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Motivation

Chern-Simons theory posses a well established non-perturbative 
level-rank duality

Ones coupled to matter in the fundamental representation, this duality is 
expected to extend to a duality between bosons and fermions

extensive evidence, especially at large N

• correlation function of local operators

• spectrum of monopole/baryon operators

• thermal free-energies

• S-matrices

• relating non-susy dualities to well-established susy ones

[Witten, Minwalla, Prakash, Trivedi, Wadia, Yin, Aharony, Gur-Ari, Yacoby, Maldacena, Zhiboedov, Giombi, 
Gaiotto, Kapustin, Hsin, Seiberg, Naculich, Schnitzer, Mlawer, Naculich, Riggs, Schnitzer, Camperi, 
Levstein, Zemba, Bedhotiya, Prakash, Gurucharan, Kirilin, Prakash, Skvortsov, Radivcevic, Jain, Yokoyama, 
Sharma, Takimi, Mandlik, Inbasekar, Mazumdar, Giveon, Kutasov, Benini, Closset, Cremonesi, …]



Motivation
The first evidence comes from the study of Chern-Simons itself [Witten 89]

Expect that the same dependance on the 
framing vector would lead to fractional 
statistics, ranging between boson (fermion) 
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(Will be shortly proven)
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U(N) gauge group at level

Only consider the               limit with                            fixed
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or their double trace deformation with respect to 
scalar current -
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Consider CFTs in 3d

= fixed points of CS theory + fundamental  bosons/fermions

Study the most fundamental operators in CS-matter theory


= line operators along an arbitrary smooth path between a 
fundamental and an anti-fundamental boundary operators

“mesonic line operator”
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Plan

At large N

The matter contributes at
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h
<latexit sha1_base64="OcGC9/YSUbbxrs5aTGZ4yqfy7jQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7ikqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lX18qFWqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD2P0j50=</latexit>

i
to

<latexit sha1_base64="ll8MiXKCnPk6iU4vmCepGnZz4ME=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7gkqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lX18qFWqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD1q+j5c=</latexit>

h
<latexit sha1_base64="OcGC9/YSUbbxrs5aTGZ4yqfy7jQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7ikqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lX18qFWqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD2P0j50=</latexit>

i<latexit sha1_base64="KFGD7u1fyVW5+rj3bgj7j5XxsSs=">AAAB9HicbVBNS8NAEJ3Ur1q/oh69LBahXmqioh6LXjxpBfsBbSib7aZdutnE3U2hhP4OLx4U8eqP8ea/cdvmoK0PBh7vzTAzz485U9pxvq3c0vLK6lp+vbCxubW9Y+/u1VWUSEJrJOKRbPpYUc4ErWmmOW3GkuLQ57ThD24mfmNIpWKReNSjmHoh7gkWMIK1kby0TTBH9+OSe3J33LGLTtmZAi0SNyNFyFDt2F/tbkSSkApNOFaq5Tqx9lIsNSOcjgvtRNEYkwHu0ZahAodUeen06DE6MkoXBZE0JTSaqr8nUhwqNQp90xli3Vfz3kT8z2slOrjyUibiRFNBZouChCMdoUkCqMskJZqPDMFEMnMrIn0sMdEmp4IJwZ1/eZHUT8vuRfns4bxYuc7iyMMBHEIJXLiECtxCFWpA4Ame4RXerKH1Yr1bH7PWnJXN7MMfWJ8/BNKQ9g==</latexit>

O(1/N)

<latexit sha1_base64="mmmmVOecbDHdqoYhcUIzQPHO5Ns=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAI8RJ3o6jHoBdPGsE8IFnD7GQ2GTI7u8zMCnHJl3jxoIhXP8Wbf+PkcdDEgoaiqpvuLj/mTGnH+bYyS8srq2vZ9dzG5tZ23t7ZrasokYTWSMQj2fSxopwJWtNMc9qMJcWhz2nDH1yN/cYjlYpF4l4PY+qFuCdYwAjWRurY+bRNMEe3o6J7fPNQPurYBafkTIAWiTsjBZih2rG/2t2IJCEVmnCsVMt1Yu2lWGpGOB3l2omiMSYD3KMtQwUOqfLSyeEjdGiULgoiaUpoNFF/T6Q4VGoY+qYzxLqv5r2x+J/XSnRw4aVMxImmgkwXBQlHOkLjFFCXSUo0HxqCiWTmVkT6WGKiTVY5E4I7//IiqZdL7lnp5O60ULmcxZGFfTiAIrhwDhW4hirUgEACz/AKb9aT9WK9Wx/T1ow1m9mDP7A+fwCpUJHL</latexit>

O(1/N2)

<latexit sha1_base64="0nz8FRlg7ZEwbtKloffVpv0gFmo=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXRT0WvXizgv2A7VKyabYNzSZLMiuUpT/DiwdFvPprvPlvTNs9aOuDgcd7M8zMCxPBDbjut1NYWV1b3yhulra2d3b3yvsHLaNSTVmTKqF0JySGCS5ZEzgI1kk0I3EoWDsc3U799hPThiv5COOEBTEZSB5xSsBKftalROD7SdU77ZUrbs2dAS8TLycVlKPRK391+4qmMZNABTHG99wEgoxo4FSwSambGpYQOiID5lsqScxMkM1OnuATq/RxpLQtCXim/p7ISGzMOA5tZ0xgaBa9qfif56cQXQcZl0kKTNL5oigVGBSe/o/7XDMKYmwJoZrbWzEdEk0o2JRKNgRv8eVl0jqreZe184eLSv0mj6OIjtAxqiIPXaE6ukMN1EQUKfSMXtGbA86L8+58zFsLTj5ziP7A+fwB9gqQZQ==</latexit>

O(1) to
<latexit sha1_base64="ll8MiXKCnPk6iU4vmCepGnZz4ME=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7gkqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lX18qFWqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD1q+j5c=</latexit>

h
<latexit sha1_base64="OcGC9/YSUbbxrs5aTGZ4yqfy7jQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7ikqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lX18qFWqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD2P0j50=</latexit>

i<latexit sha1_base64="TE5lTzTJebBAHvwXgLq7Q5MIFH0=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KomKeix68VjBfkAbymYzaZdudsPuplhC/4kXD4p49Z9489+4bXPQ1gcDj/dmmJkXppxp43nfzsrq2vrGZmmrvL2zu7fvHhw2tcwUhQaVXKp2SDRwJqBhmOHQThWQJOTQCod3U781AqWZFI9mnEKQkL5gMaPEWKnnul0DTyanUgigBqJJz614VW8GvEz8glRQgXrP/epGkmYJCEM50brje6kJcqIMoxwm5W6mISV0SPrQsVSQBHSQzy6f4FOrRDiWypYweKb+nshJovU4CW1nQsxAL3pT8T+vk5n4JsiZSDMDgs4XxRnHRuJpDDhiyv7Lx5YQqpi9FdMBUcRmoHTZhuAvvrxMmudV/6p68XBZqd0WcZTQMTpBZ8hH16iG7lEdNRBFI/SMXtGbkzsvzrvzMW9dcYqZI/QHzucPVcmUHw==</latexit>

connected

<latexit sha1_base64="GvAX3eDfwN9/JPqtq3N/XdX6IzQ="></latexit>

Sfer
E = SCS +

Z
d3x  ̄ · �µDµ 

“quasi-boson”

“quasi-fermion”

Consider CFTs in 3d

= fixed points of CS theory + fundamental  bosons/fermions

<latexit sha1_base64="p3drn7hAkbOrABRK23t06uD4nPk="></latexit>

SCS =
ik

4⇡

Z
d3x ✏µ⌫⇢ tr(Aµ@⌫A⇢ � 2i

3 AµA⌫A⇢)

<latexit sha1_base64="pplPMyToE2mwjS86b5Lkpl1Hi7A="></latexit>

Sbos
E = SCS +

Z
d3x (Dµ�)

† ·Dµ�+
�6

N2
(� · �†)3



Results
• Classify the conformal line operators.

• Classify the operators on the lines and the ones the lines can 
and on at finite    .<latexit sha1_base64="mDxt/leKmtp3oxMjtKhnPv55GqA=">AAAB7nicbVBNS8NAFHypX7V+VT16WSyCp5KoqMeiF48VrC20oWw2m3bpZhN2X4QS+iO8eFDEq7/Hm//GbZuDtg4sDDPz2PcmSKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjLdYIhPdCajhUijeQoGSd1LNaRxI3g5Gt1O//cS1EYl6wHHK/ZgOlIgEo2ildk/aaEj71Zpbd2cgy8QrSA0KNPvVr16YsCzmCpmkxnQ9N0U/pxoFk3xS6WWGp5SN6IB3LVU05sbPZ+tOyIlVQhIl2j6FZKb+nshpbMw4Dmwypjg0i95U/M/rZhhd+7lQaYZcsflHUSYJJmR6OwmF5gzl2BLKtLC7EjakmjK0DVVsCd7iycvk8azuXdbP7y9qjZuijjIcwTGcggdX0IA7aEILGIzgGV7hzUmdF+fd+ZhHS04xcwh/4Hz+AD9hj4U=</latexit>

�

• The line operators satisfy a first order “evolution equation”

• Line bootstrap — [spectrum of boundary operators] + [evolution 
equation] uniquely determine the expectation values of the 
mesonic line operators, as well as the 1/N correction to closed 
loops expectation values.  

• The conformal line operators of the bosonic and fermionic 
theories satisfy the same evolution equation and that their 
spectra of boundary operators are related to each other through 
the level-rank duality map <latexit sha1_base64="bqFwv205uVWJr1+Tzebu3G2jnKE=">AAACInicbVDLSgMxFM34tr6qLt0Ei9CClhkVHzvRjcsKVoVOKZn0ThuayQzJHbUM/RY3/oobF4q6EvwY0wfi60DgcM653NwTJFIYdN13Z2x8YnJqemY2Nze/sLiUX165MHGqOVR5LGN9FTADUiiookAJV4kGFgUSLoPOSd+/vAZtRKzOsZtAPWItJULBGVqpkT8sdjZ9afNNVvKpLyFELVptZFrHNz4tbn3ZWz7CLWZGtFSv2CmVGvmCW3YHoH+JNyIFMkKlkX/1mzFPI1DIJTOm5rkJ1jOmUXAJvZyfGkgY77AW1CxVLAJTzwYn9uiGVZo0jLV9CulA/T6RsciYbhTYZMSwbX57ffE/r5ZieFDPhEpSBMWHi8JUUoxpvy/aFBo4yq4ljGth/0p5m2nG0baasyV4v0/+Sy62y95eeedst3B0PKpjhqyRdVIkHtknR+SUVEiVcHJHHsgTeXbunUfnxXkbRsec0cwq+QHn4xMEvaNf</latexit>

(k,�) $ (�k,�� sign(k))
<latexit sha1_base64="66MzpYItK7se4FKesE70oi8P3sg=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUhWVGRd0IRTcuK9gHdIYhk8m0oUlmSDJCGfoBbvwVNy4UcesHuPNvTNsRtPVA4HDOudzcEySMKm3bX1ZhYXFpeaW4Wlpb39jcKm/vtFScSkyaOGax7ARIEUYFaWqqGekkkiAeMNIOBtdjv31PpKKxuNPDhHgc9QSNKEbaSH654jITDpEfXf6w4ChzJYeK9sSoOvCDQ5Oya/YEcJ44OamAHA2//OmGMU45ERozpFTXsRPtZUhqihkZldxUkQThAeqRrqECcaK8bHLMCB4YJYRRLM0TGk7U3xMZ4koNeWCSHOm+mvXG4n9eN9XRhZdRkaSaCDxdFKUM6hiOm4EhlQRrNjQEYUnNXyHuI4mwNv2VTAnO7MnzpHVcc85qJ7enlfpVXkcR7IF9UAUOOAd1cAMaoAkweABP4AW8Wo/Ws/VmvU+jBSuf2QV/YH18Aw4Vmvw=</latexit>

�f = �b � sign(kb)
<latexit sha1_base64="1oVhguoc+hA+b0Xp/sIDG5MQof4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQq6rHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+ag1QcDj/dmmJkXpYIb9Lwvp7C0vLK6VlwvbWxube+Ud/eaRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8nvqtB6YNV/IeRykLE9KXPOaUoJWCzh3vD5BorR675YpX9WZw/xI/JxXIUe+WPzs9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cY+s0nNjpW1JdGfqz4kxSYwZJZHtTAgOzKI3Ff/zggzjy3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZf/kuZJ1T+vnt6eVWpXeRxFOIBDOAYfLqAGN1CHBlBQ8AQv8Oqg8+y8Oe/z1oKTz+zDLzgf35O3kXU=</latexit>)



Results
Demonstrate this by bootstrapping and computing explicitly the two-
point function of the displacement operator

<latexit sha1_base64="ll8MiXKCnPk6iU4vmCepGnZz4ME=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7gkqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lX18qFWqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD1q+j5c=</latexit>

h
<latexit sha1_base64="OcGC9/YSUbbxrs5aTGZ4yqfy7jQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7ikqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lX18qFWqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD2P0j50=</latexit>

i
<latexit sha1_base64="ll8MiXKCnPk6iU4vmCepGnZz4ME=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7gkqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lX18qFWqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD1q+j5c=</latexit>

h
<latexit sha1_base64="OcGC9/YSUbbxrs5aTGZ4yqfy7jQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7ikqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lX18qFWqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD2P0j50=</latexit>

i

boundary operators of minimal dimension 

displacement operator

<latexit sha1_base64="p+6L2yY8W3/Rt/TYPvGG47jD6oE="></latexit>

⇤(�) = � (2�� 1)(2�� 2)(2�� 3) sin(2⇡�)

2⇡

The dependance of      on     depends on the line operator and 
whether we use      or                            .

<latexit sha1_base64="LQxUP5vN33bpXHfjKZ3JmROFUHE=">AAAB7XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsJ+3aTTbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNCrVHBpcSaXbATMgRQwNFCihnWhgUSChFYxupn7rCbQRKn7AcQJ+xAaxCAVnaKVm9xYksl654lbdGegy8XJSITnqvfJXt694GkGMXDJjOp6boJ8xjYJLmJS6qYGE8REbQMfSmEVg/Gx27YSeWKVPQ6VtxUhn6u+JjEXGjKPAdkYMh2bRm4r/eZ0Uwys/E3GSIsR8vihMJUVFp6/TvtDAUY4tYVwLeyvlQ6YZRxtQyYbgLb68TJpnVe+ien5/Xqld53EUyRE5JqfEI5ekRu5InTQIJ4/kmbySN0c5L8678zFvLTj5zCH5A+fzB2N6jwU=</latexit>

�
<latexit sha1_base64="l6v7b8WEz3KlQh/xTtq1s64OQWE=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4A2lJvJpB06mYSZiVBCP8KNC0Xc+j3u/BunbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwSVrGW4E66aKYRwI1gnGdzO/88SU5ol8NJOU+TEOJY84RWOlTl/YaIiDas2tu3OQVeIVpAYFmoPqVz9MaBYzaahArXuemxo/R2U4FWxa6WeapUjHOGQ9SyXGTPv5fN0pObNKSKJE2ScNmau/J3KMtZ7EgU3GaEZ62ZuJ/3m9zEQ3fs5lmhkm6eKjKBPEJGR2Owm5YtSIiSVIFbe7EjpChdTYhiq2BG/55FXSvqh7V/XLh8ta47aoowwncArn4ME1NOAemtACCmN4hld4c1LnxXl3PhbRklPMHMMfOJ8/P7OPhg==</latexit>

�
<latexit sha1_base64="m1QEc6i3J9+0uNJkB2dP+nB9ARI=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFNy4r2Ie0Q8lkMm1okhmSjFCGfoUbF4q49XPc+Tem01lo64HA4Zxzyb0nSDjTxnW/ndLa+sbmVnm7srO7t39QPTzq6DhVhLZJzGPVC7CmnEnaNsxw2ksUxSLgtBtMbud+94kqzWL5YKYJ9QUeSRYxgo2VHgfcRkM8DIbVmlt3c6BV4hWkBgVaw+rXIIxJKqg0hGOt+56bGD/DyjDC6awySDVNMJngEe1bKrGg2s/yhWfozCohimJlnzQoV39PZFhoPRWBTQpsxnrZm4v/ef3URNd+xmSSGirJ4qMo5cjEaH49CpmixPCpJZgoZndFZIwVJsZ2VLEleMsnr5LORd27rDfuG7XmTVFHGU7gFM7Bgytowh20oA0EBDzDK7w5ynlx3p2PRbTkFDPH8AfO5w+0AZBb</latexit>

�b

<latexit sha1_base64="MPz/Hf0My3P9mjE911Q+FVNLUV4=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUhWVGiroRim5cVrAP6AxDJpNpQ5PMkGSEMvQD3Pgrblwo4tYPcOffmLYjaOuBwOGcc7m5J0gYVdq2v6zC0vLK6lpxvbSxubW9U97da6s4lZi0cMxi2Q2QIowK0tJUM9JNJEE8YKQTDK8nfueeSEVjcadHCfE46gsaUYy0kfxyxWUmHCI/uvxhwUnmSg4V7YtxdegHxyZl1+wp4CJxclIBOZp++dMNY5xyIjRmSKmeYyfay5DUFDMyLrmpIgnCQ9QnPUMF4kR52fSYMTwySgijWJonNJyqvycyxJUa8cAkOdIDNe9NxP+8XqqjCy+jIkk1EXi2KEoZ1DGcNANDKgnWbGQIwpKav0I8QBJhbformRKc+ZMXSfu05pzV6rf1SuMqr6MIDsAhqAIHnIMGuAFN0AIYPIAn8AJerUfr2Xqz3mfRgpXP7IM/sD6+AQ5nmv0=</latexit>

�f = �b � sign(kb)

and opposite transverse spin
<latexit sha1_base64="JSA7UxsWkkwofkizhC3Lp1UCr98=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4Gmamta27oi5cVrAPaIeSSTNtbCYZkoxQhv6DGxeKuPV/3Pk3ZtoKKnrgwuGce7n3niBmVGnH+bByK6tr6xv5zcLW9s7uXnH/oK1EIjFpYcGE7AZIEUY5aWmqGenGkqAoYKQTTC4zv3NPpKKC3+ppTPwIjTgNKUbaSO3+FWEaDYolxz6vV70zDzq249S8cjUjXq3ilaFrlAwlsERzUHzvDwVOIsI1ZkipnuvE2k+R1BQzMiv0E0VihCdoRHqGchQR5afza2fwxChDGAppims4V79PpChSahoFpjNCeqx+e5n4l9dLdFj3U8rjRBOOF4vChEEtYPY6HFJJsGZTQxCW1NwK8RhJhLUJqGBC+PoU/k/anu1W7cpNpdS4WMaRB0fgGJwCF9RAA1yDJmgBDO7AA3gCz5awHq0X63XRmrOWM4fgB6y3T8Zjj0k=</latexit>

�

           is also the two-point function of the displacement operator 
on a circular loop. 

<latexit sha1_base64="Nfi+G+hw+hqhRWFXYBnsiyDkzdI=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0Wom5JIUZdFXbhwUcE+oAllMrlph04mYWYi1NIvceNCEbd+ijv/xmmbhbYeGDiccy73zglSzpR2nG9rZXVtfWOzsFXc3tndK9n7By2VZJJCkyY8kZ2AKOBMQFMzzaGTSiBxwKEdDK+nfvsRpGKJeNCjFPyY9AWLGCXaSD275N2ZcEgq3g1wTU57dtmpOjPgZeLmpIxyNHr2lxcmNItBaMqJUl3XSbU/JlIzymFS9DIFKaFD0oeuoYLEoPzx7PAJPjFKiKNEmic0nqm/J8YkVmoUByYZEz1Qi95U/M/rZjq69MdMpJkGQeeLooxjneBpCzhkEqjmI0MIlczciumASEK16apoSnAXv7xMWmdV97xau6+V61d5HQV0hI5RBbnoAtXRLWqgJqIoQ8/oFb1ZT9aL9W59zKMrVj5ziP7A+vwBuMSSfg==</latexit>

⇤(�)

<latexit sha1_base64="qkSR14q+QVDkm8AlkzdjVpHCNdg="></latexit>

=
⇤(�)

x4
st

✓
x10xst

x1sxt0

◆2�
<latexit sha1_base64="8XplRaeZ63II5HZgGAhOGXErGK4=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2AR6qbMSFGXRV24rGAf0BmGTJq2oZlMSDJiGbvwV9y4UMStv+HOvzHTzkJbDwQO59zLPTmhYFRpx/m2CkvLK6trxfXSxubW9o69u9dScSIxaeKYxbITIkUY5aSpqWakIyRBUchIOxxdZX77nkhFY36nx4L4ERpw2qcYaSMF9kHqRUgPwxBeTwJPECkqD4E+CeyyU3WmgIvEzUkZ5GgE9pfXi3ESEa4xQ0p1XUdoP0VSU8zIpOQligiER2hAuoZyFBHlp9P8E3hslB7sx9I8ruFU/b2RokipcRSaySysmvcy8T+vm+j+hZ9SLhJNOJ4d6icM6hhmZcAelQRrNjYEYUlNVoiHSCKsTWUlU4I7/+VF0jqtumfV2m2tXL/M6yiCQ3AEKsAF56AObkADNAEGj+AZvII368l6sd6tj9lowcp39sEfWJ8/fOWVxA==</latexit>

D?(xt)
<latexit sha1_base64="AAGqojDlcLm0mwnKARWqhiUi3CA=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2AR6qbMSFGXRV24rGAf0BmGTJq2oZlMSDJiGbvwV9y4UMStv+HOvzHTzkJbDwQO59zLPTmhYFRpx/m2CkvLK6trxfXSxubW9o69u9dScSIxaeKYxbITIkUY5aSpqWakIyRBUchIOxxdZX77nkhFY36nx4L4ERpw2qcYaSMF9kHqRUgPwxBeTwJPECkqD4E6CeyyU3WmgIvEzUkZ5GgE9pfXi3ESEa4xQ0p1XUdoP0VSU8zIpOQligiER2hAuoZyFBHlp9P8E3hslB7sx9I8ruFU/b2RokipcRSaySysmvcy8T+vm+j+hZ9SLhJNOJ4d6icM6hhmZcAelQRrNjYEYUlNVoiHSCKsTWUlU4I7/+VF0jqtumfV2m2tXL/M6yiCQ3AEKsAF56AObkADNAEGj+AZvII368l6sd6tj9lowcp39sEfWJ8/e2CVww==</latexit>

D?(xs)

<latexit sha1_base64="QRlFKTdZFTH2TZmCLuq5ispBsxg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+ien53Xqld53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcOno2p</latexit>x1
<latexit sha1_base64="CrLcgGPFPZRKE07vcCRVoa88e2k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+ien53Xqld53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcNGo2o</latexit>x0



Plan

Warning — no detailed derivations

Without loss of generality, we assume
<latexit sha1_base64="d7ckEr9tI4Q4FypJ1YuVuhn3Vvs=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Wol5JIUU9S9OKxgv2ANoTNdtMu3WzC7kYpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMCxLOlHacb2tldW19Y7OwVdze2d3bt0sHLRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0Ho5up336gUrFY3OtxQr0IDwQLGcHaSL5dynoyQooNxKQy8oPTK8e3y07VmQEtEzcnZcjR8O2vXj8maUSFJhwr1XWdRHsZlpoRTifFXqpogskID2jXUIEjqrxsdvoEnRilj8JYmhIazdTfExmOlBpHgemMsB6qRW8q/ud1Ux1eehkTSaqpIPNFYcqRjtE0B9RnkhLNx4ZgIpm5FZEhlphok1bRhOAuvrxMWmdV97xau6uV69d5HAU4gmOogAsXUIdbaEATCDzCM7zCm/VkvVjv1se8dcXKZw7hD6zPHy1xk00=</latexit>

sign(kb) > 0 <latexit sha1_base64="Hixo8HSyHyFdnDxjE5iKL5SELL0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6l9Uz+/OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5QJkXY=</latexit>)
<latexit sha1_base64="U21f2zOidKLCTkY1duMw/Y7zEBQ=">AAAB+nicbVDLSsNAFL3xWesr1aWbYBFcSEmkqMuiG5cV7AOSECaTSTt0MgkzE6XEfoobF4q49Uvc+TdO2yy09cDA4ZxzuXdOmDEqlW1/Gyura+sbm5Wt6vbO7t6+WTvoyjQXmHRwylLRD5EkjHLSUVQx0s8EQUnISC8c3Uz93gMRkqb8Xo0z4idowGlMMVJaCsyax3Q4QkHoUe7aZ44fmHW7Yc9gLROnJHUo0Q7MLy9KcZ4QrjBDUrqOnSm/QEJRzMik6uWSZAiP0IC4mnKUEOkXs9Mn1olWIitOhX5cWTP190SBEinHSaiTCVJDuehNxf88N1fxlV9QnuWKcDxfFOfMUqk17cGKqCBYsbEmCAuqb7XwEAmElW6rqktwFr+8TLrnDeei0bxr1lvXZR0VOIJjOAUHLqEFt9CGDmB4hGd4hTfjyXgx3o2PeXTFKGcO4Q+Mzx83m5NU</latexit>

�b 2 [0, 1]
<latexit sha1_base64="jaOJs359gyXRyUyH4UyxPQXC5BI=">AAAB+3icbVDLSsNAFL3xWesr1qWbYBFcaEmkqMuiG5cV7AOSECaTSTt0MgkzE7GE/oobF4q49Ufc+TdO2yy09cDA4ZxzuXdOmDEqlW1/Gyura+sbm5Wt6vbO7t6+eVDryjQXmHRwylLRD5EkjHLSUVQx0s8EQUnISC8c3U793iMRkqb8QY0z4idowGlMMVJaCsyax3Q4QkHsUe6eO2e2H5h1u2HPYC0TpyR1KNEOzC8vSnGeEK4wQ1K6jp0pv0BCUczIpOrlkmQIj9CAuJpylBDpF7PbJ9aJViIrToV+XFkz9fdEgRIpx0mokwlSQ7noTcX/PDdX8bVfUJ7linA8XxTnzFKpNS3CiqggWLGxJggLqm+18BAJhJWuq6pLcBa/vEy6Fw3nstG8b9ZbN2UdFTiCYzgFB66gBXfQhg5geIJneIU3Y2K8GO/Gxzy6YpQzh/AHxucPrOiTjw==</latexit>

�f 2 [�1, 0]

(parity                                .) <latexit sha1_base64="X7T8dUBuOkX+tKspoHAYRYB4zvY=">AAACIXicbVDLSgNBEJz1GeNr1aOXxSB4iGFXguYY9OIxgnlANoTe2dlkyOzDmV4lhPyKF3/FiwdFchN/xkmyB00saCiqume6y0sEV2jbX8bK6tr6xmZuK7+9s7u3bx4cNlScSsrqNBaxbHmgmOARqyNHwVqJZBB6gjW9wc3Ubz4yqXgc3eMwYZ0QehEPOAXUUtesDFzBApS810eQMn46H7jFovuQgu8K/YwPi34md82CXbJnsJaJk5ECyVDrmhPXj2kasgipAKXajp1gZwQSORVsnHdTxRKgA+ixtqYRhEx1RrMLx9apVnwriKWuCK2Z+ntiBKFSw9DTnSFgXy16U/E/r51iUOmMeJSkyCI6/yhIhYWxNY3L8rlkFMVQE6CS610t2gcJFHWoeR2Cs3jyMmlclJzLUvmuXKheZ3HkyDE5IWfEIVekSm5JjdQJJc/klbyTD+PFeDM+jcm8dcXIZo7IHxjfP2i7pOk=</latexit>

k $ �k , � $ ��

Bosonic theory Fermionic theory Bootstrap<latexit sha1_base64="8EtmUgMiUtpWX3a8+Ppx0LcIFgM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7AekoWy2m3bpJht2J0op/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVpxptMSaU7ITVcioQ3UaDknVRzGoeSt8PR7cxvP3JthEoecJzyIKaDRESCUbSS39ViMESqtXrqlStu1Z2DrBIvJxXI0eiVv7p9xbKYJ8gkNcb33BSDCdUomOTTUjczPKVsRAfctzShMTfBZH7ylJxZpU8ipW0lSObq74kJjY0Zx6HtjCkOzbI3E//z/Ayj62AikjRDnrDFoiiTBBWZ/U/6QnOGcmwJZVrYWwkbUk0Z2pRKNgRv+eVV0rqoepfV2n2tUr/J4yjCCZzCOXhwBXW4gwY0gYGCZ3iFNwedF+fd+Vi0Fpx85hj+wPn8AcWpkZY=</latexit>! <latexit sha1_base64="8EtmUgMiUtpWX3a8+Ppx0LcIFgM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7AekoWy2m3bpJht2J0op/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVpxptMSaU7ITVcioQ3UaDknVRzGoeSt8PR7cxvP3JthEoecJzyIKaDRESCUbSS39ViMESqtXrqlStu1Z2DrBIvJxXI0eiVv7p9xbKYJ8gkNcb33BSDCdUomOTTUjczPKVsRAfctzShMTfBZH7ylJxZpU8ipW0lSObq74kJjY0Zx6HtjCkOzbI3E//z/Ayj62AikjRDnrDFoiiTBBWZ/U/6QnOGcmwJZVrYWwkbUk0Z2pRKNgRv+eVV0rqoepfV2n2tUr/J4yjCCZzCOXhwBXW4gwY0gYGCZ3iFNwedF+fd+Vi0Fpx85hj+wPn8AcWpkZY=</latexit>!



Line Operators in the Bosonic Theory
A Wilson line has a non-zero beta function on the line 
for the adjoint bi-scalar

<latexit sha1_base64="NJZ2VDHLl4myCuHqKStiRDAwUZA=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkqMeiF48VbC00sWw2m3bpZhN2N4US+k+8eFDEq//Em//GTZuDtj4YeLw3w8y8IOVMacf5tipr6xubW9Xt2s7u3v6BfXjUVUkmCe2QhCeyF2BFORO0o5nmtJdKiuOA08dgfFv4jxMqFUvEg56m1I/xULCIEayNNLBtLx2xop68EA+HVA7sutNw5kCrxC1JHUq0B/aXFyYki6nQhGOl+q6Taj/HUjPC6azmZYqmmIzxkPYNFTimys/nl8/QmVFCFCXSlNBorv6eyHGs1DQOTGeM9Ugte4X4n9fPdHTt50ykmaaCLBZFGUc6QUUMKGSSEs2nhmAimbkVkRGWmGgTVs2E4C6/vEq6Fw33stG8b9ZbN2UcVTiBUzgHF66gBXfQhg4QmMAzvMKblVsv1rv1sWitWOXMMfyB9fkDrAuTsg==</latexit>

��†

There are also other conformal line operators — operators with d.o.f. 
on the line and non-unitary ones, that we will not describe in this talk.

At the fix points we find the line operators

framing vectorpath

<latexit sha1_base64="5mclGpbQkXdR2BTMDv+0Qi89030=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKexKUC9C0IvHCOYBu0uYncwmQ+bFzKwQlnyGFw+KePVrvPk3TpI9aGJBQ1HVTXdXohg11ve/vdLa+sbmVnm7srO7t39QPTzqGJlpTNpYMql7CTKEUUHallpGekoTxBNGusn4buZ3n4g2VIpHO1Ek5mgoaEoxsk4KI8TUCN1Eigf9as2v+3PAVRIUpAYKtPrVr2ggccaJsJghY8LAVzbOkbYUMzKtRJkhCuExGpLQUYE4MXE+P3kKz5wygKnUroSFc/X3RI64MROeuE6O7MgsezPxPy/MbHod51SozBKBF4vSjEEr4ex/OKCaYMsmjiCsqbsV4hHSCFuXUsWFECy/vEo6F/Xgst54aNSat0UcZXACTsE5CMAVaIJ70AJtgIEEz+AVvHnWe/HevY9Fa8krZo7BH3ifP9exkPo=</latexit>

↵ = ±1
<latexit sha1_base64="6zJW89AFkuPCerFxHHeukChDQOg="></latexit>

W↵[C, n] ⌘
h
Pe

i
R

C
(A·dx+i↵ 2⇡�

N ��†|dx|)i

n

<latexit sha1_base64="am6CKLf/R9zmNT1K2ny8pNrrqL0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8nfrNJ6YNV/LBjlIWJtiXPOYUrZMaHRTpALulsl/xZyDLJMhJGXLUuqWvTk/RLGHSUoHGtAM/teEYteVUsEmxkxmWIh1in7UdlZgwE45n107IqVN6JFbalbRkpv6eGGNizCiJXGeCdmAWvan4n9fObHwdjrlMM8sknS+KM0GsItPXSY9rRq0YOYJUc3croQPUSK0LqOhCCBZfXiaN80pwWfHvL8rVmzyOAhzDCZxBAFdQhTuoQR0oPMIzvMKbp7wX7937mLeuePnMEfyB9/kDjNOPHA==</latexit>↵<latexit sha1_base64="SpIrZg/h0Ogmaczq2zvWGHJuKmQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURRY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV9/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+U0jPA=</latexit>�1
<latexit sha1_base64="h9U9GbYOM1m/jysYDrO+Cd6991k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBe++MuQ==</latexit>

1
(almost) 
trivial line

RG flow -



Mesonic Line Operators

<latexit sha1_base64="s7bvSnVS5RMN9tZJZnPPz8frNY0=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRbBU9kVUS9C0YsHxQr2A7pLyabZNjSbDUlWKEv/hhcPinj1z3jz35i2e9DWBwOP92aYmRdKzrRx3W+nsLS8srpWXC9tbG5t75R395o6SRWhDZLwRLVDrClngjYMM5y2paI4DjlthcPrid96okqzRDyakaRBjPuCRYxgYyX/7jLzCebofty97ZYrbtWdAi0SLycVyFHvlr/8XkLSmApDONa647nSBBlWhhFOxyU/1VRiMsR92rFU4JjqIJvePEZHVumhKFG2hEFT9fdEhmOtR3FoO2NsBnrem4j/eZ3URBdBxoRMDRVktihKOTIJmgSAekxRYvjIEkwUs7ciMsAKE2NjKtkQvPmXF0nzpOqdVU8fTiu1qzyOIhzAIRyDB+dQgxuoQwMISHiGV3hzUufFeXc+Zq0FJ5/Zhz9wPn8ALVqRIw==</latexit>

M = OL

<latexit sha1_base64="RDEfpIHn06BPy0Pw3cIlSTIXId8=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTtZjVJL2tF+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn83ik5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzJ4nA6E5QzmxhDIt7K2EjaimDG1EJRuCt/zyKmldVL3Lau2+Vqnf5HEU4QRO4Rw8uII63EEDmsBAwjO8wpvz6Lw4787HorXg5DPH8AfO5w/FN4/O</latexit>W
<latexit sha1_base64="UzEPC1pRGWJFRxZmIfuTvoulbSg=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL96MYh6YLKF3MkmGzM4uM7NCWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJoqxOIxGpVoCaCS5Z3XAjWCtWDMNAsGYwup76zSemNI/kgxnHzA9xIHmfUzRWekw7FAW5nXTvu8WSW3ZnIMvEy0gJMtS6xa9OL6JJyKShArVue25s/BSV4VSwSaGTaBYjHeGAtS2VGDLtp7OLJ+TEKj3Sj5QtachM/T2RYqj1OAxsZ4hmqBe9qfif105M/9JPuYwTwySdL+ongpiITN8nPa4YNWJsCVLF7a2EDlEhNTakgg3BW3x5mTTOyt55uXJXKVWvsjjycATHcAoeXEAVbqAGdaAg4Rle4c3Rzovz7nzMW3NONnMIf+B8/gAVnJCL</latexit>

OR

anti-fundamental 
boundary operator

fundamental 
boundary operator

Mesonic line operator

The operators with           are              primaries<latexit sha1_base64="4dLX825kOPjoK00956Xk3hWYhA8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9KCu3V654lbdGcgy8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkxCp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLy6R5VvUuquf355XaTR5HEY7gGE7Bg0uowR3UoQEMBvAMr/DmSOfFeXc+5q0FJ585hD9wPn8AyiWNfA==</latexit>

n = 0
<latexit sha1_base64="ayfA3TDT9GUVJAb1KqvYqaXDwR8=">AAAB+nicbVDLSgMxFL3js9bXVJdugkWoIGWmFHVZdOPCRX30Ae1QMmmmDc08SDJKGfspblwo4tYvceffmGlnoa0HAodz7uWeHDfiTCrL+jaWlldW19ZzG/nNre2dXbOw15RhLAhtkJCHou1iSTkLaEMxxWk7EhT7Lqctd3SZ+q0HKiQLg3s1jqjj40HAPEaw0lLPLNxdlyonSdfHaui66HZy3DOLVtmaAi0SOyNFyFDvmV/dfkhinwaKcCxlx7Yi5SRYKEY4neS7saQRJiM8oB1NA+xT6STT6BN0pJU+8kKhX6DQVP29kWBfyrHv6sk0opz3UvE/rxMr79xJWBDFigZkdsiLOVIhSntAfSYoUXysCSaC6ayIDLHAROm28roEe/7Li6RZKdun5epNtVi7yOrIwQEcQglsOIMaXEEdGkDgEZ7hFd6MJ+PFeDc+ZqNLRrazD39gfP4AftKS4A==</latexit>

SL(2,R)

An infinite straight line preserve an                         conformal symmetry<latexit sha1_base64="UqPrKqDFoMLJUeVRkHL0Wh6vY2E=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahBSlJKeqy6MaFi/pIW2hCmUyn7dDJJMxMhBK6ceOvuHGhiFv/wZ1/46TNQlsPXDiccy/33uNHjEplWd9Gbml5ZXUtv17Y2Nza3jF395oyjAUmDg5ZKNo+koRRThxFFSPtSBAU+Iy0/NFl6rceiJA05PdqHBEvQANO+xQjpaWueXh3XaqeJG6A1ND34e2k7CoaEAmdkl3umkWrYk0BF4mdkSLI0OiaX24vxHFAuMIMSdmxrUh5CRKKYkYmBTeWJEJ4hAakoylHepOXTL+YwGOt9GA/FLq4glP190SCAinHga8702vlvJeK/3mdWPXPvYTyKFaE49mifsygCmEaCexRQbBiY00QFlTfCvEQCYSVDq6gQ7DnX14kzWrFPq3UbmrF+kUWRx4cgCNQAjY4A3VwBRrAARg8gmfwCt6MJ+PFeDc+Zq05I5vZB39gfP4ApqCWww==</latexit>

SL(2,R)⇥ U(1)

<latexit sha1_base64="JXYjU7ECyv6ojuHVK4O91fky2VM=">AAACGXicbVBNSwMxEM3Wr1q/qh69BIvgqeyKqBeh6MWDYBXbCt1Ssum0DWazSzIrlqV/w4t/xYsHRTzqyX9j+kFR64PAm/dmmMwLYikMuu6Xk5mZnZtfyC7mlpZXVtfy6xtVEyWaQ4VHMtI3ATMghYIKCpRwE2tgYSChFtyeDvzaHWgjInWNvRgaIeso0RacoZWaeTf1OZP0ot/0Ee4xFUqB7h9P1CsfRQhmUp838wW36A5Bp4k3JgUyRrmZ//BbEU9CUMglM6buuTE2UqZRcAn9nJ8YiBm/ZR2oW6qYXddIh5f16Y5VWrQdafsU0qH6cyJloTG9MLCdIcOu+esNxP+8eoLto4a9Nk4QFB8taieSYkQHMdGW0MBR9ixhXAv7V8q7TDOONsycDcH7e/I0qe4VvYPi/uV+oXQyjiNLtsg22SUeOSQlckbKpEI4eSBP5IW8Oo/Os/PmvI9aM854ZpP8gvP5DUkNoRg=</latexit>

Oinner = OR ⇥OLAdjoint operators on the line 

are uniquely classified by
<latexit sha1_base64="LQxUP5vN33bpXHfjKZ3JmROFUHE=">AAAB7XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsJ+3aTTbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNCrVHBpcSaXbATMgRQwNFCihnWhgUSChFYxupn7rCbQRKn7AcQJ+xAaxCAVnaKVm9xYksl654lbdGegy8XJSITnqvfJXt694GkGMXDJjOp6boJ8xjYJLmJS6qYGE8REbQMfSmEVg/Gx27YSeWKVPQ6VtxUhn6u+JjEXGjKPAdkYMh2bRm4r/eZ0Uwys/E3GSIsR8vihMJUVFp6/TvtDAUY4tYVwLeyvlQ6YZRxtQyYbgLb68TJpnVe+ien5/Xqld53EUyRE5JqfEI5ekRu5InTQIJ4/kmbySN0c5L8678zFvLTj5zCH5A+fzB2N6jwU=</latexit>

�
<latexit sha1_base64="I2EnglkAuTqI9OZxElDDgEuBRQE=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4CmlMl00g6dTMLMjVBCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZrwfkRHSoSCUbSS70cUx6Gmk8zMBtWaW3fnIKvEK0gNCjQH1S9/GLM04gqZpMb0PDfBfkY1Cib5rOKnhieUTeiI9yxVNOKmn80zz8iZVYYkjLV9Cslc/b2R0ciYaRTYyTyjWfZy8T+vl2J408+ESlLkii0OhakkGJO8ADIUmjOUU0so08JmJWxMNWVoa6rYErzlL6+S9kXdu6pfPlzWGrdFHWU4gVM4Bw+uoQH30IQWMEjgGV7hzUmdF+fd+ViMlpxi5xj+wPn8AZi/khA=</latexit>s

- conformal dimension
- transverse spin

<latexit sha1_base64="rXmO5FYzERpC7t07V/T/7MfNYeY=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU02kVI9FLx4Eq9gPaGPZbDft0s0m7G6UEvI/vHhQxKv/xZv/xm2bg7Y+GHi8N8PMPC/iTGnb/rZyS8srq2v59cLG5tb2TnF3r6nCWBLaICEPZdvDinImaEMzzWk7khQHHqctb3Q58VuPVCoWins9jqgb4IFgPiNYG+kh6RLM0U3aS+5OrtNesWSX7SnQInEyUoIM9V7xq9sPSRxQoQnHSnUcO9JugqVmhNO00I0VjTAZ4QHtGCpwQJWbTK9O0ZFR+sgPpSmh0VT9PZHgQKlx4JnOAOuhmvcm4n9eJ9b+uZswEcWaCjJb5Mcc6RBNIkB9JinRfGwIJpKZWxEZYomJNkEVTAjO/MuLpHladqrlym2lVLvI4sjDARzCMThwBjW4gjo0gICEZ3iFN+vJerHerY9Za87KZvbhD6zPH+y+kiY=</latexit>

OR/L

At tree level   

tree level spin

<latexit sha1_base64="JLcLKP2i91Loyy1rHbpiCfz0NQs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexqUI9BLx4jmgcka5id9CZDZmeXmVkxLPkELx4U8eoXefNvnDwOGi1oKKq66e4KEsG1cd0vJ7e0vLK6ll8vbGxube8Ud/caOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheTfzmAyrNY3lnRgn6Ee1LHnJGjZVuH+9Pu8WSW3anIH+JNyclmKPWLX52ejFLI5SGCap123MT42dUGc4EjgudVGNC2ZD2sW2ppBFqP5ueOiZHVumRMFa2pCFT9edERiOtR1FgOyNqBnrRm4j/ee3UhBd+xmWSGpRstihMBTExmfxNelwhM2JkCWWK21sJG1BFmbHpFGwI3uLLf0njpOydlSs3lVL1ch5HHg7gEI7Bg3OowjXUoA4M+vAEL/DqCOfZeXPeZ605Zz6zD7/gfHwDECGNqg==</latexit>

x3

<latexit sha1_base64="bdY5L9riIgcBiP1YimD6er7QH38=">AAACDXicbVDJSgNBEO1xjXGLevQyGAVFiTMhqBchqAePEcwCSQw9nUrSpKdn6K4RwyQ/4MVf8eJBEa/evfk3dpaD24OCx3tVVNXzQsE1Os6nNTU9Mzs3n1hILi4tr6ym1tZLOogUgyILRKAqHtUguIQichRQCRVQ3xNQ9rrnQ798C0rzQF5jL4S6T9uStzijaKRGart2AQJpo4ZwhzEqgMFNvCsP9N7g1D3M7sv9vu43Umkn44xg/yXuhKTJBIVG6qPWDFjkg0QmqNZV1wmxHlOFnAkYJGuRhpCyLm1D1VBJfdD1ePTNwN4xStNuBcqURHukfp+Iqa91z/dMp0+xo397Q/E/rxph66QecxlGCJKNF7UiYWNgD6Oxm1wBQ9EzhDLFza0261BFGZoAkyYE9/fLf0kpm3GPMrmrXDp/NokjQTbJFtklLjkmeXJJCqRIGLknj+SZvFgP1pP1ar2NW6esycwG+QHr/QuUi5s8</latexit>

�(n,s)
tree = 1/2 + n+ |s|

<latexit sha1_base64="ZDVif65yfG12qurfJ6s6UiEmElA="></latexit>

O
(n,s)
R, tree =

1
p
N

⇥

(
@n
x3
R
@s
x+
R

� s � 1

@n
x3
R
@�s
x�
R

� s  0

<latexit sha1_base64="aQ8t2TXPMPnVX54MZ73ZpNfBeSo=">AAACAHicdVBNS0JBFJ1nX2Zfr1q0aDMkgSHJczS1RSC1aWmQKehT5s0bdXDeBzPzIhE3/ZU2LYpo289o179pnhpU1IE7HM65lzv3OCFnUlnWh5FYWFxaXkmuptbWNza3zO2dGxlEgtA6CXggmg6WlDOf1hVTnDZDQbHncNpwhhex37ilQrLAv1ajkNoe7vusxwhWWuqae67soDPk3nWyuo6zGf0Wjjqoa6at3GmlhE4QtHKWVUaFUkxQuYgKMK+VGGkwR61rvrfdgEQe9RXhWMpW3gqVPcZCMcLpJNWOJA0xGeI+bWnqY49Kezw9YAIPteLCXiB0+QpO1e8TY+xJOfIc3elhNZC/vVj8y2tFqlexx8wPI0V9MlvUizhUAYzTgC4TlCg+0gQTwfRfIRlggYnSmaV0CF+Xwv/JDcrlS7niVTFdPZ/HkQT74ABkQB6UQRVcghqoAwIm4AE8gWfj3ng0XozXWWvCmM/sgh8w3j4BVFaU+Q==</latexit>

ds2 = 2dx+dx� + (dx3)2

line in the     - direction



Mesonic             Line Operators<latexit sha1_base64="NUKxkX9J9Mv5JKMPL0F9viikPG8=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GmZiiOYgBL14jGAWSIZQ0+lJmvQsdvcIIeQnvHhQxKu/482/sbMIrg8KHu9VUVXPTwRX2nHerczS8srqWnY9t7G5tb2T391rqDiVlNVpLGLZ8lExwSNW11wL1kokw9AXrOkPL6d+845JxePoRo8S5oXYj3jAKWojtTookgGeu918wbGLlXLxpEJ+E9d2ZijAArVu/q3Ti2kaskhTgUq1XSfR3hil5lSwSa6TKpYgHWKftQ2NMGTKG8/unZAjo/RIEEtTkSYz9evEGEOlRqFvOkPUA/XTm4p/ee1UB2femEdJqllE54uCVBAdk+nzpMclo1qMDEEqubmV0AFKpNpElDMhfH5K/ieNou2W7dJ1qVC9WMSRhQM4hGNw4RSqcAU1qAMFAffwCE/WrfVgPVsv89aMtZjZh2+wXj8ACqmQAA==</latexit>

↵ = 1

<latexit sha1_base64="Ne/6FuAcIgwSXBINXquy9sRQz8Q=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUKnWmFHUjFHXhsoJ9QGcsmTTThmYyQ5IRyrQf4MZfceNCEbd+gDv/xkw7C60eCBzOOZfce9yQUalM88vILCwuLa9kV3Nr6xubW/ntnaYMIoFJAwcsEG0XScIoJw1FFSPtUBDku4y03OFl4rfuiZA04LdqFBLHR31OPYqR0lI3X7CvCFPoLi7yI3k4ObeOKyVeGts+UgNPoGEsJ2OdMsvmFPAvsVJSACnq3fyn3Qtw5BOuMENSdiwzVE6MhKKYkUnOjiQJER6iPuloypFPpBNPj5nAA630oBcI/biCU/XnRIx8KUe+q5PJknLeS8T/vE6kvDMnpjyMFOF49pEXMagCmDQDe1QQrNhIE4QF1btCPEACYaX7y+kSrPmT/5JmpWydlKs31ULtIq0jC/bAPigCC5yCGrgGddAAGDyAJ/ACXo1H49l4M95n0YyRzuyCXzA+vgF9SJqs</latexit>

�(n,s) = 1/2 + n+ |s|Spectrum -

tree level spin

exact transverse spin

<latexit sha1_base64="txqq1f3ld+s4j/PZtytSViZ8CTg=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEGpSiroRim5cdFHBPqAJYTKdtEMnkzAzEUroxo2/4saFIm79B3f+jZM2C209MHA45x7m3uPHjEplWd9GYWl5ZXWtuF7a2Nza3jF399oySgQmLRyxSHR9JAmjnLQUVYx0Y0FQ6DPS8Uc3md95IELSiN+rcUzcEA04DShGSkueeeiESA0DgUapnHiNK+k1Th2m8310VvXMslWxpoCLxM5JGeRoeuaX049wEhKuMENS9mwrVm6KhKKYkUnJSSSJER6hAelpylFIpJtOr5jAY630YRAJ/biCU/V3IkWhlOPQ15PZznLey8T/vF6igks3pTxOFOF49lGQMKgimFUC+1QQrNhYE4QF1btCPEQCYaWLK+kS7PmTF0m7WrHPK7W7Wrl+nddRBAfgCJwAG1yAOrgFTdACGDyCZ/AK3own48V4Nz5mowUjz+yDPzA+fwDo7pgw</latexit>

sL = sL + �/2
<latexit sha1_base64="rvRL8Aj3zSybMExdj7FPs8GzZJY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBjTUpRd0IRTcua7EPaEKYTCft0MkkzEyEErpx46+4caGIW//BnX/jpM1CWw8MHM65h7n3+DGjUlnWt1FYWl5ZXSuulzY2t7Z3zN29towSgUkLRywSXR9JwignLUUVI91YEBT6jHT80U3mdx6IkDTi92ocEzdEA04DipHSkmceOiFSw0CgUSonXvNKes1Th+l8H51VPbNsVawp4CKxc1IGORqe+eX0I5yEhCvMkJQ924qVmyKhKGZkUnISSWKER2hAeppyFBLpptMrJvBYK30YREI/ruBU/Z1IUSjlOPT1ZLaznPcy8T+vl6jg0k0pjxNFOJ59FCQMqghmlcA+FQQrNtYEYUH1rhAPkUBY6eJKugR7/uRF0q5W7PNK7a5Wrl/ndRTBATgCJ8AGF6AObkEDtAAGj+AZvII348l4Md6Nj9lowcgz++APjM8f/siYPg==</latexit>

sR = sR � �/2

Operators with the same anomalous dimension are related by 
path derivatives (keeping framing perpendicular and fixed)

<latexit sha1_base64="lZKF4UkbiI41QeavtrDF/9rDIyE="></latexit>

O
(0,s+1)
L = �+O

(0,s)
L , O

(n+1,s) = �3O
(n,s)
Li.e.

At the bottom of these four towers we have the operators
<latexit sha1_base64="Agejf9Xsg6EvnXyfVDJ+/PY26Ug=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0VopZZEirosunEhWME+oIlhMp22QyeTMDMRSsg/uPFX3LhQxK0bd/6N0zYLrR64cDjnXu69x48YlcqyvozcwuLS8kp+tbC2vrG5ZW7vtGQYC0yaOGSh6PhIEkY5aSqqGOlEgqDAZ6Ttjy4mfvueCElDfqvGEXEDNOC0TzFSWvLMQydJHIwYvE69q7ukZFWsclqZk47scuqknlm0qtYU8C+xM1IEGRqe+en0QhwHhCvMkJRd24qUmyChKGYkLTixJBHCIzQgXU05Coh0k+lPKTzQSg/2Q6GLKzhVf04kKJByHPi6M0BqKOe9ifif141V/8xNKI9iRTieLerHDKoQTgKCPSoIVmysCcKC6lshHiKBsNIxFnQI9vzLf0nruGqfVGs3tWL9PIsjD/bAPigBG5yCOrgEDdAEGDyAJ/ACXo1H49l4M95nrTkjm9kFv2B8fAN695wE</latexit>

{O
(0,0)
L ,O(0,�1)

L }

<latexit sha1_base64="T5gBNvU27E5n5FKVI+UyqcFkYbg=">AAACEnicbVDLSsNAFJ34rPUVdelmsAgtlJJIUZdFN+6sYh/QxDCZTtqhk0mYmQgl5Bvc+CtuXCji1pU7/8Zpm4W2HrhwOOde7r3HjxmVyrK+jaXlldW19cJGcXNre2fX3NtvyygRmLRwxCLR9ZEkjHLSUlQx0o0FQaHPSMcfXU78zgMRkkb8To1j4oZowGlAMVJa8syKk6YORgxeZ97tfVq2qlYlq85JdiVzMs8sWTVrCrhI7JyUQI6mZ345/QgnIeEKMyRlz7Zi5aZIKIoZyYpOIkmM8AgNSE9TjkIi3XT6UgaPtdKHQSR0cQWn6u+JFIVSjkNfd4ZIDeW8NxH/83qJCs7dlPI4UYTj2aIgYVBFcJIP7FNBsGJjTRAWVN8K8RAJhJVOsahDsOdfXiTtk5p9Wqvf1EuNizyOAjgER6AMbHAGGuAKNEELYPAInsEreDOejBfj3fiYtS4Z+cwB+APj8wcX2pvZ</latexit>

{O
(0,0)
R ,O(0,1)

R }and

opposite anomalous dimension



Mesonic             Line Operators<latexit sha1_base64="NUKxkX9J9Mv5JKMPL0F9viikPG8=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GmZiiOYgBL14jGAWSIZQ0+lJmvQsdvcIIeQnvHhQxKu/482/sbMIrg8KHu9VUVXPTwRX2nHerczS8srqWnY9t7G5tb2T391rqDiVlNVpLGLZ8lExwSNW11wL1kokw9AXrOkPL6d+845JxePoRo8S5oXYj3jAKWojtTookgGeu918wbGLlXLxpEJ+E9d2ZijAArVu/q3Ti2kaskhTgUq1XSfR3hil5lSwSa6TKpYgHWKftQ2NMGTKG8/unZAjo/RIEEtTkSYz9evEGEOlRqFvOkPUA/XTm4p/ee1UB2femEdJqllE54uCVBAdk+nzpMclo1qMDEEqubmV0AFKpNpElDMhfH5K/ieNou2W7dJ1qVC9WMSRhQM4hGNw4RSqcAU1qAMFAffwCE/WrfVgPVsv89aMtZjZh2+wXj8ACqmQAA==</latexit>

↵ = 1

This spectrum was derived by an explicate all loop computation

The relation between the dimension and spin can be shown to 
follow from supersymmetry

<latexit sha1_base64="Ne/6FuAcIgwSXBINXquy9sRQz8Q=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUKnWmFHUjFHXhsoJ9QGcsmTTThmYyQ5IRyrQf4MZfceNCEbd+gDv/xkw7C60eCBzOOZfce9yQUalM88vILCwuLa9kV3Nr6xubW/ntnaYMIoFJAwcsEG0XScIoJw1FFSPtUBDku4y03OFl4rfuiZA04LdqFBLHR31OPYqR0lI3X7CvCFPoLi7yI3k4ObeOKyVeGts+UgNPoGEsJ2OdMsvmFPAvsVJSACnq3fyn3Qtw5BOuMENSdiwzVE6MhKKYkUnOjiQJER6iPuloypFPpBNPj5nAA630oBcI/biCU/XnRIx8KUe+q5PJknLeS8T/vE6kvDMnpjyMFOF49pEXMagCmDQDe1QQrNhIE4QF1btCPEACYaX7y+kSrPmT/5JmpWydlKs31ULtIq0jC/bAPigCC5yCGrgGddAAGDyAJ/ACXo1H49l4M95n0YyRzuyCXzA+vgF9SJqs</latexit>

�(n,s) = 1/2 + n+ |s|Spectrum -

tree level spin

exact transverse spin

<latexit sha1_base64="txqq1f3ld+s4j/PZtytSViZ8CTg=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEGpSiroRim5cdFHBPqAJYTKdtEMnkzAzEUroxo2/4saFIm79B3f+jZM2C209MHA45x7m3uPHjEplWd9GYWl5ZXWtuF7a2Nza3jF399oySgQmLRyxSHR9JAmjnLQUVYx0Y0FQ6DPS8Uc3md95IELSiN+rcUzcEA04DShGSkueeeiESA0DgUapnHiNK+k1Th2m8310VvXMslWxpoCLxM5JGeRoeuaX049wEhKuMENS9mwrVm6KhKKYkUnJSSSJER6hAelpylFIpJtOr5jAY630YRAJ/biCU/V3IkWhlOPQ15PZznLey8T/vF6igks3pTxOFOF49lGQMKgimFUC+1QQrNhYE4QF1btCPEQCYaWLK+kS7PmTF0m7WrHPK7W7Wrl+nddRBAfgCJwAG1yAOrgFTdACGDyCZ/AK3own48V4Nz5mowUjz+yDPzA+fwDo7pgw</latexit>

sL = sL + �/2
<latexit sha1_base64="rvRL8Aj3zSybMExdj7FPs8GzZJY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBjTUpRd0IRTcua7EPaEKYTCft0MkkzEyEErpx46+4caGIW//BnX/jpM1CWw8MHM65h7n3+DGjUlnWt1FYWl5ZXSuulzY2t7Z3zN29towSgUkLRywSXR9JwignLUUVI91YEBT6jHT80U3mdx6IkDTi92ocEzdEA04DipHSkmceOiFSw0CgUSonXvNKes1Th+l8H51VPbNsVawp4CKxc1IGORqe+eX0I5yEhCvMkJQ924qVmyKhKGZkUnISSWKER2hAeppyFBLpptMrJvBYK30YREI/ruBU/Z1IUSjlOPT1ZLaznPcy8T+vl6jg0k0pjxNFOJ59FCQMqghmlcA+FQQrNtYEYUH1rhAPkUBY6eJKugR7/uRF0q5W7PNK7a5Wrl/ndRTBATgCJ8AGF6AObkEDtAAGj+AZvII348l4Md6Nj9lowcgz++APjM8f/siYPg==</latexit>

sR = sR � �/2



Mesonic             Line Operators<latexit sha1_base64="NUKxkX9J9Mv5JKMPL0F9viikPG8=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GmZiiOYgBL14jGAWSIZQ0+lJmvQsdvcIIeQnvHhQxKu/482/sbMIrg8KHu9VUVXPTwRX2nHerczS8srqWnY9t7G5tb2T391rqDiVlNVpLGLZ8lExwSNW11wL1kokw9AXrOkPL6d+845JxePoRo8S5oXYj3jAKWojtTookgGeu918wbGLlXLxpEJ+E9d2ZijAArVu/q3Ti2kaskhTgUq1XSfR3hil5lSwSa6TKpYgHWKftQ2NMGTKG8/unZAjo/RIEEtTkSYz9evEGEOlRqFvOkPUA/XTm4p/ee1UB2femEdJqllE54uCVBAdk+nzpMclo1qMDEEqubmV0AFKpNpElDMhfH5K/ieNou2W7dJ1qVC9WMSRhQM4hGNw4RSqcAU1qAMFAffwCE/WrfVgPVsv89aMtZjZh2+wXj8ACqmQAA==</latexit>

↵ = 1

This confirms the expectation that the 
dependance on the framing vector leads to 
fractional statistics, ranging between boson 
at           to fermion at             <latexit sha1_base64="sVuDGh157583sDRUUsvft7oQC/E=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUTdC0Y3LCvYh7VAymUwbmmSGJCOUoV/hxoUibv0cd/6NaTsLbT0QOJxzLrn3BAln2rjut1NYWV1b3yhulra2d3b3yvsHLR2nitAmiXmsOgHWlDNJm4YZTjuJolgEnLaD0e3Ubz9RpVksH8w4ob7AA8kiRrCx0mOP22iIr91+ueJW3RnQMvFyUoEcjX75qxfGJBVUGsKx1l3PTYyfYWUY4XRS6qWaJpiM8IB2LZVYUO1ns4Un6MQqIYpiZZ80aKb+nsiw0HosApsU2Az1ojcV//O6qYmu/IzJJDVUkvlHUcqRidH0ehQyRYnhY0swUczuisgQK0yM7ahkS/AWT14mrbOqd1E9v69V6jd5HUU4gmM4BQ8uoQ530IAmEBDwDK/w5ijnxXl3PubRgpPPHMIfOJ8/ND2QBg==</latexit>

� = 0
<latexit sha1_base64="BLXk5aDhQQmwWIybaxrpTG2Gm+k=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIohuh6MZlBfuQdiiZTKYNTTJDkhHK0K9w40IRt36OO//GdDoLbT0QOJxzLrn3BAln2rjut1NaWV1b3yhvVra2d3b3qvsHbR2nitAWiXmsugHWlDNJW4YZTruJolgEnHaC8e3M7zxRpVksH8wkob7AQ8kiRrCx0mOf22iIr71BtebW3RxomXgFqUGB5qD61Q9jkgoqDeFY657nJsbPsDKMcDqt9FNNE0zGeEh7lkosqPazfOEpOrFKiKJY2ScNytXfExkWWk9EYJMCm5Fe9Gbif14vNdGVnzGZpIZKMv8oSjkyMZpdj0KmKDF8YgkmitldERlhhYmxHVVsCd7iycukfVb3Luru/XmtcVPUUYYjOIZT8OASGnAHTWgBAQHP8ApvjnJenHfnYx4tOcXMIfyB8/kDNHeQAw==</latexit>

� = 1

The operator on the line with minimal dimension is the bi-scalar adjoint
<latexit sha1_base64="wnRqvc5neqxOw6ZR2O9MYcAYewc=">AAACKHicbZBNS8NAEIY3flu/qh69BIugVEoiil7Uoh48eKhitdDUsNlO6+JmE3YnYgn9OV78K15EFOnVX+L246CtLyy8PDPD7LxBLLhGx+lYY+MTk1PTM7OZufmFxaXs8sqNjhLFoMwiEalKQDUILqGMHAVUYgU0DATcBg+n3frtIyjNI3mNrRhqIW1K3uCMokF+9tg7A4HU9xCeMA25bB/2yV266Ww7W23/Ij8Erg7dvCfMijo9cv1szik4Pdmjxh2YHBmo5GffvXrEkhAkMkG1rrpOjLWUKuRMQDvjJRpiyh5oE6rGShqCrqW9Q9v2hiF1uxEp8yTaPfp7IqWh1q0wMJ0hxXs9XOvC/2rVBBsHtZTLOEGQrL+okQgbI7ubml3nChiKljGUKW7+arN7qihDk23GhOAOnzxqbnYK7l7BudzNFU8GccyQNbJONolL9kmRnJMSKRNGnskr+SCf1ov1Zn1ZnX7rmDWYWSV/ZH3/AAEMpKI=</latexit>

�min = �(0,0)
L +�(0,0)

R = 1 + � > 1with

<latexit sha1_base64="cE3NBbd1lshRJJu4TMC1ziiRMms=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80jUo14w2mpNLtgBouRcwbKFDydqI5jQLJW8HoZuq3Hrk2QsUPOE64H9FBLELBKFqp070XgyFSrdVTr1xxq+4MZJl4OalAjnqv/NXtK5ZGPEYmqTEdz03Qz6hGwSSflLqp4QllIzrgHUtjGnHjZ7OTJ+TEKn0SKm0rRjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvmZiJMUeczmi8JUElRk+j/pC80ZyrEllGlhbyVsSDVlaFMq2RC8xZeXSfOs6l1U3bvzSu06j6MIR3AMp+DBJdTgFurQAAYKnuEV3hx0Xpx352PeWnDymUP4A+fzB5JtkXE=</latexit>) The            line is a stable fix-point
<latexit sha1_base64="bUMgSxn7qfi6/uHrcKvqDpkjyjY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTJdtMu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFWUNGotYtQPUTHDJGoYbwdqJYhgFgrWC0e3Ubz0xpXksH8w4YX6EA8lDTtFYqd1FkQzx2uuVK27VnYEsEy8nFchR75W/uv2YphGThgrUuuO5ifEzVIZTwSalbqpZgnSEA9axVGLEtJ/N7p2QE6v0SRgrW9KQmfp7IsNI63EU2M4IzVAvelPxP6+TmvDKz7hMUsMknS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEyaZ1Xvonp+f16p3eRxFOEIjuEUPLiEGtxBHRpAQcAzvMKb8+i8OO/Ox7y14OQzh/AHzucPhBWPow==</latexit>

↵ = 1

<latexit sha1_base64="8fv3X3k74WiuCuMYny7niRYp6so=">AAACE3icbZDLSsNAFIYn9VbrLerSzWARqkhJpKjLohsXglXsBZoYJtNJO3QyCTMToYS8gxtfxY0LRdy6cefbOL0oWv1h4Oc753Dm/H7MqFSW9WHkZmbn5hfyi4Wl5ZXVNXN9oyGjRGBSxxGLRMtHkjDKSV1RxUgrFgSFPiNNv386rDdviZA04tdqEBM3RF1OA4qR0sgz91IHIwYvMu/qJi1Z+9Zu5igaEvnNz7+4ZxatsjUS/GvsiSmCiWqe+e50IpyEhCvMkJRt24qVmyKhKGYkKziJJDHCfdQlbW050mvddHRTBnc06cAgEvpxBUf050SKQikHoa87Q6R6cro2hP/V2okKjt2U8jhRhOPxoiBhUEVwGBDsUEGwYgNtEBZU/xXiHhIIKx1jQYdgT5/81zQOyvZhuXJZKVZPJnHkwRbYBiVggyNQBWegBuoAgzvwAJ7As3FvPBovxuu4NWdMZjbBLxlvnzvUnH4=</latexit>

O
(0,0)
R ⇥O

(0,0)
L

<latexit sha1_base64="Ne/6FuAcIgwSXBINXquy9sRQz8Q=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUKnWmFHUjFHXhsoJ9QGcsmTTThmYyQ5IRyrQf4MZfceNCEbd+gDv/xkw7C60eCBzOOZfce9yQUalM88vILCwuLa9kV3Nr6xubW/ntnaYMIoFJAwcsEG0XScIoJw1FFSPtUBDku4y03OFl4rfuiZA04LdqFBLHR31OPYqR0lI3X7CvCFPoLi7yI3k4ObeOKyVeGts+UgNPoGEsJ2OdMsvmFPAvsVJSACnq3fyn3Qtw5BOuMENSdiwzVE6MhKKYkUnOjiQJER6iPuloypFPpBNPj5nAA630oBcI/biCU/XnRIx8KUe+q5PJknLeS8T/vE6kvDMnpjyMFOF49pEXMagCmDQDe1QQrNhIE4QF1btCPEACYaX7y+kSrPmT/5JmpWydlKs31ULtIq0jC/bAPigCC5yCGrgGddAAGDyAJ/ACXo1H49l4M95n0YyRzuyCXzA+vgF9SJqs</latexit>

�(n,s) = 1/2 + n+ |s|Spectrum -

tree level spin

exact transverse spin

<latexit sha1_base64="txqq1f3ld+s4j/PZtytSViZ8CTg=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEGpSiroRim5cdFHBPqAJYTKdtEMnkzAzEUroxo2/4saFIm79B3f+jZM2C209MHA45x7m3uPHjEplWd9GYWl5ZXWtuF7a2Nza3jF399oySgQmLRyxSHR9JAmjnLQUVYx0Y0FQ6DPS8Uc3md95IELSiN+rcUzcEA04DShGSkueeeiESA0DgUapnHiNK+k1Th2m8310VvXMslWxpoCLxM5JGeRoeuaX049wEhKuMENS9mwrVm6KhKKYkUnJSSSJER6hAelpylFIpJtOr5jAY630YRAJ/biCU/V3IkWhlOPQ15PZznLey8T/vF6igks3pTxOFOF49lGQMKgimFUC+1QQrNhYE4QF1btCPEQCYaWLK+kS7PmTF0m7WrHPK7W7Wrl+nddRBAfgCJwAG1yAOrgFTdACGDyCZ/AK3own48V4Nz5mowUjz+yDPzA+fwDo7pgw</latexit>

sL = sL + �/2
<latexit sha1_base64="rvRL8Aj3zSybMExdj7FPs8GzZJY=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBjTUpRd0IRTcua7EPaEKYTCft0MkkzEyEErpx46+4caGIW//BnX/jpM1CWw8MHM65h7n3+DGjUlnWt1FYWl5ZXSuulzY2t7Z3zN29towSgUkLRywSXR9JwignLUUVI91YEBT6jHT80U3mdx6IkDTi92ocEzdEA04DipHSkmceOiFSw0CgUSonXvNKes1Th+l8H51VPbNsVawp4CKxc1IGORqe+eX0I5yEhCvMkJQ924qVmyKhKGZkUnISSWKER2hAeppyFBLpptMrJvBYK30YREI/ruBU/Z1IUSjlOPT1ZLaznPcy8T+vl6jg0k0pjxNFOJ59FCQMqghmlcA+FQQrNtYEYUH1rhAPkUBY6eJKugR7/uRF0q5W7PNK7a5Wrl/ndRTBATgCJ8AGF6AObkEDtAAGj+AZvII348l4Md6Nj9lowcgz++APjM8f/siYPg==</latexit>

sR = sR � �/2



The evolution equation (          )<latexit sha1_base64="NUKxkX9J9Mv5JKMPL0F9viikPG8=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GmZiiOYgBL14jGAWSIZQ0+lJmvQsdvcIIeQnvHhQxKu/482/sbMIrg8KHu9VUVXPTwRX2nHerczS8srqWnY9t7G5tb2T391rqDiVlNVpLGLZ8lExwSNW11wL1kokw9AXrOkPL6d+845JxePoRo8S5oXYj3jAKWojtTookgGeu918wbGLlXLxpEJ+E9d2ZijAArVu/q3Ti2kaskhTgUq1XSfR3hil5lSwSa6TKpYgHWKftQ2NMGTKG8/unZAjo/RIEEtTkSYz9evEGEOlRqFvOkPUA/XTm4p/ee1UB2femEdJqllE54uCVBAdk+nzpMclo1qMDEEqubmV0AFKpNpElDMhfH5K/ieNou2W7dJ1qVC9WMSRhQM4hGNw4RSqcAU1qAMFAffwCE/WrfVgPVsv89aMtZjZh2+wXj8ACqmQAA==</latexit>

↵ = 1

Expectation values 
take the form

conformal invariant 
functional of the path

conformal dimension

transverse spin

Displacement 
operator

<latexit sha1_base64="0R6csogg+OP4+jh5CarvjJwwe88="></latexit>

D+ = �4⇡�O(0,1)
R O

(0,0)
L

<latexit sha1_base64="jlLBXp9TgAaUDNa+VbMVdpVNk1o="></latexit>

D� = �4⇡�O(0,0)
R O

(0,�1)
L

normalization 
dependant

<latexit sha1_base64="ro7I0WUSWnZfidt+30QcdAU551I="></latexit>

) �(D±) = 2 , s(D±) = ±1

<latexit sha1_base64="CbXqioieiwPEzcu2OsxnSA/47Ps="></latexit>

�(0,0)
R = 1/2 + �/2

<latexit sha1_base64="wtXbxSlTEfjmlsC+JAppfHBAHLc="></latexit>

�(0,�1)
L = 3/2� �/2

<latexit sha1_base64="pjRqEQZGylZuQxWI9jEd5Tzj/h0="></latexit>

sL = �1 + �/2
<latexit sha1_base64="b5Nt0pzzFtqo17q+b+QU0/kfK7A=">AAACAnicdVDLSgMxFM3UV62vUVfiJlgEN9aZ6dOFUHTjsop9QFtKJs20oZnMkGSEMhQ3/oobF4q49Svc+Tdm2goqeiBwOOcecu9xQ0alsqwPI7WwuLS8kl7NrK1vbG6Z2zsNGUQCkzoOWCBaLpKEUU7qiipGWqEgyHcZabqji8Rv3hIhacBv1DgkXR8NOPUoRkpLPXOv4yM19AQaxXLSuz477jAd7qMTp2dmrdxppeQUHWjlLKvs5EsJccoFJw9trSTIgjlqPfO90w9w5BOuMENStm0rVN0YCUUxI5NMJ5IkRHiEBqStKUc+kd14esIEHmqlD71A6McVnKrfEzHypRz7rp5MFpa/vUT8y2tHyqt0Y8rDSBGOZx95EYMqgEkfsE8FwYqNNUFYUL0rxEMkEFa6tYwu4etS+D9pODm7mLOuCtnq+byONNgHB+AI2KAMquAS1EAdYHAHHsATeDbujUfjxXidjaaMeWYX/IDx9gkXIZc7</latexit>

sR = ��/2

First order chiral 
Schwinger-Dyson 
equation

Under a smooth variation 
of the path

<latexit sha1_base64="rulMRinRZSWy2Jr8AvJmzpL4Qw4=">AAACCnicbVBLSwMxGMzWV62vVY9eokWoCGVXFD0WvXisYB/QXUo2m21Dk82SZItl6dmLf8WLB0W8+gu8+W9M2xW0OhCYzHwfyUyQMKq043xahYXFpeWV4mppbX1jc8ve3mkqkUpMGlgwIdsBUoTRmDQ01Yy0E0kQDxhpBYOrid8aEqmoiG/1KCE+R72YRhQjbaSuvX9X8XAo9JHHUaK0gN/342FOunbZqTpTwL/EzUkZ5Kh37Q8vFDjlJNaYIaU6rpNoP0NSU8zIuOSliiQID1CPdAyNESfKz6ZRxvDQKCGMhDQn1nCq/tzIEFdqxAMzyZHuq3lvIv7ndVIdXfgZjZNUkxjPHopSBk3kSS8wpJJgzUaGICyp+SvEfSQR1qa9kinBnY/8lzRPqu5Z1bk5Ldcu8zqKYA8cgApwwTmogWtQBw2AwT14BM/gxXqwnqxX6202WrDynV3wC9b7F7NImZ8=</latexit>

x(·) 7! x(·) + v(·)

<latexit sha1_base64="XYgNYdIoc8s7yp7WaUuomPNyD6k="></latexit>

�W =

Z
ds |ẋ(s)| vµ(s)P [Dµ(s)W]

<latexit sha1_base64="vt1X2yc5XLzD5RXjy3bQ4KXKeQ0="></latexit>

D
O

(0,0)
L WO

(0,0)
R

E
=

�
n+
Ln

�
R

��/2

|xL � xR|
1+�

⇥ F (0,0)[x(·)]



Boundary equation (          )<latexit sha1_base64="NUKxkX9J9Mv5JKMPL0F9viikPG8=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GmZiiOYgBL14jGAWSIZQ0+lJmvQsdvcIIeQnvHhQxKu/482/sbMIrg8KHu9VUVXPTwRX2nHerczS8srqWnY9t7G5tb2T391rqDiVlNVpLGLZ8lExwSNW11wL1kokw9AXrOkPL6d+845JxePoRo8S5oXYj3jAKWojtTookgGeu918wbGLlXLxpEJ+E9d2ZijAArVu/q3Ti2kaskhTgUq1XSfR3hil5lSwSa6TKpYgHWKftQ2NMGTKG8/unZAjo/RIEEtTkSYz9evEGEOlRqFvOkPUA/XTm4p/ee1UB2femEdJqllE54uCVBAdk+nzpMclo1qMDEEqubmV0AFKpNpElDMhfH5K/ieNou2W7dJ1qVC9WMSRhQM4hGNw4RSqcAU1qAMFAffwCE/WrfVgPVsv89aMtZjZh2+wXj8ACqmQAA==</latexit>

↵ = 1

The boundary operators also satisfy an operator equation. 

It relates               primaries from the same tower as<latexit sha1_base64="kGFTkA8w68rgPOHZeHy73EIX1sM=">AAAB+nicbVDLSgMxFL1TX7W+prp0EyxCBSkzRdFl0Y0LF/XRB7RDyaSZNjTzIMkoZeynuHGhiFu/xJ1/Y6adhbYeCBzOuZd7ctyIM6ks69vILS2vrK7l1wsbm1vbO2ZxtynDWBDaICEPRdvFknIW0IZiitN2JCj2XU5b7ugy9VsPVEgWBvdqHFHHx4OAeYxgpaWeWby7LlePk66P1dB10e3kqGeWrIo1BVokdkZKkKHeM7+6/ZDEPg0U4VjKjm1FykmwUIxwOil0Y0kjTEZ4QDuaBtin0kmm0SfoUCt95IVCv0Chqfp7I8G+lGPf1ZNpRDnvpeJ/XidW3rmTsCCKFQ3I7JAXc6RClPaA+kxQovhYE0wE01kRGWKBidJtFXQJ9vyXF0mzWrFPK9bNSal2kdWRh304gDLYcAY1uII6NIDAIzzDK7wZT8aL8W58zEZzRrazB39gfP4AfTaS2w==</latexit>

SL(2,R)

part of a smooth deformation of the line

Bootstrap or explicate computation
<latexit sha1_base64="ec0j7MnNc2XS2EVGaIW7TPspZg4=">AAACFXicbZDLSgMxFIYz3q23UZdugkVwoWWmFHUjiG5cqlgrdIZyJk3bYGYyJmeUMvQl3Pgqblwo4lZw59uYXhZq/SHw8Z9zkpw/SqUw6HlfzsTk1PTM7Nx8YWFxaXnFXV27MirTjFeZkkpfR2C4FAmvokDJr1PNIY4kr0U3J/167Y5rI1Ryid2UhzG0E9ESDNBaDXcnuBDtDoLW6j64vc2gSYOIIxwGEegh7eZ+oOwd5V7DLXolbyA6Dv4IimSks4b7GTQVy2KeIJNgTN33Ugxz0CiY5L1CkBmeAruBNq9bTCDmJswHW/XolnWatKW0PQnSgftzIofYmG4c2c4YsGP+1vrmf7V6hq2DMBdJmiFP2PChViYpKtqPiDaF5gxl1wIwLexfKeuABoY2yIINwf+78jhclUv+XqlyXikeHY/imCMbZJNsE5/skyNySs5IlTDyQJ7IC3l1Hp1n5815H7ZOOKOZdfJLzsc3r6KfJA==</latexit>

) � = �̄ = �1

2

unique operator with the same 
quantum numbers

<latexit sha1_base64="p2r3Bvb/SkATjXlTyXTNxuA0MMY="></latexit>

�+O
(0,�s�1)
L = �O

(2,�s)
L , s � 1

<latexit sha1_base64="5idMtFocH0CE/OyA46n/CW+Crco="></latexit>

��O
(0,s+1)
L = �̄O

(2,s)
L , s � 0



Spectrum -

Mesonic               Line Operators<latexit sha1_base64="iCHDdTkSb8O73OqSJTSm0yozZTk=">AAAB8HicdVDJSgNBEO2JW4xb1KOXxiB4cZgJifEiBL14jGAWSYZQ0+lJmnT3DN09Qgj5Ci8eFPHq53jzb+wsguuDgsd7VVTVCxPOtPG8dyeztLyyupZdz21sbm3v5Hf3GjpOFaF1EvNYtULQlDNJ64YZTluJoiBCTpvh8HLqN++o0iyWN2aU0EBAX7KIETBWuu0ATwZwfuJ38wXPLVZKZe8U/ya+681QQAvUuvm3Ti8mqaDSEA5at30vMcEYlGGE00muk2qaABlCn7YtlSCoDsazgyf4yCo9HMXKljR4pn6dGIPQeiRC2ynADPRPbyr+5bVTE50FYyaT1FBJ5ouilGMT4+n3uMcUJYaPLAGimL0VkwEoIMZmlLMhfH6K/yeNouuXXe+6VKheLOLIogN0iI6Rjyqoiq5QDdURQQLdo0f05CjnwXl2XuatGWcxs4++wXn9AFaukB0=</latexit>

↵ = �1

The operator on the line with minimal dimension is the bi-scalar adjoint

with
<latexit sha1_base64="Srp28qEqEM9l2as/GGtENxZBpUA="></latexit>

e�min = e�(0,0)
L + e�(0,0)

R = 1� � < 1
<latexit sha1_base64="4PjK8Jgy+m6yuNObyXqQGkOyJJ8=">AAACJ3icbVDJSgNBFOyJW4xb1KOXxiAoSJiRoJ4k6MWDYBSzQCaGnp6X2Niz0P1GCUP+xou/4kVQET36J3YWwa2goaiqR79XXiyFRtt+tzITk1PTM9nZ3Nz8wuJSfnmlpqNEcajySEaq4TENUoRQRYESGrECFngS6t710cCv34DSIgovsBdDK2DdUHQEZ2ikdv7AvRU+oJA+pC5nkp722+eX6aa9bW/1XRQB6H8SJ1+Jdr5gF+0h6F/ijEmBjFFp559cP+JJACFyybRuOnaMrZQpFFxCP+cmGmLGr1kXmoaGzCzQSod39umGUXzaiZR5IdKh+n0iZYHWvcAzyYDhlf7tDcT/vGaCnf1WKsI4QQj56KNOIilGdFAa9YUCjrJnCONKmF0pv2KKcTTV5kwJzu+T/5LaTtHZLZbOSoXy4biOLFkj62STOGSPlMkxqZAq4eSOPJBn8mLdW4/Wq/U2imas8cwq+QHr4xMlHaV0</latexit>

eO(0,0)
R ⇥ eO(0,0)

L

<latexit sha1_base64="am6CKLf/R9zmNT1K2ny8pNrrqL0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmdmaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8nfrNJ6YNV/LBjlIWJtiXPOYUrZMaHRTpALulsl/xZyDLJMhJGXLUuqWvTk/RLGHSUoHGtAM/teEYteVUsEmxkxmWIh1in7UdlZgwE45n107IqVN6JFbalbRkpv6eGGNizCiJXGeCdmAWvan4n9fObHwdjrlMM8sknS+KM0GsItPXSY9rRq0YOYJUc3croQPUSK0LqOhCCBZfXiaN80pwWfHvL8rVmzyOAhzDCZxBAFdQhTuoQR0oPMIzvMKbp7wX7937mLeuePnMEfyB9/kDjNOPHA==</latexit>↵<latexit sha1_base64="SpIrZg/h0Ogmaczq2zvWGHJuKmQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURRY9FLx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1Fjp4czrlStu1Z2BLBMvJxXIUe+Vv7r9mKURSsME1brjuYnxM6oMZwInpW6qMaFsRAfYsVTSCLWfzS6dkBOr9EkYK1vSkJn6eyKjkdbjKLCdETVDvehNxf+8TmrCaz/jMkkNSjZfFKaCmJhM3yZ9rpAZMbaEMsXtrYQNqaLM2HBKNgRv8eVl0jyvepdV9/6iUrvJ4yjCERzDKXhwBTW4gzo0gEEIz/AKb87IeXHenY95a8HJZw7hD5zPH+U0jPA=</latexit>�1
<latexit sha1_base64="h9U9GbYOM1m/jysYDrO+Cd6991k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBe++MuQ==</latexit>

1(almost) 
trivial line

the same with only the anomalous dimension 
of           and            are flipped

four towers with the bottom operators

and
<latexit sha1_base64="ayYms2DIlc65DumFjW+ij/YEuOs=">AAACJnicdVDJSgNBEO2JW4xb1KOXxiAkEMKMBPUiBL14EIxgFsjE0NNTSZr0LHT3KGGYr/Hir3jxEBHx5qfYWQ6a6IOCx3tVVNVzQs6kMs1PI7W0vLK6ll7PbGxube9kd/fqMogEhRoNeCCaDpHAmQ81xRSHZiiAeA6HhjO4HPuNBxCSBf6dGobQ9kjPZ11GidJSJ3tux/Yjc0Ex7kJsU8LxTdK5vo/zZtEsJMV/TauQ2EknmzNL5gR4kVgzkkMzVDvZke0GNPLAV5QTKVuWGap2TIRilEOSsSMJIaED0oOWpj7xQLbjyZsJPtKKi7uB0OUrPFF/TsTEk3LoObrTI6ov572x+JfXilT3rB0zP4wU+HS6qBtxrAI8zgy7TABVfKgJoYLpWzHtE0Go0slmdAjW/MuLpH5csk5K5dtyrnIxiyONDtAhyiMLnaIKukJVVEMUPaEXNEJvxrPxarwbH9PWlDGb2Ue/YHx9A+MXpMM=</latexit>

{ eO(0,0)
L , eO(0,1)

L }

<latexit sha1_base64="9G519nxICXlIhvFtPnlXRzeokdg=">AAACJ3icdVDJSgNBEO1xjXGLevTSGIQEYpiRoJ4k6MWbUcwCmRh6eipJk56F7h4lDPM3XvwVL4KK6NE/sbMcNNEHBY/3qqiq54ScSWWan8bc/MLi0nJqJb26tr6xmdnarskgEhSqNOCBaDhEAmc+VBVTHBqhAOI5HOpO/3zo1+9ASBb4N2oQQssjXZ91GCVKS+3MqR3b98wFxbgLsU0Jx5dJ+/o2zpkFM58U/jUPrHxiJ+1M1iyaI+BZYk1IFk1QaWdebDegkQe+opxI2bTMULViIhSjHJK0HUkICe2TLjQ19YkHshWP/kzwvlZc3AmELl/hkfpzIiaelAPP0Z0eUT057Q3Fv7xmpDonrZj5YaTAp+NFnYhjFeBhaNhlAqjiA00IFUzfimmPCEKVjjatQ7CmX54ltcOidVQsXZWy5bNJHCm0i/ZQDlnoGJXRBaqgKqLoAT2hV/RmPBrPxrvxMW6dMyYzO+gXjK9vdRWlBg==</latexit>

{ eO(0,0)
R , eO(0,�1)

R }

<latexit sha1_base64="at4rgPDtmyBBIknJtnHXKmO4hiU="></latexit>

�(0,0)
L = �(0,0)

R =
1� �

2

<latexit sha1_base64="++KVBPYKo2luqR9dRd5ivQvJYVg="></latexit>

�(0,1)
L = �(0,�1)

R =
3 + �

2

<latexit sha1_base64="Hixo8HSyHyFdnDxjE5iKL5SELL0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMV+wFpKJvtpl262Q27E6WU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmFldW19o7hZ2tre2d0r7x80jco0ZQ2qhNLtiBgmuGQN5ChYO9WMJJFgrWh4M/Vbj0wbruQDjlIWJqQvecwpQSsFnXveHyDRWj11yxWv6s3gLhM/JxXIUe+Wvzo9RbOESaSCGBP4XorhmGjkVLBJqZMZlhI6JH0WWCpJwkw4np08cU+s0nNjpW1JdGfq74kxSYwZJZHtTAgOzKI3Ff/zggzjq3DMZZohk3S+KM6Ei8qd/u/2uGYUxcgSQjW3t7p0QDShaFMq2RD8xZeXSfOs6l9Uz+/OK7XrPI4iHMExnIIPl1CDW6hDAygoeIZXeHPQeXHenY95a8HJZw7hD5zPH5QJkXY=</latexit>)

<latexit sha1_base64="te82TMxfdvXmBMpnxV26egndZW0=">AAACBXicbVA9SwNBEN2LXzF+RS21WAxCBAl3EtQyaGNnFPMBuRj29ibJkr29Y3dPCUcaG/+KjYUitv4HO/+Nm+QKjT4YeLw3w8w8L+JMadv+sjJz8wuLS9nl3Mrq2vpGfnOrrsJYUqjRkIey6REFnAmoaaY5NCMJJPA4NLzB+dhv3IFULBQ3ehhBOyA9wbqMEm2kTn7XvWc+aMZ9SFxKOL4cda5vk6I4tA9GnXzBLtkT4L/ESUkBpah28p+uH9I4AKEpJ0q1HDvS7YRIzSiHUc6NFUSEDkgPWoYKEoBqJ5MvRnjfKD7uhtKU0Hii/pxISKDUMPBMZ0B0X816Y/E/rxXr7mk7YSKKNQg6XdSNOdYhHkeCfSaBaj40hFDJzK2Y9okkVJvgciYEZ/blv6R+VHKOS+WrcqFylsaRRTtoDxWRg05QBV2gKqohih7QE3pBr9aj9Wy9We/T1oyVzmyjX7A+vgGSb5f4</latexit>

eO(n,0)
R

<latexit sha1_base64="EnrX2QX28UwzoJe281cGXtI6TGY=">AAACBXicbVA9SwNBEN2LXzF+RS21WAxCBAl3EtQyaGMhGMF8QC6Gvb1JsmRv79jdU8KRxsa/YmOhiK3/wc5/4ya5QqMPBh7vzTAzz4s4U9q2v6zM3PzC4lJ2Obeyura+kd/cqqswlhRqNOShbHpEAWcCapppDs1IAgk8Dg1vcD72G3cgFQvFjR5G0A5IT7Auo0QbqZPfde+ZD5pxHxKXEo6vRp3L26QoDu2DUSdfsEv2BPgvcVJSQCmqnfyn64c0DkBoyolSLceOdDshUjPKYZRzYwURoQPSg5ahggSg2snkixHeN4qPu6E0JTSeqD8nEhIoNQw80xkQ3Vez3lj8z2vFunvaTpiIYg2CThd1Y451iMeRYJ9JoJoPDSFUMnMrpn0iCdUmuJwJwZl9+S+pH5Wc41L5ulyonKVxZNEO2kNF5KATVEEXqIpqiKIH9IRe0Kv1aD1bb9b7tDVjpTPb6Besj2+JJ5fy</latexit>

eO(n,0)
L



Plan

Bosonic theory Fermionic theory Bootstrap<latexit sha1_base64="8EtmUgMiUtpWX3a8+Ppx0LcIFgM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7AekoWy2m3bpJht2J0op/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVpxptMSaU7ITVcioQ3UaDknVRzGoeSt8PR7cxvP3JthEoecJzyIKaDRESCUbSS39ViMESqtXrqlStu1Z2DrBIvJxXI0eiVv7p9xbKYJ8gkNcb33BSDCdUomOTTUjczPKVsRAfctzShMTfBZH7ylJxZpU8ipW0lSObq74kJjY0Zx6HtjCkOzbI3E//z/Ayj62AikjRDnrDFoiiTBBWZ/U/6QnOGcmwJZVrYWwkbUk0Z2pRKNgRv+eVV0rqoepfV2n2tUr/J4yjCCZzCOXhwBXW4gwY0gYGCZ3iFNwedF+fd+Vi0Fpx85hj+wPn8AcWpkZY=</latexit>! <latexit sha1_base64="8EtmUgMiUtpWX3a8+Ppx0LcIFgM=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7AekoWy2m3bpJht2J0op/RlePCji1V/jzX/jts1BWx8MPN6bYWZemEph0HW/ncLa+sbmVnG7tLO7t39QPjxqGZVpxptMSaU7ITVcioQ3UaDknVRzGoeSt8PR7cxvP3JthEoecJzyIKaDRESCUbSS39ViMESqtXrqlStu1Z2DrBIvJxXI0eiVv7p9xbKYJ8gkNcb33BSDCdUomOTTUjczPKVsRAfctzShMTfBZH7ylJxZpU8ipW0lSObq74kJjY0Zx6HtjCkOzbI3E//z/Ayj62AikjRDnrDFoiiTBBWZ/U/6QnOGcmwJZVrYWwkbUk0Z2pRKNgRv+eVV0rqoepfV2n2tUr/J4yjCCZzCOXhwBXW4gwY0gYGCZ3iFNwedF+fd+Vi0Fpx85hj+wPn8AcWpkZY=</latexit>!
X



Mesonic Line Operators in the fermonic theory

A Wilson line is a good conformal operator
<latexit sha1_base64="jNYwtGdsD47KWPOKamZSSX67Abg=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVoSSi6EaounFZwT4gScNkMmmHTh7MTKQl5CPc+CtuXCji1oU7/8Zpm4W2HhjmcM693HuPlzAqpGF8awuLS8srq6W18vrG5ta2vrPbEnHKMWnimMW84yFBGI1IU1LJSCfhBIUeI21vcDP22w+ECxpH93KUECdEvYgGFCOpJFc/blvDqo39WB45l5mNEYONHJJuRm0aSXjl2mEK/WFXfbmrV4yaMQGcJ2ZBKqBAw9W/bD/GaUgiiRkSwjKNRDoZ4pJiRvKynQqSIDxAPWIpGqGQCCebHJXDQ6X4MIi5emqTifq7I0OhEKPQU5Uhkn0x643F/zwrlcGFk9EoSSWJ8HRQkDIoYzhOCPqUEyzZSBGEOVW7QtxHHGGpciyrEMzZk+dJ66RmntWMu9NK/bqIowT2wQGoAhOcgzq4BQ3QBBg8gmfwCt60J+1Fe9c+pqULWtGzB/5A+/wBl+Od7Q==</latexit>

W [x(·)] = Pei
R
Aµdx

µ

<latexit sha1_base64="chbqHorueQf9ilPK5G9eH9R7vcA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxgv2ANpTJdtMu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFWUNGotYtQPUTHDJGoYbwdqJYhgFgrWC0e3Ubz0xpXksH8w4YX6EA8lDTtFYqd1FkQzx2uuVK27VnYEsEy8nFchR75W/uv2YphGThgrUuuO5ifEzVIZTwSalbqpZgnSEA9axVGLEtJ/N7p2QE6v0SRgrW9KQmfp7IsNI63EU2M4IzVAvelPxP6+TmvDKz7hMUsMknS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEyaZ1Xvouren1dqN3kcRTiCYzgFDy6hBndQhwZQEPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDgnmPng==</latexit>

↵ = 1
We have repeated the same steps as in the bosonic theory.

We find a perfect match with the              mesonic line operators for both, 
the spectrum and the form of the evolution equation.

<latexit sha1_base64="6mMI9Y4d48cOqGko2O98HVazUEY=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIbiyJFHUjFN24rGAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y2EbT1wMDhnHO5d06QcKa043xZhaXlldW14nppY3Nre8fe3WuqOJWENkjMY9kOsKKcCdrQTHPaTiTFUcBpKxjeTPzWA5WKxeJejxLqRbgvWMgI1kby7YMuN+Ee9sOrHxacur5ddirOFGiRuDkpQ466b392ezFJIyo04Vipjusk2suw1IxwOi51U0UTTIa4TzuGChxR5WXT88fo2Cg9FMbSPKHRVP09keFIqVEUmGSE9UDNexPxP6+T6vDSy5hIUk0FmS0KU450jCZdoB6TlGg+MgQTycytiAywxESbxkqmBHf+y4ukeVZxzyvVu2q5dp3XUYRDOIITcOECanALdWgAgQye4AVerUfr2Xqz3mfRgpXP7MMfWB/fZs+VIQ==</latexit>

�f = �b � 1



Mesonic Line Operators in the fermonic theory
We have also found the fermionic dual of the                 operators

<latexit sha1_base64="PIRvmZM0YGzSQt038gc8eU8o5Bs=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4sSSi6EUoevFYwX5IG8pku2mXbjZhdyOU0F/hxYMiXv053vw3btsctPXBwOO9GWbmBYng2rjut7O0vLK6tl7YKG5ube/slvb2GzpOFWV1GotYtQLUTHDJ6oYbwVqJYhgFgjWD4e3Ebz4xpXksH8woYX6EfclDTtFY6bGDIhng9anXLZXdijsFWSReTsqQo9YtfXV6MU0jJg0VqHXbcxPjZ6gMp4KNi51UswTpEPusbanEiGk/mx48JsdW6ZEwVrakIVP190SGkdajKLCdEZqBnvcm4n9eOzXhlZ9xmaSGSTpbFKaCmJhMvic9rhg1YmQJUsXtrYQOUCE1NqOiDcGbf3mRNM4q3kXFvT8vV2/yOApwCEdwAh5cQhXuoAZ1oBDBM7zCm6OcF+fd+Zi1Ljn5zAH8gfP5A+5rj9U=</latexit>

↵ = �1

It has fundamental fermion condensed in the exponent  

non-trivial topological spin connection

<latexit sha1_base64="FuEFTPqYGbKzVfviB10vuHc1jUQ=">AAACAnicdVDLSgNBEJz1GeNr1ZN4GQyCp7AbQkxuQS8eI5gHJCHMTjrJkNkHM71iWIIXf8WLB0W8+hXe/BtnkwgqWjBQVHXTU+VFUmh0nA9raXlldW09s5Hd3Nre2bX39hs6jBWHOg9lqFoe0yBFAHUUKKEVKWC+J6HpjS9Sv3kDSoswuMZJBF2fDQMxEJyhkXr2YQfhFhMRIAwVQ+jTASjfWNOenXPyjkGpRFPilh3XkEqlXChUqDuzHCdHFqj17PdOP+SxDwFyybRuu06E3YQpFFzCNNuJNUSMj9kQ2oYGzAfdTWYRpvTEKOZ2qMwLkM7U7xsJ87We+J6Z9BmO9G8vFf/y2jEOyl2TL4oRAj4/NIglxZCmfdC+UMBRTgxhXAnzV8pHTDGOprWsKeErKf2fNAp5t5QvXhVz1fNFHRlyRI7JKXHJGamSS1IjdcLJHXkgT+TZurcerRfrdT66ZC12DsgPWG+fmhCYOw==</latexit>

integrated fermion

<latexit sha1_base64="6mMI9Y4d48cOqGko2O98HVazUEY=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIbiyJFHUjFN24rGAf0IYwmU7aoZNJmJkIJRT8FTcuFHHrd7jzb5y2EbT1wMDhnHO5d06QcKa043xZhaXlldW14nppY3Nre8fe3WuqOJWENkjMY9kOsKKcCdrQTHPaTiTFUcBpKxjeTPzWA5WKxeJejxLqRbgvWMgI1kby7YMuN+Ee9sOrHxacur5ddirOFGiRuDkpQ466b392ezFJIyo04Vipjusk2suw1IxwOi51U0UTTIa4TzuGChxR5WXT88fo2Cg9FMbSPKHRVP09keFIqVEUmGSE9UDNexPxP6+T6vDSy5hIUk0FmS0KU450jCZdoB6TlGg+MgQTycytiAywxESbxkqmBHf+y4ukeVZxzyvVu2q5dp3XUYRDOIITcOECanALdWgAgQye4AVerUfr2Xqz3mfRgpXP7MMfWB/fZs+VIQ==</latexit>

�f = �b � 1



Bootstrap
Main point — [spectrum of boundary operators] + [evolution equation] 

uniquely determine the expectation values of the 
mesonic line operators

Strategy — • Expand in the deformation away from a straight line. It 
is a sort of conformal perturbation theory on the line.

• At any order in the deformation, include all relevant 
and marginal bulk and boundary operators.

Conformal symmetry with the appropriate 
spectrum of boundary operators.

At linear order around any path we have 
the evolution equation.

• Pick a regularization scheme and fix all coefficients by 
demanding

We find that these conditions are sufficient 
to systematically fix all the coefficients. 



Bootstrap
For example, at second order we have the two-point function of the 
displacement operator

<latexit sha1_base64="LZrZa3mQp0VfRHoxILnfmzSi2r0="></latexit>

⇤(�) = ⇤(2��) = � (2�� 1)(2�� 2)(2�� 3) sin(2⇡�)

2⇡

Here,      is the dimension of any of the four bottom operators.

For example, for the             line operator it is

<latexit sha1_base64="LQxUP5vN33bpXHfjKZ3JmROFUHE=">AAAB7XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsJ+3aTTbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNCrVHBpcSaXbATMgRQwNFCihnWhgUSChFYxupn7rCbQRKn7AcQJ+xAaxCAVnaKVm9xYksl654lbdGegy8XJSITnqvfJXt694GkGMXDJjOp6boJ8xjYJLmJS6qYGE8REbQMfSmEVg/Gx27YSeWKVPQ6VtxUhn6u+JjEXGjKPAdkYMh2bRm4r/eZ0Uwys/E3GSIsR8vihMJUVFp6/TvtDAUY4tYVwLeyvlQ6YZRxtQyYbgLb68TJpnVe+ien5/Xqld53EUyRE5JqfEI5ekRu5InTQIJ4/kmbySN0c5L8678zFvLTj5zCH5A+fzB2N6jwU=</latexit>

�
<latexit sha1_base64="chbqHorueQf9ilPK5G9eH9R7vcA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxgv2ANpTJdtMu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFWUNGotYtQPUTHDJGoYbwdqJYhgFgrWC0e3Ubz0xpXksH8w4YX6EA8lDTtFYqd1FkQzx2uuVK27VnYEsEy8nFchR75W/uv2YphGThgrUuuO5ifEzVIZTwSalbqpZgnSEA9axVGLEtJ/N7p2QE6v0SRgrW9KQmfp7IsNI63EU2M4IzVAvelPxP6+TmvDKz7hMUsMknS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEyaZ1Xvouren1dqN3kcRTiCYzgFDy6hBndQhwZQEPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDgnmPng==</latexit>

↵ = 1
<latexit sha1_base64="tXWuHQ7bBNR3lObuC+1pULcobnE=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSxCRahJKepGKOrCZQX7gCaEyWTSDp1MwsxEKLELf8WNC0Xc+hvu/BunbRbaemDgcM493DvHTxiVyrK+jYXFpeWV1cJacX1jc2vb3NltyTgVmDRxzGLR8ZEkjHLSVFQx0kkEQZHPSNsfXI/99gMRksb8Xg0T4kaox2lIMVJa8sx954YwhS7L9onDdCxAnn98WvXMklWxJoDzxM5JCeRoeOaXE8Q4jQhXmCEpu7aVKDdDQlHMyKjopJIkCA9Qj3Q15Sgi0s0m94/gkVYCGMZCP67gRP2dyFAk5TDy9WSEVF/OemPxP6+bqvDCzShPUkU4ni4KUwZVDMdlwIAKghUbaoKwoPpWiPtIIKx0ZUVdgj375XnSqlbss0rtrlaqX+V1FMABOARlYINzUAe3oAGaAINH8AxewZvxZLwY78bHdHTByDN74A+Mzx+0wZSf</latexit>

� = (1 + �b)/2

or
<latexit sha1_base64="Gkn22GPWrB85RFTJUDQ/RUGupWI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6sKa1KJuhKIuXFawD2hCmEym7dDJJMxMhBK78FfcuFDErb/hzr9x2mahrQcGDufcw71z/JhRqSzr28gtLC4tr+RXC2vrG5tb5vZOU0aJwKSBIxaJto8kYZSThqKKkXYsCAp9Rlr+4Hrstx6IkDTi92oYEzdEPU67FCOlJc/cc24IU+iydHrsMB0LkOcfnVQ8s2iVrQngPLEzUgQZ6p755QQRTkLCFWZIyo5txcpNkVAUMzIqOIkkMcID1CMdTTkKiXTTyf0jeKiVAHYjoR9XcKL+TqQolHIY+noyRKovZ72x+J/XSVT3wk0pjxNFOJ4u6iYMqgiOy4ABFQQrNtQEYUH1rRD3kUBY6coKugR79svzpFkp22fl6l21WLvK6siDfXAASsAG56AGbkEdNAAGj+AZvII348l4Md6Nj+lozsgyu+APjM8fuwOUow==</latexit>

� = (3� �b)/2

with

<latexit sha1_base64="ll8MiXKCnPk6iU4vmCepGnZz4ME=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7gkqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lX18qFWqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD1q+j5c=</latexit>

h
<latexit sha1_base64="OcGC9/YSUbbxrs5aTGZ4yqfy7jQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7ikqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lX18qFWqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD2P0j50=</latexit>

i
<latexit sha1_base64="ll8MiXKCnPk6iU4vmCepGnZz4ME=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7gkqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lX18qFWqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD1q+j5c=</latexit>

h
<latexit sha1_base64="OcGC9/YSUbbxrs5aTGZ4yqfy7jQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7ikqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lX18qFWqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD2P0j50=</latexit>

i

<latexit sha1_base64="qkSR14q+QVDkm8AlkzdjVpHCNdg="></latexit>

=
⇤(�)

x4
st

✓
x10xst

x1sxt0

◆2�
<latexit sha1_base64="8XplRaeZ63II5HZgGAhOGXErGK4=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2AR6qbMSFGXRV24rGAf0BmGTJq2oZlMSDJiGbvwV9y4UMStv+HOvzHTzkJbDwQO59zLPTmhYFRpx/m2CkvLK6trxfXSxubW9o69u9dScSIxaeKYxbITIkUY5aSpqWakIyRBUchIOxxdZX77nkhFY36nx4L4ERpw2qcYaSMF9kHqRUgPwxBeTwJPECkqD4E+CeyyU3WmgIvEzUkZ5GgE9pfXi3ESEa4xQ0p1XUdoP0VSU8zIpOQligiER2hAuoZyFBHlp9P8E3hslB7sx9I8ruFU/b2RokipcRSaySysmvcy8T+vm+j+hZ9SLhJNOJ4d6icM6hhmZcAelQRrNjYEYUlNVoiHSCKsTWUlU4I7/+VF0jqtumfV2m2tXL/M6yiCQ3AEKsAF56AObkADNAEGj+AZvII368l6sd6tj9lowcp39sEfWJ8/fOWVxA==</latexit>

D?(xt)
<latexit sha1_base64="AAGqojDlcLm0mwnKARWqhiUi3CA=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2AR6qbMSFGXRV24rGAf0BmGTJq2oZlMSDJiGbvwV9y4UMStv+HOvzHTzkJbDwQO59zLPTmhYFRpx/m2CkvLK6trxfXSxubW9o69u9dScSIxaeKYxbITIkUY5aSpqWakIyRBUchIOxxdZX77nkhFY36nx4L4ERpw2qcYaSMF9kHqRUgPwxBeTwJPECkqD4E6CeyyU3WmgIvEzUkZ5GgE9pfXi3ESEa4xQ0p1XUdoP0VSU8zIpOQligiER2hAuoZyFBHlp9P8E3hslB7sx9I8ruFU/b2RokipcRSaySysmvcy8T+vm+j+hZ9SLhJNOJ4d6icM6hhmZcAelQRrNjYEYUlNVoiHSCKsTWUlU4I7/+VF0jqtumfV2m2tXL/M6yiCQ3AEKsAF56AObkADNAEGj+AZvII368l6sd6tj9lowcp39sEfWJ8/e2CVww==</latexit>

D?(xs)

<latexit sha1_base64="QRlFKTdZFTH2TZmCLuq5ispBsxg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+ien53Xqld53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcOno2p</latexit>x1
<latexit sha1_base64="CrLcgGPFPZRKE07vcCRVoa88e2k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPP7ZUrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb68TJpnVe+ien53Xqld53EU4QiO4RQ8uIQa3EIdGsBgAM/wCm+OdF6cd+dj3lpw8plD+APn8wcNGo2o</latexit>x0



Future directions
• To complete the derivation of the duality at the planar level, one 

should also match the connected piece of the correlation functions 
between mesonic line operators, as well as the local single trace 
operators.

We expect that known [spectrum of single trace local operators]
+[spectrum of boundary operators] 
+[evolution equation]

would be sufficient.

<latexit sha1_base64="ll8MiXKCnPk6iU4vmCepGnZz4ME=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7gkqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lX18qFWqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD1q+j5c=</latexit>

h
<latexit sha1_base64="OcGC9/YSUbbxrs5aTGZ4yqfy7jQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7ikqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lX18qFWqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD2P0j50=</latexit>

i<latexit sha1_base64="TE5lTzTJebBAHvwXgLq7Q5MIFH0=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KomKeix68VjBfkAbymYzaZdudsPuplhC/4kXD4p49Z9489+4bXPQ1gcDj/dmmJkXppxp43nfzsrq2vrGZmmrvL2zu7fvHhw2tcwUhQaVXKp2SDRwJqBhmOHQThWQJOTQCod3U781AqWZFI9mnEKQkL5gMaPEWKnnul0DTyanUgigBqJJz614VW8GvEz8glRQgXrP/epGkmYJCEM50brje6kJcqIMoxwm5W6mISV0SPrQsVSQBHSQzy6f4FOrRDiWypYweKb+nshJovU4CW1nQsxAL3pT8T+vk5n4JsiZSDMDgs4XxRnHRuJpDDhiyv7Lx5YQqpi9FdMBUcRmoHTZhuAvvrxMmudV/6p68XBZqd0WcZTQMTpBZ8hH16iG7lEdNRBFI/SMXtGbkzsvzrvzMW9dcYqZI/QHzucPVcmUHw==</latexit>

connected

• Find an explicit solution for the expectation values.

• Derive the holographic dual — parity breaking versions of 
Vasiliev's higher-spin theory (is our original motivation) 



Thank you


