtGCpwSJWfzk6dwiOj9OEgkqaEhjP1+0SKQ6UmYWA6Q6xH6reXiX95nUQPqn7KRJxoKsh80SDhUEcw+xv2maRE84khmEhmboVkhCUm2qRTMCF8fQr/J82y7VRs77pSqp0v4siDA3AIjoEDXFADV6AOGoCAIXgAT+DZ4taj9WK9zltz1mJmH/yA9fYJZEqN6A==</latexit>

k1

<latexit sha1_base64="6wuQJuDrVp8L9tRa5PbveQ9iIlQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSw7jv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL1a9fq+Vqnf5HEU4QRO4Rw8uIQ63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wf7s42f</latexit>

k2

<latexit sha1_base64="EggZBQXb6Mxyzvj9Xu4JwQddQls=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvXisaGuhDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BiMb2b+4xMqzWP5YCYJ+hEdSh5yRo2V7sf9Wr9ccavuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE176GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5J2rerVq1d39UrjOo+jCCdwCufgwQU04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz/9N42g</latexit>

k3

<latexit sha1_base64="WbMgSVmoEeiMzwywRAGCEDjb4WQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oN6KXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHrT4YeLw3w8y8IJHCoOt+OYWV1bX1jeJmaWt7Z3evvH/QMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++5FrI2L1gJOE+xEdKhEKRtFK9+P+eb9ccavuHOQv8XJSgRyNfvmzN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkxCoDEsbalkIyV39OZDQyZhIFtjOiODLL3kz8z+umGF76mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLf0nrrOrVqld3tUr9Oo+jCEdwDKfgwQXU4RYa0AQGQ3iCF3h1pPPsvDnvi9aCk88cwi84H9/+u42h</latexit>

k4

<latexit sha1_base64="4jskZJLpNYS6LdYBVqE7uOEVrW4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSw7hf65crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwis/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHq16vV9rVK/yeMowgmcwjl4cAl1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w8ATo2i</latexit>

ER

<latexit sha1_base64="NY1FXETnuzsrL5BY2DsQQg+0D14=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjK1Op1dUQSX9dEHtEPJpGkbmskMSUYoQz/BjQtF3PpF7vwbM20FFT1w4XDOvdx7TxBzpjRCH1ZuaXlldS2/XtjY3NreKe7uNVWUSEIbJOKRbAdYUc4EbWimOW3HkuIw4LQVjC8yv3VPpWKRuNOTmPohHgo2YARrI91e9m56xRKynbJbRQ5E9tkpck88QxDy3IoHHUMylMAC9V7xvduPSBJSoQnHSnUcFGs/xVIzwum00E0UjTEZ4yHtGCpwSJWfzk6dwiOj9OEgkqaEhjP1+0SKQ6UmYWA6Q6xH6reXiX95nUQPqn7KRJxoKsh80SDhUEcw+xv2maRE84khmEhmboVkhCUm2qRTMCF8fQr/J82y7VRs77pSqp0v4siDA3AIjoEDXFADV6AOGoCAIXgAT+DZ4taj9WK9zltz1mJmH/yA9fYJZEqN6A==</latexit>

⇥ 1

(ET )
power

<latexit sha1_base64="hT9CQRweBk1gJYrj6WIibebSX0I=">AAACHHicbVDLSgNBEJyN7/ha9ehlMAgRJOxqQL2JInhUMBrIxjA76U2GzD6Y6VXDsh/ixV/x4kERLx4E/8ZJzEGNBQ1FVTfdXX4ihUbH+bQKE5NT0zOzc8X5hcWlZXtl9VLHqeJQ47GMVd1nGqSIoIYCJdQTBSz0JVz5veOBf3UDSos4usB+As2QdSIRCM7QSC1710MRgqbeNvUCxXjm5pknIcDySevCU6LTxa3rzEO4wyyJb0Hled6yS07FGYKOE3dESmSEs5b97rVjnoYQIZdM64brJNjMmELBJeRFL9WQMN5jHWgYGjFzUTMbPpfTTaO0aRArUxHSofpzImOh1v3QN50hw67+6w3E/7xGisF+MxNRkiJE/HtRkEqKMR0kRdtCAUfZN4RxJcytlHeZyQhNnkUTgvv35XFyuVNxq5WD82rp8GgUxyxZJxukTFyyRw7JKTkjNcLJPXkkz+TFerCerFfr7bu1YI1m1sgvWB9fvJqieg==</latexit>

⇥ 1

(ET )
power

<latexit sha1_base64="hT9CQRweBk1gJYrj6WIibebSX0I=">AAACHHicbVDLSgNBEJyN7/ha9ehlMAgRJOxqQL2JInhUMBrIxjA76U2GzD6Y6VXDsh/ixV/x4kERLx4E/8ZJzEGNBQ1FVTfdXX4ihUbH+bQKE5NT0zOzc8X5hcWlZXtl9VLHqeJQ47GMVd1nGqSIoIYCJdQTBSz0JVz5veOBf3UDSos4usB+As2QdSIRCM7QSC1710MRgqbeNvUCxXjm5pknIcDySevCU6LTxa3rzEO4wyyJb0Hled6yS07FGYKOE3dESmSEs5b97rVjnoYQIZdM64brJNjMmELBJeRFL9WQMN5jHWgYGjFzUTMbPpfTTaO0aRArUxHSofpzImOh1v3QN50hw67+6w3E/7xGisF+MxNRkiJE/HtRkEqKMR0kRdtCAUfZN4RxJcytlHeZyQhNnkUTgvv35XFyuVNxq5WD82rp8GgUxyxZJxukTFyyRw7JKTkjNcLJPXkkz+TFerCerFfr7bu1YI1m1sgvWB9fvJqieg==</latexit>

ET

<latexit sha1_base64="j65xQ05w1J0dsbhFxbcFPI1LrCI=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0gkYHsriuCxYr+gDWWz3bRLN5uwuxFK6E/w4kERr/4ib/4bt22EKvpg4PHeDDPzgoQzpR3n0yqsrW9sbhW3Szu7e/sH5cOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyfXc7zxQqVgsmnqaUD/CI8FCRrA20v3NoDkoV1zbWQA5tleruVXPkFz5tiqQozEof/SHMUkjKjThWKme6yTaz7DUjHA6K/VTRRNMJnhEe4YKHFHlZ4tTZ+jMKEMUxtKU0Gihrk5kOFJqGgWmM8J6rH57c/Evr5fqsOpnTCSppoIsF4UpRzpG87/RkElKNJ8agolk5lZExlhiok06pdUQ/iftC9v17NqdV6lf5XEU4QRO4RxcuIQ63EIDWkBgBI/wDC8Wt56sV+tt2Vqw8plj+AHr/QsrF43A</latexit>

EL

<latexit sha1_base64="d0DhGQqDuIjI2iYS3Rf1E1oAYAc=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjK1Op1dUQQXLiraB7RDyaRpG5rJDElGKEM/wY0LRdz6Re78GzNtBRU9cOFwzr3ce08Qc6Y0Qh9Wbml5ZXUtv17Y2Nza3inu7jVVlEhCGyTikWwHWFHOBG1opjltx5LiMOC0FYwvMr91T6VikbjTk5j6IR4KNmAEayPdXvaue8USsp2yW0UORPbZKXJPPEMQ8tyKBx1DMpTAAvVe8b3bj0gSUqEJx0p1HBRrP8VSM8LptNBNFI0xGeMh7RgqcEiVn85OncIjo/ThIJKmhIYz9ftEikOlJmFgOkOsR+q3l4l/eZ1ED6p+ykScaCrIfNEg4VBHMPsb9pmkRPOJIZhIZm6FZIQlJtqkUzAhfH0K/yfNsu1UbO+mUqqdL+LIgwNwCI6BA1xQA1egDhqAgCF4AE/g2eLWo/Vivc5bc9ZiZh/8gPX2CVsyjeI=</latexit>



pYM
+ (k1,k2,kI ; ⇠1, ⇠2, D⇠) p

YM
� (�kI ,k3,k4; ⇠, ⇠3, ⇠4)

<latexit sha1_base64="1LjHRaCre3DPR/5EHe29n/nfq18="></latexit>

/ (2⇡)3 �(3)(
4X

i=1

ki )
1

(EL)
J (ER)

J (ET )
2J�1

<latexit sha1_base64="8JGgd84tKi1qTGpGJIRahPq7i0M="></latexit>

For some special representations [e.g. (partially)-massless fields] the Mellin-Barnes integrals can be lifted.
e.g. 4pt exchange in Yang-Mills theory

Exchanges in dS

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

±̂ branch

<latexit sha1_base64="rbLkC0MfRX3FFkOFp5Em+5ZMry4=">AAACA3icbVA9SwNBEN2LXzF+ndppsxgECwl3ElC7oI1lBPMBuRD2Nptkye7esTsnhiNg41+xsVDE1j9h579xk1yhiQ8GHu/NMDMvjAU34HnfTm5peWV1Lb9e2Njc2t5xd/fqJko0ZTUaiUg3Q2KY4IrVgINgzVgzIkPBGuHweuI37pk2PFJ3MIpZW5K+4j1OCVip4x6kwYAADmI5Dk5xAOwB0lATRQfjjlv0St4UeJH4GSmiDNWO+xV0I5pIpoAKYkzL92Jop0QDp4KNC0FiWEzokPRZy1JFJDPtdPrDGB9bpYt7kbalAE/V3xMpkcaMZGg7JYGBmfcm4n9eK4HeRTvlKk6AKTpb1EsEhghPAsFdrhkFMbKEUM3trZgOiCYUbGwFG4I///IiqZ+V/HLp8rZcrFxlceTRITpCJ8hH56iCblAV1RBFj+gZvaI358l5cd6dj1lrzslm9tEfOJ8/E2aX1A==</latexit>

u,kI

<latexit sha1_base64="E5f3qigSJ+z4O5E6j8BUGukV9fo=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4kLArgXgMetFbBPOAJITZSW8yZPbBTK8Ylr158Ve8eFDEq7/gzb9xkuxBEwsaiqru6elyIyk02va3tbS8srq2ntvIb25t7+wW9vYbOowVhzoPZahaLtMgRQB1FCihFSlgviuh6Y6uJn7zHpQWYXCH4wi6PhsEwhOcoZF6haMOwgNO30lcGUOaxOkZTTquR0dp76ZXKNolewq6SJyMFEmGWq/w1emHPPYhQC6Z1m3HjrCbMIWCS0jznVhDxPiIDaBtaMB80N1kuj+lJ0bpUy9UpgKkU/X3RMJ8rce+azp9hkM9703E/7x2jN5FNxFBFCMEfLbIiyXFkE5CoX2hgKMcG8K4EuavlA+ZYhxNdHkTgjN/8iJpnJeccqlyWy5WL7M4cuSQHJNT4pAKqZJrUiN1wskjeSav5M16sl6sd+tj1rpkZTMH5A+szx+f25nJ</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

�+, J

<latexit sha1_base64="WbrkHyQkxQUSIv8PseQ8oNxgM/E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIsgKCWRgnor6kE8VbAf2Iay2U7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdKO823llpZXVtfy64WNza3tneLuXkNFiaRYpxGPZMsnCjkTWNdMc2zFEknoc2z6w+uJ33xCqVgkHvQoRi8kfcECRok20mPnBrkm3ZPTu26x5JSdKexF4makBBlq3eJXpxfRJEShKSdKtV0n1l5KpGaU47jQSRTGhA5JH9uGChKi8tLpxWP7yCg9O4ikKaHtqfp7IiWhUqPQN50h0QM1703E/7x2ooMLL2UiTjQKOlsUJNzWkT153+4xiVTzkSGESmZutemASEK1CalgQnDnX14kjbOyWylf3ldK1assjjwcwCEcgwvnUIVbqEEdKAh4hld4s5T1Yr1bH7PWnJXN7MMfWJ8/hwWQMA==</latexit>

± branch

<latexit sha1_base64="Q2/fr2DfDj7NFD4CDnx+JML/oaY=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwX5AE8pmu2mXbjZhdyKGUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFySCa3Ccb2tldW19Y7O0Vd7e2d3btw8O2zpOFWUtGotYdQOimeCStYCDYN1EMRIFgnWC8c3U7zwwpXks7yFLmB+RoeQhpwSM1LcrXhJ5Z9gD9gh5oIiko0nfrjo1Zwa8TNyCVFGBZt/+8gYxTSMmgQqidc91EvBzooBTwSZlL9UsIXRMhqxnqCQR034+O36CT4wywGGsTEnAM/X3RE4irbMoMJ0RgZFe9Kbif14vhfDSz7lMUmCSzheFqcAQ42kSeMAVoyAyQwhV3NyK6YgoQsHkVTYhuIsvL5P2ec2t167u6tXGdRFHCR2hY3SKXHSBGugWNVELUZShZ/SK3qwn68V6tz7mrStWMVNBf2B9/gC/L5Td</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

ū,�kI

<latexit sha1_base64="twC3SYsePjumlVzWCSueGhXg4ho=">AAACD3icbZC7SgNBFIZn4y3GW9TSZjAoFhp2JRDLoI12EcwFkhBmJ2eTIbMXZs6KYdk3sPFVbCwUsbW1822cXApNPDDw8f/nzJz53UgKjbb9bWWWlldW17LruY3Nre2d/O5eXYex4lDjoQxV02UapAighgIlNCMFzHclNNzh1dhv3IPSIgzucBRBx2f9QHiCMzRSN3/cRnjAyT2JK2NIk6TtMkXjND2lZ4Y9Oky7N918wS7ak6KL4MygQGZV7ea/2r2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukme6T0yCg96oXKnADpRP09kTBf65Hvmk6f4UDPe2PxP68Vo3fRSUQQxQgBnz7kxZJiSMfh0J5QwFGODDCuhNmV8gFTjKOJMGdCcOa/vAj186JTKpZvS4XK5SyOLDkgh+SEOKRMKuSaVEmNcPJInskrebOerBfr3fqYtmas2cw++VPW5w+B65zv</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

��, J

<latexit sha1_base64="t07PU+ij0/d13fFjnwprIvz74Q0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgQUsiBfVW1IN4qmA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKLS2vrK7l1wsbm1vbO8XdvYaKEkmxTiMeyZZPFHImsK6Z5tiKJZLQ59j0h9cTv/mEUrFIPOhRjF5I+oIFjBJtpMfODXJNuqcnd91iySk7U9iLxM1ICTLUusWvTi+iSYhCU06UartOrL2USM0ox3GhkyiMCR2SPrYNFSRE5aXTi8f2kVF6dhBJU0LbU/X3REpCpUahbzpDogdq3puI/3ntRAcXXspEnGgUdLYoSLitI3vyvt1jEqnmI0MIlczcatMBkYRqE1LBhODOv7xIGmdlt1K+vK+UqldZHHk4gEM4BhfOoQq3UIM6UBDwDK/wZinrxXq3PmatOSub2Yc/sD5/AIoRkDI=</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

= csc (⇡ (u+ ū))
X

±±̂

<latexit sha1_base64="BXMDJqY3iwkE20amKKaD0IabwUA="></latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

(2⇡)3 �(3)(
3X

i=1

ki)⇥
1

|kI |ELERET
⇥ (|kI |+ ET )⇥ pYM

+ (k1,k2,kI ; ⇠1, ⇠2, ⇠) � pYM
� (�kI ,k3,k4; ⇠, ⇠3, ⇠4)

<latexit sha1_base64="kKAKD1XMzMwxXikj2m6VyPXgNzo="></latexit>

JA

<latexit sha1_base64="ePeoEWPVY0FEM74uxupZ1S9FaA8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL1FvYiniOYByRJmJ5NkyOzsMtMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0c3Ubz5xbUSkHnEccz+kAyX6glG00sNd96pbLLlldwayTLyMlCBDrVv86vQiloRcIZPUmLbnxuinVKNgkk8KncTwmLIRHfC2pYqG3Pjp7NQJObFKj/QjbUshmam/J1IaGjMOA9sZUhyaRW8q/ue1E+xf+KlQcYJcsfmifiIJRmT6N+kJzRnKsSWUaWFvJWxINWVo0ynYELzFl5dJ46zsVcqX95VS9TqLIw9HcAyn4ME5VOEWalAHBgN4hld4c6Tz4rw7H/PWnJPNHMIfOJ8/4a2Njg==</latexit>

JB

<latexit sha1_base64="f8kVLm2pwP7n9YdIbd/8eZ1pUu4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL2FeBFPEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/loxkn6Ed0IHnIGTVWerjr1XrFklt25yCrxMtICTLUe8Wvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/MT52SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1IRX/oTLJDUo2WJRmApiYjL7m/S5QmbE2BLKFLe3EjakijJj0ynYELzll1dJ86LsVcrX95VStZbFkYcTOIVz8OASqnALdWgAgwE8wyu8OcJ5cd6dj0VrzslmjuEPnM8f4zGNjw==</latexit>

JC

<latexit sha1_base64="/0QTyeQHzF7PgV4RYCqLE0rZeto=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FcxFPEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gVJv5rSdUmsfy0YwT9CM6kDzkjBorPdz1ar1iyS27c5BV4mWkBBnqveJXtx+zNEJpmKBadzw3Mf6EKsOZwGmhm2pMKBvRAXYslTRC7U/mp07JmVX6JIyVLWnIXP09MaGR1uMosJ0RNUO97M3E/7xOasIrf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeVH2KuXr+0qpepPFkYcTOIVz8OASqnALdWgAgwE8wyu8OcJ5cd6dj0VrzslmjuEPnM8f5LWNkA==</latexit>

JD

<latexit sha1_base64="EQHBDvW+aum1T+NjHIaPP7Ps9u8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0F9SCeIpoHJEuYnUySIbOzy0yvEJZ8ghcPinj1i7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRtdTv/nEtRGResRxzP2QDpToC0bRSg933ZtuseSW3RnIMvEyUoIMtW7xq9OLWBJyhUxSY9qeG6OfUo2CST4pdBLDY8pGdMDblioacuOns1Mn5MQqPdKPtC2FZKb+nkhpaMw4DGxnSHFoFr2p+J/XTrB/4adCxQlyxeaL+okkGJHp36QnNGcox5ZQpoW9lbAh1ZShTadgQ/AWX14mjbOyVylf3ldK1assjjwcwTGcggfnUIVbqEEdGAzgGV7hzZHOi/PufMxbc042cwh/4Hz+AOY5jZE=</latexit>

fABE

<latexit sha1_base64="2AGNBASAsO9dNT43xWWE607lhqI=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgapgR8bGrFcFlBfuAdiiZNNOGJpkhyQhl6Ee4caGIW7/HnX9jpq3g80DI4Zx7ufeeMOFMG897dwoLi0vLK8XV0tr6xuZWeXunqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4usz91h1VmsXy1owTGgg8kCxiBBsrtaJedlG7mvTKFc898XKg38R3p79XgTnqvfJbtx+TVFBpCMdad3wvMUGGlWGE00mpm2qaYDLCA9qxVGJBdZBN152gA6v0URQr+6RBU/VrR4aF1mMR2kqBzVD/9HLxL6+TmugsyJhMUkMlmQ2KUo5MjPLbUZ8pSgwfW4KJYnZXRIZYYWJsQiUbwuel6H/SPHL9Y/f85rhSrc3jKMIe7MMh+HAKVbiGOjSAwAju4RGenMR5cJ6dl1lpwZn37MI3OK8fBX+PYw==</latexit>

fECD

<latexit sha1_base64="06KVl6k8A7sYPgPtdLOHa7k29TU=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgapgR8bErVsFlBfuAdiiZNNOGJpkhyQhl6Ee4caGIW7/HnX9jpq3g80DI4Zx7ufeeMOFMG897dwoLi0vLK8XV0tr6xuZWeXunqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4quV+644qzWJ5a8YJDQQeSBYxgo2VWlEvu6pdTnrliueeeDnQb+K709+rwBz1Xvmt249JKqg0hGOtO76XmCDDyjDC6aTUTTVNMBnhAe1YKrGgOsim607QgVX6KIqVfdKgqfq1I8NC67EIbaXAZqh/ern4l9dJTXQWZEwmqaGSzAZFKUcmRvntqM8UJYaPLcFEMbsrIkOsMDE2oZIN4fNS9D9pHrn+sXt+c1ypXszjKMIe7MMh+HAKVbiGOjSAwAju4RGenMR5cJ6dl1lpwZn37MI3OK8fC5yPZw==</latexit>

ET

<latexit sha1_base64="j65xQ05w1J0dsbhFxbcFPI1LrCI=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0gkYHsriuCxYr+gDWWz3bRLN5uwuxFK6E/w4kERr/4ib/4bt22EKvpg4PHeDDPzgoQzpR3n0yqsrW9sbhW3Szu7e/sH5cOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyfXc7zxQqVgsmnqaUD/CI8FCRrA20v3NoDkoV1zbWQA5tleruVXPkFz5tiqQozEof/SHMUkjKjThWKme6yTaz7DUjHA6K/VTRRNMJnhEe4YKHFHlZ4tTZ+jMKEMUxtKU0Gihrk5kOFJqGgWmM8J6rH57c/Evr5fqsOpnTCSppoIsF4UpRzpG87/RkElKNJ8agolk5lZExlhiok06pdUQ/iftC9v17NqdV6lf5XEU4QRO4RxcuIQ63EIDWkBgBI/wDC8Wt56sV+tt2Vqw8plj+AHr/QsrF43A</latexit>

EL

<latexit sha1_base64="d0DhGQqDuIjI2iYS3Rf1E1oAYAc=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjK1Op1dUQQXLiraB7RDyaRpG5rJDElGKEM/wY0LRdz6Re78GzNtBRU9cOFwzr3ce08Qc6Y0Qh9Wbml5ZXUtv17Y2Nza3inu7jVVlEhCGyTikWwHWFHOBG1opjltx5LiMOC0FYwvMr91T6VikbjTk5j6IR4KNmAEayPdXvaue8USsp2yW0UORPbZKXJPPEMQ8tyKBx1DMpTAAvVe8b3bj0gSUqEJx0p1HBRrP8VSM8LptNBNFI0xGeMh7RgqcEiVn85OncIjo/ThIJKmhIYz9ftEikOlJmFgOkOsR+q3l4l/eZ1ED6p+ykScaCrIfNEg4VBHMPsb9pmkRPOJIZhIZm6FZIQlJtqkUzAhfH0K/yfNsu1UbO+mUqqdL+LIgwNwCI6BA1xQA1egDhqAgCF4AE/g2eLWo/Vivc5bc9ZiZh/8gPX2CVsyjeI=</latexit>

/ (2⇡)3 �(3)(
4X

i=1

ki )
1

|k1||k2||k3||k4|

<latexit sha1_base64="U20v4t+7i1cHuDhaDoFuR0HR3Y8="></latexit>

=fABEfECD
|kI |+ |k1|+ |k2|+ |k3|+ |k4|

|kI | (|kI |+ |k1|+ |k2|) (|kI |+ |k3|+ |k4|) (|k1|+ |k2|+ |k3|+ |k4|)

<latexit sha1_base64="XEhK39DuE5n4GG2JU8OIJJFepNc="></latexit>

ER

<latexit sha1_base64="NY1FXETnuzsrL5BY2DsQQg+0D14=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjK1Op1dUQSX9dEHtEPJpGkbmskMSUYoQz/BjQtF3PpF7vwbM20FFT1w4XDOvdx7TxBzpjRCH1ZuaXlldS2/XtjY3NreKe7uNVWUSEIbJOKRbAdYUc4EbWimOW3HkuIw4LQVjC8yv3VPpWKRuNOTmPohHgo2YARrI91e9m56xRKynbJbRQ5E9tkpck88QxDy3IoHHUMylMAC9V7xvduPSBJSoQnHSnUcFGs/xVIzwum00E0UjTEZ4yHtGCpwSJWfzk6dwiOj9OEgkqaEhjP1+0SKQ6UmYWA6Q6xH6reXiX95nUQPqn7KRJxoKsh80SDhUEcw+xv2maRE84khmEhmboVkhCUm2qRTMCF8fQr/J82y7VRs77pSqp0v4siDA3AIjoEDXFADV6AOGoCAIXgAT+DZ4taj9WK9zltz1mJmH/yA9fYJZEqN6A==</latexit>

ET

<latexit sha1_base64="j65xQ05w1J0dsbhFxbcFPI1LrCI=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0gkYHsriuCxYr+gDWWz3bRLN5uwuxFK6E/w4kERr/4ib/4bt22EKvpg4PHeDDPzgoQzpR3n0yqsrW9sbhW3Szu7e/sH5cOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyfXc7zxQqVgsmnqaUD/CI8FCRrA20v3NoDkoV1zbWQA5tleruVXPkFz5tiqQozEof/SHMUkjKjThWKme6yTaz7DUjHA6K/VTRRNMJnhEe4YKHFHlZ4tTZ+jMKEMUxtKU0Gihrk5kOFJqGgWmM8J6rH57c/Evr5fqsOpnTCSppoIsF4UpRzpG87/RkElKNJ8agolk5lZExlhiok06pdUQ/iftC9v17NqdV6lf5XEU4QRO4RxcuIQ63EIDWkBgBI/wDC8Wt56sV+tt2Vqw8plj+AHr/QsrF43A</latexit>

contraction of the 3pt tensorial structures

The highest helicity component is simple and given by the 3pt Yang-Mills amplitude in flat space:

pYM
± (k1,k2,kI ; ⇠1, ⇠2, ⇠)

��
�=±1

= �i [(⇠1 · k2) (⇠2 · ⇠) + (⇠2 · kI) (⇠ · ⇠1) + (⇠ · k1) (⇠1 · ⇠2)]

<latexit sha1_base64="LGJ5XlvNLY0CYzFxRYVFFTTNItc="></latexit>

pYM
± (k1,k2,kI ; ⇠1, ⇠2, ⇠)

��
�=±1

= �i [(⇠1 · k2) (⇠2 · ⇠) + (⇠2 · kI) (⇠ · ⇠1) + (⇠ · k1) (⇠1 · ⇠2)]

<latexit sha1_base64="LGJ5XlvNLY0CYzFxRYVFFTTNItc="></latexit>

⇠1, k1

<latexit sha1_base64="ZejyEOGmdLCSCG4Rb5Fz7zWNUCg=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBg5SNFNRb0YvHCvYD22XJptk2NJtdkqxYlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOk4VZQ1aSxi1QmIZoJL1jTcCNZJFCNRIFg7GN1M/fYjU5rH8t6ME+ZFZCB5yCkxVnroPXEfn6GRj/1yxa26M6BlgnNSgRwNv/zV68c0jZg0VBCtu9hNjJcRZTgVbFLqpZolhI7IgHUtlSRi2stmF0/QiVX6KIyVLWnQTP09kZFI63EU2M6ImKFe9Kbif143NeGll3GZpIZJOl8UpgKZGE3fR32uGDVibAmhittbER0SRaixIZVsCHjx5WXSOq/iWvXqrlapX+dxFOEIjuEUMFxAHW6hAU2gIOEZXuHN0c6L8+58zFsLTj5zCH/gfP4AOn6P/g==</latexit>

⇠2, k2

<latexit sha1_base64="8FQt8v/ffiwzRgzXRDCem74CDdY=">AAAB8XicbVBNSwMxEJ34WetX1aOXYBE8SNktBfVW9OKxgv3AdlmyabYNzWaXJCuWpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMCxLBtXGcb7Syura+sVnYKm7v7O7tlw4OWzpOFWVNGotYdQKimeCSNQ03gnUSxUgUCNYORjdTv/3IlOaxvDfjhHkRGUgeckqMlR56T9yvnuORX/VLZafizICXiZuTMuRo+KWvXj+macSkoYJo3XWdxHgZUYZTwSbFXqpZQuiIDFjXUkkipr1sdvEEn1qlj8NY2ZIGz9TfExmJtB5Hge2MiBnqRW8q/ud1UxNeehmXSWqYpPNFYSqwifH0fdznilEjxpYQqri9FdMhUYQaG1LRhuAuvrxMWtWKW6tc3dXK9es8jgIcwwmcgQsXUIdbaEATKEh4hld4Qxq9oHf0MW9dQfnMEfwB+vwBPYuQAA==</latexit>

⇠, kI

<latexit sha1_base64="YPrijIg5stWF5Z2MSLvVEgeKdMQ=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8SNiVgHoLetFbBPOAJITZSW8yZHZ2nZkVw5Kf8OJBEa/+jjf/xkmyB00saCiquunu8mPBtXHdb2dpeWV1bT23kd/c2t7ZLezt13WUKIY1FolINX2qUXCJNcONwGaskIa+wIY/vJ74jUdUmkfy3oxi7IS0L3nAGTVWaraf+CkZdm+7haJbcqcgi8TLSBEyVLuFr3YvYkmI0jBBtW55bmw6KVWGM4HjfDvRGFM2pH1sWSppiLqTTu8dk2Or9EgQKVvSkKn6eyKlodaj0LedITUDPe9NxP+8VmKCi07KZZwYlGy2KEgEMRGZPE96XCEzYmQJZYrbWwkbUEWZsRHlbQje/MuLpH5W8sqly7tysXKVxZGDQziCE/DgHCpwA1WoAQMBz/AKb86D8+K8Ox+z1iUnmzmAP3A+fwA1AI9y</latexit>

ET ! 0

<latexit sha1_base64="/udrK3Onpch1Y4s9gqoFQdxv078=">AAAB8HicdVBNS8NAEJ3Ur1q/qh69LBbBU0gkYHsriuCxQr+kDWWz3bRLN5uwuxFK6K/w4kERr/4cb/4bt22EKvpg4PHeDDPzgoQzpR3n0yqsrW9sbhW3Szu7e/sH5cOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyfXc7zxQqVgsmnqaUD/CI8FCRrA20v3NoIn6OkbOoFxxbWcB5NhereZWPUNy5duqQI7GoPzRH8YkjajQhGOleq6TaD/DUjPC6azUTxVNMJngEe0ZKnBElZ8tDp6hM6MMURhLU0Kjhbo6keFIqWkUmM4I67H67c3Fv7xeqsOqnzGRpJoKslwUphyZF+ffoyGTlGg+NQQTycytiIyxxESbjEqrIfxP2he269m1O69Sv8rjKMIJnMI5uHAJdbiFBrSAQASP8AwvlrSerFfrbdlasPKZY/gB6/0LoEiPqw==</latexit>

(2⇡)3 �(3)(
4X

i=1

ki )
1

s
⇥

<latexit sha1_base64="Y+iG4qUuuvzGOIkM1HDKCQLopS8="></latexit>

=fABEfECD
|kI |+ |k1|+ |k2|+ |k3|+ |k4|

|kI | (|kI |+ |k1|+ |k2|) (|kI |+ |k3|+ |k4|) (|k1|+ |k2|+ |k3|+ |k4|)

<latexit sha1_base64="XEhK39DuE5n4GG2JU8OIJJFepNc="></latexit>

(2⇡)3 �(3)(
4X

i=1

ki )
1

s
⇥

<latexit sha1_base64="Y+iG4qUuuvzGOIkM1HDKCQLopS8="></latexit>

⇠1, k1

<latexit sha1_base64="ZejyEOGmdLCSCG4Rb5Fz7zWNUCg=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBg5SNFNRb0YvHCvYD22XJptk2NJtdkqxYlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOk4VZQ1aSxi1QmIZoJL1jTcCNZJFCNRIFg7GN1M/fYjU5rH8t6ME+ZFZCB5yCkxVnroPXEfn6GRj/1yxa26M6BlgnNSgRwNv/zV68c0jZg0VBCtu9hNjJcRZTgVbFLqpZolhI7IgHUtlSRi2stmF0/QiVX6KIyVLWnQTP09kZFI63EU2M6ImKFe9Kbif143NeGll3GZpIZJOl8UpgKZGE3fR32uGDVibAmhittbER0SRaixIZVsCHjx5WXSOq/iWvXqrlapX+dxFOEIjuEUMFxAHW6hAU2gIOEZXuHN0c6L8+58zFsLTj5zCH/gfP4AOn6P/g==</latexit>

⇠2, k2

<latexit sha1_base64="8FQt8v/ffiwzRgzXRDCem74CDdY=">AAAB8XicbVBNSwMxEJ34WetX1aOXYBE8SNktBfVW9OKxgv3AdlmyabYNzWaXJCuWpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMCxLBtXGcb7Syura+sVnYKm7v7O7tlw4OWzpOFWVNGotYdQKimeCSNQ03gnUSxUgUCNYORjdTv/3IlOaxvDfjhHkRGUgeckqMlR56T9yvnuORX/VLZafizICXiZuTMuRo+KWvXj+macSkoYJo3XWdxHgZUYZTwSbFXqpZQuiIDFjXUkkipr1sdvEEn1qlj8NY2ZIGz9TfExmJtB5Hge2MiBnqRW8q/ud1UxNeehmXSWqYpPNFYSqwifH0fdznilEjxpYQqri9FdMhUYQaG1LRhuAuvrxMWtWKW6tc3dXK9es8jgIcwwmcgQsXUIdbaEATKEh4hld4Qxq9oHf0MW9dQfnMEfwB+vwBPYuQAA==</latexit>

⇠3, k3

<latexit sha1_base64="expD8iTB7sbRljDaIAjS4ow/nLM=">AAAB8XicbVBNS8NAEJ3Ur1q/oh69LBbBg5TEFtRb0YvHCvYD2xA22027dLMJuxuxhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0g4U9pxvq3Cyura+kZxs7S1vbO7Z+8ftFScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjG6mfvuRSsVica/HCfUiPBAsZARrIz30nphfPUMjv+rbZafizICWiZuTMuRo+PZXrx+TNKJCE46V6rpOor0MS80Ip5NSL1U0wWSEB7RrqMARVV42u3iCTozSR2EsTQmNZurviQxHSo2jwHRGWA/VojcV//O6qQ4vvYyJJNVUkPmiMOVIx2j6PuozSYnmY0MwkczcisgQS0y0CalkQnAXX14mrfOKW6tc3dXK9es8jiIcwTGcggsXUIdbaEATCAh4hld4s5T1Yr1bH/PWgpXPHMIfWJ8/QJiQAg==</latexit>

⇠4, k4

<latexit sha1_base64="xsWl+CClctWnCz8VSOQZdKArlo4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBg5REAuqt6MVjBfuBbQib7aZdutmE3Y1YQv+FFw+KePXfePPfuE1z0NYHA4/3ZpiZFyScKW3b31ZpZXVtfaO8Wdna3tndq+4ftFWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjG9mfueRSsVica8nCfUiPBQsZARrIz30n5jvnqGx7/rVml23c6Bl4hSkBgWafvWrP4hJGlGhCcdK9Rw70V6GpWaE02mlnyqaYDLGQ9ozVOCIKi/LL56iE6MMUBhLU0KjXP09keFIqUkUmM4I65Fa9Gbif14v1eGllzGRpJoKMl8UphzpGM3eRwMmKdF8YggmkplbERlhiYk2IVVMCM7iy8ukfV533PrVnVtrXBdxlOEIjuEUHLiABtxCE1pAQMAzvMKbpawX6936mLeWrGLmEP7A+vwBQ6WQBA==</latexit>

⇠,�kI

<latexit sha1_base64="89+82x49r0lGsZSRFRlqVIOtZlc=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5ZdKai3ohe9VbAf0i4lm2bb0CS7JFmxLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhBzpo3rfju5peWV1bX8emFjc2t7p7i719BRogitk4hHqhVgTTmTtG6Y4bQVK4pFwGkzGF5P/OYjVZpF8t6MYuoL3JcsZAQbKz10ntgJOh12b7vFklt2p0CLxMtICTLUusWvTi8iiaDSEI61bntubPwUK8MIp+NCJ9E0xmSI+7RtqcSCaj+dHjxGR1bpoTBStqRBU/X3RIqF1iMR2E6BzUDPexPxP6+dmPDCT5mME0MlmS0KE45MhCbfox5TlBg+sgQTxeytiAywwsTYjAo2BG/+5UXSOCt7lfLlXaVUvcriyMMBHMIxeHAOVbiBGtSBgIBneIU3RzkvzrvzMWvNOdnMPvyB8/kDoDaPqQ==</latexit>

D⇠, kI

<latexit sha1_base64="pF9Bzj4WAoDaHW5O2d62EW6Mswk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBg5RECtVbUQ96q2A/oAlhs920SzebsLsRS+jf8OJBEa/+GW/+G7dtDtr6YODx3gwz84KEM6Vt+9sqrKyurW8UN0tb2zu7e+X9g7aKU0loi8Q8lt0AK8qZoC3NNKfdRFIcBZx2gtH11O88UqlYLB70OKFehAeChYxgbST3xs/cJzY5QyP/zi9X7Ko9A1omTk4qkKPpl7/cfkzSiApNOFaq59iJ9jIsNSOcTkpuqmiCyQgPaM9QgSOqvGx28wSdGKWPwliaEhrN1N8TGY6UGkeB6YywHqpFbyr+5/VSHV54GRNJqqkg80VhypGO0TQA1GeSEs3HhmAimbkVkSGWmGgTU8mE4Cy+vEza51WnVr28r1UaV3kcRTiCYzgFB+rQgFtoQgsIJPAMr/BmpdaL9W59zFsLVj5zCH9gff4ARpCRNQ==</latexit>

(2⇡)3 �(3)(
4X

i=1

ki )
1

s
⇥

<latexit sha1_base64="Y+iG4qUuuvzGOIkM1HDKCQLopS8="></latexit>
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<latexit sha1_base64="dbuHteScSKA32I/RzDJAzDPgkRs="></latexit>

For some special representations [e.g. (partially)-massless fields] the Mellin-Barnes integrals can be lifted.
e.g. 4pt exchange in Yang-Mills theory

Exchanges in dS

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

=
X

±±̂

⇥
↵±±̂ !D (u, ū) + �±±̂ !N (u, ū)

⇤

<latexit sha1_base64="RBmm47hrU1ESL4eaYhppONULNxU="></latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

u, ū

<latexit sha1_base64="NVSMYiwyeqMJeXu7WtW1q0+Wh8c=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4kDgjAfUW9OIxglkgCaGnU0ma9Cx0V4thmM/w4q948aCI19z8GzvLQRMfFDzeq+rqen4shUbX/XYyK6tr6xvZzdzW9s7uXn7/oKYjozhUeSQj1fCZBilCqKJACY1YAQt8CXV/eDvx64+gtIjCBxzF0A5YPxQ9wRlaqZM/byE84fSdxJcG0sSkZ3RJTFo+U9SkaSdfcIvuFHSZeHNSIHNUOvlxqxtxE0CIXDKtm54bYzthCgWXkOZaRkPM+JD1oWlpyALQ7WS6O6UnVunSXqRshUin6u+JhAVajwLfdgYMB3rRm4j/eU2Dvat2IsLYIIR8tqhnJMWITlKiXaGAoxxZwrgS9q+UD5hiHG2WORuCt3jyMqldFL1S8fq+VCjfzOPIkiNyTE6JRy5JmdyRCqkSTp7JK3knH86L8+Z8Ol+z1owznzkkf+CMfwDDBqIc</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

±̂ branch

<latexit sha1_base64="rbLkC0MfRX3FFkOFp5Em+5ZMry4=">AAACA3icbVA9SwNBEN2LXzF+ndppsxgECwl3ElC7oI1lBPMBuRD2Nptkye7esTsnhiNg41+xsVDE1j9h579xk1yhiQ8GHu/NMDMvjAU34HnfTm5peWV1Lb9e2Njc2t5xd/fqJko0ZTUaiUg3Q2KY4IrVgINgzVgzIkPBGuHweuI37pk2PFJ3MIpZW5K+4j1OCVip4x6kwYAADmI5Dk5xAOwB0lATRQfjjlv0St4UeJH4GSmiDNWO+xV0I5pIpoAKYkzL92Jop0QDp4KNC0FiWEzokPRZy1JFJDPtdPrDGB9bpYt7kbalAE/V3xMpkcaMZGg7JYGBmfcm4n9eK4HeRTvlKk6AKTpb1EsEhghPAsFdrhkFMbKEUM3trZgOiCYUbGwFG4I///IiqZ+V/HLp8rZcrFxlceTRITpCJ8hH56iCblAV1RBFj+gZvaI358l5cd6dj1lrzslm9tEfOJ8/E2aX1A==</latexit>

u,kI

<latexit sha1_base64="E5f3qigSJ+z4O5E6j8BUGukV9fo=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4kLArgXgMetFbBPOAJITZSW8yZPbBTK8Ylr158Ve8eFDEq7/gzb9xkuxBEwsaiqru6elyIyk02va3tbS8srq2ntvIb25t7+wW9vYbOowVhzoPZahaLtMgRQB1FCihFSlgviuh6Y6uJn7zHpQWYXCH4wi6PhsEwhOcoZF6haMOwgNO30lcGUOaxOkZTTquR0dp76ZXKNolewq6SJyMFEmGWq/w1emHPPYhQC6Z1m3HjrCbMIWCS0jznVhDxPiIDaBtaMB80N1kuj+lJ0bpUy9UpgKkU/X3RMJ8rce+azp9hkM9703E/7x2jN5FNxFBFCMEfLbIiyXFkE5CoX2hgKMcG8K4EuavlA+ZYhxNdHkTgjN/8iJpnJeccqlyWy5WL7M4cuSQHJNT4pAKqZJrUiN1wskjeSav5M16sl6sd+tj1rpkZTMH5A+szx+f25nJ</latexit>

s2, k2

<latexit sha1_base64="SgC1cbRyyQyohXG0hHnS05Oau0U=">AAACCXicbVA9SwNBEN3zM8avqKXNYhAsJNyFiJZBG8sIJgZyx7G3mdMlex/szonhuNbGv2JjoYit/8DOf+PmTKHGBwOP92Z2Z16QSqHRtj+tufmFxaXlykp1dW19Y7O2td3TSaY4dHkiE9UPmAYpYuiiQAn9VAGLAglXwehs4l/dgtIiiS9xnIIXsetYhIIzNJJfoy7CHZbv5AqGRa79ZnHoHuZuENJR4Tf9Wt1u2CXoLHGmpE6m6Pi1D3eY8CyCGLlkWg8cO0UvZwoFl1BU3UxDyviIXcPA0JhFoL283KCg+0YZ0jBRpmKkpfpzImeR1uMoMJ0Rwxv915uI/3mDDMMTLxdxmiHE/PujMJMUEzqJhQ6FAo5ybAjjSphdKb9hinE04VVNCM7fk2dJr9lwWo2ji1a9fTqNo0J2yR45IA45Jm1yTjqkSzi5J4/kmbxYD9aT9Wq9fbfOWdOZHfIL1vsXrjqaTg==</latexit>

s1, k1

<latexit sha1_base64="Ps5w5Fs2XcW8TPnV/nvNcfYEepM=">AAACCXicbVA9SwNBEN2L3/Hr1NJmMQgWIdyJoqVoY6lgTCAXjr3NXLJk74PdOTEc19r4V2wsFLH1H9j5b9zEKzTxwcDjvZndmRekUmh0nC+rMje/sLi0vFJdXVvf2LS3tm91kikOTZ7IRLUDpkGKGJooUEI7VcCiQEIrGF6M/dYdKC2S+AZHKXQj1o9FKDhDI/k29RDucfJOrqBX5Np3i7pXz70gpMPCd3275jScCegscUtSIyWufPvT6yU8iyBGLpnWHddJsZszhYJLKKpepiFlfMj60DE0ZhHobj7ZoKD7RunRMFGmYqQT9fdEziKtR1FgOiOGAz3tjcX/vE6G4Wk3F3GaIcT856MwkxQTOo6F9oQCjnJkCONKmF0pHzDFOJrwqiYEd/rkWXJ72HCPGsfXR7Wz8zKOZbJL9sgBcckJOSOX5Io0CScP5Im8kFfr0Xq23qz3n9aKVc7skD+wPr4BqyWaTA==</latexit>

�+, J

<latexit sha1_base64="WbrkHyQkxQUSIv8PseQ8oNxgM/E=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIsgKCWRgnor6kE8VbAf2Iay2U7apZtN2N0IJfRfePGgiFf/jTf/jds2B219MPB4b4aZeX7MmdKO823llpZXVtfy64WNza3tneLuXkNFiaRYpxGPZMsnCjkTWNdMc2zFEknoc2z6w+uJ33xCqVgkHvQoRi8kfcECRok20mPnBrkm3ZPTu26x5JSdKexF4makBBlq3eJXpxfRJEShKSdKtV0n1l5KpGaU47jQSRTGhA5JH9uGChKi8tLpxWP7yCg9O4ikKaHtqfp7IiWhUqPQN50h0QM1703E/7x2ooMLL2UiTjQKOlsUJNzWkT153+4xiVTzkSGESmZutemASEK1CalgQnDnX14kjbOyWylf3ldK1assjjwcwCEcgwvnUIVbqEEdKAh4hld4s5T1Yr1bH7PWnJXN7MMfWJ8/hwWQMA==</latexit>

± branch

<latexit sha1_base64="Q2/fr2DfDj7NFD4CDnx+JML/oaY=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwX5AE8pmu2mXbjZhdyKGUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFySCa3Ccb2tldW19Y7O0Vd7e2d3btw8O2zpOFWUtGotYdQOimeCStYCDYN1EMRIFgnWC8c3U7zwwpXks7yFLmB+RoeQhpwSM1LcrXhJ5Z9gD9gh5oIiko0nfrjo1Zwa8TNyCVFGBZt/+8gYxTSMmgQqidc91EvBzooBTwSZlL9UsIXRMhqxnqCQR034+O36CT4wywGGsTEnAM/X3RE4irbMoMJ0RgZFe9Kbif14vhfDSz7lMUmCSzheFqcAQ42kSeMAVoyAyQwhV3NyK6YgoQsHkVTYhuIsvL5P2ec2t167u6tXGdRFHCR2hY3SKXHSBGugWNVELUZShZ/SK3qwn68V6tz7mrStWMVNBf2B9/gC/L5Td</latexit>

s4, k4

<latexit sha1_base64="ZKlX4hh0q2KI9QZaAGaLgwouTmI=">AAACCXicbVDJSsRAEO24juMW9eilcRA8yJDIiB4HvXgcwVlgEkKnp6LNdBa6K+IQcvXir3jxoIhX/8Cbf2PPcnB7UPB4r6q76oWZFBod59Oam19YXFqurFRX19Y3Nu2t7Y5Oc8WhzVOZql7INEiRQBsFSuhlClgcSuiGw/Ox370FpUWaXOEoAz9m14mIBGdopMCmHsIdTt4pFAzKQgeN8tA7LLwwosMyaAR2zak7E9C/xJ2RGpmhFdgf3iDleQwJcsm07rtOhn7BFAouoax6uYaM8SG7hr6hCYtB+8Vkg5LuG2VAo1SZSpBO1O8TBYu1HsWh6YwZ3ujf3lj8z+vnGJ36hUiyHCHh04+iXFJM6TgWOhAKOMqRIYwrYXal/IYpxtGEVzUhuL9P/ks6R3W3UT++bNSaZ7M4KmSX7JED4pIT0iQXpEXahJN78kieyYv1YD1Zr9bbtHXOms3skB+w3r8AtGSaUg==</latexit>

s3, k3

<latexit sha1_base64="2mMWr3BL7mCdThLUXgldVAzrmi0=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgupCRW0aXoxmUF2wpNCJPpjQ6dPJi5EUvI1o2/4saFIm79A3f+jdPHQqsHLhzOuXfm3hNmUmh0nC9rZnZufmGxslRdXlldW7c3Nts6zRWHFk9lqq5DpkGKBFooUMJ1poDFoYRO2D8f+p07UFqkyRUOMvBjdpOISHCGRgps6iHc4+idQkGvLHTQKPe9/cILI9ovg0Zg15y6MwL9S9wJqZEJmoH96fVSnseQIJdM667rZOgXTKHgEsqql2vIGO+zG+gamrAYtF+MNijprlF6NEqVqQTpSP05UbBY60Ecms6Y4a2e9obif143x+jEL0SS5QgJH38U5ZJiSoex0J5QwFEODGFcCbMr5bdMMY4mvKoJwZ0++S9pH9Tdw/rR5WHt9GwSR4Vskx2yR1xyTE7JBWmSFuHkgTyRF/JqPVrP1pv1Pm6dsSYzW+QXrI9vsU+aUA==</latexit>

ū,�kI

<latexit sha1_base64="twC3SYsePjumlVzWCSueGhXg4ho=">AAACD3icbZC7SgNBFIZn4y3GW9TSZjAoFhp2JRDLoI12EcwFkhBmJ2eTIbMXZs6KYdk3sPFVbCwUsbW1822cXApNPDDw8f/nzJz53UgKjbb9bWWWlldW17LruY3Nre2d/O5eXYex4lDjoQxV02UapAighgIlNCMFzHclNNzh1dhv3IPSIgzucBRBx2f9QHiCMzRSN3/cRnjAyT2JK2NIk6TtMkXjND2lZ4Y9Oky7N918wS7ak6KL4MygQGZV7ea/2r2Qxz4EyCXTuuXYEXYSplBwCWmuHWuIGB+yPrQMBswH3Ukme6T0yCg96oXKnADpRP09kTBf65Hvmk6f4UDPe2PxP68Vo3fRSUQQxQgBnz7kxZJiSMfh0J5QwFGODDCuhNmV8gFTjKOJMGdCcOa/vAj186JTKpZvS4XK5SyOLDkgh+SEOKRMKuSaVEmNcPJInskrebOerBfr3fqYtmas2cw++VPW5w+B65zv</latexit>

�1, J1

<latexit sha1_base64="+yGSHB8x1wTPu8ktcfemIsKy5G8=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBNRbUA/iKYJ5QHZZZiedZMjsg5lZISz5DS8eFPHqz3jzb5wke9DEgoaiqpvuriARXGnb/rYKK6tr6xvFzdLW9s7uXnn/oKXiVDJssljEshNQhYJH2NRcC+wkEmkYCGwHo5up335CqXgcPepxgl5IBxHvc0a1kVz3FoWmvnN27zt+uWJX7RnIMnFyUoEcDb/85fZiloYYaSaoUl3HTrSXUak5EzgpuanChLIRHWDX0IiGqLxsdvOEnBilR/qxNBVpMlN/T2Q0VGocBqYzpHqoFr2p+J/XTXX/0st4lKQaIzZf1E8F0TGZBkB6XCLTYmwIZZKbWwkbUkmZNjGVTAjO4svLpHVedWrVq4dapX6dx1GEIziGU3DgAupwBw1oAoMEnuEV3qzUerHerY95a8HKZw7hD6zPH7tdkNo=</latexit>

�2, J2

<latexit sha1_base64="l8At2w/PmY1RTZnB1n7QvTcFGgg=">AAAB83icbVBNS8NAEJ34WetX1aOXYBE8SElKQb0V9SCeKtgPaELYbCft0s0m7G6EUvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzYLW8Xtnd29/dLBYUslmaTYpAlPZCckCjkT2NRMc+ykEkkccmyHw5up335CqVgiHvUoRT8mfcEiRok2kufdItckqJ7fB9WgVHYqzgz2MnFzUoYcjaD05fUSmsUoNOVEqa7rpNofE6kZ5TgpepnClNAh6WPXUEFiVP54dvPEPjVKz44SaUpoe6b+nhiTWKlRHJrOmOiBWvSm4n9eN9PRpT9mIs00CjpfFGXc1ok9DcDuMYlU85EhhEpmbrXpgEhCtYmpaEJwF19eJq1qxa1Vrh5q5fp1HkcBjuEEzsCFC6jDHTSgCRRSeIZXeLMy68V6tz7mrStWPnMEf2B9/gC+aZDc</latexit>

��, J

<latexit sha1_base64="t07PU+ij0/d13fFjnwprIvz74Q0=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgQUsiBfVW1IN4qmA/sA1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/yYM6Ud59vKLS2vrK7l1wsbm1vbO8XdvYaKEkmxTiMeyZZPFHImsK6Z5tiKJZLQ59j0h9cTv/mEUrFIPOhRjF5I+oIFjBJtpMfODXJNuqcnd91iySk7U9iLxM1ICTLUusWvTi+iSYhCU06UartOrL2USM0ox3GhkyiMCR2SPrYNFSRE5aXTi8f2kVF6dhBJU0LbU/X3REpCpUahbzpDogdq3puI/3ntRAcXXspEnGgUdLYoSLitI3vyvt1jEqnmI0MIlczcatMBkYRqE1LBhODOv7xIGmdlt1K+vK+UqldZHHk4gEM4BhfOoQq3UIM6UBDwDK/wZinrxXq3PmatOSub2Yc/sD5/AIoRkDI=</latexit>

�3, J3

<latexit sha1_base64="kO2M+PRrV7IyknShw+X2r/5wteA=">AAAB83icbVBNS8NAEN3Ur1q/qh69LBbBg5TEFtRbUQ/iqYL9gCaEzXbSLt1swu5GKKF/w4sHRbz6Z7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D9oqTiWFFo15LLsBUcCZgJZmmkM3kUCigEMnGN1M/c4TSMVi8ajHCXgRGQgWMkq0kVz3Frgmfu3s3q/55YpdtWfAy8TJSQXlaPrlL7cf0zQCoSknSvUcO9FeRqRmlMOk5KYKEkJHZAA9QwWJQHnZ7OYJPjFKH4exNCU0nqm/JzISKTWOAtMZET1Ui95U/M/rpTq89DImklSDoPNFYcqxjvE0ANxnEqjmY0MIlczciumQSEK1ialkQnAWX14m7fOqU69ePdQrjes8jiI6QsfoFDnoAjXQHWqiFqIoQc/oFb1ZqfVivVsf89aClc8coj+wPn8AwXWQ3g==</latexit>

�4, J4

<latexit sha1_base64="WquxFN0SeHZFDo33b4uPe2DvIOc=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBg5REAuqtqAfxVMF+QBvCZjtpl242cXdTKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSzpS27W+rsLK6tr5R3Cxtbe/s7pX3D5oqTiWFBo15LNsBUcCZgIZmmkM7kUCigEMrGN5M/dYIpGKxeNTjBLyI9AULGSXaSF73FrgmvnuG733XL1fsqj0DXiZOTiooR90vf3V7MU0jEJpyolTHsRPtZURqRjlMSt1UQULokPShY6ggESgvmx09wSdG6eEwlqaExjP190RGIqXGUWA6I6IHatGbiv95nVSHl17GRJJqEHS+KEw51jGeJoB7TALVfGwIoZKZWzEdEEmoNjmVTAjO4svLpHleddzq1YNbqV3ncRTRETpGp8hBF6iG7lAdNRBFT+gZvaI3a2S9WO/Wx7y1YOUzh+gPrM8fHW+RCg==</latexit>

= csc (⇡ (u+ ū))
X

±±̂

<latexit sha1_base64="BXMDJqY3iwkE20amKKaD0IabwUA="></latexit>

m2, J

<latexit sha1_base64="LsEylHsdv8DnChKUAq8FB8wAKTE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7paDeil7EUwX7Ae1asmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HNzG8/UaVZJB/MJKa+wEPJQkawsVJbPFbLvfJdv1hyK+4caJV4GSlBhka/+NUbRCQRVBrCsdZdz42Nn2JlGOF0WuglmsaYjPGQdi2VWFDtp/Nzp+jMKgMURsqWNGiu/p5IsdB6IgLbKbAZ6WVvJv7ndRMTXvopk3FiqCSLRWHCkYnQ7Hc0YIoSwyeWYKKYvRWREVaYGJtQwYbgLb+8SlrVilerXN3XSvXrLI48nMApnIMHF1CHW2hAEwiM4Rle4c2JnRfn3flYtOacbOYY/sD5/AEY647H</latexit>

JA

<latexit sha1_base64="ePeoEWPVY0FEM74uxupZ1S9FaA8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL1FvYiniOYByRJmJ5NkyOzsMtMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0c3Ubz5xbUSkHnEccz+kAyX6glG00sNd96pbLLlldwayTLyMlCBDrVv86vQiloRcIZPUmLbnxuinVKNgkk8KncTwmLIRHfC2pYqG3Pjp7NQJObFKj/QjbUshmam/J1IaGjMOA9sZUhyaRW8q/ue1E+xf+KlQcYJcsfmifiIJRmT6N+kJzRnKsSWUaWFvJWxINWVo0ynYELzFl5dJ46zsVcqX95VS9TqLIw9HcAyn4ME5VOEWalAHBgN4hld4c6Tz4rw7H/PWnJPNHMIfOJ8/4a2Njg==</latexit>

JB

<latexit sha1_base64="f8kVLm2pwP7n9YdIbd/8eZ1pUu4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL2FeBFPEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/loxkn6Ed0IHnIGTVWerjr1XrFklt25yCrxMtICTLUe8Wvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/MT52SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1IRX/oTLJDUo2WJRmApiYjL7m/S5QmbE2BLKFLe3EjakijJj0ynYELzll1dJ86LsVcrX95VStZbFkYcTOIVz8OASqnALdWgAgwE8wyu8OcJ5cd6dj0VrzslmjuEPnM8f4zGNjw==</latexit>

JC

<latexit sha1_base64="/0QTyeQHzF7PgV4RYCqLE0rZeto=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FcxFPEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gVJv5rSdUmsfy0YwT9CM6kDzkjBorPdz1ar1iyS27c5BV4mWkBBnqveJXtx+zNEJpmKBadzw3Mf6EKsOZwGmhm2pMKBvRAXYslTRC7U/mp07JmVX6JIyVLWnIXP09MaGR1uMosJ0RNUO97M3E/7xOasIrf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeVH2KuXr+0qpepPFkYcTOIVz8OASqnALdWgAgwE8wyu8OcJ5cd6dj0VrzslmjuEPnM8f5LWNkA==</latexit>

JD

<latexit sha1_base64="EQHBDvW+aum1T+NjHIaPP7Ps9u8=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0F9SCeIpoHJEuYnUySIbOzy0yvEJZ8ghcPinj1i7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VIoXkeBkrdizWkYSN4MRtdTv/nEtRGResRxzP2QDpToC0bRSg933ZtuseSW3RnIMvEyUoIMtW7xq9OLWBJyhUxSY9qeG6OfUo2CST4pdBLDY8pGdMDblioacuOns1Mn5MQqPdKPtC2FZKb+nkhpaMw4DGxnSHFoFr2p+J/XTrB/4adCxQlyxeaL+okkGJHp36QnNGcox5ZQpoW9lbAh1ZShTadgQ/AWX14mjbOyVylf3ldK1assjjwcwTGcggfnUIVbqEEdGAzgGV7hzZHOi/PufMxbc042cwh/4Hz+AOY5jZE=</latexit>

fABE

<latexit sha1_base64="2AGNBASAsO9dNT43xWWE607lhqI=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgapgR8bGrFcFlBfuAdiiZNNOGJpkhyQhl6Ee4caGIW7/HnX9jpq3g80DI4Zx7ufeeMOFMG897dwoLi0vLK8XV0tr6xuZWeXunqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4usz91h1VmsXy1owTGgg8kCxiBBsrtaJedlG7mvTKFc898XKg38R3p79XgTnqvfJbtx+TVFBpCMdad3wvMUGGlWGE00mpm2qaYDLCA9qxVGJBdZBN152gA6v0URQr+6RBU/VrR4aF1mMR2kqBzVD/9HLxL6+TmugsyJhMUkMlmQ2KUo5MjPLbUZ8pSgwfW4KJYnZXRIZYYWJsQiUbwuel6H/SPHL9Y/f85rhSrc3jKMIe7MMh+HAKVbiGOjSAwAju4RGenMR5cJ6dl1lpwZn37MI3OK8fBX+PYw==</latexit>

fECD

<latexit sha1_base64="06KVl6k8A7sYPgPtdLOHa7k29TU=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgapgR8bErVsFlBfuAdiiZNNOGJpkhyQhl6Ee4caGIW7/HnX9jpq3g80DI4Zx7ufeeMOFMG897dwoLi0vLK8XV0tr6xuZWeXunqeNUEdogMY9VO8SaciZpwzDDaTtRFIuQ01Y4quV+644qzWJ5a8YJDQQeSBYxgo2VWlEvu6pdTnrliueeeDnQb+K709+rwBz1Xvmt249JKqg0hGOtO76XmCDDyjDC6aTUTTVNMBnhAe1YKrGgOsim607QgVX6KIqVfdKgqfq1I8NC67EIbaXAZqh/ern4l9dJTXQWZEwmqaGSzAZFKUcmRvntqM8UJYaPLcFEMbsrIkOsMDE2oZIN4fNS9D9pHrn+sXt+c1ypXszjKMIe7MMh+HAKVbiGOjSAwAju4RGenMR5cJ6dl1lpwZn37MI3OK8fC5yPZw==</latexit>

/ (2⇡)3 �(3)(
4X

i=1

ki )
1

|k1||k2||k3||k4|

<latexit sha1_base64="U20v4t+7i1cHuDhaDoFuR0HR3Y8="></latexit>

contraction of the 3pt tensorial structures

e.g. 4pt exchange in Gravity

/ (2⇡)3 �(3)(
4X

i=1

ki )
1

|k1||k2||k3||k4|

<latexit sha1_base64="U20v4t+7i1cHuDhaDoFuR0HR3Y8="></latexit>

T

<latexit sha1_base64="JN+fIbjwRAWr7azFCVmba38oJz0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMIC9IljA76U3GzM4uM7NCCPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dnIbm1vbO/ndwt7+weFR8fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvP6HSPJYNM0nQj+hQ8pAzaqxUb/SLJbfsLkDWiZeREmSo9YtfvUHM0gilYYJq3fXcxPhTqgxnAmeFXqoxoWxMh9i1VNIItT9dHDojF1YZkDBWtqQhC/X3xJRGWk+iwHZG1Iz0qjcX//O6qQlv/CmXSWpQsuWiMBXExGT+NRlwhcyIiSWUKW5vJWxEFWXGZlOwIXirL6+T1lXZq5Rv65VS9S6LIw9ncA6X4ME1VOEBatAEBgjP8ApvzqPz4rw7H8vWnJPNnMIfOJ8/s4mM5A==</latexit>

T

<latexit sha1_base64="JN+fIbjwRAWr7azFCVmba38oJz0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMIC9IljA76U3GzM4uM7NCCPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dnIbm1vbO/ndwt7+weFR8fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvP6HSPJYNM0nQj+hQ8pAzaqxUb/SLJbfsLkDWiZeREmSo9YtfvUHM0gilYYJq3fXcxPhTqgxnAmeFXqoxoWxMh9i1VNIItT9dHDojF1YZkDBWtqQhC/X3xJRGWk+iwHZG1Iz0qjcX//O6qQlv/CmXSWpQsuWiMBXExGT+NRlwhcyIiSWUKW5vJWxEFWXGZlOwIXirL6+T1lXZq5Rv65VS9S6LIw9ncA6X4ME1VOEBatAEBgjP8ApvzqPz4rw7H8vWnJPNnMIfOJ8/s4mM5A==</latexit>

T

<latexit sha1_base64="JN+fIbjwRAWr7azFCVmba38oJz0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMIC9IljA76U3GzM4uM7NCCPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dnIbm1vbO/ndwt7+weFR8fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvP6HSPJYNM0nQj+hQ8pAzaqxUb/SLJbfsLkDWiZeREmSo9YtfvUHM0gilYYJq3fXcxPhTqgxnAmeFXqoxoWxMh9i1VNIItT9dHDojF1YZkDBWtqQhC/X3xJRGWk+iwHZG1Iz0qjcX//O6qQlv/CmXSWpQsuWiMBXExGT+NRlwhcyIiSWUKW5vJWxEFWXGZlOwIXirL6+T1lXZq5Rv65VS9S6LIw9ncA6X4ME1VOEBatAEBgjP8ApvzqPz4rw7H8vWnJPNnMIfOJ8/s4mM5A==</latexit>

T

<latexit sha1_base64="JN+fIbjwRAWr7azFCVmba38oJz0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMIC9IljA76U3GzM4uM7NCCPkCLx4U8eonefNvnCR70MSChqKqm+6uIBFcG9f9dnIbm1vbO/ndwt7+weFR8fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvP6HSPJYNM0nQj+hQ8pAzaqxUb/SLJbfsLkDWiZeREmSo9YtfvUHM0gilYYJq3fXcxPhTqgxnAmeFXqoxoWxMh9i1VNIItT9dHDojF1YZkDBWtqQhC/X3xJRGWk+iwHZG1Iz0qjcX//O6qQlv/CmXSWpQsuWiMBXExGT+NRlwhcyIiSWUKW5vJWxEFWXGZlOwIXirL6+T1lXZq5Rv65VS9S6LIw9ncA6X4ME1VOEBatAEBgjP8ApvzqPz4rw7H8vWnJPNnMIfOJ8/s4mM5A==</latexit>



<latexit sha1_base64="2+X57BKM4rZ/N4IYHNyqEuHRX0U=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4Gmak+NgV3bisYGuhHcqdNNPGZpKQZIRS+g9uXCji1v9x59+YaSv4PBByOOde7r0nVpwZGwTvXmFhcWl5pbhaWlvf2Nwqb+80jcw0oQ0iudStGAzlTNCGZZbTltIU0pjTm3h4kfs3d1QbJsW1HSkapdAXLGEErJOanSEoBd1yJfCPgxz4Nwn96R9U0Bz1bvmt05MkS6mwhIMx7TBQNhqDtoxwOil1MkMVkCH0adtRASk10Xi67QQfOKWHE6ndExZP1a8dY0iNGaWxq0zBDsxPLxf/8tqZTU6jMRMqs1SQ2aAk49hKnJ+Oe0xTYvnIESCauV0xGYAGYl1AJRfC56X4f9I88sOqf3ZVrdTO53EU0R7aR4coRCeohi5RHTUQQbfoHj2iJ096D96z9zIrLXjznl30Dd7rB7RGjz0=</latexit>



<latexit sha1_base64="2+X57BKM4rZ/N4IYHNyqEuHRX0U=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4Gmak+NgV3bisYGuhHcqdNNPGZpKQZIRS+g9uXCji1v9x59+YaSv4PBByOOde7r0nVpwZGwTvXmFhcWl5pbhaWlvf2Nwqb+80jcw0oQ0iudStGAzlTNCGZZbTltIU0pjTm3h4kfs3d1QbJsW1HSkapdAXLGEErJOanSEoBd1yJfCPgxz4Nwn96R9U0Bz1bvmt05MkS6mwhIMx7TBQNhqDtoxwOil1MkMVkCH0adtRASk10Xi67QQfOKWHE6ndExZP1a8dY0iNGaWxq0zBDsxPLxf/8tqZTU6jMRMqs1SQ2aAk49hKnJ+Oe0xTYvnIESCauV0xGYAGYl1AJRfC56X4f9I88sOqf3ZVrdTO53EU0R7aR4coRCeohi5RHTUQQbfoHj2iJ096D96z9zIrLXjznl30Dd7rB7RGjz0=</latexit>

/ (2⇡)3 �(3)(
4X

i=1

ki )
1

(EL)
J (ER)

J (ET )
2J�1

<latexit sha1_base64="8JGgd84tKi1qTGpGJIRahPq7i0M="></latexit>

(2⇡)3 �(3)(
3X

i=1

ki)⇥
1

|kI |ELERET
⇥ (|kI |+ ET )⇥ pYM

+ (k1,k2,kI ; ⇠1, ⇠2, ⇠) � pYM
� (�kI ,k3,k4; ⇠, ⇠3, ⇠4)

<latexit sha1_base64="kKAKD1XMzMwxXikj2m6VyPXgNzo="></latexit>

Poly (|ki|, |kI |)
|kI |3 (EL)

2 (ER)
2 (ET )

3

<latexit sha1_base64="BoQ7HyljG/D8AFloq227VdruApY="></latexit>

ER

<latexit sha1_base64="NY1FXETnuzsrL5BY2DsQQg+0D14=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjK1Op1dUQSX9dEHtEPJpGkbmskMSUYoQz/BjQtF3PpF7vwbM20FFT1w4XDOvdx7TxBzpjRCH1ZuaXlldS2/XtjY3NreKe7uNVWUSEIbJOKRbAdYUc4EbWimOW3HkuIw4LQVjC8yv3VPpWKRuNOTmPohHgo2YARrI91e9m56xRKynbJbRQ5E9tkpck88QxDy3IoHHUMylMAC9V7xvduPSBJSoQnHSnUcFGs/xVIzwum00E0UjTEZ4yHtGCpwSJWfzk6dwiOj9OEgkqaEhjP1+0SKQ6UmYWA6Q6xH6reXiX95nUQPqn7KRJxoKsh80SDhUEcw+xv2maRE84khmEhmboVkhCUm2qRTMCF8fQr/J82y7VRs77pSqp0v4siDA3AIjoEDXFADV6AOGoCAIXgAT+DZ4taj9WK9zltz1mJmH/yA9fYJZEqN6A==</latexit>

EL

<latexit sha1_base64="d0DhGQqDuIjI2iYS3Rf1E1oAYAc=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjK1Op1dUQQXLiraB7RDyaRpG5rJDElGKEM/wY0LRdz6Re78GzNtBRU9cOFwzr3ce08Qc6Y0Qh9Wbml5ZXUtv17Y2Nza3inu7jVVlEhCGyTikWwHWFHOBG1opjltx5LiMOC0FYwvMr91T6VikbjTk5j6IR4KNmAEayPdXvaue8USsp2yW0UORPbZKXJPPEMQ8tyKBx1DMpTAAvVe8b3bj0gSUqEJx0p1HBRrP8VSM8LptNBNFI0xGeMh7RgqcEiVn85OncIjo/ThIJKmhIYz9ftEikOlJmFgOkOsR+q3l4l/eZ1ED6p+ykScaCrIfNEg4VBHMPsb9pmkRPOJIZhIZm6FZIQlJtqkUzAhfH0K/yfNsu1UbO+mUqqdL+LIgwNwCI6BA1xQA1egDhqAgCF4AE/g2eLWo/Vivc5bc9ZiZh/8gPX2CVsyjeI=</latexit>

ET

<latexit sha1_base64="j65xQ05w1J0dsbhFxbcFPI1LrCI=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0gkYHsriuCxYr+gDWWz3bRLN5uwuxFK6E/w4kERr/4ib/4bt22EKvpg4PHeDDPzgoQzpR3n0yqsrW9sbhW3Szu7e/sH5cOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyfXc7zxQqVgsmnqaUD/CI8FCRrA20v3NoDkoV1zbWQA5tleruVXPkFz5tiqQozEof/SHMUkjKjThWKme6yTaz7DUjHA6K/VTRRNMJnhEe4YKHFHlZ4tTZ+jMKEMUxtKU0Gihrk5kOFJqGgWmM8J6rH57c/Evr5fqsOpnTCSppoIsF4UpRzpG87/RkElKNJ8agolk5lZExlhiok06pdUQ/iftC9v17NqdV6lf5XEU4QRO4RxcuIQ63EIDWkBgBI/wDC8Wt56sV+tt2Vqw8plj+AHr/QsrF43A</latexit>

=2 Poly (|ki|, |kI |)
|kI |3 (|kI |+ |k1|+ |k2|)2 (|kI |+ |k3|+ |k4|)2 (|k1|+ |k2|+ |k3|+ |k4|)3

<latexit sha1_base64="pOqCyFL4k+lK7DhIrK9nMAT92V8="></latexit>

pGR
± (k1,k2,kI ; ⇠1, ⇠2, ⇠)

���
�=±2

=

✓
pYM
± (k1,k2,kI ; ⇠1, ⇠2, ⇠)

���
�=±1

◆2

<latexit sha1_base64="8uQ+ImXcxnMSOIzMt9biBKnHiXM="></latexit>

The double-copy structure of flat scattering amplitudes is encoded in dS correlators:

See also: Farrow, Lipstein & McFadden 2018 for a similar observation at the level of 3pt correlators 

pYM
+ (k1,k2,kI ; ⇠1, ⇠2, D⇠) p

YM
� (�kI ,k3,k4; ⇠, ⇠3, ⇠4)

<latexit sha1_base64="1LjHRaCre3DPR/5EHe29n/nfq18="></latexit>

/ (2⇡)3 �(3)(
4X

i=1

ki )
1

(EL)
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J (ET )
2J�1

<latexit sha1_base64="8JGgd84tKi1qTGpGJIRahPq7i0M="></latexit>

(2⇡)3 �(3)(
3X

i=1

ki)⇥
1

|kI |ELERET
⇥ (|kI |+ ET )⇥ pYM

+ (k1,k2,kI ; ⇠1, ⇠2, ⇠) � pYM
� (�kI ,k3,k4; ⇠, ⇠3, ⇠4)

<latexit sha1_base64="kKAKD1XMzMwxXikj2m6VyPXgNzo="></latexit>

ET

<latexit sha1_base64="j65xQ05w1J0dsbhFxbcFPI1LrCI=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0gkYHsriuCxYr+gDWWz3bRLN5uwuxFK6E/w4kERr/4ib/4bt22EKvpg4PHeDDPzgoQzpR3n0yqsrW9sbhW3Szu7e/sH5cOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyfXc7zxQqVgsmnqaUD/CI8FCRrA20v3NoDkoV1zbWQA5tleruVXPkFz5tiqQozEof/SHMUkjKjThWKme6yTaz7DUjHA6K/VTRRNMJnhEe4YKHFHlZ4tTZ+jMKEMUxtKU0Gihrk5kOFJqGgWmM8J6rH57c/Evr5fqsOpnTCSppoIsF4UpRzpG87/RkElKNJ8agolk5lZExlhiok06pdUQ/iftC9v17NqdV6lf5XEU4QRO4RxcuIQ63EIDWkBgBI/wDC8Wt56sV+tt2Vqw8plj+AHr/QsrF43A</latexit>

EL

<latexit sha1_base64="d0DhGQqDuIjI2iYS3Rf1E1oAYAc=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjK1Op1dUQQXLiraB7RDyaRpG5rJDElGKEM/wY0LRdz6Re78GzNtBRU9cOFwzr3ce08Qc6Y0Qh9Wbml5ZXUtv17Y2Nza3inu7jVVlEhCGyTikWwHWFHOBG1opjltx5LiMOC0FYwvMr91T6VikbjTk5j6IR4KNmAEayPdXvaue8USsp2yW0UORPbZKXJPPEMQ8tyKBx1DMpTAAvVe8b3bj0gSUqEJx0p1HBRrP8VSM8LptNBNFI0xGeMh7RgqcEiVn85OncIjo/ThIJKmhIYz9ftEikOlJmFgOkOsR+q3l4l/eZ1ED6p+ykScaCrIfNEg4VBHMPsb9pmkRPOJIZhIZm6FZIQlJtqkUzAhfH0K/yfNsu1UbO+mUqqdL+LIgwNwCI6BA1xQA1egDhqAgCF4AE/g2eLWo/Vivc5bc9ZiZh/8gPX2CVsyjeI=</latexit>

=fABEfECD
|kI |+ |k1|+ |k2|+ |k3|+ |k4|

|kI | (|kI |+ |k1|+ |k2|) (|kI |+ |k3|+ |k4|) (|k1|+ |k2|+ |k3|+ |k4|)

<latexit sha1_base64="XEhK39DuE5n4GG2JU8OIJJFepNc="></latexit>

ER

<latexit sha1_base64="NY1FXETnuzsrL5BY2DsQQg+0D14=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GjK1Op1dUQSX9dEHtEPJpGkbmskMSUYoQz/BjQtF3PpF7vwbM20FFT1w4XDOvdx7TxBzpjRCH1ZuaXlldS2/XtjY3NreKe7uNVWUSEIbJOKRbAdYUc4EbWimOW3HkuIw4LQVjC8yv3VPpWKRuNOTmPohHgo2YARrI91e9m56xRKynbJbRQ5E9tkpck88QxDy3IoHHUMylMAC9V7xvduPSBJSoQnHSnUcFGs/xVIzwum00E0UjTEZ4yHtGCpwSJWfzk6dwiOj9OEgkqaEhjP1+0SKQ6UmYWA6Q6xH6reXiX95nUQPqn7KRJxoKsh80SDhUEcw+xv2maRE84khmEhmboVkhCUm2qRTMCF8fQr/J82y7VRs77pSqp0v4siDA3AIjoEDXFADV6AOGoCAIXgAT+DZ4taj9WK9zltz1mJmH/yA9fYJZEqN6A==</latexit>

ET

<latexit sha1_base64="j65xQ05w1J0dsbhFxbcFPI1LrCI=">AAAB6nicdVBNS8NAEJ3Ur1q/qh69LBbBU0gkYHsriuCxYr+gDWWz3bRLN5uwuxFK6E/w4kERr/4ib/4bt22EKvpg4PHeDDPzgoQzpR3n0yqsrW9sbhW3Szu7e/sH5cOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyfXc7zxQqVgsmnqaUD/CI8FCRrA20v3NoDkoV1zbWQA5tleruVXPkFz5tiqQozEof/SHMUkjKjThWKme6yTaz7DUjHA6K/VTRRNMJnhEe4YKHFHlZ4tTZ+jMKEMUxtKU0Gihrk5kOFJqGgWmM8J6rH57c/Evr5fqsOpnTCSppoIsF4UpRzpG87/RkElKNJ8agolk5lZExlhiok06pdUQ/iftC9v17NqdV6lf5XEU4QRO4RxcuIQ63EIDWkBgBI/wDC8Wt56sV+tt2Vqw8plj+AHr/QsrF43A</latexit>

contraction of the 3pt tensorial structures


