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Why QFT in AdS ?

<latexit sha1_base64="SuU1KbCaThiUhs52J0zgnXarPRM="></latexit>

ds2AdS = L2 dz
2 + d~x2

z2
<latexit sha1_base64="z0PcX70IW7HlC0I0Wo4gjtQzL40=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68RjBPCBZwuykNxkyO7vMzAbDko/w4kERr36PN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8m/rNESrNY/loxgn6Ee1LHnJGjZWanRGy7GnSLZXdijsDWSZeTsqQo9YtfXV6MUsjlIYJqnXbcxPjZ1QZzgROip1UY0LZkPaxbamkEWo/m507IadW6ZEwVrakITP190RGI63HUWA7I2oGetGbiv957dSEN37GZZIalGy+KEwFMTGZ/k56XCEzYmwJZYrbWwkbUEWZsQkVbQje4svLpHFe8a4qlw8X5eptHkcBjuEEzsCDa6jCPdSgDgyG8Ayv8OYkzovz7nzMW1ecfOYI/sD5/AG1I4/U</latexit>

~x

<latexit sha1_base64="I6lx7kJ3J2ctPwbk+TFgr5/RVcU=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzm5mZk1wwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/Wbj6g0j+S9Gcfoh3QgeZ8zaqxUe+oWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AOyBjQg=</latexit>z
<latexit sha1_base64="5Vq8xub59zIT1lAGbfhS+9zd/zI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxonlAsoTZySQZMju7zPQKccknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbEUBl3328ktLa+sruXXCxubW9s7xd29uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geDPxG49cGxGpBxzF3A9pX4meYBStdP905XaKJbfsTkEWiZeREmSodopf7W7EkpArZJIa0/LcGP2UahRM8nGhnRgeUzakfd6yVNGQGz+dnjomR1bpkl6kbSkkU/X3REpDY0ZhYDtDigMz703E/7xWgr1LPxUqTpArNlvUSyTBiEz+Jl2hOUM5soQyLeythA2opgxtOgUbgjf/8iKpn5S98/LZ3Wmpcp3FkYcDOIRj8OACKnALVagBgz48wyu8OdJ5cd6dj1lrzslm9uEPnM8f3L+NiQ==</latexit>

z = 0

•Radius     : IR cutoff, 
                  probe of the theory at different scales

<latexit sha1_base64="BkZirS3xLJHdCVdDDlMDKbxoLwk=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXQxsIiAfMByRH2NnPJmr29Y3dPCCG/wMZCEVt/kp3/xk1yhSY+GHi8N8PMvCARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0e3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7fK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPYnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpoXZa9SrtQvS9WbLI48nMApnIMHV1CFO6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gCnG4zb</latexit>

L

[Callan, Wilczek (1990)], …
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L

•Maximally symmetric
…like a periodic box, but also

[Callan, Wilczek (1990)], …
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Why QFT in AdS ?
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L

•Maximally symmetric
…like a periodic box, but also

…like a sphere, but also

• Infinite volume: symmetry breaking and phase 
transitions

[Callan, Wilczek (1990)], …
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Why QFT in AdS ?

•Analogue of scattering amplitudes: 

  local operators at boundary points

boundary CFT (bCFT) in any QFT!

•Boundary correlators covariant under AdS isometries
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Why QFT in AdS ?

•Analogue of scattering amplitudes: 

  local operators at boundary points

boundary CFT (bCFT) in any QFT!

•Boundary correlators covariant under AdS isometries

•Unlike AdS/CFT: no dynamical gravity, no boundary 
stress tensor, bCFT correlators are only a subset of all 
the observables

•bCFT data depend on: bulk couplings, boundary 
conditions 

3



Setup: Asymptotically free theories in AdS 

• IR theory: mass gap                         ;

•UV theory: massless d.o.f, weakly interacting            ;<latexit sha1_base64="IJkLNYCQjTRv5CEDzaE9ohcHrmY=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoxmUF+4B2KJk008ZmkiHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TJoIb63nfqLCyura+UdwsbW3v7O6V9w+aRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuHoduq3npg2XMkHO05YEJOB5BGnxDqpOegKgf1eueJVvRnwMvFzUoEc9V75q9tXNI2ZtFQQYzq+l9ggI9pyKtik1E0NSwgdkQHrOCpJzEyQza6d4BOn9HGktCtp8Uz9PZGR2JhxHLrOmNihWfSm4n9eJ7XRdZBxmaSWSTpfFKUCW4Wnr+M+14xaMXaEUM3drZgOiSbUuoBKLgR/8eVl0jyr+pfVi/vzSu0mj6MIR3AMp+DDFdTgDurQAAqP8Ayv8IYUekHv6GPeWkD5zCH8Afr8Adutjqw=</latexit>

g ⌧ 1

<latexit sha1_base64="1mIWAZONGOvIk0z4d2fm0okF44o=">AAACGXicbVC7SgNBFJ2NrxhfUUubwSDEwrAbfJVBGwuLCOYB2STMTu4mQ2Z2l5lZISz7Gzb+io2FIpZa+TdOHoUmHhg4nHMud+7xIs6Utu1vK7O0vLK6ll3PbWxube/kd/fqKowlhRoNeSibHlHAWQA1zTSHZiSBCI9Dwxtej/3GA0jFwuBejyJoC9IPmM8o0Ubq5m331oR7xFVMYFfEGDrJCXZ9SWjipInrgSZdG/c75aJxj9O0my/YJXsCvEicGSmgGard/KfbC2ksINCUE6Vajh3pdkKkZpRDmnNjBRGhQ9KHlqEBEaDayeSyFB8ZpYf9UJoXaDxRf08kRCg1Ep5JCqIHat4bi/95rVj7l+2EBVGsIaDTRX7MsQ7xuCbcYxKo5iNDCJXM/BXTATGtaFNmzpTgzJ+8SOrlknNeOrs7LVSuZnVk0QE6REXkoAtUQTeoimqIokf0jF7Rm/VkvVjv1sc0mrFmM/voD6yvH+2wn6M=</latexit>

⇤ ⇠ µe
� 1

�0g2(µ)
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Setup: Asymptotically free theories in AdS 

• IR theory: mass gap                         ;
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⇤ ⇠ µe
� 1

�0g2(µ)

• In some cases, a phase transition between the two 
regimes must occur, detectable from the bCFT.

•Varying the AdS radius     we can interpolate; <latexit sha1_base64="5C+o0Ni4Z0ss/1nR+ToB2NSZuGQ=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwcPUcwDkiXMTmaTIbOzy0yvEJb8gRcPinj1j7z5N06SPWi0oKGo6qa7K0ikMOi6X05haXllda24XtrY3NreKe/uNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo+up33rk2ohYPeA44X5EB0qEglG00v0t6ZUrbtWdgfwlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26YQcWaVPwljbUkhm6s+JjEbGjKPAdkYUh2bRm4r/eZ0Uw0s/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjackg3BW3z5L2meVL3z6tndaaV2lcdRhAM4hGPw4AJqcAN1aACDEJ7gBV6dkfPsvDnv89aCk8/swy84H9/8eY0E</latexit>

L

Opportunity: studying the bCFT as a way to 
detect/explain the mass gap in the bulk

4



Outline:

•Deconfinement transition for  Yang-Mills in AdS<latexit sha1_base64="B6oaQqe2ACQdDzDi177UGBmOccc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkfhyLXjxWMG2hDWWz3bZLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR08SpZtxnsYx1O6SGS6G4jwIlbyea0yiUvBWO72Z+64lrI2L1iJOEBxEdKjEQjKKV/Gzaq5FeueJW3TnIKvFyUoEcjV75q9uPWRpxhUxSYzqem2CQUY2CST4tdVPDE8rGdMg7lioacRNk82On5MwqfTKItS2FZK7+nshoZMwkCm1nRHFklr2Z+J/XSXFwE2RCJSlyxRaLBqkkGJPZ56QvNGcoJ5ZQpoW9lbAR1ZShzadkQ/CWX14lzYuqd1W9fKhV6rd5HEU4gVM4Bw+uoQ730AAfGAh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/UuOOYQ==</latexit>

4
[Aharony, Berkooz, Tong, Yankielowicz (2012)]

• [Copetti, DP, Ji, Komatsu (2023)]: transition in 2d 
examples, e.g. O(N) sigma model

Additional computational handle: Large N

• [Ciccone, De Cesare, DP, Serone (2024)]: hints 
about the transition in Yang-Mills in AdS  using 
perturbation theory

<latexit sha1_base64="B6oaQqe2ACQdDzDi177UGBmOccc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkfhyLXjxWMG2hDWWz3bZLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR08SpZtxnsYx1O6SGS6G4jwIlbyea0yiUvBWO72Z+64lrI2L1iJOEBxEdKjEQjKKV/Gzaq5FeueJW3TnIKvFyUoEcjV75q9uPWRpxhUxSYzqem2CQUY2CST4tdVPDE8rGdMg7lioacRNk82On5MwqfTKItS2FZK7+nshoZMwkCm1nRHFklr2Z+J/XSXFwE2RCJSlyxRaLBqkkGJPZ56QvNGcoJ5ZQpoW9lbAR1ZShzadkQ/CWX14lzYuqd1W9fKhV6rd5HEU4gVM4Bw+uoQ730AAfGAh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/UuOOYQ==</latexit>

4
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Yang-Mills in AdS <latexit sha1_base64="B6oaQqe2ACQdDzDi177UGBmOccc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkfhyLXjxWMG2hDWWz3bZLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR08SpZtxnsYx1O6SGS6G4jwIlbyea0yiUvBWO72Z+64lrI2L1iJOEBxEdKjEQjKKV/Gzaq5FeueJW3TnIKvFyUoEcjV75q9uPWRpxhUxSYzqem2CQUY2CST4tdVPDE8rGdMg7lioacRNk82On5MwqfTKItS2FZK7+nshoZMwkCm1nRHFklr2Z+J/XSXFwE2RCJSlyxRaLBqkkGJPZ56QvNGcoJ5ZQpoW9lbAR1ZShzadkQ/CWX14lzYuqd1W9fKhV6rd5HEU4gVM4Bw+uoQ730AAfGAh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/UuOOYQ==</latexit>

4

[Aharony, Berkooz, Tong, Yankielowicz (2012)]
<latexit sha1_base64="5C+o0Ni4Z0ss/1nR+ToB2NSZuGQ=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwcPUcwDkiXMTmaTIbOzy0yvEJb8gRcPinj1j7z5N06SPWi0oKGo6qa7K0ikMOi6X05haXllda24XtrY3NreKe/uNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo+up33rk2ohYPeA44X5EB0qEglG00v0t6ZUrbtWdgfwlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26YQcWaVPwljbUkhm6s+JjEbGjKPAdkYUh2bRm4r/eZ0Uw0s/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjackg3BW3z5L2meVL3z6tndaaV2lcdRhAM4hGPw4AJqcAN1aACDEJ7gBV6dkfPsvDnv89aCk8/swy84H9/8eY0E</latexit>

L

,
•                : no coloured asymptotic states, mass gap

<latexit sha1_base64="db7ZwL06JMeaGmIEiLPiAL8Sfxg=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4sSTia1l046KLCvYBTSyTySQdOnkwMxFLyK+4caGIW3/EnX/j9LHQ1gMDh3Pu4d45XsqZVJb1bSwtr6yurZc2yptb2zu75l6lLZNMENoiCU9E18OSchbTlmKK024qKI48Tjve8Gbsdx6pkCyJ79UopW6Ew5gFjGClpb5ZaSAnDJHT0BEfP+QndtE3q1bNmgAtEntGqjBDs29+OX5CsojGinAsZc+2UuXmWChGOC3KTiZpiskQh7SnaYwjKt18cnuBjrTioyAR+sUKTdTfiRxHUo4iT09GWA3kvDcW//N6mQqu3JzFaaZoTKaLgowjlaBxEchnghLFR5pgIpi+FZEBFpgoXVdZl2DPf3mRtE9r9kXt/O6sWr+e1VGCAziEY7DhEupwC01oAYEneIZXeDMK48V4Nz6mo0vGLLMPf2B8/gB0GJNw</latexit>

L � ⇤�1

<latexit sha1_base64="nwOfiIxhWwxpGQ5GO6Pf2iQSmTA=">AAACBHicbVA7T8MwGHTKq5RXgLGLRYXEVCWI11gBA0OHItGH1ESV4zipVduJbAepijqw8FdYGECIlR/Bxr/BbTNA4SRL57vvZH8XpIwq7ThfVmlpeWV1rbxe2djc2t6xd/c6KskkJm2csET2AqQIo4K0NdWM9FJJEA8Y6Qajq6nfvSdS0UTc6XFKfI5iQSOKkTbSwK5614RpBD1FOWxCr2miobnGMXQHds2pOzPAv8QtSA0UaA3sTy9McMaJ0Jghpfquk2o/R1JTzMik4mWKpAiPUEz6hgrEifLz2RITeGiUEEaJNEdoOFN/JnLElRrzwExypIdq0ZuK/3n9TEcXfk5Fmmki8PyhKGNQJ3DaCAypJFizsSEIS2r+CvEQSYS16a1iSnAXV/5LOsd196x+entSa1wWdZRBFRyAI+CCc9AAN6AF2gCDB/AEXsCr9Wg9W2/W+3y0ZBWZffAL1sc3QKaWkg==</latexit>

� ⇠ L⇤ � 1
<latexit sha1_base64="iLf7p3c3l4yWonlsiX20/CBkW+w=">AAAB7nicbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoRlxVsA9ox5JJM21okhmSjFCGfoQbF4q49Xvc+Tem7Sy0euDC4Zx7ufeeMBHcWM/7QoWl5ZXVteJ6aWNza3unvLvXNHGqKWvQWMS6HRLDBFesYbkVrJ1oRmQoWCscXU/91iPThsfq3o4TFkgyUDzilFgntW4fSK8r01654lW9GfBf4uekAjnqvfJntx/TVDJlqSDGdHwvsUFGtOVUsEmpmxqWEDoiA9ZxVBHJTJDNzp3gI6f0cRRrV8rimfpzIiPSmLEMXackdmgWvan4n9dJbXQZZFwlqWWKzhdFqcA2xtPfcZ9rRq0YO0Ko5u5WTIdEE2pdQiUXgr/48l/SPKn659Wzu9NK7SqPowgHcAjH4MMF1OAG6tAACiN4ghd4RQl6Rm/ofd5aQPnMPvwC+vgGHEqPcA==</latexit>

Ja
µ

deconfined confined

<latexit sha1_base64="QruRc0Dzw9Dac/actRIqHsOBtjo=">AAACCnicbVC5TsNAFFxzhnAFKGkWIiQaIhtxlRE0FCmCRA4pNtZ6s0lWWR/afUZElmsafoWGAoRo+QI6/oZ14gISRnrSaOYdeuNFgiswzW9jbn5hcWm5sFJcXVvf2CxtbTdVGEvKGjQUoWx7RDHBA9YADoK1I8mI7wnW8oZXmd+6Z1LxMLiFUcQcn/QD3uOUgJbc0l7NTWxgD5BQySFNsa24j+2a3tAld8mRlbqlslkxx8CzxMpJGeWou6UvuxvS2GcBUEGU6lhmBE5CJHAqWFq0Y8UiQoekzzqaBsRnyknGr6T4QCtd3AulrgDwWP09kRBfqZHv6U6fwEBNe5n4n9eJoXfhJDyIYmABnRzqxQJDiLNccJdLRkGMNCFZFJxiOiCSUNDpFXUI1vTLs6R5XLHOKqc3J+XqZR5HAe2ifXSILHSOquga1VEDUfSIntErejOejBfj3fiYtM4Z+cwO+gPj8wdKDJqj</latexit>

Lcrit ⇠ ⇤�1

6

<latexit sha1_base64="5ifs2HLohUif20nzd9FsYPSXb5w=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4sSTia1l046KLCvYBTSyTyaQdOnkwMxFLyK+4caGIW3/EnX/jtM1CWw8MHM65h3vneAlnUlnWt7G0vLK6tl7aKG9ube/smnuVtoxTQWiLxDwWXQ9LyllEW4opTruJoDj0OO14o5uJ33mkQrI4ulfjhLohHkQsYAQrLfXNSgM5nCOnoSM+fshO7LxvVq2aNQVaJHZBqlCg2Te/HD8maUgjRTiWsmdbiXIzLBQjnOZlJ5U0wWSEB7SnaYRDKt1senuOjrTioyAW+kUKTdXfiQyHUo5DT0+GWA3lvDcR//N6qQqu3IxFSapoRGaLgpQjFaNJEchnghLFx5pgIpi+FZEhFpgoXVdZl2DPf3mRtE9r9kXt/O6sWr8u6ijBARzCMdhwCXW4hSa0gMATPMMrvBm58WK8Gx+z0SWjyOzDHxifP4PHk3o=</latexit>

L ⌧ ⇤�1•                 : with Dirichlet boundary condition
<latexit sha1_base64="1TZi4iO42Dm6N/53+j//M07WXng=">AAACGnicbVDLSgMxFM34rPVVdekmWARBKDPia1l1I64q2Ad0asmkaRuaZIbkjtAO/Q43/oobF4q4Ezf+jWk7C209EDiccy439wSR4AZc99uZm19YXFrOrGRX19Y3NnNb2xUTxpqyMg1FqGsBMUxwxcrAQbBapBmRgWDVoHc18qsPTBseqjvoR6whSUfxNqcErNTMeRf3pOnLGPuxatkcg2TgQ4jdYeIbLod4gG/SxCH2WyGYZi7vFtwx8CzxUpJHKUrN3Kedo7FkCqggxtQ9N4JGQjRwKtgw68eGRYT2SIfVLVVEMtNIxqcN8b5VWrgdavsU4LH6eyIh0pi+DGxSEuiaaW8k/ufVY2ifNxKuohiYopNF7Vhge/uoJ9zimlEQfUsI1dz+FdMu0YSCbSlrS/CmT54llaOCd1o4uT3OFy/TOjJoF+2hA+ShM1RE16iEyoiiR/SMXtGb8+S8OO/OxyQ656QzO+gPnK8fqW+goQ==</latexit>

Aa
µ ⇠

z!0
zJa

µ + . . .         global symmetry in bCFT
<latexit sha1_base64="BB5q+L8CRZivtBZnZ503WCKldio=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiB4CjMi0WPQg16ECGaRZAg9nZqkSc9id00wDPMdXjwo4tWP8ebf2FkOGn1Q8Hiviqp6XiyFRtv+snJLyyura/n1wsbm1vZOcXevoaNEcajzSEaq5TENUoRQR4ESWrECFngSmt7wcuI3R6C0iMI7HMfgBqwfCl9whkZyr7ppB+ER0/ubLOsWS3bZnoL+Jc6clMgctW7xs9OLeBJAiFwyrduOHaObMoWCS8gKnURDzPiQ9aFtaMgC0G46PTqjR0bpUT9SpkKkU/XnRMoCrceBZzoDhgO96E3E/7x2gv65m4owThBCPlvkJ5JiRCcJ0J5QwFGODWFcCXMr5QOmGEeTU8GE4Cy+/Jc0TspOpVy5PS1VL+Zx5MkBOSTHxCFnpEquSY3UCScP5Im8kFdrZD1bb9b7rDVnzWf2yS9YH98voZJk</latexit>

GYM



Yang-Mills in AdS <latexit sha1_base64="B6oaQqe2ACQdDzDi177UGBmOccc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkfhyLXjxWMG2hDWWz3bZLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR08SpZtxnsYx1O6SGS6G4jwIlbyea0yiUvBWO72Z+64lrI2L1iJOEBxEdKjEQjKKV/Gzaq5FeueJW3TnIKvFyUoEcjV75q9uPWRpxhUxSYzqem2CQUY2CST4tdVPDE8rGdMg7lioacRNk82On5MwqfTKItS2FZK7+nshoZMwkCm1nRHFklr2Z+J/XSXFwE2RCJSlyxRaLBqkkGJPZ56QvNGcoJ5ZQpoW9lbAR1ZShzadkQ/CWX14lzYuqd1W9fKhV6rd5HEU4gVM4Bw+uoQ730AAfGAh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/UuOOYQ==</latexit>

4

[Aharony, Berkooz, Tong, Yankielowicz (2012)]
<latexit sha1_base64="5C+o0Ni4Z0ss/1nR+ToB2NSZuGQ=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwcPUcwDkiXMTmaTIbOzy0yvEJb8gRcPinj1j7z5N06SPWi0oKGo6qa7K0ikMOi6X05haXllda24XtrY3NreKe/uNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo+up33rk2ohYPeA44X5EB0qEglG00v0t6ZUrbtWdgfwlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26YQcWaVPwljbUkhm6s+JjEbGjKPAdkYUh2bRm4r/eZ0Uw0s/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjackg3BW3z5L2meVL3z6tndaaV2lcdRhAM4hGPw4AJqcAN1aACDEJ7gBV6dkfPsvDnv89aCk8/swy84H9/8eY0E</latexit>

L

,
•                : no coloured asymptotic states, mass gap

<latexit sha1_base64="db7ZwL06JMeaGmIEiLPiAL8Sfxg=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4sSTia1l046KLCvYBTSyTySQdOnkwMxFLyK+4caGIW3/EnX/j9LHQ1gMDh3Pu4d45XsqZVJb1bSwtr6yurZc2yptb2zu75l6lLZNMENoiCU9E18OSchbTlmKK024qKI48Tjve8Gbsdx6pkCyJ79UopW6Ew5gFjGClpb5ZaSAnDJHT0BEfP+QndtE3q1bNmgAtEntGqjBDs29+OX5CsojGinAsZc+2UuXmWChGOC3KTiZpiskQh7SnaYwjKt18cnuBjrTioyAR+sUKTdTfiRxHUo4iT09GWA3kvDcW//N6mQqu3JzFaaZoTKaLgowjlaBxEchnghLFR5pgIpi+FZEBFpgoXVdZl2DPf3mRtE9r9kXt/O6sWr+e1VGCAziEY7DhEupwC01oAYEneIZXeDMK48V4Nz6mo0vGLLMPf2B8/gB0GJNw</latexit>

L � ⇤�1

<latexit sha1_base64="nwOfiIxhWwxpGQ5GO6Pf2iQSmTA=">AAACBHicbVA7T8MwGHTKq5RXgLGLRYXEVCWI11gBA0OHItGH1ESV4zipVduJbAepijqw8FdYGECIlR/Bxr/BbTNA4SRL57vvZH8XpIwq7ThfVmlpeWV1rbxe2djc2t6xd/c6KskkJm2csET2AqQIo4K0NdWM9FJJEA8Y6Qajq6nfvSdS0UTc6XFKfI5iQSOKkTbSwK5614RpBD1FOWxCr2miobnGMXQHds2pOzPAv8QtSA0UaA3sTy9McMaJ0Jghpfquk2o/R1JTzMik4mWKpAiPUEz6hgrEifLz2RITeGiUEEaJNEdoOFN/JnLElRrzwExypIdq0ZuK/3n9TEcXfk5Fmmki8PyhKGNQJ3DaCAypJFizsSEIS2r+CvEQSYS16a1iSnAXV/5LOsd196x+entSa1wWdZRBFRyAI+CCc9AAN6AF2gCDB/AEXsCr9Wg9W2/W+3y0ZBWZffAL1sc3QKaWkg==</latexit>

� ⇠ L⇤ � 1
<latexit sha1_base64="iLf7p3c3l4yWonlsiX20/CBkW+w=">AAAB7nicbVDLSgMxFL2pr1pfVZdugkVwVWbE17LoRlxVsA9ox5JJM21okhmSjFCGfoQbF4q49Xvc+Tem7Sy0euDC4Zx7ufeeMBHcWM/7QoWl5ZXVteJ6aWNza3unvLvXNHGqKWvQWMS6HRLDBFesYbkVrJ1oRmQoWCscXU/91iPThsfq3o4TFkgyUDzilFgntW4fSK8r01654lW9GfBf4uekAjnqvfJntx/TVDJlqSDGdHwvsUFGtOVUsEmpmxqWEDoiA9ZxVBHJTJDNzp3gI6f0cRRrV8rimfpzIiPSmLEMXackdmgWvan4n9dJbXQZZFwlqWWKzhdFqcA2xtPfcZ9rRq0YO0Ko5u5WTIdEE2pdQiUXgr/48l/SPKn659Wzu9NK7SqPowgHcAjH4MMF1OAG6tAACiN4ghd4RQl6Rm/ofd5aQPnMPvwC+vgGHEqPcA==</latexit>

Ja
µ

deconfined confined

<latexit sha1_base64="QruRc0Dzw9Dac/actRIqHsOBtjo=">AAACCnicbVC5TsNAFFxzhnAFKGkWIiQaIhtxlRE0FCmCRA4pNtZ6s0lWWR/afUZElmsafoWGAoRo+QI6/oZ14gISRnrSaOYdeuNFgiswzW9jbn5hcWm5sFJcXVvf2CxtbTdVGEvKGjQUoWx7RDHBA9YADoK1I8mI7wnW8oZXmd+6Z1LxMLiFUcQcn/QD3uOUgJbc0l7NTWxgD5BQySFNsa24j+2a3tAld8mRlbqlslkxx8CzxMpJGeWou6UvuxvS2GcBUEGU6lhmBE5CJHAqWFq0Y8UiQoekzzqaBsRnyknGr6T4QCtd3AulrgDwWP09kRBfqZHv6U6fwEBNe5n4n9eJoXfhJDyIYmABnRzqxQJDiLNccJdLRkGMNCFZFJxiOiCSUNDpFXUI1vTLs6R5XLHOKqc3J+XqZR5HAe2ifXSILHSOquga1VEDUfSIntErejOejBfj3fiYtM4Z+cwO+gPj8wdKDJqj</latexit>

Lcrit ⇠ ⇤�1

6

Proving disappearance of Dirichlet is key to understand 
confinement and mass gap from AdS viewpoint

<latexit sha1_base64="5ifs2HLohUif20nzd9FsYPSXb5w=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSK4sSTia1l046KLCvYBTSyTyaQdOnkwMxFLyK+4caGIW3/EnX/jtM1CWw8MHM65h3vneAlnUlnWt7G0vLK6tl7aKG9ube/smnuVtoxTQWiLxDwWXQ9LyllEW4opTruJoDj0OO14o5uJ33mkQrI4ulfjhLohHkQsYAQrLfXNSgM5nCOnoSM+fshO7LxvVq2aNQVaJHZBqlCg2Te/HD8maUgjRTiWsmdbiXIzLBQjnOZlJ5U0wWSEB7SnaYRDKt1senuOjrTioyAW+kUKTdXfiQyHUo5DT0+GWA3lvDcR//N6qQqu3IxFSapoRGaLgpQjFaNJEchnghLFx5pgIpi+FZEhFpgoXVdZl2DPf3mRtE9r9kXt/O6sWr8u6ijBARzCMdhwCXW4hSa0gMATPMMrvBm58WK8Gx+z0SWjyOzDHxifP4PHk3o=</latexit>

L ⌧ ⇤�1•                 : with Dirichlet boundary condition
<latexit sha1_base64="1TZi4iO42Dm6N/53+j//M07WXng=">AAACGnicbVDLSgMxFM34rPVVdekmWARBKDPia1l1I64q2Ad0asmkaRuaZIbkjtAO/Q43/oobF4q4Ezf+jWk7C209EDiccy439wSR4AZc99uZm19YXFrOrGRX19Y3NnNb2xUTxpqyMg1FqGsBMUxwxcrAQbBapBmRgWDVoHc18qsPTBseqjvoR6whSUfxNqcErNTMeRf3pOnLGPuxatkcg2TgQ4jdYeIbLod4gG/SxCH2WyGYZi7vFtwx8CzxUpJHKUrN3Kedo7FkCqggxtQ9N4JGQjRwKtgw68eGRYT2SIfVLVVEMtNIxqcN8b5VWrgdavsU4LH6eyIh0pi+DGxSEuiaaW8k/ufVY2ifNxKuohiYopNF7Vhge/uoJ9zimlEQfUsI1dz+FdMu0YSCbSlrS/CmT54llaOCd1o4uT3OFy/TOjJoF+2hA+ShM1RE16iEyoiiR/SMXtGb8+S8OO/OxyQ656QzO+gPnK8fqW+goQ==</latexit>

Aa
µ ⇠

z!0
zJa

µ + . . .         global symmetry in bCFT
<latexit sha1_base64="BB5q+L8CRZivtBZnZ503WCKldio=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiB4CjMi0WPQg16ECGaRZAg9nZqkSc9id00wDPMdXjwo4tWP8ebf2FkOGn1Q8Hiviqp6XiyFRtv+snJLyyura/n1wsbm1vZOcXevoaNEcajzSEaq5TENUoRQR4ESWrECFngSmt7wcuI3R6C0iMI7HMfgBqwfCl9whkZyr7ppB+ER0/ubLOsWS3bZnoL+Jc6clMgctW7xs9OLeBJAiFwyrduOHaObMoWCS8gKnURDzPiQ9aFtaMgC0G46PTqjR0bpUT9SpkKkU/XnRMoCrceBZzoDhgO96E3E/7x2gv65m4owThBCPlvkJ5JiRCcJ0J5QwFGODWFcCXMr5QOmGEeTU8GE4Cy+/Jc0TspOpVy5PS1VL+Zx5MkBOSTHxCFnpEquSY3UCScP5Im8kFdrZD1bb9b7rDVnzWf2yS9YH98voZJk</latexit>

GYM



Possibilities for the transition:

7



Possibilities for the transition:

7

(1) Higgs: a bulk charged scalar condenses

 bCFT: an adjoint scalar operator       becomes marginal         
(.         ) and gives<latexit sha1_base64="393UDhqjOtsXHchCn3D+M/3e2Ps=">AAAB8XicbVDJSgNBEK2JW4xb1KOXxiB4CjPuFyGoB48RzILJEHo6NUmTnp6hu0cIQ/7CiwdFvPo33vwbO8tBow8KHu9VUVUvSATXxnW/nNzC4tLySn61sLa+sblV3N6p6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwPfYbj6g0j+W9GSboR7QnecgZNVZ6aN+gMJRckuNOseSW3QnIX+LNSAlmqHaKn+1uzNIIpWGCat3y3MT4GVWGM4GjQjvVmFA2oD1sWSpphNrPJhePyIFVuiSMlS1pyET9OZHRSOthFNjOiJq+nvfG4n9eKzXhhZ9xmaQGJZsuClNBTEzG75MuV8iMGFpCmeL2VsL6VFFmbEgFG4I3//JfUj8qe2fl07uTUuVqFkce9mAfDsGDc6jALVShBgwkPMELvDraeXbenPdpa86ZzezCLzgf3wyAj94=</latexit>

� = 3
<latexit sha1_base64="aydJ8kmZtWb7TxoS27Xy1xe57To=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquSiK+NkLRjbixgn1Ak5ab6aQdOnkwMxFK6A+48VfcuFDErXt3/o2TNgttPTDM4Zx7ufceL+ZMKsv6NubmFxaXlgsrxdW19Y1Nc2u7LqNEEFojEY9E0wNJOQtpTTHFaTMWFAKP04Y3uMr8xgMVkkXhvRrG1A2gFzKfEVBa6pj7TgxCMeBtJ0jwTRs62X+BnQBUnwBPb0daM0tW2RoDzxI7JyWUo9oxv5xuRJKAhopwkLJlW7Fy02wS4XRUdBJJYyAD6NGWpiEEVLrp+JoRPtBKF/uR0C9UeKz+7kghkHIYeLoyW1JOe5n4n9dKlH/upiyME0VDMhnkJxyrCGfR4C4TlCg+1ASIYHpXTPoggCgdYFGHYE+fPEvqR2X7tHxyd1yqXOZxFNAu2kOHyEZnqIKuURXVEEGP6Bm9ojfjyXgx3o2PSemckffsoD8wPn8A9c+bgQ==</latexit>

@µJa
µ = O

a

<latexit sha1_base64="fkB21TY8S1PWheVBpCerTPxvtgk=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxZsRzAOSNfROZpMhsw9nZgNhyXd48aCIVz/Gm3/jbLIHTSwYKKq66ZryYsGVtu1va2V1bX1js7BV3N7Z3dsvHRw2VZRIyho0EpFse6iY4CFraK4Fa8eSYeAJ1vJGN5nfGjOpeBQ+6EnM3AAHIfc5RW0ktxugHlIU6d30EXulsl2xZyDLxMlJGXLUe6Wvbj+iScBCTQUq1XHsWLspSs2pYNNiN1EsRjrCAesYGmLAlJvOQk/JqVH6xI+keaEmM/X3RoqBUpPAM5NZSLXoZeJ/XifR/pWb8jBONAvp/JCfCKIjkjVA+lwyqsXEEKSSm6yEDlEi1aanoinBWfzyMmmeV5xqpXp/Ua5d53UU4BhO4AwcuIQa3EIdGkDhCZ7hFd6ssfVivVsf89EVK985gj+wPn8A/fuSQw==</latexit>

O
a



Possibilities for the transition:

 bCFT:  

(2) Decoupling: gluon states become null
<latexit sha1_base64="qQtTCD4kHXdB+ytxeSZRERZTfwM="></latexit>

hJa
µ(~x)J

b
⌫(0)i = CJ �ab

�µ⌫ � 2xµx⌫

~x 2

(~x 2)2
, CJ �!

L!Lcrit

0

7

(1) Higgs: a bulk charged scalar condenses

 bCFT: an adjoint scalar operator       becomes marginal         
(.         ) and gives<latexit sha1_base64="393UDhqjOtsXHchCn3D+M/3e2Ps=">AAAB8XicbVDJSgNBEK2JW4xb1KOXxiB4CjPuFyGoB48RzILJEHo6NUmTnp6hu0cIQ/7CiwdFvPo33vwbO8tBow8KHu9VUVUvSATXxnW/nNzC4tLySn61sLa+sblV3N6p6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwPfYbj6g0j+W9GSboR7QnecgZNVZ6aN+gMJRckuNOseSW3QnIX+LNSAlmqHaKn+1uzNIIpWGCat3y3MT4GVWGM4GjQjvVmFA2oD1sWSpphNrPJhePyIFVuiSMlS1pyET9OZHRSOthFNjOiJq+nvfG4n9eKzXhhZ9xmaQGJZsuClNBTEzG75MuV8iMGFpCmeL2VsL6VFFmbEgFG4I3//JfUj8qe2fl07uTUuVqFkce9mAfDsGDc6jALVShBgwkPMELvDraeXbenPdpa86ZzezCLzgf3wyAj94=</latexit>

� = 3
<latexit sha1_base64="aydJ8kmZtWb7TxoS27Xy1xe57To=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquSiK+NkLRjbixgn1Ak5ab6aQdOnkwMxFK6A+48VfcuFDErXt3/o2TNgttPTDM4Zx7ufceL+ZMKsv6NubmFxaXlgsrxdW19Y1Nc2u7LqNEEFojEY9E0wNJOQtpTTHFaTMWFAKP04Y3uMr8xgMVkkXhvRrG1A2gFzKfEVBa6pj7TgxCMeBtJ0jwTRs62X+BnQBUnwBPb0daM0tW2RoDzxI7JyWUo9oxv5xuRJKAhopwkLJlW7Fy02wS4XRUdBJJYyAD6NGWpiEEVLrp+JoRPtBKF/uR0C9UeKz+7kghkHIYeLoyW1JOe5n4n9dKlH/upiyME0VDMhnkJxyrCGfR4C4TlCg+1ASIYHpXTPoggCgdYFGHYE+fPEvqR2X7tHxyd1yqXOZxFNAu2kOHyEZnqIKuURXVEEGP6Bm9ojfjyXgx3o2PSemckffsoD8wPn8A9c+bgQ==</latexit>

@µJa
µ = O

a

<latexit sha1_base64="fkB21TY8S1PWheVBpCerTPxvtgk=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxZsRzAOSNfROZpMhsw9nZgNhyXd48aCIVz/Gm3/jbLIHTSwYKKq66ZryYsGVtu1va2V1bX1js7BV3N7Z3dsvHRw2VZRIyho0EpFse6iY4CFraK4Fa8eSYeAJ1vJGN5nfGjOpeBQ+6EnM3AAHIfc5RW0ktxugHlIU6d30EXulsl2xZyDLxMlJGXLUe6Wvbj+iScBCTQUq1XHsWLspSs2pYNNiN1EsRjrCAesYGmLAlJvOQk/JqVH6xI+keaEmM/X3RoqBUpPAM5NZSLXoZeJ/XifR/pWb8jBONAvp/JCfCKIjkjVA+lwyqsXEEKSSm6yEDlEi1aanoinBWfzyMmmeV5xqpXp/Ua5d53UU4BhO4AwcuIQa3EIdGkDhCZ7hFd6ssfVivVsf89EVK985gj+wPn8A/fuSQw==</latexit>

O
a



Possibilities for the transition:

 bCFT:  

(2) Decoupling: gluon states become null
<latexit sha1_base64="qQtTCD4kHXdB+ytxeSZRERZTfwM="></latexit>

hJa
µ(~x)J

b
⌫(0)i = CJ �ab

�µ⌫ � 2xµx⌫

~x 2

(~x 2)2
, CJ �!

L!Lcrit

0

7

(3) Tachyon: (weakly-coupled) scalar    with 

 bCFT:                    , at weak coupling  
                                singlet marginal operator

<latexit sha1_base64="0lJW2egFHmxXy2KtAnldvwao0gk=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEV2Wm+Fq4KBXEjVDBPqAdh0yatqGZB8kdsQwD/oobF4q49Tvc+Tem7Sy09cC9HM65l9wcLxJcgWV9G7mFxaXllfxqYW19Y3PL3N5pqDCWlNVpKELZ8ohiggesDhwEa0WSEd8TrOkNL8d+84FJxcPgDkYRc3zSD3iPUwJacs29m/syvsC6u0kH2CMk1as0dc2iVbImwPPEzkgRZai55lenG9LYZwFQQZRq21YETkIkcCpYWujEikWEDkmftTUNiM+Uk0zOT/GhVrq4F0pdAeCJ+nsjIb5SI9/Tkz6BgZr1xuJ/XjuG3rmT8CCKgQV0+lAvFhhCPM4Cd7lkFMRIE0Il17diOiCSUNCJFXQI9uyX50mjXLJPSye3x8VKNYsjj/bRATpCNjpDFXSNaqiOKErQM3pFb8aT8WK8Gx/T0ZyR7eyiPzA+fwCwxZS1</latexit>

M2 < M2
BF

<latexit sha1_base64="CSyXaWxx6UzyxtLAdkiwM8Z5mag=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5VvfFwWWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWyI5J</latexit>

�
<latexit sha1_base64="3ahMWtIU2pNHnlUqpOdOAFR755Y=">AAACD3icbVDLSsNAFJ34rPUVdelmsCh1U5L63AhFXbizgn1AE8pkOmmHTiZhZiKUkD9w46+4caGIW7fu/BsnbRbaeuDC4Zx7ufceL2JUKsv6NubmFxaXlgsrxdW19Y1Nc2u7KcNYYNLAIQtF20OSMMpJQ1HFSDsSBAUeIy1veJX5rQciJA35vRpFxA1Qn1OfYqS01DUPnGvCFCo7AVIDjFhym3adaEAPLxxfIJwcpUk1hbBrlqyKNQacJXZOSiBHvWt+Ob0QxwHhCjMkZce2IuUmSCiKGUmLTixJhPAQ9UlHU44CIt1k/E8K97XSg34odHEFx+rviQQFUo4CT3dmZ8tpLxP/8zqx8s/dhPIoVoTjySI/ZlCFMAsH9qggWLGRJggLqm+FeIB0DkpHWNQh2NMvz5JmtWKfVk7ujku1yzyOAtgFe6AMbHAGauAG1EEDYPAInsEreDOejBfj3fiYtM4Z+cwO+APj8wcQQZwL</latexit>

�(O�) =
3

2

<latexit sha1_base64="+h7lJrUSlsckSWemP42s2YgnQws=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQNyWpUt0IRV24s4J9QBPDZDpth04mYWYilNCdG3/FjQtF3PoL7vwbJ20W2nrgwuGce7n3Hj9iVCrL+jZyC4tLyyv51cLa+sbmlrm905RhLDBp4JCFou0jSRjlpKGoYqQdCYICn5GWP7xM/dYDEZKG/E6NIuIGqM9pj2KktOSZ+84VYQqVnACpAUYsuRl7TjSg95UjeA6PPbNola0J4DyxM1IEGeqe+eV0QxwHhCvMkJQd24qUmyChKGZkXHBiSSKEh6hPOppyFBDpJpM/xvBQK13YC4UuruBE/T2RoEDKUeDrzvRcOeul4n9eJ1a9MzehPIoV4Xi6qBczqEKYhgK7VBCs2EgThAXVt0I8QAJhpaMr6BDs2ZfnSbNStqvl6u1JsXaRxZEHe+AAlIANTkENXIM6aAAMHsEzeAVvxpPxYrwbH9PWnJHN7II/MD5/ACLcmDI=</latexit>

�(O2
�) = 3

(1) Higgs: a bulk charged scalar condenses

 bCFT: an adjoint scalar operator       becomes marginal         
(.         ) and gives<latexit sha1_base64="393UDhqjOtsXHchCn3D+M/3e2Ps=">AAAB8XicbVDJSgNBEK2JW4xb1KOXxiB4CjPuFyGoB48RzILJEHo6NUmTnp6hu0cIQ/7CiwdFvPo33vwbO8tBow8KHu9VUVUvSATXxnW/nNzC4tLySn61sLa+sblV3N6p6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwPfYbj6g0j+W9GSboR7QnecgZNVZ6aN+gMJRckuNOseSW3QnIX+LNSAlmqHaKn+1uzNIIpWGCat3y3MT4GVWGM4GjQjvVmFA2oD1sWSpphNrPJhePyIFVuiSMlS1pyET9OZHRSOthFNjOiJq+nvfG4n9eKzXhhZ9xmaQGJZsuClNBTEzG75MuV8iMGFpCmeL2VsL6VFFmbEgFG4I3//JfUj8qe2fl07uTUuVqFkce9mAfDsGDc6jALVShBgwkPMELvDraeXbenPdpa86ZzezCLzgf3wyAj94=</latexit>

� = 3
<latexit sha1_base64="aydJ8kmZtWb7TxoS27Xy1xe57To=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquSiK+NkLRjbixgn1Ak5ab6aQdOnkwMxFK6A+48VfcuFDErXt3/o2TNgttPTDM4Zx7ufceL+ZMKsv6NubmFxaXlgsrxdW19Y1Nc2u7LqNEEFojEY9E0wNJOQtpTTHFaTMWFAKP04Y3uMr8xgMVkkXhvRrG1A2gFzKfEVBa6pj7TgxCMeBtJ0jwTRs62X+BnQBUnwBPb0daM0tW2RoDzxI7JyWUo9oxv5xuRJKAhopwkLJlW7Fy02wS4XRUdBJJYyAD6NGWpiEEVLrp+JoRPtBKF/uR0C9UeKz+7kghkHIYeLoyW1JOe5n4n9dKlH/upiyME0VDMhnkJxyrCGfR4C4TlCg+1ASIYHpXTPoggCgdYFGHYE+fPEvqR2X7tHxyd1yqXOZxFNAu2kOHyEZnqIKuURXVEEGP6Bm9ojfjyXgx3o2PSemckffsoD8wPn8A9c+bgQ==</latexit>

@µJa
µ = O

a

<latexit sha1_base64="fkB21TY8S1PWheVBpCerTPxvtgk=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxZsRzAOSNfROZpMhsw9nZgNhyXd48aCIVz/Gm3/jbLIHTSwYKKq66ZryYsGVtu1va2V1bX1js7BV3N7Z3dsvHRw2VZRIyho0EpFse6iY4CFraK4Fa8eSYeAJ1vJGN5nfGjOpeBQ+6EnM3AAHIfc5RW0ktxugHlIU6d30EXulsl2xZyDLxMlJGXLUe6Wvbj+iScBCTQUq1XHsWLspSs2pYNNiN1EsRjrCAesYGmLAlJvOQk/JqVH6xI+keaEmM/X3RoqBUpPAM5NZSLXoZeJ/XifR/pWb8jBONAvp/JCfCKIjkjVA+lwyqsXEEKSSm6yEDlEi1aanoinBWfzyMmmeV5xqpXp/Ua5d53UU4BhO4AwcuIQa3EIdGkDhCZ7hFd6ssfVivVsf89EVK985gj+wPn8A/fuSQw==</latexit>

O
a



We propose a generalization of (3), without need of 
weak coupling, which is realized in 2d toy models:

(4) Marginality:
 bCFT: a singlet scalar operator      becomes marginal  
(          ) and its boundary coupling runs                   

<latexit sha1_base64="393UDhqjOtsXHchCn3D+M/3e2Ps=">AAAB8XicbVDJSgNBEK2JW4xb1KOXxiB4CjPuFyGoB48RzILJEHo6NUmTnp6hu0cIQ/7CiwdFvPo33vwbO8tBow8KHu9VUVUvSATXxnW/nNzC4tLySn61sLa+sblV3N6p6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwPfYbj6g0j+W9GSboR7QnecgZNVZ6aN+gMJRckuNOseSW3QnIX+LNSAlmqHaKn+1uzNIIpWGCat3y3MT4GVWGM4GjQjvVmFA2oD1sWSpphNrPJhePyIFVuiSMlS1pyET9OZHRSOthFNjOiJq+nvfG4n9eKzXhhZ9xmaQGJZsuClNBTEzG75MuV8iMGFpCmeL2VsL6VFFmbEgFG4I3//JfUj8qe2fl07uTUuVqFkce9mAfDsGDc6jALVShBgwkPMELvDraeXbenPdpa86ZzezCLzgf3wyAj94=</latexit>

� = 3

<latexit sha1_base64="Lo/nguURRFAV/ZQFbEc6fHXMWt4="></latexit>Z

AdS4

1

2g2
tr[F 2] +

Z

@
yO

<latexit sha1_base64="07wOOGCJ4HjrPP6hYTkHPGs58I0=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia1l0484K9gHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTAQ34LrfTmlldW19o7xZ2dre2d2r7h+0jUo1ZS2qhNLdkBgmuGQt4CBYN9GMxKFgnXB8m/udJ6YNV/IRJgkLYjKUPOKUgJX8XkxgRInI7qf9as2tuzPgZeIVpIYKNPvVr95A0TRmEqggxviem0CQEQ2cCjat9FLDEkLHZMh8SyWJmQmyWeQpPrHKAEdK2ycBz9TfGxmJjZnEoZ3MI5pFLxf/8/wUousg4zJJgUk6/yhKBQaF8/vxgGtGQUwsIVRzmxXTEdGEgm2pYkvwFk9eJu2zundZv3g4rzVuijrK6Agdo1PkoSvUQHeoiVqIIoWe0St6c8B5cd6dj/loySl2DtEfOJ8/iNSRbw==</latexit>

O

[Lauria, Milam, van Rees (2023)]
,

<latexit sha1_base64="fulxpB1KZmRYX1exMGfdiizsN7Q="></latexit>

�y ⇠ A

✓
1

g2crit
� 1

g2

◆
+B y2

8



We propose a generalization of (3), without need of 
weak coupling, which is realized in 2d toy models:

(4) Marginality:
 bCFT: a singlet scalar operator      becomes marginal  
(          ) and its boundary coupling runs                   

<latexit sha1_base64="393UDhqjOtsXHchCn3D+M/3e2Ps=">AAAB8XicbVDJSgNBEK2JW4xb1KOXxiB4CjPuFyGoB48RzILJEHo6NUmTnp6hu0cIQ/7CiwdFvPo33vwbO8tBow8KHu9VUVUvSATXxnW/nNzC4tLySn61sLa+sblV3N6p6zhVDGssFrFqBlSj4BJrhhuBzUQhjQKBjWBwPfYbj6g0j+W9GSboR7QnecgZNVZ6aN+gMJRckuNOseSW3QnIX+LNSAlmqHaKn+1uzNIIpWGCat3y3MT4GVWGM4GjQjvVmFA2oD1sWSpphNrPJhePyIFVuiSMlS1pyET9OZHRSOthFNjOiJq+nvfG4n9eKzXhhZ9xmaQGJZsuClNBTEzG75MuV8iMGFpCmeL2VsL6VFFmbEgFG4I3//JfUj8qe2fl07uTUuVqFkce9mAfDsGDc6jALVShBgwkPMELvDraeXbenPdpa86ZzezCLzgf3wyAj94=</latexit>

� = 3

<latexit sha1_base64="Lo/nguURRFAV/ZQFbEc6fHXMWt4="></latexit>Z

AdS4

1

2g2
tr[F 2] +

Z

@
yO

<latexit sha1_base64="07wOOGCJ4HjrPP6hYTkHPGs58I0=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia1l0484K9gHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTAQ34LrfTmlldW19o7xZ2dre2d2r7h+0jUo1ZS2qhNLdkBgmuGQt4CBYN9GMxKFgnXB8m/udJ6YNV/IRJgkLYjKUPOKUgJX8XkxgRInI7qf9as2tuzPgZeIVpIYKNPvVr95A0TRmEqggxviem0CQEQ2cCjat9FLDEkLHZMh8SyWJmQmyWeQpPrHKAEdK2ycBz9TfGxmJjZnEoZ3MI5pFLxf/8/wUousg4zJJgUk6/yhKBQaF8/vxgGtGQUwsIVRzmxXTEdGEgm2pYkvwFk9eJu2zundZv3g4rzVuijrK6Agdo1PkoSvUQHeoiVqIIoWe0St6c8B5cd6dj/loySl2DtEfOJ8/iNSRbw==</latexit>

O

[Lauria, Milam, van Rees (2023)]
,

<latexit sha1_base64="fulxpB1KZmRYX1exMGfdiizsN7Q="></latexit>

�y ⇠ A

✓
1

g2crit
� 1

g2

◆
+B y2

<latexit sha1_base64="aBh3yJamAYTTws1mxRkuElcvOgg=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiTF10qKblxWsA9oY5hMJ+3QySTM3IglFPwVNy4Ucet3uPNvnLZZaOuBezmccy8z9wSJ4Boc59taWFxaXlktrBXXNza3tu2d3YaOU0VZncYiVq2AaCa4ZHXgIFgrUYxEgWDNYHA99psPTGkeyzsYJsyLSE/ykFMCRvLt/d59BV9i0/0OsEfIqOIw8u2SU3YmwPPEzUkJ5aj59lenG9M0YhKoIFq3XScBLyMKOBVsVOykmiWEDkiPtQ2VJGLayybfH+Ejo3RxGCtTEvBE/b2RkUjrYRSYyYhAX896Y/E/r51CeOFlXCYpMEmnD4WpwBDjcRa4yxWjIIaGkPHdnGLaJ4pQMIkVTQju7MnzpFEpu2fl09uTUvUqj6OADtAhOkYuOkdVdINqqI4oytAzekVv1pP1Yr1bH9PRBSvf2UN/YH3+AFIvlR0=</latexit>

g2 > g2crit
<latexit sha1_base64="FwKfcvK+K66QWBnbuOb2UkRDMqY=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRFqgsXRTcuK9gHtDFMptN26GQSZm7EEgr+ihsXirj1O9z5N07aLLT1wL0czrmXmXuCWHANjvNtLS2vrK6tFzaKm1vbO7v23n5TR4mirEEjEal2QDQTXLIGcBCsHStGwkCwVjC6zvzWA1OaR/IOxjHzQjKQvM8pASP59uHgvoIvsel+F9gjpFRxmPh2ySk7U+BF4uakhHLUffur24toEjIJVBCtO64Tg5cSBZwKNil2E81iQkdkwDqGShIy7aXT70/wiVF6uB8pUxLwVP29kZJQ63EYmMmQwFDPe5n4n9dJoH/hpVzGCTBJZw/1E4EhwlkWuMcVoyDGhpDsbk4xHRJFKJjEiiYEd/7kRdKslN1quXp7Vqpd5XEU0BE6RqfIReeohm5QHTUQRSl6Rq/ozXqyXqx362M2umTlOwfoD6zPH09ZlRw=</latexit>

g2 < g2crit

<latexit sha1_base64="Cyl0JO7GeMUsbDl+3j9Eb0mpFKs=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN2J0II/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqDm0ey1j3AmZACgVtFCihl2hgUSChG0xv5373EbQRsXrALAE/YmMlQsEZWqk7CADZMBtWa27dXYD+JV5BaqRAa1j9HIxinkagkEtmTN9zE/RzplFwCbPKIDWQMD5lY+hbqlgExs8X587omVVGNIy1LYV0of6cyFlkTBYFtjNiODGr3lz8z+unGF77uVBJiqD4clGYSooxnf9OR0IDR5lZwrgW9lbKJ0wzjjahig3BW335L+lc1L1GvXF/WWveFHGUyQk5JefEI1ekSe5Ii7QJJ1PyRF7Iq5M4z86b875sLTnFzDH5BefjG10Pj5s=</latexit>

�y
<latexit sha1_base64="Cyl0JO7GeMUsbDl+3j9Eb0mpFKs=">AAAB7nicbVBNS8NAEN3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN2J0II/RFePCji1d/jzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmltfWNzq7xd2dnd2z+oHh51TJxqDm0ey1j3AmZACgVtFCihl2hgUSChG0xv5373EbQRsXrALAE/YmMlQsEZWqk7CADZMBtWa27dXYD+JV5BaqRAa1j9HIxinkagkEtmTN9zE/RzplFwCbPKIDWQMD5lY+hbqlgExs8X587omVVGNIy1LYV0of6cyFlkTBYFtjNiODGr3lz8z+unGF77uVBJiqD4clGYSooxnf9OR0IDR5lZwrgW9lbKJ0wzjjahig3BW335L+lc1L1GvXF/WWveFHGUyQk5JefEI1ekSe5Ii7QJJ1PyRF7Iq5M4z86b875sLTnFzDH5BefjG10Pj5s=</latexit>

�y

<latexit sha1_base64="Wc+SuwGu1gWPWB5JAP5olpWFkag=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjRBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDyRL0IzqUPOSMGis1sn6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGH9CleFM4LTYSzUmlI3pELuWShqh9ifzQ6fk3CoDEsbKljRkrv6emNBI6ywKbGdEzUgvezPxP6+bmvDGn3CZpAYlWywKU0FMTGZfkwFXyIzILKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD60+NCA==</latexit>y <latexit sha1_base64="Wc+SuwGu1gWPWB5JAP5olpWFkag=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjRBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDyRL0IzqUPOSMGis1sn6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGH9CleFM4LTYSzUmlI3pELuWShqh9ifzQ6fk3CoDEsbKljRkrv6emNBI6ywKbGdEzUgvezPxP6+bmvDGn3CZpAYlWywKU0FMTGZfkwFXyIzILKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD60+NCA==</latexit>y

Merger and 
annihilation at the 
transition
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2d Toy Models

<latexit sha1_base64="B6oaQqe2ACQdDzDi177UGBmOccc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkfhyLXjxWMG2hDWWz3bZLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR08SpZtxnsYx1O6SGS6G4jwIlbyea0yiUvBWO72Z+64lrI2L1iJOEBxEdKjEQjKKV/Gzaq5FeueJW3TnIKvFyUoEcjV75q9uPWRpxhUxSYzqem2CQUY2CST4tdVPDE8rGdMg7lioacRNk82On5MwqfTKItS2FZK7+nshoZMwkCm1nRHFklr2Z+J/XSXFwE2RCJSlyxRaLBqkkGJPZ56QvNGcoJ5ZQpoW9lbAR1ZShzadkQ/CWX14lzYuqd1W9fKhV6rd5HEU4gVM4Bw+uoQ730AAfGAh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/UuOOYQ==</latexit>

4AdS  : deconfinement-confinement transition.

Analogous phenomenon in AdS  ? <latexit sha1_base64="pl9xrNUAtuImCuIoAqWLI0QuxAM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eiF48VTFtoQ9lst+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNHGqGfdZLGPdDqnhUijuo0DJ24nmNAolb4Xju5nfeuLaiFg94iThQUSHSgwEo2glP5v2aqRXrrhVdw6ySrycVCBHo1f+6vZjlkZcIZPUmI7nJhhkVKNgkk9L3dTwhLIxHfKOpYpG3ATZ/NgpObNKnwxibUshmau/JzIaGTOJQtsZURyZZW8m/ud1UhzcBJlQSYpcscWiQSoJxmT2OekLzRnKiSWUaWFvJWxENWVo8ynZELzll1dJs1b1rqqXDxeV+m0eRxFO4BTOwYNrqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPT9mOXw==</latexit>

2

[Copetti, DP, Ji, Komatsu (2023)]
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2d Toy Models

<latexit sha1_base64="B6oaQqe2ACQdDzDi177UGBmOccc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkfhyLXjxWMG2hDWWz3bZLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR08SpZtxnsYx1O6SGS6G4jwIlbyea0yiUvBWO72Z+64lrI2L1iJOEBxEdKjEQjKKV/Gzaq5FeueJW3TnIKvFyUoEcjV75q9uPWRpxhUxSYzqem2CQUY2CST4tdVPDE8rGdMg7lioacRNk82On5MwqfTKItS2FZK7+nshoZMwkCm1nRHFklr2Z+J/XSXFwE2RCJSlyxRaLBqkkGJPZ56QvNGcoJ5ZQpoW9lbAR1ZShzadkQ/CWX14lzYuqd1W9fKhV6rd5HEU4gVM4Bw+uoQ730AAfGAh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/UuOOYQ==</latexit>

4AdS  : deconfinement-confinement transition.

Analogous phenomenon in AdS  ? <latexit sha1_base64="pl9xrNUAtuImCuIoAqWLI0QuxAM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eiF48VTFtoQ9lst+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNHGqGfdZLGPdDqnhUijuo0DJ24nmNAolb4Xju5nfeuLaiFg94iThQUSHSgwEo2glP5v2aqRXrrhVdw6ySrycVCBHo1f+6vZjlkZcIZPUmI7nJhhkVKNgkk9L3dTwhLIxHfKOpYpG3ATZ/NgpObNKnwxibUshmau/JzIaGTOJQtsZURyZZW8m/ud1UhzcBJlQSYpcscWiQSoJxmT2OekLzRnKiSWUaWFvJWxENWVo8ynZELzll1dJs1b1rqqXDxeV+m0eRxFO4BTOwYNrqMM9NMAHBgKe4RXeHOW8OO/Ox6K14OQzx/AHzucPT9mOXw==</latexit>

2

[Copetti, DP, Ji, Komatsu (2023)]

<latexit sha1_base64="5C+o0Ni4Z0ss/1nR+ToB2NSZuGQ=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwcPUcwDkiXMTmaTIbOzy0yvEJb8gRcPinj1j7z5N06SPWi0oKGo6qa7K0ikMOi6X05haXllda24XtrY3NreKe/uNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo+up33rk2ohYPeA44X5EB0qEglG00v0t6ZUrbtWdgfwlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26YQcWaVPwljbUkhm6s+JjEbGjKPAdkYUh2bRm4r/eZ0Uw0s/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjackg3BW3z5L2meVL3z6tndaaV2lcdRhAM4hGPw4AJqcAN1aACDEJ7gBV6dkfPsvDnv89aCk8/swy84H9/8eY0E</latexit>

L

symmetry 
breaking

symmetry 
preserved

<latexit sha1_base64="WG75xfXdzXaKFCwaOsgTYj622lM=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lEqseiFw8eKtgPaEPYbLft0s0m7E7EGvJLvHhQxKs/xZv/xk2bg7Y+GHi8N8PMvCAWXIPjfFsrq2vrG5ulrfL2zu5exd4/aOsoUZS1aCQi1Q2IZoJL1gIOgnVjxUgYCNYJJte533lgSvNI3sM0Zl5IRpIPOSVgJN+u3PppH9gjpFRxyDLfrjo1Zwa8TNyCVFGBpm9/9QcRTUImgQqidc91YvBSooBTwbJyP9EsJnRCRqxnqCQh0146OzzDJ0YZ4GGkTEnAM/X3REpCradhYDpDAmO96OXif14vgeGll3IZJ8AknS8aJgJDhPMU8IArRkFMDSH545xiOiaKUDBZlU0I7uLLy6R9VnPrtfrdebVxVcRRQkfoGJ0iF12gBrpBTdRCFCXoGb2iN+vJerHerY9564pVzByiP7A+fwCbJ5O6</latexit>

Lcrit

Massless scalars.  
Forbidden for              by Coleman-Mermin-Wagner<latexit sha1_base64="QY49FlFKzrG772vcATe4pZ/n0RQ=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx48RDAPyIYwO5lNhszOLjO9wrLkN7x4UMSrP+PNv3HyOGhiQUNR1U13V5BIYdB1v53C2vrG5lZxu7Szu7d/UD48apk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4OxrdTv/3EtRGxesQs4b2IDpUIBaNoJf+e+BgTX6gQs3654lbdGcgq8RakAgs0+uUvfxCzNOIKmaTGdD03wV5ONQom+aTkp4YnlI3pkHctVTTippfPbp6QM6sMSBhrWwrJTP09kdPImCwKbGdEcWSWvan4n9dNMbzu5UIlKXLF5ovCVBL75zQAMhCaM5SZJZRpYW8lbEQ1ZWhjKtkQvOWXV0nrourVqrWHy0r9ZhFHEU7gFM7Bgyuowx00oAkMEniGV3hzUufFeXc+5q0FZzFzDH/gfP4AaoSRTg==</latexit>

L ! 1

In theories with continuous global symmetry:
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2d Toy Models Example: O(N) sigma model in AdS

<latexit sha1_base64="88MP82qDm2R0+7I4g9uq6jghEN0=">AAAB8nicbVDLSgMxFM34rPVVdekmWAQXpcyIr41QdONKKtgHTIeSSTNtaCYZkjtCGfoZblwo4tavceffmLaz0NYDgcM595B7T5gIbsB1v52l5ZXVtfXCRnFza3tnt7S33zQq1ZQ1qBJKt0NimOCSNYCDYO1EMxKHgrXC4e3Ebz0xbbiSjzBKWBCTvuQRpwSs5PNrr9LpKTCV+26p7FbdKfAi8XJSRjnq3dKXTdI0ZhKoIMb4nptAkBENnAo2LnZSwxJCh6TPfEsliZkJsunKY3xslR6OlLZPAp6qvxMZiY0ZxaGdjAkMzLw3Ef/z/BSiqyDjMkmBSTr7KEoFBoUn9+Me14yCGFlCqOZ2V0wHRBMKtqWiLcGbP3mRNE+r3kX1/OGsXLvJ6yigQ3SETpCHLlEN3aE6aiCKFHpGr+jNAefFeXc+ZqNLTp45QH/gfP4AIVGQhQ==</latexit>

i = 1, . . . , N

<latexit sha1_base64="nD4J+/Qw5fbm/cgUq25ARnu74oI=">AAACD3icbVC7TsMwFHV4lvIKMLJYVKCyVEnFa0GqYGEsgj6kpq0c12mtOk5k3yBVUf+AhV9hYQAhVlY2/gb3MUDLka50dM699r3HjwXX4Djf1sLi0vLKamYtu76xubVt7+xWdZQoyio0EpGq+0QzwSWrAAfB6rFiJPQFq/n965Ffe2BK80jewyBmzZB0JQ84JWCktn10hy+xxyV4EChCU3eYFod5LyYKOBFe3OMtftwqtu2cU3DGwPPEnZIcmqLctr+8TkSTkEmggmjdcJ0YmunoWSrYMOslmsWE9kmXNQyVJGS6mY7vGeJDo3RwEClTEvBY/T2RklDrQeibzpBAT896I/E/r5FAcNFMuYwTYJJOPgoSgSHCo3BwhytGQQwMIVRxsyumPWJyARNh1oTgzp48T6rFgntWOL09yZWupnFk0D46QHnkonNUQjeojCqIokf0jF7Rm/VkvVjv1sekdcGazuyhP7A+fwDhHJv1</latexit>

S =

Z
1
2 (@�

i)2
<latexit sha1_base64="gpo82z/4nFJTL4C8s6bCvxncBpE=">AAACA3icbVDJSgNBEK1xjXEb9aaXxiDES5gJbhch6MWTRDALZCahp9OTNOlZ6O4RwjDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnxZxJZVnfxsLi0vLKam4tv76xubVt7uzWZZQIQmsk4pFoelhSzkJaU0xx2owFxYHHacMbXI/8xgMVkkXhvRrG1A1wL2Q+I1hpqWPuF524z9rsuF1Gl8jxBSbpbZb22uWsYxaskjUGmif2lBRgimrH/HK6EUkCGirCsZQt24qVm2KhGOE0yzuJpDEmA9yjLU1DHFDppuMfMnSklS7yI6ErVGis/p5IcSDlMPB0Z4BVX856I/E/r5Uo/8JNWRgnioZksshPOFIRGgWCukxQovhQE0wE07ci0sc6B6Vjy+sQ7NmX50m9XLLPSqd3J4XK1TSOHBzAIRTBhnOowA1UoQYEHuEZXuHNeDJejHfjY9K6YExn9uAPjM8fPj+WqA==</latexit>

(�i)2 =
N

g2
<latexit sha1_base64="knh0gYxEnGqypHqPPsuE9n0qmA8="></latexit>

�i|@ =
p
N�ni, nini = 1SSB b.c.

<latexit sha1_base64="ds/NAOV1KIGOd+eZ+R0FInLRQzs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZlC5GjVG15tbdHGideAWpQYH2qPo1HEckEVQawrHWA8+NjZ9iZRjhdFEZJprGmMzwhA4slVhQ7af5rQt0YZUxCiNlSxqUq78nUiy0novAdgpspnrVy8T/vEFiwhs/ZTJODJVkuShMODIRyh5HY6YoMXxuCSaK2VsRmWKFibHxVGwI3urL66TbqHvNevPhqta6LeIowxmcwyV4cA0tuIc2dIDAFJ7hFd4c4bw4787HsrXkFDOn8AfO5w/5KY42</latexit>

2

, ,
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2d Toy Models Example: O(N) sigma model in AdS

<latexit sha1_base64="88MP82qDm2R0+7I4g9uq6jghEN0=">AAAB8nicbVDLSgMxFM34rPVVdekmWAQXpcyIr41QdONKKtgHTIeSSTNtaCYZkjtCGfoZblwo4tavceffmLaz0NYDgcM595B7T5gIbsB1v52l5ZXVtfXCRnFza3tnt7S33zQq1ZQ1qBJKt0NimOCSNYCDYO1EMxKHgrXC4e3Ebz0xbbiSjzBKWBCTvuQRpwSs5PNrr9LpKTCV+26p7FbdKfAi8XJSRjnq3dKXTdI0ZhKoIMb4nptAkBENnAo2LnZSwxJCh6TPfEsliZkJsunKY3xslR6OlLZPAp6qvxMZiY0ZxaGdjAkMzLw3Ef/z/BSiqyDjMkmBSTr7KEoFBoUn9+Me14yCGFlCqOZ2V0wHRBMKtqWiLcGbP3mRNE+r3kX1/OGsXLvJ6yigQ3SETpCHLlEN3aE6aiCKFHpGr+jNAefFeXc+ZqNLTp45QH/gfP4AIVGQhQ==</latexit>

i = 1, . . . , N

<latexit sha1_base64="nD4J+/Qw5fbm/cgUq25ARnu74oI=">AAACD3icbVC7TsMwFHV4lvIKMLJYVKCyVEnFa0GqYGEsgj6kpq0c12mtOk5k3yBVUf+AhV9hYQAhVlY2/gb3MUDLka50dM699r3HjwXX4Djf1sLi0vLKamYtu76xubVt7+xWdZQoyio0EpGq+0QzwSWrAAfB6rFiJPQFq/n965Ffe2BK80jewyBmzZB0JQ84JWCktn10hy+xxyV4EChCU3eYFod5LyYKOBFe3OMtftwqtu2cU3DGwPPEnZIcmqLctr+8TkSTkEmggmjdcJ0YmunoWSrYMOslmsWE9kmXNQyVJGS6mY7vGeJDo3RwEClTEvBY/T2RklDrQeibzpBAT896I/E/r5FAcNFMuYwTYJJOPgoSgSHCo3BwhytGQQwMIVRxsyumPWJyARNh1oTgzp48T6rFgntWOL09yZWupnFk0D46QHnkonNUQjeojCqIokf0jF7Rm/VkvVjv1sekdcGazuyhP7A+fwDhHJv1</latexit>

S =

Z
1
2 (@�

i)2
<latexit sha1_base64="gpo82z/4nFJTL4C8s6bCvxncBpE=">AAACA3icbVDJSgNBEK1xjXEb9aaXxiDES5gJbhch6MWTRDALZCahp9OTNOlZ6O4RwjDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnxZxJZVnfxsLi0vLKam4tv76xubVt7uzWZZQIQmsk4pFoelhSzkJaU0xx2owFxYHHacMbXI/8xgMVkkXhvRrG1A1wL2Q+I1hpqWPuF524z9rsuF1Gl8jxBSbpbZb22uWsYxaskjUGmif2lBRgimrH/HK6EUkCGirCsZQt24qVm2KhGOE0yzuJpDEmA9yjLU1DHFDppuMfMnSklS7yI6ErVGis/p5IcSDlMPB0Z4BVX856I/E/r5Uo/8JNWRgnioZksshPOFIRGgWCukxQovhQE0wE07ci0sc6B6Vjy+sQ7NmX50m9XLLPSqd3J4XK1TSOHBzAIRTBhnOowA1UoQYEHuEZXuHNeDJejHfjY9K6YExn9uAPjM8fPj+WqA==</latexit>

(�i)2 =
N

g2
<latexit sha1_base64="knh0gYxEnGqypHqPPsuE9n0qmA8="></latexit>

�i|@ =
p
N�ni, nini = 1SSB b.c.

<latexit sha1_base64="ds/NAOV1KIGOd+eZ+R0FInLRQzs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI9FLx4r2A9oQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzQHbX0w8Hhvhpl5QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpf5vSeqNIvko5nH1Bd4IlnICDaZlC5GjVG15tbdHGideAWpQYH2qPo1HEckEVQawrHWA8+NjZ9iZRjhdFEZJprGmMzwhA4slVhQ7af5rQt0YZUxCiNlSxqUq78nUiy0novAdgpspnrVy8T/vEFiwhs/ZTJODJVkuShMODIRyh5HY6YoMXxuCSaK2VsRmWKFibHxVGwI3urL66TbqHvNevPhqta6LeIowxmcwyV4cA0tuIc2dIDAFJ7hFd4c4bw4787HsrXkFDOn8AfO5w/5KY42</latexit>

2

, ,

<latexit sha1_base64="5C+o0Ni4Z0ss/1nR+ToB2NSZuGQ=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiwcPUcwDkiXMTmaTIbOzy0yvEJb8gRcPinj1j7z5N06SPWi0oKGo6qa7K0ikMOi6X05haXllda24XtrY3NreKe/uNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo+up33rk2ohYPeA44X5EB0qEglG00v0t6ZUrbtWdgfwlXk4qkKPeK392+zFLI66QSWpMx3MT9DOqUTDJJ6VuanhC2YgOeMdSRSNu/Gx26YQcWaVPwljbUkhm6s+JjEbGjKPAdkYUh2bRm4r/eZ0Uw0s/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjackg3BW3z5L2meVL3z6tndaaV2lcdRhAM4hGPw4AJqcAN1aACDEJ7gBV6dkfPsvDnv89aCk8/swy84H9/8eY0E</latexit>

L
<latexit sha1_base64="Qx3zu9vjMkXIy49a01Fd2KyfgQA=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgxpKIr2XRjQsXFewDmlgmk0k7dDIJMxOhhPyGGxeKuPVn3Pk3TtsstPXAwOGcc7l3jp9wprRtf1ulpeWV1bXyemVjc2t7p7q711ZxKgltkZjHsutjRTkTtKWZ5rSbSIojn9OOP7qZ+J0nKhWLxYMeJ9SL8ECwkBGsjeS6dyYa4MfsxMn71Zpdt6dAi8QpSA0KNPvVLzeISRpRoQnHSvUcO9FehqVmhNO84qaKJpiM8ID2DBU4osrLpjfn6MgoAQpjaZ7QaKr+nshwpNQ48k0ywnqo5r2J+J/XS3V45WVMJKmmgswWhSlHOkaTAlDAJCWajw3BRDJzKyJDLDHRpqaKKcGZ//IiaZ/WnYv6+f1ZrXFd1FGGAziEY3DgEhpwC01oAYEEnuEV3qzUerHerY9ZtGQVM/vwB9bnD20rkU0=</latexit>

⇤�1

<latexit sha1_base64="RZPk4QoybUxtcOb+t5qHV4V+jbI=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVo16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD2M2M+w==</latexit>m <latexit sha1_base64="dE/lbzkxODWk0z3ibYske/4RuRc=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjQsXFewDOkPJZDJtaJIZkoxQhv6GGxeKuPVn3Pk3pu0stPVA4HDOudybE6acaeO6305pZXVtfaO8Wdna3tndq+4ftHWSKUJbJOGJ6oZYU84kbRlmOO2mimIRctoJR7dTv/NElWaJfDTjlAYCDySLGcHGSr6vmUD+vc1HuF+tuXV3BrRMvILUoECzX/3yo4RkgkpDONa657mpCXKsDCOcTip+pmmKyQgPaM9SiQXVQT67eYJOrBKhOFH2SYNm6u+JHAutxyK0SYHNUC96U/E/r5eZ+DrImUwzQyWZL4ozjkyCpgWgiClKDB9bgoli9lZEhlhhYmxNFVuCt/jlZdI+q3uX9YuH81rjpqijDEdwDKfgwRU04A6a0AICKTzDK7w5mfPivDsf82jJKWYO4Q+czx+G1ZFe</latexit>

⇠ ⇤

Large N exact solution:

<latexit sha1_base64="w7N3wAYtwJAXcYzm9gg1hUVz+Qo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KolI9SIUvXisYD+gDWWz3bRLN5u4OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDv1W09cGxGrBxwn3I/oQIlQMIpWanfrQ0Guidsrld2KOwNZJl5OypCj3it9dfsxSyOukElqTMdzE/QzqlEwySfFbmp4QtmIDnjHUkUjbvxsdu+EnFqlT8JY21JIZurviYxGxoyjwHZGFIdm0ZuK/3mdFMMrPxMqSZErNl8UppJgTKbPk77QnKEcW0KZFvZWwoZUU4Y2oqINwVt8eZk0zytetVK9vyjXbvI4CnAMJ3AGHlxCDe6gDg1gIOEZXuHNeXRenHfnY9664uQzR/AHzucPhz+O/w==</latexit>

� = 0
<latexit sha1_base64="KQ9gE96AKYdUsd+PqAy8pIjLu68=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7AckoWy2m3bpZjfuboQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KOVMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WmCG0TyaXqRVhTzgRtG2Y47aWK4iTitBuNb2d+94kqzaR4MJOUhgkeChYzgo2V/KA1YigQ9BG5/WrNrbtzoFXiFaQGBVr96lcwkCRLqDCEY619z01NmGNlGOF0WgkyTVNMxnhIfUsFTqgO8/nJU3RmlQGKpbIlDJqrvydynGg9SSLbmWAz0sveTPzP8zMTX4c5E2lmqCCLRXHGkZFo9j8aMEWJ4RNLMFHM3orICCtMjE2pYkPwll9eJZ2LuteoN+4va82bIo4ynMApnIMHV9CEO2hBGwhIeIZXeHOM8+K8Ox+L1pJTzBzDHzifPxpGkIA=</latexit>

� 6= 0

O(N)-singlet marginal 
scalar at the transition
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Back to Yang-Mills:

Goal: use perturbation theory to test 
which of the scenarios is more plausible.
(a) Marginality: requires a singlet scalar with 

(b) Higgs: requires an adjoint scalar with 

(c) Decoupling: requires 

[Ciccone, De Cesare, 
DP, Serone (2024)]

<latexit sha1_base64="DT/Vp2s21M4jZg3nPVVoCvuLMbE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqRC9CUA8eI5gHJkuYnfQmQ2Znl5lZISz5Cy8eFPHq33jzb5w8DhotaCiquunuChLBtXHdLye3tLyyupZfL2xsbm3vFHf3GjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85iMqzWN5b0YJ+hHtSx5yRo2VHjo3KAwll+S0Wyy5ZXcK8pd4c1KCOWrd4menF7M0QmmYoFq3PTcxfkaV4UzguNBJNSaUDWkf25ZKGqH2s+nFY3JklR4JY2VLGjJVf05kNNJ6FAW2M6JmoBe9ifif105NeOFnXCapQclmi8JUEBOTyfukxxUyI0aWUKa4vZWwAVWUGRtSwYbgLb78lzROyl6lXLk7K1Wv5nHk4QAO4Rg8OIcq3EIN6sBAwhO8wKujnWfnzXmfteac+cw+/ILz8Q0M0o/f</latexit>

� = 3

<latexit sha1_base64="DT/Vp2s21M4jZg3nPVVoCvuLMbE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqRC9CUA8eI5gHJkuYnfQmQ2Znl5lZISz5Cy8eFPHq33jzb5w8DhotaCiquunuChLBtXHdLye3tLyyupZfL2xsbm3vFHf3GjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85iMqzWN5b0YJ+hHtSx5yRo2VHjo3KAwll+S0Wyy5ZXcK8pd4c1KCOWrd4menF7M0QmmYoFq3PTcxfkaV4UzguNBJNSaUDWkf25ZKGqH2s+nFY3JklR4JY2VLGjJVf05kNNJ6FAW2M6JmoBe9ifif105NeOFnXCapQclmi8JUEBOTyfukxxUyI0aWUKa4vZWwAVWUGRtSwYbgLb78lzROyl6lXLk7K1Wv5nHk4QAO4Rg8OIcq3EIN6sBAwhO8wKujnWfnzXmfteac+cw+/ILz8Q0M0o/f</latexit>

� = 3

<latexit sha1_base64="etFdlW1eiK8aKlVOF80HrArrp8o=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CMBfxFME8IFnC7GQ2GTI7u8z0CiHkI7x4UMSr3+PNv3GS7EETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMKrN/NYT10bE6hHHCfcjOlAiFIyilVq13j25IW6vWHLL7hxklXgZKUGGeq/41e3HLI24QiapMR3PTdCfUI2CST4tdFPDE8pGdMA7lioaceNP5udOyZlV+iSMtS2FZK7+npjQyJhxFNjOiOLQLHsz8T+vk2J47U+ESlLkii0WhakkGJPZ76QvNGcox5ZQpoW9lbAh1ZShTahgQ/CWX14lzYuyVylXHi5L1dssjjycwCmcgwdXUIU7qEMDGIzgGV7hzUmcF+fd+Vi05pxs5hj+wPn8AYMBjmQ=</latexit>

CJ = 0
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Back to Yang-Mills:

Goal: use perturbation theory to test 
which of the scenarios is more plausible.
(a) Marginality: requires a singlet scalar with 

(b) Higgs: requires an adjoint scalar with 

(c) Decoupling: requires 

[Ciccone, De Cesare, 
DP, Serone (2024)]

<latexit sha1_base64="DT/Vp2s21M4jZg3nPVVoCvuLMbE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqRC9CUA8eI5gHJkuYnfQmQ2Znl5lZISz5Cy8eFPHq33jzb5w8DhotaCiquunuChLBtXHdLye3tLyyupZfL2xsbm3vFHf3GjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85iMqzWN5b0YJ+hHtSx5yRo2VHjo3KAwll+S0Wyy5ZXcK8pd4c1KCOWrd4menF7M0QmmYoFq3PTcxfkaV4UzguNBJNSaUDWkf25ZKGqH2s+nFY3JklR4JY2VLGjJVf05kNNJ6FAW2M6JmoBe9ifif105NeOFnXCapQclmi8JUEBOTyfukxxUyI0aWUKa4vZWwAVWUGRtSwYbgLb78lzROyl6lXLk7K1Wv5nHk4QAO4Rg8OIcq3EIN6sBAwhO8wKujnWfnzXmfteac+cw+/ILz8Q0M0o/f</latexit>

� = 3

<latexit sha1_base64="DT/Vp2s21M4jZg3nPVVoCvuLMbE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqRC9CUA8eI5gHJkuYnfQmQ2Znl5lZISz5Cy8eFPHq33jzb5w8DhotaCiquunuChLBtXHdLye3tLyyupZfL2xsbm3vFHf3GjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/85iMqzWN5b0YJ+hHtSx5yRo2VHjo3KAwll+S0Wyy5ZXcK8pd4c1KCOWrd4menF7M0QmmYoFq3PTcxfkaV4UzguNBJNSaUDWkf25ZKGqH2s+nFY3JklR4JY2VLGjJVf05kNNJ6FAW2M6JmoBe9ifif105NeOFnXCapQclmi8JUEBOTyfukxxUyI0aWUKa4vZWwAVWUGRtSwYbgLb78lzROyl6lXLk7K1Wv5nHk4QAO4Rg8OIcq3EIN6sBAwhO8wKujnWfnzXmfteac+cw+/ILz8Q0M0o/f</latexit>

� = 3

<latexit sha1_base64="etFdlW1eiK8aKlVOF80HrArrp8o=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CMBfxFME8IFnC7GQ2GTI7u8z0CiHkI7x4UMSr3+PNv3GS7EETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMKrN/NYT10bE6hHHCfcjOlAiFIyilVq13j25IW6vWHLL7hxklXgZKUGGeq/41e3HLI24QiapMR3PTdCfUI2CST4tdFPDE8pGdMA7lioaceNP5udOyZlV+iSMtS2FZK7+npjQyJhxFNjOiOLQLHsz8T+vk2J47U+ESlLkii0WhakkGJPZ76QvNGcox5ZQpoW9lbAh1ZShTahgQ/CWX14lzYuyVylXHi5L1dssjjycwCmcgwdXUIU7qEMDGIzgGV7hzUmcF+fd+Vi05pxs5hj+wPn8AYMBjmQ=</latexit>

CJ = 0

Leading candidates for (a)-(b): “double-trace’’ operators
<latexit sha1_base64="WPbLOa/IAT6bwZvV1/N3Hj932t0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjXRVwT6gTcNkOmmHTiZhZlIooX/ixoUibv0Td/6N0zYLbT1wuYdz7mXunCDhTGnH+bYKG5tb2zvF3dLe/sHhkX180lJxKgltkpjHshNgRTkTtKmZ5rSTSIqjgNN2ML6f++0JlYrF4klPE+pFeChYyAjWRvJtu97Hfi9KUb2fYdNnvl12Ks4CaJ24OSlDjoZvf/UGMUkjKjThWKmu6yTay7DUjHA6K/VSRRNMxnhIu4YKHFHlZYvLZ+jCKAMUxtKU0Gih/t7IcKTUNArMZIT1SK16c/E/r5vq8NbLmEhSTQVZPhSmHOkYzWNAAyYp0XxqCCaSmVsRGWGJiTZhlUwI7uqX10nrquJWK9XH63LtLo+jCGdwDpfgwg3U4AEa0AQCE3iGV3izMuvFerc+lqMFK985hT+wPn8AIOuTWw==</latexit>

Ja
µJ

aµ singlet,                       adjoint
<latexit sha1_base64="xP6CP2+ZrGtwvqy/WM7H8b1wxRw=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRITFWCUGGsYEGdikQfUptGjuO0Vm0nsh2kKsrCr7AwgBArn8HG3+C2GaDlSFf36Jx7Zd8TJIwq7Tjf1srq2vrGZmmrvL2zu7dvHxy2VZxKTFo4ZrHsBkgRRgVpaaoZ6SaSIB4w0gnGt1O/80ikorF40JOEeBwNBY0oRtpIvn0cDjIU4LwxCPw+T2FjkGHTc9+uOFVnBrhM3IJUQIGmb3/1wxinnAiNGVKq5zqJ9jIkNcWM5OV+qkiC8BgNSc9QgThRXjY7IIdnRglhFEtTQsOZ+nsjQ1ypCQ/MJEd6pBa9qfif10t1dO1lVCSpJgLPH4pSBnUMp2nAkEqCNZsYgrCk5q8Qj5BEWJvMyiYEd/HkZdK+qLq1au3+slK/KeIogRNwCs6BC65AHdyBJmgBDHLwDF7Bm/VkvVjv1sd8dMUqdo7AH1ifP7vMloQ=</latexit>

dabcJb
µJ

cµ

<latexit sha1_base64="/QSXZ78jWe3T4q7SzNqMGnFtgRc="></latexit>

�[JJ] = 4 + �(1)
[JJ]g

2 +O(g4)

Test for (c):
<latexit sha1_base64="rNeIpvhB7sEqEFQEJ5GC3pDlcdk="></latexit>

CJ = 2
⇡2g2 (1 + c(1)J g2 +O(g4))
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Results:

<latexit sha1_base64="WPbLOa/IAT6bwZvV1/N3Hj932t0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi1WXRjXRVwT6gTcNkOmmHTiZhZlIooX/ixoUibv0Td/6N0zYLbT1wuYdz7mXunCDhTGnH+bYKG5tb2zvF3dLe/sHhkX180lJxKgltkpjHshNgRTkTtKmZ5rSTSIqjgNN2ML6f++0JlYrF4klPE+pFeChYyAjWRvJtu97Hfi9KUb2fYdNnvl12Ks4CaJ24OSlDjoZvf/UGMUkjKjThWKmu6yTay7DUjHA6K/VSRRNMxnhIu4YKHFHlZYvLZ+jCKAMUxtKU0Gih/t7IcKTUNArMZIT1SK16c/E/r5vq8NbLmEhSTQVZPhSmHOkYzWNAAyYp0XxqCCaSmVsRGWGJiTZhlUwI7uqX10nrquJWK9XH63LtLo+jCGdwDpfgwg3U4AEa0AQCE3iGV3izMuvFerc+lqMFK985hT+wPn8AIOuTWw==</latexit>

Ja
µJ

aµ singlet,                       adjoint
<latexit sha1_base64="xP6CP2+ZrGtwvqy/WM7H8b1wxRw=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRITFWCUGGsYEGdikQfUptGjuO0Vm0nsh2kKsrCr7AwgBArn8HG3+C2GaDlSFf36Jx7Zd8TJIwq7Tjf1srq2vrGZmmrvL2zu7dvHxy2VZxKTFo4ZrHsBkgRRgVpaaoZ6SaSIB4w0gnGt1O/80ikorF40JOEeBwNBY0oRtpIvn0cDjIU4LwxCPw+T2FjkGHTc9+uOFVnBrhM3IJUQIGmb3/1wxinnAiNGVKq5zqJ9jIkNcWM5OV+qkiC8BgNSc9QgThRXjY7IIdnRglhFEtTQsOZ+nsjQ1ypCQ/MJEd6pBa9qfif10t1dO1lVCSpJgLPH4pSBnUMp2nAkEqCNZsYgrCk5q8Qj5BEWJvMyiYEd/HkZdK+qLq1au3+slK/KeIogRNwCs6BC65AHdyBJmgBDHLwDF7Bm/VkvVjv1sd8dMUqdo7AH1ifP7vMloQ=</latexit>

dabcJb
µJ

cµ

<latexit sha1_base64="/QSXZ78jWe3T4q7SzNqMGnFtgRc="></latexit>

�[JJ] = 4 + �(1)
[JJ]g

2 +O(g4)

<latexit sha1_base64="AKYgQ5oSMq0KQT/1zcfQJa2YTaY="></latexit>

�(1)
[JJ],singlet = �22nc

3

1

16⇡2
<latexit sha1_base64="zSnR3/A9+aiCFJvhxpKPHaSuUAM=">AAAB7nicbVBNTwIxEJ3iF+IX6tFLIzHBC9k1Bj0SvXjE6AIJbEi3dKGh2920XROy4Ud48aAxXv093vw3FtiDgi+Z5OW9mczMCxLBtXGcb1RYW9/Y3Cpul3Z29/YPyodHLR2nijKPxiJWnYBoJrhknuFGsE6iGIkCwdrB+Hbmt5+Y0jyWj2aSMD8iQ8lDTomxUvvBq8o+Pe+XK07NmQOvEjcnFcjR7Je/eoOYphGThgqiddd1EuNnRBlOBZuWeqlmCaFjMmRdSyWJmPaz+blTfGaVAQ5jZUsaPFd/T2Qk0noSBbYzImakl72Z+J/XTU147WdcJqlhki4WhanAJsaz3/GAK0aNmFhCqOL2VkxHRBFqbEIlG4K7/PIqaV3U3Hqtfn9ZadzkcRThBE6hCi5cQQPuoAkeUBjDM7zCG0rQC3pHH4vWAspnjuEP0OcPXmeO9A==</latexit>

SU(nc)

<latexit sha1_base64="0NdW8P41HkXAYnczQw7+69giVbQ="></latexit>

c(1)J = � (10 + 3�E)nc

324⇡2

<latexit sha1_base64="rNeIpvhB7sEqEFQEJ5GC3pDlcdk="></latexit>

CJ = 2
⇡2g2 (1 + c(1)J g2 +O(g4))
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<latexit sha1_base64="T/PCgd2I+aZXzpPBMOKQ6EpNBM0="></latexit>

�(1)
[JJ],adjoint = �11nc

3

1

16⇡2

<latexit sha1_base64="j7wS8F7tKFAwj8Nbw54mK7S7CAI=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKR6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva369Vq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxg5i5k=</latexit>

4
<latexit sha1_base64="zAYiae0AiBpVJ1FsFEw+B7zCIFA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbVoEeiF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftkrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa88SdcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1K9K1dssjjycwCmcgwfXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AIE3jMI=</latexit>

3 <latexit sha1_base64="FF+gzHb5AclY6OS2y/NMxQVBvPA=">AAAB6nicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvXisaD+gXUs2zW5Ds8mSZIWy9Cd48aCIV3+RN/+NabsHbX0w8Hhvhpl5QcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tUEdoikkvVDbCmnAnaMsxw2k0UxXHAaScY38z8zhNVmknxYCYJ9WMcCRYygo2V7qPH2qBccavuHGiVeDmpQI7moPzVH0qSxlQYwrHWPc9NjJ9hZRjhdFrqp5ommIxxRHuWChxT7WfzU6fozCpDFEplSxg0V39PZDjWehIHtjPGZqSXvZn4n9dLTXjlZ0wkqaGCLBaFKUdGotnfaMgUJYZPLMFEMXsrIiOsMDE2nZINwVt+eZW0a1WvXq3fXVQa13kcRTiBUzgHDy6hAbfQhBYQiOAZXuHN4c6L8+58LFoLTj5zDH/gfP4A9UyNmg==</latexit>

g2

<latexit sha1_base64="ttip7NBE+2Nqh3MqdwnMhYIhM/A=">AAAB/HicbVBNS8NAEN34WetXtEcvwSJ4CkmR6rGoB48V7Ae0oWy203bt5oPdiVhC/CtePCji1R/izX/jpu3BWh8MPN6bYWaeHwuu0HG+jZXVtfWNzcJWcXtnd2/fPDhsqiiRDBosEpFs+1SB4CE0kKOAdiyBBr6Alj++yv3WA0jFo/AOJzF4AR2GfMAZRS31zFL3GgTSXtpFeMSU9u+zrGeWHbvi5LAcuzojru0skjKZo94zv7r9iCUBhMgEVarjOjF6KZXImYCs2E0UxJSN6RA6moY0AOWl0+Mz60QrfWsQSV0hWlP190RKA6Umga87A4oj9dfLxf+8ToKDCy/lYZwghGy2aJAICyMrT8LqcwkMxUQTyiTXt1psRCVlqPMq6hCWXl4mzYrtVu3q7Vm5djmPo0COyDE5JS45JzVyQ+qkQRiZkGfySt6MJ+PFeDc+Zq0rxnymRBZgfP4AjlGVYg==</latexit>

�adj<latexit sha1_base64="rwsnnu30GAa+kpjBQtD/EiZNW2g=">AAAB/XicdVDLSsNAFJ34rPUVHzs3wSK4KolIdVnUhcsK9gFNCJPpTTt0MgkzN2INxV9x40IRt/6HO//G9CHU14ELh3Pu5R5OkAiu0bY/jLn5hcWl5cJKcXVtfWPT3Npu6DhVDOosFrFqBVSD4BLqyFFAK1FAo0BAM+ifj/zmDSjNY3mNgwS8iHYlDzmjmEu+uetegEDqZy7CLWaay+5w6Jslp2yPYdm/yJdVIlPUfPPd7cQsjUAiE1TrtmMn6GVUIWcChkU31ZBQ1qddaOdU0gi0l43TD62DXOlYYazykWiN1dmLjEZaD6Ig34wo9vRPbyT+5bVTDE+9jMskRZBs8ihMhYWxNarC6nAFDMUgJ5Qpnme1WI8qyjAvrDhbwv+kcVR2KuXK1XGpejato0D2yD45JA45IVVySWqkThi5Iw/kiTwb98aj8WK8TlbnjOnNDvkG4+0TdRqV5g==</latexit>

�singlargest coefficient
<latexit sha1_base64="mBlYhUOEaaksl3ftaILWeIqJ7as=">AAACCHicbVDLSgNBEJyNrxhfqx49uBiECBJ2RaLHoBfJKYJ5QLKG2ckkGTIzu8z0imHZoxd/xYsHRbz6Cd78GyePg0YLGoqqbrq7gogzDa77ZWUWFpeWV7KrubX1jc0te3unrsNYEVojIQ9VM8CaciZpDRhw2owUxSLgtBEML8d+444qzUJ5A6OI+gL3JesxgsFIHXu/3cdC4Nuk4B2lnaRVqfjHbaD3kGgm+2nasfNu0Z3A+Uu8GcmjGaod+7PdDUksqATCsdYtz43AT7ACRjhNc+1Y0wiTIe7TlqESC6r9ZPJI6hwapev0QmVKgjNRf04kWGg9EoHpFBgGet4bi/95rRh6537CZBQDlWS6qBdzB0JnnIrTZYoS4CNDMFHM3OqQAVaYgMkuZ0Lw5l/+S+onRa9ULF2f5ssXsziyaA8doALy0BkqoytURTVE0AN6Qi/o1Xq0nq03633amrFmM7voF6yPb5Uwmbw=</latexit>

�(1)
[JJ],sing



Estimates from truncating at NLO:
<latexit sha1_base64="VCbmnEBIRTvHUBlnm3XyRGqr96o=">AAACAXicbVDLSgNBEJyNrxhfUS+Cl8EgeAq7KtGLENSDxwjmAUkIs5NOMmR2dpnpFcMSL/6KFw+KePUvvPk3Th4HTSxoKKq66e7yIykMuu63k1pYXFpeSa9m1tY3Nrey2zsVE8aaQ5mHMtQ1nxmQQkEZBUqoRRpY4Euo+v2rkV+9B21EqO5wEEEzYF0lOoIztFIru9e4BomslTQQHjAxQnWHQ3pBT1rZnJt3x6DzxJuSHJmi1Mp+NdohjwNQyCUzpu65ETYTplFwCcNMIzYQMd5nXahbqlgAppmMPxjSQ6u0aSfUthTSsfp7ImGBMYPAt50Bw56Z9Ubif149xs55MxEqihEUnyzqxJJiSEdx0LbQwFEOLGFcC3sr5T2mGUcbWsaG4M2+PE8qx3mvkC/cnuaKl9M40mSfHJAj4pEzUiQ3pETKhJNH8kxeyZvz5Lw4787HpDXlTGd2yR84nz81vpa9</latexit>

�sing = 3
<latexit sha1_base64="Mcel3UU9j+ih0lSLm/LjAwnWw4c=">AAACGnicbVC7SgNBFJ31GeMramkzGASrsBs0WgZtLEQjmAdk4zI7mSRDZmeXmbuSsOx32PgrNhaK2ImNf+PkUWjigQuHc+7hco8fCa7Btr+thcWl5ZXVzFp2fWNzazu3s1vTYawoq9JQhKrhE80El6wKHARrRIqRwBes7vcvRn79gSnNQ3kHw4i1AtKVvMMpASN5OUd6FHfvi54LbAAJVRxS1wTASybK9dVNmrokilQ4wEWncOLl8nbBHgPPE2dK8miKipf7dNshjQMmgQqiddOxI2glRAGngqVZN9YsIrRPuqxpqCQB061k/FqKD43Sxp1QmZGAx+rvREICrYeBbzYDAj09643E/7xmDJ2zVsJlFAOTdHKoEwsMIR71hNtcMQpiaAgZtcIppj2iCAXTZtaU4My+PE9qxYJTKpRuj/Pl82kdGbSPDtARctApKqNLVEFVRNEjekav6M16sl6sd+tjsrpgTTN76A+srx/kuKFj</latexit>

ncg
2

crit
|NLO ⇡ 21.5

<latexit sha1_base64="etFdlW1eiK8aKlVOF80HrArrp8o=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CMBfxFME8IFnC7GQ2GTI7u8z0CiHkI7x4UMSr3+PNv3GS7EETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMKrN/NYT10bE6hHHCfcjOlAiFIyilVq13j25IW6vWHLL7hxklXgZKUGGeq/41e3HLI24QiapMR3PTdCfUI2CST4tdFPDE8pGdMA7lioaceNP5udOyZlV+iSMtS2FZK7+npjQyJhxFNjOiOLQLHsz8T+vk2J47U+ESlLkii0WhakkGJPZ76QvNGcox5ZQpoW9lbAh1ZShTahgQ/CWX14lzYuyVylXHi5L1dssjjycwCmcgwdXUIU7qEMDGIzgGV7hzUmcF+fd+Vi05pxs5hj+wPn8AYMBjmQ=</latexit>

CJ = 0
<latexit sha1_base64="N5F80UiOH+AjpDNOfSIyjo5QxOk=">AAACGXicbVC7SgNBFJ31GeMramkzGASrsBsksQzaWIhGMA/IxmV2MkmGzM4uM3clYdnfsPFXbCwUsdTKv3HyKDTxwIXDOfdwucePBNdg29/W0vLK6tp6ZiO7ubW9s5vb26/rMFaU1WgoQtX0iWaCS1YDDoI1I8VI4AvW8AcXY7/xwJTmobyDUcTaAelJ3uWUgJG8nC09inv3Rc8FNoSEKg6pawLgJVPl+uomTV0SRSoc4mK56OXydsGeAC8SZ0byaIaql/t0OyGNAyaBCqJ1y7EjaCdEAaeCpVk31iwidEB6rGWoJAHT7WTyWYqPjdLB3VCZkYAn6u9EQgKtR4FvNgMCfT3vjcX/vFYM3bN2wmUUA5N0eqgbCwwhHteEO1wxCmJkCBmXwimmfaIIBVNm1pTgzL+8SOrFglMqlG5P85XzWR0ZdIiO0AlyUBlV0CWqohqi6BE9o1f0Zj1ZL9a79TFdXbJmmQP0B9bXD2ujoS4=</latexit>

ncg
2

crit
|NLO ⇡ 272

Marginality scenario favoured
Moreover                                           rather small,  
suggesting perturbation theory reliable

<latexit sha1_base64="kM3WYcl06699wj5wPetgbkBY0tU="></latexit>

ncg
2

crit
|NLO/(16⇡

2) ⇡ 0.14
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<latexit sha1_base64="FrJT82ntyzW5U6kflACQ/QFERmg=">AAACAHicbVDJSgNBEO2JW4zbqAcPXhqD4CnMqEQvQlAPHiOYBZIQejqVpE3PQneNGIa5+CtePCji1c/w5t/YWQ6a+KDg8V4VVfW8SAqNjvNtZRYWl5ZXsqu5tfWNzS17e6eqw1hxqPBQhqruMQ1SBFBBgRLqkQLmexJq3uBq5NceQGkRBnc4jKDls14guoIzNFLb3mteg0TWTpoIj5iwzn2a0gt60rbzTsEZg84Td0ryZIpy2/5qdkIe+xAgl0zrhutE2EqYQsElpLlmrCFifMB60DA0YD7oVjJ+IKWHRunQbqhMBUjH6u+JhPlaD33PdPoM+3rWG4n/eY0Yu+etRARRjBDwyaJuLCmGdJQG7QgFHOXQEMaVMLdS3meKcTSZ5UwI7uzL86R6XHCLheLtab50OY0jS/bJATkiLjkjJXJDyqRCOEnJM3klb9aT9WK9Wx+T1ow1ndklf2B9/gBBPZYx</latexit>

�adj = 3
<latexit sha1_base64="KumoLZa8Qk9QmM66VNE30IYL2jA=">AAACGnicbVDLSsNAFJ3Ud31FXboZLIKrklRRl6IbF+IDrBWaGCbTaTt0MgkzN2IJ+Q43/oobF4q4Ezf+jZO2C209cOFwzj1c7gkTwTU4zrdVmpqemZ2bXygvLi2vrNpr6zc6ThVldRqLWN2GRDPBJasDB8FuE8VIFArWCHsnhd+4Z0rzWF5DP2F+RDqStzklYKTAdmVAceeuFnjAHiCjikPumQAE2VA5P7vIc48kiYof8N5u1Q3silN1BsCTxB2RChrhMrA/vVZM04hJoIJo3XSdBPyMKOBUsLzspZolhPZIhzUNlSRi2s8Gr+V42ygt3I6VGQl4oP5OZCTSuh+FZjMi0NXjXiH+5zVTaB/6GZdJCkzS4aF2KjDEuOgJt7hiFETfEFK0wimmXaIIBdNm2ZTgjr88SW5qVXe/un+1Vzk6HtUxjzbRFtpBLjpAR+gUXaI6ougRPaNX9GY9WS/Wu/UxXC1Zo8wG+gPr6wfkwqFj</latexit>

ncg
2

crit
|NLO ⇡ 43.1



Estimates from truncating at NLO:
<latexit sha1_base64="VCbmnEBIRTvHUBlnm3XyRGqr96o=">AAACAXicbVDLSgNBEJyNrxhfUS+Cl8EgeAq7KtGLENSDxwjmAUkIs5NOMmR2dpnpFcMSL/6KFw+KePUvvPk3Th4HTSxoKKq66e7yIykMuu63k1pYXFpeSa9m1tY3Nrey2zsVE8aaQ5mHMtQ1nxmQQkEZBUqoRRpY4Euo+v2rkV+9B21EqO5wEEEzYF0lOoIztFIru9e4BomslTQQHjAxQnWHQ3pBT1rZnJt3x6DzxJuSHJmi1Mp+NdohjwNQyCUzpu65ETYTplFwCcNMIzYQMd5nXahbqlgAppmMPxjSQ6u0aSfUthTSsfp7ImGBMYPAt50Bw56Z9Ubif149xs55MxEqihEUnyzqxJJiSEdx0LbQwFEOLGFcC3sr5T2mGUcbWsaG4M2+PE8qx3mvkC/cnuaKl9M40mSfHJAj4pEzUiQ3pETKhJNH8kxeyZvz5Lw4787HpDXlTGd2yR84nz81vpa9</latexit>

�sing = 3
<latexit sha1_base64="Mcel3UU9j+ih0lSLm/LjAwnWw4c=">AAACGnicbVC7SgNBFJ31GeMramkzGASrsBs0WgZtLEQjmAdk4zI7mSRDZmeXmbuSsOx32PgrNhaK2ImNf+PkUWjigQuHc+7hco8fCa7Btr+thcWl5ZXVzFp2fWNzazu3s1vTYawoq9JQhKrhE80El6wKHARrRIqRwBes7vcvRn79gSnNQ3kHw4i1AtKVvMMpASN5OUd6FHfvi54LbAAJVRxS1wTASybK9dVNmrokilQ4wEWncOLl8nbBHgPPE2dK8miKipf7dNshjQMmgQqiddOxI2glRAGngqVZN9YsIrRPuqxpqCQB061k/FqKD43Sxp1QmZGAx+rvREICrYeBbzYDAj09643E/7xmDJ2zVsJlFAOTdHKoEwsMIR71hNtcMQpiaAgZtcIppj2iCAXTZtaU4My+PE9qxYJTKpRuj/Pl82kdGbSPDtARctApKqNLVEFVRNEjekav6M16sl6sd+tjsrpgTTN76A+srx/kuKFj</latexit>

ncg
2

crit
|NLO ⇡ 21.5

<latexit sha1_base64="etFdlW1eiK8aKlVOF80HrArrp8o=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CMBfxFME8IFnC7GQ2GTI7u8z0CiHkI7x4UMSr3+PNv3GS7EETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMKrN/NYT10bE6hHHCfcjOlAiFIyilVq13j25IW6vWHLL7hxklXgZKUGGeq/41e3HLI24QiapMR3PTdCfUI2CST4tdFPDE8pGdMA7lioaceNP5udOyZlV+iSMtS2FZK7+npjQyJhxFNjOiOLQLHsz8T+vk2J47U+ESlLkii0WhakkGJPZ76QvNGcox5ZQpoW9lbAh1ZShTahgQ/CWX14lzYuyVylXHi5L1dssjjycwCmcgwdXUIU7qEMDGIzgGV7hzUmcF+fd+Vi05pxs5hj+wPn8AYMBjmQ=</latexit>

CJ = 0
<latexit sha1_base64="N5F80UiOH+AjpDNOfSIyjo5QxOk=">AAACGXicbVC7SgNBFJ31GeMramkzGASrsBsksQzaWIhGMA/IxmV2MkmGzM4uM3clYdnfsPFXbCwUsdTKv3HyKDTxwIXDOfdwucePBNdg29/W0vLK6tp6ZiO7ubW9s5vb26/rMFaU1WgoQtX0iWaCS1YDDoI1I8VI4AvW8AcXY7/xwJTmobyDUcTaAelJ3uWUgJG8nC09inv3Rc8FNoSEKg6pawLgJVPl+uomTV0SRSoc4mK56OXydsGeAC8SZ0byaIaql/t0OyGNAyaBCqJ1y7EjaCdEAaeCpVk31iwidEB6rGWoJAHT7WTyWYqPjdLB3VCZkYAn6u9EQgKtR4FvNgMCfT3vjcX/vFYM3bN2wmUUA5N0eqgbCwwhHteEO1wxCmJkCBmXwimmfaIIBVNm1pTgzL+8SOrFglMqlG5P85XzWR0ZdIiO0AlyUBlV0CWqohqi6BE9o1f0Zj1ZL9a79TFdXbJmmQP0B9bXD2ujoS4=</latexit>

ncg
2

crit
|NLO ⇡ 272

Marginality scenario favoured
Moreover                                           rather small,  
suggesting perturbation theory reliable

<latexit sha1_base64="kM3WYcl06699wj5wPetgbkBY0tU="></latexit>

ncg
2

crit
|NLO/(16⇡

2) ⇡ 0.14

13

<latexit sha1_base64="FrJT82ntyzW5U6kflACQ/QFERmg=">AAACAHicbVDJSgNBEO2JW4zbqAcPXhqD4CnMqEQvQlAPHiOYBZIQejqVpE3PQneNGIa5+CtePCji1c/w5t/YWQ6a+KDg8V4VVfW8SAqNjvNtZRYWl5ZXsqu5tfWNzS17e6eqw1hxqPBQhqruMQ1SBFBBgRLqkQLmexJq3uBq5NceQGkRBnc4jKDls14guoIzNFLb3mteg0TWTpoIj5iwzn2a0gt60rbzTsEZg84Td0ryZIpy2/5qdkIe+xAgl0zrhutE2EqYQsElpLlmrCFifMB60DA0YD7oVjJ+IKWHRunQbqhMBUjH6u+JhPlaD33PdPoM+3rWG4n/eY0Yu+etRARRjBDwyaJuLCmGdJQG7QgFHOXQEMaVMLdS3meKcTSZ5UwI7uzL86R6XHCLheLtab50OY0jS/bJATkiLjkjJXJDyqRCOEnJM3klb9aT9WK9Wx+T1ow1ndklf2B9/gBBPZYx</latexit>

�adj = 3
<latexit sha1_base64="KumoLZa8Qk9QmM66VNE30IYL2jA=">AAACGnicbVDLSsNAFJ3Ud31FXboZLIKrklRRl6IbF+IDrBWaGCbTaTt0MgkzN2IJ+Q43/oobF4q4Ezf+jZO2C209cOFwzj1c7gkTwTU4zrdVmpqemZ2bXygvLi2vrNpr6zc6ThVldRqLWN2GRDPBJasDB8FuE8VIFArWCHsnhd+4Z0rzWF5DP2F+RDqStzklYKTAdmVAceeuFnjAHiCjikPumQAE2VA5P7vIc48kiYof8N5u1Q3silN1BsCTxB2RChrhMrA/vVZM04hJoIJo3XSdBPyMKOBUsLzspZolhPZIhzUNlSRi2s8Gr+V42ygt3I6VGQl4oP5OZCTSuh+FZjMi0NXjXiH+5zVTaB/6GZdJCkzS4aF2KjDEuOgJt7hiFETfEFK0wimmXaIIBdNm2ZTgjr88SW5qVXe/un+1Vzk6HtUxjzbRFtpBLjpAR+gUXaI6ougRPaNX9GY9WS/Wu/UxXC1Zo8wG+gPr6wfkwqFj</latexit>

ncg
2

crit
|NLO ⇡ 43.1

Lightest scalar for Neumann boundary condition:
<latexit sha1_base64="7zJm/vjt4yKN13oGoGWaj5CykIs=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjcsKfUFnWjJppg1NMkMeQhn6AW78FTcuFHHrB7jzb8y0s9DWA4HDOeeSe0+YMKq06347hbX1jc2t4nZpZ3dv/6B8eNRWsZGYtHDMYtkNkSKMCtLSVDPSTSRBPGSkE05uM7/zQKSisWjqaUICjkaCRhQjbaVBueJzpMeSp005i/pokPrc+MLMYNRPUc5tyq26c8BV4uWkAnI0BuUvfxhjw4nQmCGlep6b6CBFUlPMyKzkG0UShCdoRHqWCsSJCtL5MTN4ZpUhjGJpn9Bwrv6eSBFXaspDm8xWV8teJv7n9YyOroOUisRoIvDio8gwqGOYNQOHVBKs2dQShCW1u0I8RhJhbfsr2RK85ZNXSfui6tWqtfvLSv0mr6MITsApOAceuAJ1cAcaoAUweATP4BW8OU/Oi/PufCyiBSefOQZ/4Hz+AEgpnGo=</latexit>

Trfa
µ⌫f

aµ⌫ ,
<latexit sha1_base64="AMWaeHoGnGK/O1ZGCcmtlvvdTAg="></latexit>

� = 4 +
22nc

3

g2

16⇡2
+O(g4)

away from marginality





Summary
•Transitions from gapless to gapped phases in AdS
•Solvable examples in 2d: merger and annihilation 
as mechanism for disappearance of gapless b.c.
•Perturbative results for 4d YM point in the same 
direction
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Future directions
•Numerical conformal bootstrap for YM in AdS : 
rigorous bounds on      ,         ,         from   

<latexit sha1_base64="B6oaQqe2ACQdDzDi177UGBmOccc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkfhyLXjxWMG2hDWWz3bZLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR08SpZtxnsYx1O6SGS6G4jwIlbyea0yiUvBWO72Z+64lrI2L1iJOEBxEdKjEQjKKV/Gzaq5FeueJW3TnIKvFyUoEcjV75q9uPWRpxhUxSYzqem2CQUY2CST4tdVPDE8rGdMg7lioacRNk82On5MwqfTKItS2FZK7+nshoZMwkCm1nRHFklr2Z+J/XSXFwE2RCJSlyxRaLBqkkGJPZ56QvNGcoJ5ZQpoW9lbAR1ZShzadkQ/CWX14lzYuqd1W9fKhV6rd5HEU4gVM4Bw+uoQ730AAfGAh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/UuOOYQ==</latexit>

4
<latexit sha1_base64="prmkh7zf5Bjf2W3q0mCVVXHGtT4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI/BXMRTRPOAZAmzk9lkyOzsMtMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvBqDbzW09cGxGrRxwn3I/oQIlQMIpWeqj17nrFklt25yCrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6EahRM8mmhmxqeUDaiA96xVNGIG38yP3VKzqzSJ2GsbSkkc/X3xIRGxoyjwHZGFIdm2ZuJ/3mdFMNrfyJUkiJXbLEoTCXBmMz+Jn2hOUM5toQyLeythA2ppgxtOgUbgrf88ippXpS9Srlyf1mq3mRx5OEETuEcPLiCKtxCHRrAYADP8ApvjnRenHfnY9Gac7KZY/gD5/MH5FmNjw==</latexit>

CJ
<latexit sha1_base64="zEveSHbc9WZKc0UPl9YvACNIBAI=">AAAB/XicbVDJSgNBEO2JW4xbXG5eBoPgKcyIRI9BPXiMYBbIhNDTqUma9PQM3TViHAZ/xYsHRbz6H978GzvLQRMfFDzeq6Kqnh8LrtFxvq3c0vLK6lp+vbCxubW9U9zda+goUQzqLBKRavlUg+AS6shRQCtWQENfQNMfXo395j0ozSN5h6MYOiHtSx5wRtFI3eKBdw0CaTf1EB4w1Vz2s6xbLDllZwJ7kbgzUiIz1LrFL68XsSQEiUxQrduuE2MnpQo5E5AVvERDTNmQ9qFtqKQh6E46uT6zj43Ss4NImZJoT9TfEykNtR6FvukMKQ70vDcW//PaCQYXnZTLOEGQbLooSISNkT2Owu5xBQzFyBDKFDe32mxAFWVoAiuYENz5lxdJ47TsVsqV27NS9XIWR54ckiNyQlxyTqrkhtRInTDySJ7JK3mznqwX6936mLbmrNnMPvkD6/MHc5qV5Q==</latexit>

�sing

<latexit sha1_base64="6QbCgshcz66RncsgohVXU1FQ380=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lEqseiHjxWsB/QlLDZTtu1mw92J2II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5fiy4Qtv+Ngorq2vrG8XN0tb2zu6euX/QUlEiGTRZJCLZ8akCwUNoIkcBnVgCDXwBbX98NfXbDyAVj8I7TGPoBXQY8gFnFLXkmWX3GgRSL3MRHjGj/fvJxDMrdtWewVomTk4qJEfDM7/cfsSSAEJkgirVdewYexmVyJmASclNFMSUjekQupqGNADVy2bHT6xjrfStQSR1hWjN1N8TGQ2USgNfdwYUR2rRm4r/ed0EBxe9jIdxghCy+aJBIiyMrGkSVp9LYChSTSiTXN9qsRGVlKHOq6RDcBZfXiat06pTq9Zuzyr1yzyOIjkkR+SEOOSc1MkNaZAmYSQlz+SVvBlPxovxbnzMWwtGPlMmf2B8/gCBKZVZ</latexit>

�adj

<latexit sha1_base64="Ms+GX4jnIziaQm4g6x6Lh4GoG7M=">AAACCHicbVDLSsNAFL2pr1pfUZcuHCyCq5KIVJdFN+Kqgn1AE8tkMmmHTiZhZiKU0qUbf8WNC0Xc+gnu/BunaRfaeuDA4Zx7mbknSDlT2nG+rcLS8srqWnG9tLG5tb1j7+41VZJJQhsk4YlsB1hRzgRtaKY5baeS4jjgtBUMriZ564FKxRJxp4cp9WPcEyxiBGtjde1Dj2PR4xTd3GPDwJAYhsiTud+1y07FyYEWhTsTZZih3rW/vDAhWUyFJhwr1XGdVPsjLDUjnI5LXqZoiskA92jHSIFjqvxRfsgYHRsnRFEiDYVGuft7Y4RjpYZxYCZjrPtqPpuY/2WdTEcX/oiJNNNUkOlDUcaRTtCkFRQySYnmQyMwkcz8FZE+lpho013JlODOn7womqcVt1qp3p6Va5ezOopwAEdwAi6cQw2uoQ4NIPAIz/AKb9aT9WK9Wx/T0YI129mHP7A+fwBvH5ha</latexit>

hJaJbJcJdi
[wip w/ Kousvos, Meineri, Piazza, Serone, Vichi]
•Localization for             SYM in AdS : 
transition from           (deconfined) to         (Coulomb) 
[wip w/ Bason, Copetti, Komatsu, Ji]

<latexit sha1_base64="B6oaQqe2ACQdDzDi177UGBmOccc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkfhyLXjxWMG2hDWWz3bZLN5uwOxFK6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR08SpZtxnsYx1O6SGS6G4jwIlbyea0yiUvBWO72Z+64lrI2L1iJOEBxEdKjEQjKKV/Gzaq5FeueJW3TnIKvFyUoEcjV75q9uPWRpxhUxSYzqem2CQUY2CST4tdVPDE8rGdMg7lioacRNk82On5MwqfTKItS2FZK7+nshoZMwkCm1nRHFklr2Z+J/XSXFwE2RCJSlyxRaLBqkkGJPZ56QvNGcoJ5ZQpoW9lbAR1ZShzadkQ/CWX14lzYuqd1W9fKhV6rd5HEU4gVM4Bw+uoQ730AAfGAh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/UuOOYQ==</latexit>

4

<latexit sha1_base64="2LOum5X6Vhp6/Pl7Cy/+KygEzfY=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgqiRFqhuh6MaVVLAPaEOZTCft0MkkzkwKJfQ73LhQxK0f486/cZJmoa0HBg7n3Ms9c7yIM6Vt+9sqrK1vbG4Vt0s7u3v7B+XDo7YKY0loi4Q8lF0PK8qZoC3NNKfdSFIceJx2vMlt6nemVCoWikc9i6gb4JFgPiNYG8ntB1iPCebJ/fy6NihX7KqdAa0SJycVyNEclL/6w5DEARWacKxUz7Ej7SZYakY4nZf6saIRJhM8oj1DBQ6ocpMs9BydGWWI/FCaJzTK1N8bCQ6UmgWemUxDqmUvFf/zerH2r9yEiSjWVJDFIT/mSIcobQANmaRE85khmEhmsiIyxhITbXoqmRKc5S+vknat6tSr9YeLSuMmr6MIJ3AK5+DAJTTgDprQAgJP8Ayv8GZNrRfr3fpYjBasfOcY/sD6/AGDE5Hy</latexit>

N = 2
<latexit sha1_base64="EA9uc+NpGyQf2Upj9xMn6GF8/p0=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JLDHokevGI0RUS2JBu6UJD2920XROy4Td48aAxXv1B3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8c3Mbz9RpVksH8wkoYHAQ8kiRrCxkn/vV+vn/XLFrblzoFXi5aQCOVr98ldvEJNUUGkIx1p3PTcxQYaVYYTTaamXappgMsZD2rVUYkF1kM2PnaIzqwxQFCtb0qC5+nsiw0LriQhtp8BmpJe9mfif101NdBVkTCapoZIsFkUpRyZGs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKnms17xGrXF3UWle53EU4QROoQoeXEITbqEFPhBg8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwCPno3i</latexit>

SU(2)
<latexit sha1_base64="ftgitUuujvePq/v8Xf6LrYJCJqg=">AAAB63icbVBNS8NAEJ34WetX1aOXxSLUS0lEqseiF48VTFtoQ9lsN+3S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777aytb2xubZd2yrt7+weHlaPjto5TRahPYh6rbog15UxS3zDDaTdRFIuQ0044ucv9zhNVmsXy0UwTGgg8kixiBJtc8mvexaBSdevuHGiVeAWpQoHWoPLVH8YkFVQawrHWPc9NTJBhZRjhdFbup5ommEzwiPYslVhQHWTzW2fo3CpDFMXKljRorv6eyLDQeipC2ymwGetlLxf/83qpiW6CjMkkNVSSxaIo5cjEKH8cDZmixPCpJZgoZm9FZIwVJsbGU7YheMsvr5L2Zd1r1BsPV9XmbRFHCU7hDGrgwTU04R5a4AOBMTzDK7w5wnlx3p2PReuaU8ycwB84nz/qCI2E</latexit>

U(1)



Thank You
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<latexit sha1_base64="kSKzorvm0LEyzOgNPSwg9rPb0s4="></latexit>

⇧µ⌫(x, y) = �g0(u)rµr⌫u+ g1(u)rµur⌫u
<latexit sha1_base64="cnirOx05E7D3tEKI+N9ffRpHaow=">AAACGHicbZDLTgIxFIY7eEO8jbp000hMMAacIQbdmBDduMRELgkg6ZQONHQuaTvgMJnHcOOruHGhMW7Z+TaWgYWCJ2n65f/PSXt+y2dUSMP41lIrq2vrG+nNzNb2zu6evn9QE17AMalij3m8YSFBGHVJVVLJSMPnBDkWI3VrcDv160PCBfXcBxn6pO2gnkttipFUUkc/D+A1bNkc4SjXGhIcPcX55A7j08ciPIO5cX6kKI6KcAxHcUfPGgUjKbgM5hyyYF6Vjj5pdT0cOMSVmCEhmqbhy3aEuKSYkTjTCgTxER6gHmkqdJFDRDtKFovhiVK60Pa4Oq6Eifp7IkKOEKFjqU4Hyb5Y9Kbif14zkPZVO6KuH0ji4tlDdsCg9OA0JdilnGDJQgUIc6r+CnEfqZSkyjKjQjAXV16GWrFglgql+4ts+WYeRxocgWOQAya4BGVwByqgCjB4Bq/gHXxoL9qb9ql9zVpT2nzmEPwpbfIDu8+eVg==</latexit>

u =
(~x� ~y)2 + (z � w)2

2zw

Gluon propagator in AdS

<latexit sha1_base64="5ATnunEd0wuC7w+9fOZJRQJrFV0=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJUkJKIVC9C0YvHCvYD2lg22027dLMJu5vaGvo/vHhQxKv/xZv/xm2bg7Y+GHi8N8PMPC/iTGnb/raWlldW19YzG9nNre2d3dzefk2FsSS0SkIeyoaHFeVM0KpmmtNGJCkOPE7rXv9m4tcHVCoWins9iqgb4K5gPiNYG+lhiK4KT6etASXJcHzSzuXtoj0FWiROSvKQotLOfbU6IYkDKjThWKmmY0faTbDUjHA6zrZiRSNM+rhLm4YKHFDlJtOrx+jYKB3kh9KU0Giq/p5IcKDUKPBMZ4B1T817E/E/rxlr/9JNmIhiTQWZLfJjjnSIJhGgDpOUaD4yBBPJzK2I9LDERJugsiYEZ/7lRVI7KzqlYunuPF++TuPIwCEcQQEcuIAy3EIFqkBAwjO8wpv1aL1Y79bHrHXJSmcO4A+szx+GFpHn</latexit>

x = (z, ~x)
<latexit sha1_base64="WqdxzaWIJuZihb0G5pKEKF1sZz0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJUkJKIVC9C0YvHCvYD2lg220m7dLMJu5uWEPo/vHhQxKv/xZv/xm2bg7Y+GHi8N8PMPC/iTGnb/rZWVtfWNzZzW/ntnd29/cLBYUOFsaRQpyEPZcsjCjgTUNdMc2hFEkjgcWh6w7up3xyBVCwUjzqJwA1IXzCfUaKN9JTgm9L4vDMCmiaTs26haJftGfAycTJSRBlq3cJXpxfSOAChKSdKtR070m5KpGaUwyTfiRVEhA5JH9qGChKActPZ1RN8apQe9kNpSmg8U39PpCRQKgk80xkQPVCL3lT8z2vH2r92UyaiWIOg80V+zLEO8TQC3GMSqOaJIYRKZm7FdEAkodoElTchOIsvL5PGRdmplCsPl8XqbRZHDh2jE1RCDrpCVXSPaqiOKJLoGb2iN2tsvVjv1se8dcXKZo7QH1ifP4SGkeY=</latexit>

y = (w, ~y)

<latexit sha1_base64="3dXL0H2ODqvovv4MzYkzrzlkTnA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUnssePFY0dpCG8pmM2mXbjZhdyOU0p/gxYMiXv1F3vw3btsctPXBwOO9GWbmBang2rjut1NYW9/Y3Cpul3Z29/YPyodHjzrJFMMWS0SiOgHVKLjEluFGYCdVSONAYDsY3cz89hMqzRP5YMYp+jEdSB5xRo2V7sMLr1+uuFV3DrJKvJxUIEezX/7qhQnLYpSGCap113NT40+oMpwJnJZ6mcaUshEdYNdSSWPU/mR+6pScWSUkUaJsSUPm6u+JCY21HseB7YypGeplbyb+53UzE9X9CZdpZlCyxaIoE8QkZPY3CblCZsTYEsoUt7cSNqSKMmPTKdkQvOWXV8njZdWrVWt3V5VGPY+jCCdwCufgwTU04Baa0AIGA3iGV3hzhPPivDsfi9aCk88cwx84nz+etY1Z</latexit>

d+ 1

Generic                     gauge-fixing:             are 
derivatives of hypergeometric functions

<latexit sha1_base64="Vi2jlJRQb26RSomcocOUF6QrtNo=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEjtUiUVKowFFsYi0YfUpJHjOq1Vx4lsB1FF+QYWfoWFAYRYmdj4G5y2A7QcyfLROfde+x4/ZlQqy/o2VlbX1jc2C1vF7Z3dvX3z4LAto0Rg0sIRi0TXR5IwyklLUcVINxYEhT4jHX98nfudeyIkjfidmsTEDdGQ04BipLTkmRVHBQLh1M7SmvNAM1h2YiQURcxzwgRe9lOk76zSr3lmyapaU8BlYs9JCczR9MwvZxDhJCRcYYak7NlWrNw0n44ZyYpOIkmM8BgNSU9TjkIi3XS6UgZPtTKAQST04QpO1d8dKQqlnIS+rgyRGslFLxf/83qJCi7clPI4UYTj2UNBwqCKYJ4PHFBBsGITTRAWVP8V4hHSESmdYlGHYC+uvEzatapdr9Zvz0qNq3kcBXAMTkAZ2OAcNMANaIIWwOARPINX8GY8GS/Gu/ExK10x5j1H4A+Mzx/EPZ2J</latexit>

1
2⇠ (@µA

aµ)2 <latexit sha1_base64="GXPj2oPEGbg/VVGx2jomzlHJbAg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7ItVj0YvHCvZD2mXJptltaJJdkqxQSn+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF6acaeO6305hbX1jc6u4XdrZ3ds/KB8etXWSKUJbJOGJ6oZYU84kbRlmOO2mimIRctoJR7czv/NElWaJfDDjlPoCx5JFjGBjpcc4cKv9ahx4Qbni1tw50CrxclKBHM2g/NUfJCQTVBrCsdY9z02NP8HKMMLptNTPNE0xGeGY9iyVWFDtT+YHT9GZVQYoSpQtadBc/T0xwULrsQhtp8BmqJe9mfif18tMdO1PmEwzQyVZLIoyjkyCZt+jAVOUGD62BBPF7K2IDLHCxNiMSjYEb/nlVdK+qHn1Wv3+stK4yeMowgmcwjl4cAUNuIMmtICAgGd4hTdHOS/Ou/OxaC04+cwx/IHz+QNigI+A</latexit>g0, g1

,
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<latexit sha1_base64="kSKzorvm0LEyzOgNPSwg9rPb0s4="></latexit>

⇧µ⌫(x, y) = �g0(u)rµr⌫u+ g1(u)rµur⌫u
<latexit sha1_base64="cnirOx05E7D3tEKI+N9ffRpHaow=">AAACGHicbZDLTgIxFIY7eEO8jbp000hMMAacIQbdmBDduMRELgkg6ZQONHQuaTvgMJnHcOOruHGhMW7Z+TaWgYWCJ2n65f/PSXt+y2dUSMP41lIrq2vrG+nNzNb2zu6evn9QE17AMalij3m8YSFBGHVJVVLJSMPnBDkWI3VrcDv160PCBfXcBxn6pO2gnkttipFUUkc/D+A1bNkc4SjXGhIcPcX55A7j08ciPIO5cX6kKI6KcAxHcUfPGgUjKbgM5hyyYF6Vjj5pdT0cOMSVmCEhmqbhy3aEuKSYkTjTCgTxER6gHmkqdJFDRDtKFovhiVK60Pa4Oq6Eifp7IkKOEKFjqU4Hyb5Y9Kbif14zkPZVO6KuH0ji4tlDdsCg9OA0JdilnGDJQgUIc6r+CnEfqZSkyjKjQjAXV16GWrFglgql+4ts+WYeRxocgWOQAya4BGVwByqgCjB4Bq/gHXxoL9qb9ql9zVpT2nzmEPwpbfIDu8+eVg==</latexit>

u =
(~x� ~y)2 + (z � w)2

2zw

Gluon propagator in AdS

<latexit sha1_base64="5ATnunEd0wuC7w+9fOZJRQJrFV0=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJUkJKIVC9C0YvHCvYD2lg22027dLMJu5vaGvo/vHhQxKv/xZv/xm2bg7Y+GHi8N8PMPC/iTGnb/raWlldW19YzG9nNre2d3dzefk2FsSS0SkIeyoaHFeVM0KpmmtNGJCkOPE7rXv9m4tcHVCoWins9iqgb4K5gPiNYG+lhiK4KT6etASXJcHzSzuXtoj0FWiROSvKQotLOfbU6IYkDKjThWKmmY0faTbDUjHA6zrZiRSNM+rhLm4YKHFDlJtOrx+jYKB3kh9KU0Giq/p5IcKDUKPBMZ4B1T817E/E/rxlr/9JNmIhiTQWZLfJjjnSIJhGgDpOUaD4yBBPJzK2I9LDERJugsiYEZ/7lRVI7KzqlYunuPF++TuPIwCEcQQEcuIAy3EIFqkBAwjO8wpv1aL1Y79bHrHXJSmcO4A+szx+GFpHn</latexit>

x = (z, ~x)
<latexit sha1_base64="WqdxzaWIJuZihb0G5pKEKF1sZz0=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJUkJKIVC9C0YvHCvYD2lg220m7dLMJu5uWEPo/vHhQxKv/xZv/xm2bg7Y+GHi8N8PMPC/iTGnb/rZWVtfWNzZzW/ntnd29/cLBYUOFsaRQpyEPZcsjCjgTUNdMc2hFEkjgcWh6w7up3xyBVCwUjzqJwA1IXzCfUaKN9JTgm9L4vDMCmiaTs26haJftGfAycTJSRBlq3cJXpxfSOAChKSdKtR070m5KpGaUwyTfiRVEhA5JH9qGChKActPZ1RN8apQe9kNpSmg8U39PpCRQKgk80xkQPVCL3lT8z2vH2r92UyaiWIOg80V+zLEO8TQC3GMSqOaJIYRKZm7FdEAkodoElTchOIsvL5PGRdmplCsPl8XqbRZHDh2jE1RCDrpCVXSPaqiOKJLoGb2iN2tsvVjv1se8dcXKZo7QH1ifP4SGkeY=</latexit>

y = (w, ~y)

<latexit sha1_base64="3dXL0H2ODqvovv4MzYkzrzlkTnA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUnssePFY0dpCG8pmM2mXbjZhdyOU0p/gxYMiXv1F3vw3btsctPXBwOO9GWbmBang2rjut1NYW9/Y3Cpul3Z29/YPyodHjzrJFMMWS0SiOgHVKLjEluFGYCdVSONAYDsY3cz89hMqzRP5YMYp+jEdSB5xRo2V7sMLr1+uuFV3DrJKvJxUIEezX/7qhQnLYpSGCap113NT40+oMpwJnJZ6mcaUshEdYNdSSWPU/mR+6pScWSUkUaJsSUPm6u+JCY21HseB7YypGeplbyb+53UzE9X9CZdpZlCyxaIoE8QkZPY3CblCZsTYEsoUt7cSNqSKMmPTKdkQvOWXV8njZdWrVWt3V5VGPY+jCCdwCufgwTU04Baa0AIGA3iGV3hzhPPivDsfi9aCk88cwx84nz+etY1Z</latexit>

d+ 1

Generic                     gauge-fixing:             are 
derivatives of hypergeometric functions

<latexit sha1_base64="Vi2jlJRQb26RSomcocOUF6QrtNo=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEjtUiUVKowFFsYi0YfUpJHjOq1Vx4lsB1FF+QYWfoWFAYRYmdj4G5y2A7QcyfLROfde+x4/ZlQqy/o2VlbX1jc2C1vF7Z3dvX3z4LAto0Rg0sIRi0TXR5IwyklLUcVINxYEhT4jHX98nfudeyIkjfidmsTEDdGQ04BipLTkmRVHBQLh1M7SmvNAM1h2YiQURcxzwgRe9lOk76zSr3lmyapaU8BlYs9JCczR9MwvZxDhJCRcYYak7NlWrNw0n44ZyYpOIkmM8BgNSU9TjkIi3XS6UgZPtTKAQST04QpO1d8dKQqlnIS+rgyRGslFLxf/83qJCi7clPI4UYTj2UNBwqCKYJ4PHFBBsGITTRAWVP8V4hHSESmdYlGHYC+uvEzatapdr9Zvz0qNq3kcBXAMTkAZ2OAcNMANaIIWwOARPINX8GY8GS/Gu/ExK10x5j1H4A+Mzx/EPZ2J</latexit>

1
2⇠ (@µA

aµ)2 <latexit sha1_base64="GXPj2oPEGbg/VVGx2jomzlHJbAg=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7ItVj0YvHCvZD2mXJptltaJJdkqxQSn+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF6acaeO6305hbX1jc6u4XdrZ3ds/KB8etXWSKUJbJOGJ6oZYU84kbRlmOO2mimIRctoJR7czv/NElWaJfDDjlPoCx5JFjGBjpcc4cKv9ahx4Qbni1tw50CrxclKBHM2g/NUfJCQTVBrCsdY9z02NP8HKMMLptNTPNE0xGeGY9iyVWFDtT+YHT9GZVQYoSpQtadBc/T0xwULrsQhtp8BmqJe9mfif18tMdO1PmEwzQyVZLIoyjkyCZt+jAVOUGD62BBPF7K2IDLHCxNiMSjYEb/nlVdK+qHn1Wv3+stK4yeMowgmcwjl4cAUNuIMmtICAgGd4hTdHOS/Ou/OxaC04+cwx/IHz+QNigI+A</latexit>g0, g1

,

Simplification in Fried-Yennie gauge
<latexit sha1_base64="/zZknK18BEUIxk5dH5wPAWcJeqg=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSK4sSRFqhuh6MZlBfuAppTJZNIOnTyYmYghxF9x40IRt36IO//GaZuFth64cDjnXu69x405k8qyvo2V1bX1jc3SVnl7Z3dv3zw47MgoEYS2ScQj0XOxpJyFtK2Y4rQXC4oDl9OuO7mZ+t0HKiSLwnuVxnQQ4FHIfEaw0tLQrDiPDF0hxxeYZF6eeWf1fGhWrZo1A1omdkGqUKA1NL8cLyJJQENFOJayb1uxGmRYKEY4zctOImmMyQSPaF/TEAdUDrLZ8Tk60YqH/EjoChWaqb8nMhxImQau7gywGstFbyr+5/UT5V8OMhbGiaIhmS/yE45UhKZJII8JShRPNcFEMH0rImOsc1A6r7IOwV58eZl06jW7UWvcnVeb10UcJTiCYzgFGy6gCbfQgjYQSOEZXuHNeDJejHfjY966YhQzFfgD4/MHygSUPQ==</latexit>

⇠ =
d

d� 2
<latexit sha1_base64="yw4A5mpa0zSW2hwIPVQ1LaYoGMU="></latexit>

g0(u) =
�
�
d+1
2

�

2⇡
d+1
2 (u(u+ 2))

d�1
2 (d� 2)

<latexit sha1_base64="Oei9IJcllsYFghrIg1aSbVILuxg=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VpKZSkSHUjFN24rGAf0IYwmU7aoZMH8xBKyA+48VfcuFDErXt3/o3TNgttPXDhcM693HuPFzMqpGV9G7mV1bX1jfxmYWt7Z3fP3D9oi0hxTFo4YhHvekgQRkPSklQy0o05QYHHSMcb30z9zgPhgkbhvZzExAnQMKQ+xUhqyTVPhq5dUuUzeNX3OcKJqtgpTBQsqUqtnMKha2nXNYtW1ZoBLhM7I0WQoemaX/1BhFVAQokZEqJnW7F0EsQlxYykhb4SJEZ4jIakp2mIAiKcZPZNCk+1MoB+xHWFEs7U3xMJCoSYBJ7uDJAciUVvKv7n9ZT0L52EhrGSJMTzRb5iUEZwGg0cUE6wZBNNEOZU3wrxCOlUpA6woEOwF19eJu1a1a5X63fnxcZ1FkceHIFjUAI2uAANcAuaoAUweATP4BW8GU/Gi/FufMxbc0Y2cwj+wPj8AavwmMs=</latexit>

g1(u) =
u+ 1

u(u+ 2)
g0(u)
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Diagrams for            :
<latexit sha1_base64="0m8eWW1+bk7KOULlIVs0z3fhds0=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WNRD9JTBfsBaSib7bRdutnE3U2hhP4OLx4U8eqP8ea/cdvmoK0PBh7vzTAzL4g5U9pxvq3c2vrG5lZ+u7Czu7d/UDw8aqookRQbNOKRbAdEIWcCG5ppju1YIgkDjq1gdDvzW2OUikXiUU9i9EMyEKzPKNFG8jt3yDXppl6t5k+7xZJTduawV4mbkRJkqHeLX51eRJMQhaacKOW5Tqz9lEjNKMdpoZMojAkdkQF6hgoSovLT+dFT+8woPbsfSVNC23P190RKQqUmYWA6Q6KHatmbif95XqL7137KRJxoFHSxqJ9wW0f2LAG7xyRSzSeGECqZudWmQyIJ1SanggnBXX55lTQvym6lXHm4LFVvsjjycAKncA4uXEEV7qEODaDwBM/wCm/W2Hqx3q2PRWvOymaO4Q+szx9955Hw</latexit>

�[JJ]

Diagrams for        :
<latexit sha1_base64="prmkh7zf5Bjf2W3q0mCVVXHGtT4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI/BXMRTRPOAZAmzk9lkyOzsMtMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvBqDbzW09cGxGrRxwn3I/oQIlQMIpWeqj17nrFklt25yCrxMtICTLUe8Wvbj9macQVMkmN6Xhugv6EahRM8mmhmxqeUDaiA96xVNGIG38yP3VKzqzSJ2GsbSkkc/X3xIRGxoyjwHZGFIdm2ZuJ/3mdFMNrfyJUkiJXbLEoTCXBmMz+Jn2hOUM5toQyLeythA2ppgxtOgUbgrf88ippXpS9Srlyf1mq3mRx5OEETuEcPLiCKtxCHRrAYADP8ApvjnRenHfnY9Gac7KZY/gD5/MH5FmNjw==</latexit>

CJ

finite term in                     after renormalization

<latexit sha1_base64="8/wzdvS3S6sr+Q4KYXcxdeDZYKs="></latexit>

h[JJ ](~x)[JJ ](0)i � # g2 log |~x|

<latexit sha1_base64="O6d32aTyKsfx9wQ1r4JzXlyA9v0=">AAACE3icbVC7SgNBFJ31GeMramkzGITEIuyKRMugjVhFMA/IxmV2cpMMmZ1dZmaDYck/2PgrNhaK2NrY+TdONik08cDA4ZxzuXOPH3GmtG1/W0vLK6tr65mN7ObW9s5ubm+/rsJYUqjRkIey6RMFnAmoaaY5NCMJJPA5NPzB1cRvDEEqFoo7PYqgHZCeYF1GiTaSlztxORE9DvjmnnhuEBfcIdDkYVw0gu+5Ii7YRVemES+Xt0t2CrxInBnJoxmqXu7L7YQ0DkBoyolSLceOdDshUjPKYZx1YwURoQPSg5ahggSg2kl60xgfG6WDu6E0T2icqr8nEhIoNQp8kwyI7qt5byL+57Vi3b1oJ0xEsQZBp4u6Mcc6xJOCcIdJoJqPDCFUMvNXTPtEEqpNjVlTgjN/8iKpn5accql8e5avXM7qyKBDdIQKyEHnqIKuURXVEEWP6Bm9ojfryXqx3q2PaXTJms0coD+wPn8AqE2daA==</latexit>

hJa
µ(~x)J

b
⌫(0)i
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Alternative approach for          : multiplet recombination
<latexit sha1_base64="zEveSHbc9WZKc0UPl9YvACNIBAI=">AAAB/XicbVDJSgNBEO2JW4xbXG5eBoPgKcyIRI9BPXiMYBbIhNDTqUma9PQM3TViHAZ/xYsHRbz6H978GzvLQRMfFDzeq6Kqnh8LrtFxvq3c0vLK6lp+vbCxubW9U9zda+goUQzqLBKRavlUg+AS6shRQCtWQENfQNMfXo395j0ozSN5h6MYOiHtSx5wRtFI3eKBdw0CaTf1EB4w1Vz2s6xbLDllZwJ7kbgzUiIz1LrFL68XsSQEiUxQrduuE2MnpQo5E5AVvERDTNmQ9qFtqKQh6E46uT6zj43Ss4NImZJoT9TfEykNtR6FvukMKQ70vDcW//PaCQYXnZTLOEGQbLooSISNkT2Owu5xBQzFyBDKFDe32mxAFWVoAiuYENz5lxdJ47TsVsqV27NS9XIWR54ckiNyQlxyTqrkhtRInTDySJ7JK3mznqwX6936mLbmrNnMPvkD6/MHc5qV5Q==</latexit>

�sing

•             is a (free) CFT           general CPT argument    
<latexit sha1_base64="Y3Kg9Vw2uzBYgHDRt4G6ozPmhKs=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g0YsQ9OIxgnlAsobZSW8yZHZ2nZkVQshPePGgiFd/x5t/4yTZgyYWNBRV3XR3BYng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95hMqzWN5b0YJ+hHtSx5yRo2VWv2HMrkiLukWim7JnYEsEy8jRchQ6xa+Or2YpRFKwwTVuu25ifHHVBnOBE7ynVRjQtmQ9rFtqaQRan88u3dCTq3SI2GsbElDZurviTGNtB5Fge2MqBnoRW8q/ue1UxNe+mMuk9SgZPNFYSqIicn0edLjCpkRI0soU9zeStiAKsqMjShvQ/AWX14mjXLJq5Qqd+fF6nUWRw6O4QTOwIMLqMIt1KAODAQ8wyu8OY/Oi/PufMxbV5xs5gj+wPn8Aes0jpk=</latexit>

g2 = 0

•CFT in AdS = BCFT
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Alternative approach for          : multiplet recombination
<latexit sha1_base64="zEveSHbc9WZKc0UPl9YvACNIBAI=">AAAB/XicbVDJSgNBEO2JW4xbXG5eBoPgKcyIRI9BPXiMYBbIhNDTqUma9PQM3TViHAZ/xYsHRbz6H978GzvLQRMfFDzeq6Kqnh8LrtFxvq3c0vLK6lp+vbCxubW9U9zda+goUQzqLBKRavlUg+AS6shRQCtWQENfQNMfXo395j0ozSN5h6MYOiHtSx5wRtFI3eKBdw0CaTf1EB4w1Vz2s6xbLDllZwJ7kbgzUiIz1LrFL68XsSQEiUxQrduuE2MnpQo5E5AVvERDTNmQ9qFtqKQh6E46uT6zj43Ss4NImZJoT9TfEykNtR6FvukMKQ70vDcW//PaCQYXnZTLOEGQbLooSISNkT2Owu5xBQzFyBDKFDe32mxAFWVoAiuYENz5lxdJ47TsVsqV27NS9XIWR54ckiNyQlxyTqrkhtRInTDySJ7JK3mznqwX6936mLbmrNnMPvkD6/MHc5qV5Q==</latexit>

�sing

•             is a (free) CFT           general CPT argument    
<latexit sha1_base64="Y3Kg9Vw2uzBYgHDRt4G6ozPmhKs=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g0YsQ9OIxgnlAsobZSW8yZHZ2nZkVQshPePGgiFd/x5t/4yTZgyYWNBRV3XR3BYng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95hMqzWN5b0YJ+hHtSx5yRo2VWv2HMrkiLukWim7JnYEsEy8jRchQ6xa+Or2YpRFKwwTVuu25ifHHVBnOBE7ynVRjQtmQ9rFtqaQRan88u3dCTq3SI2GsbElDZurviTGNtB5Fge2MqBnoRW8q/ue1UxNe+mMuk9SgZPNFYSqIicn0edLjCpkRI0soU9zeStiAKsqMjShvQ/AWX14mjXLJq5Qqd+fF6nUWRw6O4QTOwIMLqMIt1KAODAQ8wyu8OY/Oi/PufMxbV5xs5gj+wPn8Aes0jpk=</latexit>

g2 = 0

•CFT in AdS = BCFT

,

•Protected operator BCFT     : displacement operator
<latexit sha1_base64="meyR5ENskUy6ohiu6laIFwdmha8=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiQi1U2hqAuXFfqCJoTJdNoOnUzCzERoQ3Zu/BU3LhRx6y+482+ctFlo64GBwznnMvceP2JUKsv6Ngorq2vrG8XN0tb2zu6euX/QlmEsMGnhkIWi6yNJGOWkpahipBsJggKfkY4/vsn8zgMRkoa8qSYRcQM05HRAMVJa8szjppdMp6mjM0qzmpXWoBMgNcKIJbepZ5atijUDXCZ2TsogR8Mzv5x+iOOAcIUZkrJnW5FyEyQUxYykJSeWJEJ4jIakpylHAZFuMrsjhada6cNBKPTjCs7U3xMJCqScBL5OZivKRS8T//N6sRpcuQnlUawIx/OPBjGDKoRZKbBPBcGKTTRBWFC9K8QjJBBWurqSLsFePHmZtM8rdrVSvb8o16/zOorgCJyAM2CDS1AHd6ABWgCDR/AMXsGb8WS8GO/GxzxaMPKZQ/AHxucPas2Zqw==</latexit>

Tzz|z=0 = D

<latexit sha1_base64="3dXL0H2ODqvovv4MzYkzrzlkTnA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUnssePFY0dpCG8pmM2mXbjZhdyOU0p/gxYMiXv1F3vw3btsctPXBwOO9GWbmBang2rjut1NYW9/Y3Cpul3Z29/YPyodHjzrJFMMWS0SiOgHVKLjEluFGYCdVSONAYDsY3cz89hMqzRP5YMYp+jEdSB5xRo2V7sMLr1+uuFV3DrJKvJxUIEezX/7qhQnLYpSGCap113NT40+oMpwJnJZ6mcaUshEdYNdSSWPU/mR+6pScWSUkUaJsSUPm6u+JCY21HseB7YypGeplbyb+53UzE9X9CZdpZlCyxaIoE8QkZPY3CblCZsTYEsoUt7cSNqSKMmPTKdkQvOWXV8njZdWrVWt3V5VGPY+jCCdwCufgwTU04Baa0AIGA3iGV3hzhPPivDsfi9aCk88cwx84nz+etY1Z</latexit>

d+ 1

<latexit sha1_base64="l6T3yk4FlWYfFTyr56pTwp4R7XQ=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARBKEkItWNULQLlxXsA5oQJpNJO3QyCTMToYS68VfcuFDErX/hzr9x0mahrQcuHM65l3vv8RNGpbKsb6O0tLyyulZer2xsbm3vmLt7HRmnApM2jlksej6ShFFO2ooqRnqJICjyGen6o5vc7z4QIWnM79U4IW6EBpyGFCOlJc88cJqEKeQ5EVJDjFjWnMArGJzanlm1atYUcJHYBamCAi3P/HKCGKcR4QozJGXfthLlZkgoihmZVJxUkgThERqQvqYcRUS62fSDCTzWSgDDWOjiCk7V3xMZiqQcR77uzA+V814u/uf1UxVeuhnlSaoIx7NFYcqgimEeBwyoIFixsSYIC6pvhXiIBMJKh1bRIdjzLy+SzlnNrtfqd+fVxnURRxkcgiNwAmxwARrgFrRAG2DwCJ7BK3gznowX4934mLWWjGJmH/yB8fkDB6OV+g==</latexit>

�D = d+ 1
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Alternative approach for          : multiplet recombination
<latexit sha1_base64="zEveSHbc9WZKc0UPl9YvACNIBAI=">AAAB/XicbVDJSgNBEO2JW4xbXG5eBoPgKcyIRI9BPXiMYBbIhNDTqUma9PQM3TViHAZ/xYsHRbz6H978GzvLQRMfFDzeq6Kqnh8LrtFxvq3c0vLK6lp+vbCxubW9U9zda+goUQzqLBKRavlUg+AS6shRQCtWQENfQNMfXo395j0ozSN5h6MYOiHtSx5wRtFI3eKBdw0CaTf1EB4w1Vz2s6xbLDllZwJ7kbgzUiIz1LrFL68XsSQEiUxQrduuE2MnpQo5E5AVvERDTNmQ9qFtqKQh6E46uT6zj43Ss4NImZJoT9TfEykNtR6FvukMKQ70vDcW//PaCQYXnZTLOEGQbLooSISNkT2Owu5xBQzFyBDKFDe32mxAFWVoAiuYENz5lxdJ47TsVsqV27NS9XIWR54ckiNyQlxyTqrkhtRInTDySJ7JK3mznqwX6936mLbmrNnMPvkD6/MHc5qV5Q==</latexit>

�sing

•             is a (free) CFT           general CPT argument    
<latexit sha1_base64="Y3Kg9Vw2uzBYgHDRt4G6ozPmhKs=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g0YsQ9OIxgnlAsobZSW8yZHZ2nZkVQshPePGgiFd/x5t/4yTZgyYWNBRV3XR3BYng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95hMqzWN5b0YJ+hHtSx5yRo2VWv2HMrkiLukWim7JnYEsEy8jRchQ6xa+Or2YpRFKwwTVuu25ifHHVBnOBE7ynVRjQtmQ9rFtqaQRan88u3dCTq3SI2GsbElDZurviTGNtB5Fge2MqBnoRW8q/ue1UxNe+mMuk9SgZPNFYSqIicn0edLjCpkRI0soU9zeStiAKsqMjShvQ/AWX14mjXLJq5Qqd+fF6nUWRw6O4QTOwIMLqMIt1KAODAQ8wyu8OY/Oi/PufMxbV5xs5gj+wPn8Aes0jpk=</latexit>

g2 = 0

•CFT in AdS = BCFT

,

•Protected operator BCFT     : displacement operator
<latexit sha1_base64="meyR5ENskUy6ohiu6laIFwdmha8=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiQi1U2hqAuXFfqCJoTJdNoOnUzCzERoQ3Zu/BU3LhRx6y+482+ctFlo64GBwznnMvceP2JUKsv6Ngorq2vrG8XN0tb2zu6euX/QlmEsMGnhkIWi6yNJGOWkpahipBsJggKfkY4/vsn8zgMRkoa8qSYRcQM05HRAMVJa8szjppdMp6mjM0qzmpXWoBMgNcKIJbepZ5atijUDXCZ2TsogR8Mzv5x+iOOAcIUZkrJnW5FyEyQUxYykJSeWJEJ4jIakpylHAZFuMrsjhada6cNBKPTjCs7U3xMJCqScBL5OZivKRS8T//N6sRpcuQnlUawIx/OPBjGDKoRZKbBPBcGKTTRBWFC9K8QjJBBWurqSLsFePHmZtM8rdrVSvb8o16/zOorgCJyAM2CDS1AHd6ABWgCDR/AMXsGb8WS8GO/GxzxaMPKZQ/AHxucPas2Zqw==</latexit>

Tzz|z=0 = D

<latexit sha1_base64="3dXL0H2ODqvovv4MzYkzrzlkTnA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUnssePFY0dpCG8pmM2mXbjZhdyOU0p/gxYMiXv1F3vw3btsctPXBwOO9GWbmBang2rjut1NYW9/Y3Cpul3Z29/YPyodHjzrJFMMWS0SiOgHVKLjEluFGYCdVSONAYDsY3cz89hMqzRP5YMYp+jEdSB5xRo2V7sMLr1+uuFV3DrJKvJxUIEezX/7qhQnLYpSGCap113NT40+oMpwJnJZ6mcaUshEdYNdSSWPU/mR+6pScWSUkUaJsSUPm6u+JCY21HseB7YypGeplbyb+53UzE9X9CZdpZlCyxaIoE8QkZPY3CblCZsTYEsoUt7cSNqSKMmPTKdkQvOWXV8njZdWrVWt3V5VGPY+jCCdwCufgwTU04Baa0AIGA3iGV3hzhPPivDsfi9aCk88cwx84nz+etY1Z</latexit>

d+ 1

<latexit sha1_base64="l6T3yk4FlWYfFTyr56pTwp4R7XQ=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARBKEkItWNULQLlxXsA5oQJpNJO3QyCTMToYS68VfcuFDErX/hzr9x0mahrQcuHM65l3vv8RNGpbKsb6O0tLyyulZer2xsbm3vmLt7HRmnApM2jlksej6ShFFO2ooqRnqJICjyGen6o5vc7z4QIWnM79U4IW6EBpyGFCOlJc88cJqEKeQ5EVJDjFjWnMArGJzanlm1atYUcJHYBamCAi3P/HKCGKcR4QozJGXfthLlZkgoihmZVJxUkgThERqQvqYcRUS62fSDCTzWSgDDWOjiCk7V3xMZiqQcR77uzA+V814u/uf1UxVeuhnlSaoIx7NFYcqgimEeBwyoIFixsSYIC6pvhXiIBMJKh1bRIdjzLy+SzlnNrtfqd+fVxnURRxkcgiNwAmxwARrgFrRAG2DwCJ7BK3gznowX4934mLWWjGJmH/yB8fkDB6OV+g==</latexit>

�D = d+ 1

•Bulk relevant operator:
<latexit sha1_base64="6gXAUD/BelnTxU3jWVQTcjMEIII="></latexit>

�Sbulk =

Z

AdSd+1

�O

<latexit sha1_base64="JRcJOmA1tpQYKR2sr+1esj9MfKI=">AAACC3icbVC7SgNBFJ31GeNr1dJmSBCswq5ItBGCNnZGyAuy6zI7e5MMmZ1dZ2aFENLb+Cs2ForY+gN2/o2TR6GJBy4czrmHmXvClDOlHefbWlpeWV1bz23kN7e2d3btvf2GSjJJoU4TnshWSBRwJqCumebQSiWQOOTQDPtXY7/5AFKxRNT0IAU/Jl3BOowSbaTALtTuvDgLzOAL7IWgSeBxE48IvsGegHvsBHbRKTkT4EXizkgRzVAN7C8vSmgWg9CUE6XarpNqf0ikZpTDKO9lClJC+6QLbUMFiUH5w8ktI3xklAh3EmlGaDxRfyeGJFZqEIdmMya6p+a9sfif185059wfMpFmGgSdPtTJONYJHheDIyaBaj4whFDJzF8x7RFJqDb15U0J7vzJi6RxUnLLpfLtabFyOasjhw5RAR0jF52hCrpGVVRHFD2iZ/SK3qwn68V6tz6mq0vWLHOA/sD6/AHWBZmn</latexit>

T
µ
µ = ��O 6= 0

<latexit sha1_base64="4uCrLahOfrbw5CE5k9N/JyzfACs=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFXbisYB/QGUomzbShmUxIMkIZ+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cUHKmjet+O6W19Y3NrfJ2ZWd3b/+genjU0UmqCG2ThCeqF2JNORO0bZjhtCcVxXHIaTec3OZ+94kqzRLxaKaSBjEeCRYxgo2VfD/GZkwwz+5maFCtuXV3DrRKvILUoEBrUP3yhwlJYyoM4VjrvudKE2RYGUY4nVX8VFOJyQSPaN9SgWOqg2yeeYbOrDJEUaLsEwbN1d8bGY61nsahncwz6mUvF//z+qmJroOMCZkaKsjiUJRyZBKUF4CGTFFi+NQSTBSzWREZY4WJsTVVbAne8pdXSeei7jXqjYfLWvOmqKMMJ3AK5+DBFTThHlrQBgISnuEV3pzUeXHenY/FaMkpdo7hD5zPH9JZkY8=</latexit>D not protected any more 
<latexit sha1_base64="+hr7jdUmIU3PzWlk0oq2Er1nTnI="></latexit>

�D = c⇥ �0�+O(�2)
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In the CFT at             :
<latexit sha1_base64="Y3Kg9Vw2uzBYgHDRt4G6ozPmhKs=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g0YsQ9OIxgnlAsobZSW8yZHZ2nZkVQshPePGgiFd/x5t/4yTZgyYWNBRV3XR3BYng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95hMqzWN5b0YJ+hHtSx5yRo2VWv2HMrkiLukWim7JnYEsEy8jRchQ6xa+Or2YpRFKwwTVuu25ifHHVBnOBE7ynVRjQtmQ9rFtqaQRan88u3dCTq3SI2GsbElDZurviTGNtB5Fge2MqBnoRW8q/ue1UxNe+mMuk9SgZPNFYSqIicn0edLjCpkRI0soU9zeStiAKsqMjShvQ/AWX14mjXLJq5Qqd+fF6nUWRw6O4QTOwIMLqMIt1KAODAQ8wyu8OY/Oi/PufMxbV5xs5gj+wPn8Aes0jpk=</latexit>

g2 = 0
<latexit sha1_base64="zs/sXs2YT0JlaiV6JCM1oh2Ejho=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiQi1Y1Q1IW4qmAf0NRwM520QycPZiZCCdm58VfcuFDErb/gzr9x0nahrQeGezjnXube48WcSWVZ30ZhYXFpeaW4Wlpb39jcMrd3mjJKBKENEvFItD2QlLOQNhRTnLZjQSHwOG15w8vcbz1QIVkU3qlRTLsB9EPmMwJKS6657wSgBgR4epXhc3xzD64TJLqmoGvmmmWrYo2B54k9JWU0Rd01v5xeRJKAhopwkLJjW7HqpiAUI5xmJSeRNAYyhD7taBpCQGU3Hd+R4UOt9LAfCf1Chcfq74kUAilHgac7863lrJeL/3mdRPln3ZSFcaJoSCYf+QnHKsJ5KLjHBCWKjzQBIpjeFZMBCCBKR1fSIdizJ8+T5nHFrlaqtyfl2sU0jiLaQwfoCNnoFNXQNaqjBiLoET2jV/RmPBkvxrvxMWktGNOZXfQHxucPFwaY1g==</latexit>

D = Ja
µJ

aµ

Using                                     , with            , we reproduce: 
<latexit sha1_base64="AKYgQ5oSMq0KQT/1zcfQJa2YTaY="></latexit>

�(1)
[JJ],singlet = �22nc

3

1

16⇡2

<latexit sha1_base64="+hr7jdUmIU3PzWlk0oq2Er1nTnI="></latexit>

�D = c⇥ �0�+O(�2)
<latexit sha1_base64="btHopH1JDGJkqfs2Akt9e8EYfF4=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaRIdVl047KCfUATy2Ry0w6dTOLMpFhKf8WNC0Xc+iPu/BunbRbaemDgcM653DsnSDlT2nG+rbX1jc2t7cJOcXdv/+DQPiq1VJJJCk2a8ER2AqKAMwFNzTSHTiqBxAGHdjC8mfntEUjFEnGvxyn4MekLFjFKtJF6dsnjJhwS7MFjxka4/1Dt2WWn4syBV4mbkzLK0ejZX16Y0CwGoSknSnVdJ9X+hEjNKIdp0csUpIQOSR+6hgoSg/In89un+MwoIY4SaZ7QeK7+npiQWKlxHJhkTPRALXsz8T+vm+noyp8wkWYaBF0sijKOdYJnReCQSaCajw0hVDJzK6YDIgnVpq6iKcFd/vIqaVUrbq1Su7so16/zOgroBJ2ic+SiS1RHt6iBmoiiJ/SMXtGbNbVerHfrYxFds/KZY/QH1ucPKxyT5A==</latexit>

� ⌘ g2

For Neumann boundary condition at            :
<latexit sha1_base64="Y3Kg9Vw2uzBYgHDRt4G6ozPmhKs=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0g0YsQ9OIxgnlAsobZSW8yZHZ2nZkVQshPePGgiFd/x5t/4yTZgyYWNBRV3XR3BYng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95hMqzWN5b0YJ+hHtSx5yRo2VWv2HMrkiLukWim7JnYEsEy8jRchQ6xa+Or2YpRFKwwTVuu25ifHHVBnOBE7ynVRjQtmQ9rFtqaQRan88u3dCTq3SI2GsbElDZurviTGNtB5Fge2MqBnoRW8q/ue1UxNe+mMuk9SgZPNFYSqIicn0edLjCpkRI0soU9zeStiAKsqMjShvQ/AWX14mjXLJq5Qqd+fF6nUWRw6O4QTOwIMLqMIt1KAODAQ8wyu8OY/Oi/PufMxbV5xs5gj+wPn8Aes0jpk=</latexit>

g2 = 0

<latexit sha1_base64="l+V2iuTqdVkNeq8/7ryO8M+9H4U=">AAACGnicbVDLSgMxFM3Ud31VXboJFsFVmRFRN4KoC5cK9gGdabmTZjQ0yQxJRijDfIcbf8WNC0XciRv/xnSchbYeCJyccy/33hMmnGnjul9OZWZ2bn5hcam6vLK6tl7b2GzpOFWENknMY9UJQVPOJG0aZjjtJIqCCDlth8Pzsd++p0qzWN6YUUIDAbeSRYyAsVK/5vkCzB0Bnl3k+AQXPyWyG5VHPehnvkh9meY46mVQ8n6t7jbcAniaeCWpoxJX/dqHP4hJKqg0hIPWXc9NTJCBMoxwmlf9VNMEyBBuaddSCYLqICtOy/GuVQY4ipV90uBC/d2RgdB6JEJbOV5dT3pj8T+vm5roOMiYTFJDJfkZFKUcmxiPc8IDpigxfGQJEMXsrpjcgQJibJpVG4I3efI0ae03vMPG4fVB/fSsjGMRbaMdtIc8dIRO0SW6Qk1E0AN6Qi/o1Xl0np035/2ntOKUPVvoD5zPb54VoeU=</latexit>

D = Trfa
µ⌫f

aµ⌫

<latexit sha1_base64="mmVPp+5OWS8dMoFhLwT8FEduV5U="></latexit>

�(1)
tr[ff ] = +

22nc

3

1

16⇡2

20

         we can apply the same method and get:


