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Conformal boundary conditions
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Describe “surface critical behavior”
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Observables: correlation functions of boundary 
operators. Critical exponents different from bulk. 

Question: Given a bulk CFT, what are the possible 
conformal boundary conditions?

Not much known besides rational 2d CFTs.



Exploring the set of possible boundary conditions

•RG intuition            hopeless problem, the answer is ~ 
as rich as the space of one-lower dimensional CFTs 
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•Possible loophole: the IR fixed point might generically 
decouple from the bulk



Conformal boundary conditions for free conformal 
field theories: free bulk, interaction with bdry d.o.f.

•Rich enough: interesting classification problem;

Make it amenable to numerical bootstrap

•Boundary phase transitions in systems described by 
free fields in the bulk;

•Simple enough: worth trying to attack;

Examples



Applications:

•  Free scalar: goldstone phase,      breaking 
transition in 4d bulk; 
 
 

•  Maxwell: new way to construct & study 3d 
abelian gauge theories
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Introduction: Free Bulk & Free Boundary
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Dirichlet

In the bulk: free scalar CFT



Introduction: Free Bulk & Free Boundary

Similar for free Dirac CFT

c ±(~x) =
1± �y

2
 (y, ~x)

����
y=0
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or free higher-form CFT, e.g. in 4d
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<latexit sha1_base64="XrCAXs2FuNHSQ3ISVMUop/EVQIg=">AAACMHicdZDLSgMxFIYz9VbrrepShGARKkKZqYJuhKIblxXsBTpDyWRO29DMhSRTLUNB8Gnc1pfRlbj1GVyYabuwFQ8Efv7/JDnncyPOpDLNdyOztLyyupZdz21sbm3v5Hf36jKMBYUaDXkomi6RwFkANcUUh2YkgPguh4bbv0nzxgCEZGFwr4YROD7pBqzDKFHaaucP7QfmQY+oxI4ka5+OivYAaPI4OsFX2GznC2bJnBT+K6yZKKBZVdv5b9sLaexDoCgnUrYsM1JOQoRilMMoZ8cSIkL7pAstLQPig3SSyRojfKwdD3dCoU+g8MT9fSMhvpRD39WdPlE9uZil5n9Z+qKc+z/xJubCTKpz6SQsiGIFAZ2O1Ik5ViFO6WGPCaCKD7UgVDC9FaY9IghVmnFO47IW4fwV9XLJOiuV784LleunKbgsOkBHqIgsdIEq6BZVUQ1R9Ixe0Bi9GmPjzfgwPqetGWMGex/NlfH1A7Agqqg=</latexit>

�µ@µ (y, ~x) = 0
<latexit sha1_base64="+oBwfpo8oFp/ynACyvsVcG6GGz4="></latexit>

or c �(~x) = 0
<latexit sha1_base64="ArXHsAKiBQpTYc7278yIR5F0jXA=">AAACMHicdZDLSgMxFIYz9VbrrepShGAR6sIyUwXdCEU3LivYC3SGksmctqGZC0mmWoaC4NO4rS+jK3HrM7gw03ZhKx4I/Pz/SXLO50acSWWa70ZmaXlldS27ntvY3Nreye/u1WUYCwo1GvJQNF0igbMAaoopDs1IAPFdDg23f5PmjQEIycLgXg0jcHzSDViHUaK01c4f2g/Mgx5RiR1J1j4dFe0B0ORxdIKvsNnOF8ySOSn8V1gzUUCzqrbz37YX0tiHQFFOpGxZZqSchAjFKIdRzo4lRIT2SRdaWgbEB+kkkzVG+Fg7Hu6EQp9A4Yn7+0ZCfCmHvqs7faJ6cjFLzf+y9EU593/iTcyFmVTn0klYEMUKAjodqRNzrEKc0sMeE0AVH2pBqGB6K0x7RBCqNOOcxmUtwvkr6uWSdVYq350XKtdPU3BZdICOUBFZ6AJV0C2qohqi6Bm9oDF6NcbGm/FhfE5bM8YM9j6aK+PrB7OYqqo=</latexit>

@µFµ⌫ = 0 = @µF̃µ⌫
<latexit sha1_base64="zLhr3fE6scflqbR/C15US3O0rM0="></latexit>

Ĵa(~x) =
1

g2
Fya(y, ~x)|y=0

<latexit sha1_base64="BsvOAd4KD3db/kHeV8rhElnvFWA="></latexit>

, Îa(~x) =
1

4⇡i
✏abc F

bc(y, ~x)
��
y=0

<latexit sha1_base64="H/l34JcnkP4vEeQAfY+0LmGUk1I="></latexit>

orĴa(~x) = 0
<latexit sha1_base64="Kl2gxBDEDCe9K8+FkUBbXM41kD8=">AAACKXicdVBLSwMxGMzWV62vVcGLl2AR6qXsVkEvQtGLeKpgH9Bdlmw2bUOzD5JssawL/hav9c94U6/+DQ9mtz3YFgcCw8yXL5NxI0aFNIxPrbCyura+UdwsbW3v7O7p+wctEcYckyYOWcg7LhKE0YA0JZWMdCJOkO8y0naHt5nfHhEuaBg8ynFEbB/1A9qjGEklOfqRNUAyuU8dVLFGBCdP6Rm8hoajl42qkQMuE3NGymCGhqP/WF6IY58EEjMkRNc0ImkniEuKGUlLVixIhPAQ9UlX0QD5RNhJnj+Fp0rxYC/k6gQS5urfGwnyhRj7rpr0kRyIRS8T//OyjWLu/cTLxYVMsndlJzSIYkkCPI3UixmUIcxqgx7lBEs2VgRhTtWvIB4gjrBU5ZZUXeZiOcukVaua59Xaw0W5fvMyLa4IjsEJqAATXII6uAMN0AQYPINXMAFv2kR71z60r+loQZuVfQjmoH3/Aqf1p5E=</latexit>

Îa(~x) = 0
<latexit sha1_base64="jTimypaysxiE5FaqmSiSe2CFdEQ=">AAACKXicdVBLSwMxGMzWV62vVcGLl2AR6qXsVkEvQtGL3irYB3SXJZtN29DsgyRbLOuCv8Vr/TPe1Kt/w4PZbQ+2xYHAMPPly2TciFEhDeNTK6ysrq1vFDdLW9s7u3v6/kFLhDHHpIlDFvKOiwRhNCBNSSUjnYgT5LuMtN3hbea3R4QLGgaPchwR20f9gPYoRlJJjn5kDZBM7lMHVawRwclTegavoeHoZaNq5IDLxJyRMpih4eg/lhfi2CeBxAwJ0TWNSNoJ4pJiRtKSFQsSITxEfdJVNEA+EXaS50/hqVI82Au5OoGEufr3RoJ8Ica+qyZ9JAdi0cvE/7xso5h7P/FycSGT7F3ZCQ2iWJIATyP1YgZlCLPaoEc5wZKNFUGYU/UriAeIIyxVuSVVl7lYzjJp1armebX2cFGu37xMiyuCY3ACKsAEl6AO7kADNAEGz+AVTMCbNtHetQ/tazpa0GZlH4I5aN+/pjenkA==</latexit>



Introduction: Free Bulk & Free Boundary

In all these cases:        and       , one set to zero;

only 1 boundary primary in the boundary OPE. 

Boundary theory: Mean Field Theory for the remaining 
operator. (MFT = GFF = Wick contractions)

�
<latexit sha1_base64="Fa8PBOpAb52s6/4PtiZgi3jWdH0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m2bp7ibsboQSCv4CLx4U8eof8ua/cZP2oK0PBh7vzTAzL0g408Z1v53S2vrG5lZ5u7Kzu7d/UD086ug4VYS2Scxj1QuwppxJ2jbMcNpLFMUi4LQbTG5zv/tIlWaxfDDThPoCjyULGcEmlwZJxIbVmlt3C6BV4i1IDRZoDatfg1FMUkGlIRxr3ffcxPgZVoYRTmeVQappgskEj2nfUokF1X5W3DpDZ1YZoTBWtqRBhfp7IsNC66kIbKfAJtLLXi7+5/VTE177GZNJaqgk80VhypGJUf44GjFFieFTSzBRzN6KSIQVJsbGU7EheMsvr5JOo+5d1Bv3l7XmzdM8jjKcwCmcgwdX0IQ7aEEbCETwDK/w5gjnxXl3PuatJWcR4TH8gfP5AzrWjsM=</latexit>

bO1
<latexit sha1_base64="TezaFuCoXWwm0tsblNxm/xC0mYQ=">AAACHnicdVDNSgMxGMzWv1r/qh69BIvgqexWQY9FL96sYFuhXUo2m21Ds9k1+VYpS8G38Fpfxpt41XfxYHbbg21xIDDMfPkyGS8WXINtf1uFldW19Y3iZmlre2d3r7x/0NJRoihr0khE6sEjmgkuWRM4CPYQK0ZCT7C2N7zO/PYTU5pH8h5GMXND0pc84JSAkdzuM/fZgEB6O+45vXLFrto58DJxZqSCZmj0yj9dP6JJyCRQQbTuOHYMbkoUcCrYuNRNNIsJHZI+6xgqSci0m+ahx/jEKD4OImWOBJyrf2+kJNR6FHpmMiQw0IteJv7nZRv13Pupn4sLmSC4dFMu4wSYpNNIQSIwRDjrCvtcMQpiZAihiptfYTogilAwjZZMXc5iOcukVas6Z9Xa3XmlfvUyLa6IjtAxOkUOukB1dIMaqIkoekSvaILerIn1bn1Yn9PRgjUr+xDNwfr6BV6/pHw=</latexit>

+ desc.

bO1
<latexit sha1_base64="TezaFuCoXWwm0tsblNxm/xC0mYQ=">AAACHnicdVDNSgMxGMzWv1r/qh69BIvgqexWQY9FL96sYFuhXUo2m21Ds9k1+VYpS8G38Fpfxpt41XfxYHbbg21xIDDMfPkyGS8WXINtf1uFldW19Y3iZmlre2d3r7x/0NJRoihr0khE6sEjmgkuWRM4CPYQK0ZCT7C2N7zO/PYTU5pH8h5GMXND0pc84JSAkdzuM/fZgEB6O+45vXLFrto58DJxZqSCZmj0yj9dP6JJyCRQQbTuOHYMbkoUcCrYuNRNNIsJHZI+6xgqSci0m+ahx/jEKD4OImWOBJyrf2+kJNR6FHpmMiQw0IteJv7nZRv13Pupn4sLmSC4dFMu4wSYpNNIQSIwRDjrCvtcMQpiZAihiptfYTogilAwjZZMXc5iOcukVas6Z9Xa3XmlfvUyLa6IjtAxOkUOukB1dIMaqIkoekSvaILerIn1bn1Yn9PRgjUr+xDNwfr6BV6/pHw=</latexit>

bO2
<latexit sha1_base64="2e9dqSrrunb6iY3XvSwM23Yjig8=">AAACHnicdVDNSgMxGMzWv1r/qh69BIvgqexWQY9FL96sYFuhXUo2m21Ds9k1+VYpS8G38Fpfxpt41XfxYHbbg21xIDDMfPkyGS8WXINtf1uFldW19Y3iZmlre2d3r7x/0NJRoihr0khE6sEjmgkuWRM4CPYQK0ZCT7C2N7zO/PYTU5pH8h5GMXND0pc84JSAkdzuM/fZgEB6O+7VeuWKXbVz4GXizEgFzdDolX+6fkSTkEmggmjdcewY3JQo4FSwcambaBYTOiR91jFUkpBpN81Dj/GJUXwcRMocCThX/95ISaj1KPTMZEhgoBe9TPzPyzbqufdTPxcXMkFw6aZcxgkwSaeRgkRgiHDWFfa5YhTEyBBCFTe/wnRAFKFgGi2ZupzFcpZJq1Z1zqq1u/NK/eplWlwRHaFjdIocdIHq6AY1UBNR9Ihe0QS9WRPr3fqwPqejBWtW9iGag/X1C2BtpH0=</latexit>



�
<latexit sha1_base64="Fa8PBOpAb52s6/4PtiZgi3jWdH0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m2bp7ibsboQSCv4CLx4U8eof8ua/cZP2oK0PBh7vzTAzL0g408Z1v53S2vrG5lZ5u7Kzu7d/UD086ug4VYS2Scxj1QuwppxJ2jbMcNpLFMUi4LQbTG5zv/tIlWaxfDDThPoCjyULGcEmlwZJxIbVmlt3C6BV4i1IDRZoDatfg1FMUkGlIRxr3ffcxPgZVoYRTmeVQappgskEj2nfUokF1X5W3DpDZ1YZoTBWtqRBhfp7IsNC66kIbKfAJtLLXi7+5/VTE177GZNJaqgk80VhypGJUf44GjFFieFTSzBRzN6KSIQVJsbGU7EheMsvr5JOo+5d1Bv3l7XmzdM8jjKcwCmcgwdX0IQ7aEEbCETwDK/w5gjnxXl3PuatJWcR4TH8gfP5AzrWjsM=</latexit>

Adding boundary interactions: Scalar Example

Neumann

+ decoupled        

CFTd�1
<latexit sha1_base64="lCuCh/PEeyBsdQuRpoaW6PVwmso=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAhuLEkVdFksiMsKfUEbwmQyaYdOHszcFEvIn7hxoYhb/8Sdf+O0zUJbD1w4nHMv997jJYIrsKxvY219Y3Nru7RT3t3bPzg0j447Kk4lZW0ai1j2PKKY4BFrAwfBeolkJPQE63rjxszvTphUPI5aME2YE5JhxANOCWjJNc0BsCfIGvet3M38Szt3zYpVtebAq8QuSAUVaLrm18CPaRqyCKggSvVtKwEnIxI4FSwvD1LFEkLHZMj6mkYkZMrJ5pfn+FwrPg5iqSsCPFd/T2QkVGoaerozJDBSy95M/M/rpxDcOhmPkhRYRBeLglRgiPEsBuxzySiIqSaESq5vxXREJKGgwyrrEOzll1dJp1a1r6q1x+tK/a6Io4RO0Rm6QDa6QXX0gJqojSiaoGf0it6MzHgx3o2PReuaUcycoD8wPn8AMqOTXg==</latexit>

                     Modified Neumann

O 2 CFTd�1
<latexit sha1_base64="2CJ3tEk2Hev2qeU1zZZd3+gyADo=">AAACB3icbVBNS8NAEN3Ur1q/oh4FCRbBiyWpgh6LBfFmhX5BE8pmu22XbjZhdyKWkJsX/4oXD4p49S9489+4aXvQ1gcDj/dmmJnnR5wpsO1vI7e0vLK6ll8vbGxube+Yu3tNFcaS0AYJeSjbPlaUM0EbwIDTdiQpDnxOW/6omvmteyoVC0UdxhH1AjwQrM8IBi11zUM3wDAkmCe3qcuEC/QBkup1Pe0mvVMn7ZpFu2RPYC0SZ0aKaIZa1/xyeyGJAyqAcKxUx7Ej8BIsgRFO04IbKxphMsID2tFU4IAqL5n8kVrHWulZ/VDqEmBN1N8TCQ6UGge+7syuVvNeJv7ndWLoX3oJE1EMVJDpon7MLQitLBSrxyQlwMeaYCKZvtUiQywxAR1dQYfgzL+8SJrlknNWKt+dFytXszjy6AAdoRPkoAtUQTeohhqIoEf0jF7Rm/FkvBjvxse0NWfMZvbRHxifP1oxmZo=</latexit>

Starts an RG, endpoint: conformal b.c. with both                        

y � 0
<latexit sha1_base64="5J5T3HZdWU2dRmeGZCp2SGucF3M=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BLx4jmAckS5iddJIhs7ObmVlhWQJ+gxcPinj1d7z5N04eB00saCiquunuCmLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U795iMqzSP5YNIY/ZAOJO9zRo2VWinpDHBM3G6x5JbdGcgq8RakBAvUusWvTi9iSYjSMEG1bntubPyMKsOZwEmhk2iMKRvRAbYtlTRE7WezeyfkzCo90o+ULWnITP09kdFQ6zQMbGdIzVAve1PxP6+dmP61n3EZJwYlmy/qJ4KYiEyfJz2ukBmRWkKZ4vZWwoZUUWZsRAUbgrf88ippVMreRblyf1mq3jzN48jDCZzCOXhwBVW4gxrUgYGAZ3iFN2fsvDjvzse8NecsIjyGP3A+fwAxCI/Q</latexit>

d@y� 6= 0
<latexit sha1_base64="IzU1gywceD0CCQW5Bym3iWEkaC0=">AAACCHicbVC7TsMwFHXKq5RXgJEBiwqJqUoKEowVLIxFog+piSrHvWmtOk6wHVAUdWThV1gYQIiVT2Djb3AfA7Qc6UpH59xr33uChDOlHefbKiwtr6yuFddLG5tb2zv27l5Txamk0KAxj2U7IAo4E9DQTHNoJxJIFHBoBcOrsd+6B6lYLG51loAfkb5gIaNEG6lrH3oPrAcDonMvIVIzwrsZ9pIBG3kC7rDTtctOxZkALxJ3RspohnrX/vJ6MU0jEJpyolTHdRLt5+O3KYdRyUsVJIQOSR86hgoSgfLzySEjfGyUHg5jaUpoPFF/T+QkUiqLAtMZET1Q895Y/M/rpDq88HMmklSDoNOPwpRjHeNxKrjHJFDNM0MIlczsiumASEK1ya5kQnDnT14kzWrFPa1Ub87KtctZHEV0gI7QCXLROaqha1RHDUTRI3pGr+jNerJerHfrY9pasGYz++gPrM8f+zWZ7Q==</latexit>

�̂ 6= 0
<latexit sha1_base64="OyLdaFoIUhykiKM5syKBKHpoXOQ=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KkkV9Fj04rGC/YCmlM122i7dbOLupFBC/4kXD4p49Z9489+4bXPQ1gcDj/dmmJkXJlIY9LxvZ219Y3Nru7BT3N3bPzh0j44bJk41hzqPZaxbITMghYI6CpTQSjSwKJTQDEd3M785Bm1ErB5xkkAnYgMl+oIztFLXdYMhwyxIhmIaKHiiXtcteWVvDrpK/JyUSI5a1/0KejFPI1DIJTOm7XsJdjKmUXAJ02KQGkgYH7EBtC1VLALTyeaXT+m5VXq0H2tbCulc/T2RsciYSRTazojh0Cx7M/E/r51i/6aTCZWkCIovFvVTSTGmsxhoT2jgKCeWMK6FvZXyIdOMow2raEPwl19eJY1K2b8sVx6uStXbPI4COSVn5IL45JpUyT2pkTrhZEyeySt5czLnxXl3Phata04+c0L+wPn8AUrZk20=</latexit>

<latexit sha1_base64="AOcGqYkeM65a1qfYS2Ql374XZbc=">AAACKXicbZDLSsNAFIYn9VbrLerSzWARKmhJpKjLoht3VrAXaGKZTCbt0MmFmUmxhLyOG1/FjYKibn0RJ21Abf1h4Oc75zDn/E7EqJCG8aEVFhaXlleKq6W19Y3NLX17pyXCmGPSxCELecdBgjAakKakkpFOxAnyHUbazvAyq7dHhAsaBrdyHBHbR/2AehQjqVBPr/ctGkjo3iXusZlaI4KT+xRaR9YAycSKBjSt5PBQQR/JAUYsuf6hPb1sVI2J4Lwxc1MGuRo9/cVyQxz7JJCYISG6phFJO0FcUsxIWrJiQSKEh6hPusoGyCfCTiaXpvBAERd6IVdPrT2hvycS5Asx9h3Vme0qZmsZ/K/WjaV3bic0iGJJAjz9yIsZlCHMYoMu5QRLNlYGYU7VrhAPEEdYqnBLKgRz9uR50zqpmqfV2k2tXL/I4yiCPbAPKsAEZ6AOrkADNAEGD+AJvII37VF71t61z2lrQctndsEfaV/flWuneQ==</latexit>

g

Z
dd�1~x �̂(~x)O(~x)

<latexit sha1_base64="PU45/OTB5PRG04nUxGoLU3nwJqw=">AAACEnicbVDLSsNAFJ34rPUVdelmsAi6KYkUdSMU3bizgn1AE8rNdNIMnTyYmSgh9Bvc+CtuXCji1pU7/8ZJ24W2HrhwOOde7r3HSziTyrK+jYXFpeWV1dJaeX1jc2vb3NltyTgVhDZJzGPR8UBSziLaVExx2kkEhdDjtO0Nrwq/fU+FZHF0p7KEuiEMIuYzAkpLPfPYeWB9GoDKnQSEYsB7GXaSgI3wBR5gJwQVEOD5zahnVqyqNQaeJ/aUVNAUjZ755fRjkoY0UoSDlF3bSpSbF1sIp6Oyk0qaABnCgHY1jSCk0s3HL43woVb62I+Frkjhsfp7IodQyiz0dGdxopz1CvE/r5sq/9zNWZSkikZksshPOVYxLvLBfSYoUTzTBIhg+lZMAhBAlE6xrEOwZ1+eJ62Tqn1ard3WKvXLaRwltI8O0BGy0Rmqo2vUQE1E0CN6Rq/ozXgyXox342PSumBMZ/bQHxifP1wznec=</latexit>

d@y� = gO



Interacting boundary condition for free fields:

•Both       and        in the set of boundary operators, and 
they appear in the boundary OPE of the bulk free field

bO1
<latexit sha1_base64="TezaFuCoXWwm0tsblNxm/xC0mYQ=">AAACHnicdVDNSgMxGMzWv1r/qh69BIvgqexWQY9FL96sYFuhXUo2m21Ds9k1+VYpS8G38Fpfxpt41XfxYHbbg21xIDDMfPkyGS8WXINtf1uFldW19Y3iZmlre2d3r7x/0NJRoihr0khE6sEjmgkuWRM4CPYQK0ZCT7C2N7zO/PYTU5pH8h5GMXND0pc84JSAkdzuM/fZgEB6O+45vXLFrto58DJxZqSCZmj0yj9dP6JJyCRQQbTuOHYMbkoUcCrYuNRNNIsJHZI+6xgqSci0m+ahx/jEKD4OImWOBJyrf2+kJNR6FHpmMiQw0IteJv7nZRv13Pupn4sLmSC4dFMu4wSYpNNIQSIwRDjrCvtcMQpiZAihiptfYTogilAwjZZMXc5iOcukVas6Z9Xa3XmlfvUyLa6IjtAxOkUOukB1dIMaqIkoekSvaILerIn1bn1Yn9PRgjUr+xDNwfr6BV6/pHw=</latexit>

bO2
<latexit sha1_base64="2e9dqSrrunb6iY3XvSwM23Yjig8=">AAACHnicdVDNSgMxGMzWv1r/qh69BIvgqexWQY9FL96sYFuhXUo2m21Ds9k1+VYpS8G38Fpfxpt41XfxYHbbg21xIDDMfPkyGS8WXINtf1uFldW19Y3iZmlre2d3r7x/0NJRoihr0khE6sEjmgkuWRM4CPYQK0ZCT7C2N7zO/PYTU5pH8h5GMXND0pc84JSAkdzuM/fZgEB6O+7VeuWKXbVz4GXizEgFzdDolX+6fkSTkEmggmjdcewY3JQo4FSwcambaBYTOiR91jFUkpBpN81Dj/GJUXwcRMocCThX/95ISaj1KPTMZEhgoBe9TPzPyzbqufdTPxcXMkFw6aZcxgkwSaeRgkRgiHDWFfa5YhTEyBBCFTe/wnRAFKFgGi2ZupzFcpZJq1Z1zqq1u/NK/eplWlwRHaFjdIocdIHq6AY1UBNR9Ihe0QS9WRPr3fqwPqejBWtW9iGag/X1C2BtpH0=</latexit>

bO1
<latexit sha1_base64="TezaFuCoXWwm0tsblNxm/xC0mYQ=">AAACHnicdVDNSgMxGMzWv1r/qh69BIvgqexWQY9FL96sYFuhXUo2m21Ds9k1+VYpS8G38Fpfxpt41XfxYHbbg21xIDDMfPkyGS8WXINtf1uFldW19Y3iZmlre2d3r7x/0NJRoihr0khE6sEjmgkuWRM4CPYQK0ZCT7C2N7zO/PYTU5pH8h5GMXND0pc84JSAkdzuM/fZgEB6O+45vXLFrto58DJxZqSCZmj0yj9dP6JJyCRQQbTuOHYMbkoUcCrYuNRNNIsJHZI+6xgqSci0m+ahx/jEKD4OImWOBJyrf2+kJNR6FHpmMiQw0IteJv7nZRv13Pupn4sLmSC4dFMu4wSYpNNIQSIwRDjrCvtcMQpiZAihiptfYTogilAwjZZMXc5iOcukVas6Z9Xa3XmlfvUyLa6IjtAxOkUOukB1dIMaqIkoekSvaILerIn1bn1Yn9PRgjUr+xDNwfr6BV6/pHw=</latexit>

(      + desc.)
+

(      + desc.)bO2
<latexit sha1_base64="2e9dqSrrunb6iY3XvSwM23Yjig8=">AAACHnicdVDNSgMxGMzWv1r/qh69BIvgqexWQY9FL96sYFuhXUo2m21Ds9k1+VYpS8G38Fpfxpt41XfxYHbbg21xIDDMfPkyGS8WXINtf1uFldW19Y3iZmlre2d3r7x/0NJRoihr0khE6sEjmgkuWRM4CPYQK0ZCT7C2N7zO/PYTU5pH8h5GMXND0pc84JSAkdzuM/fZgEB6O+7VeuWKXbVz4GXizEgFzdDolX+6fkSTkEmggmjdcewY3JQo4FSwcambaBYTOiR91jFUkpBpN81Dj/GJUXwcRMocCThX/95ISaj1KPTMZEhgoBe9TPzPyzbqufdTPxcXMkFw6aZcxgkwSaeRgkRgiHDWFfa5YhTEyBBCFTe/wnRAFKFgGi2ZupzFcpZJq1Z1zqq1u/NK/eplWlwRHaFjdIocdIHq6AY1UBNR9Ihe0QS9WRPr3fqwPqejBWtW9iGag/X1C2BtpH0=</latexit>

�
<latexit sha1_base64="Fa8PBOpAb52s6/4PtiZgi3jWdH0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m2bp7ibsboQSCv4CLx4U8eof8ua/cZP2oK0PBh7vzTAzL0g408Z1v53S2vrG5lZ5u7Kzu7d/UD086ug4VYS2Scxj1QuwppxJ2jbMcNpLFMUi4LQbTG5zv/tIlWaxfDDThPoCjyULGcEmlwZJxIbVmlt3C6BV4i1IDRZoDatfg1FMUkGlIRxr3ffcxPgZVoYRTmeVQappgskEj2nfUokF1X5W3DpDZ1YZoTBWtqRBhfp7IsNC66kIbKfAJtLLXi7+5/VTE177GZNJaqgk80VhypGJUf44GjFFieFTSzBRzN6KSIQVJsbGU7EheMsvr5JOo+5d1Bv3l7XmzdM8jjKcwCmcgwdX0IQ7aEEbCETwDK/w5gjnxXl3PuatJWcR4TH8gfP5AzrWjsM=</latexit>

Scaling dimensions      and      fixed by e.o.m.�̂1
<latexit sha1_base64="4mJZSz7mloxGIgHlzRqveCJ/+c8=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BPXiMYB6QXcPsZDYZMvtgplcJS/7DiwdFvPov3vwbJ8keNLGgoajqprvLT6TQaNvfVmFldW19o7hZ2tre2d0r7x+0dJwqxpsslrHq+FRzKSLeRIGSdxLFaehL3vZH11O//ciVFnF0j+OEeyEdRCIQjKKRHtwhxcy94RLppOf0yhW7as9AlomTkwrkaPTKX24/ZmnII2SSat117AS9jCoUTPJJyU01Tygb0QHvGhrRkGsvm109ISdG6ZMgVqYiJDP190RGQ63HoW86Q4pDvehNxf+8borBpZeJKEmRR2y+KEglwZhMIyB9oThDOTaEMiXMrYQNqaIMTVAlE4Kz+PIyadWqzlm1dndeqV/lcRThCI7hFBy4gDrcQgOawEDBM7zCm/VkvVjv1se8tWDlM4fwB9bnD2adknE=</latexit>

�̂2
<latexit sha1_base64="yfgghZKC25uMhO1hzvEOAcIb/cg=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRV0GNRDx4r2A9oYtlsN+3SzSbsTpQS+j+8eFDEq//Fm//GbZuDtj4YeLw3w8y8IBFco+N8W4WV1bX1jeJmaWt7Z3evvH/Q0nGqKGvSWMSqExDNBJesiRwF6ySKkSgQrB2Mrqd++5EpzWN5j+OE+REZSB5yStBID96QYObdMIFk0qv1yhWn6sxgLxM3JxXI0eiVv7x+TNOISaSCaN11nQT9jCjkVLBJyUs1SwgdkQHrGipJxLSfza6e2CdG6dthrExJtGfq74mMRFqPo8B0RgSHetGbiv953RTDSz/jMkmRSTpfFKbCxtieRmD3uWIUxdgQQhU3t9p0SBShaIIqmRDcxZeXSatWdc+qtbvzSv0qj6MIR3AMp+DCBdThFhrQBAoKnuEV3qwn68V6tz7mrQUrnzmEP7A+fwBoIZJy</latexit>

Boundary theory is not MFT



Example (1):  
interacting conformal b.c. for 4d Maxwell CFT

Ĵa(~x) =
1

g2
Fya(y, ~x)|y=0

<latexit sha1_base64="BsvOAd4KD3db/kHeV8rhElnvFWA="></latexit>

, Îa(~x) =
1

4⇡i
✏abc F

bc(y, ~x)
��
y=0

<latexit sha1_base64="H/l34JcnkP4vEeQAfY+0LmGUk1I="></latexit>

Start with Neumann + 3d CFT with         symmetry                  U(1)
<latexit sha1_base64="q2WuGEAWhnbklAv/FKUZhSFbBLY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBT0WvXisYGqhDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHHR2nilCfxDxW3RBrypmkvmGG026iKBYhp4/h5Db3H5+o0iyWD2aa0EDgkWQRI9jkkl/3zgfVmttw50CrxCtIDQq0B9Wv/jAmqaDSEI617nluYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQdZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwVt+eZV0mg3votG8v6y1boo4ynACp1AHD66gBXfQBh8IjOEZXuHNEc6L8+58LFpLTjFzDH/gfP4A58SNfQ==</latexit>

Z
dd�1~xAa(~x) J

a
CFT(~x)

<latexit sha1_base64="bHIyEDHyg1b0kY2J0p6UEZDk3zs="></latexit>

                     Modified NeumannĴa = JCFT a
<latexit sha1_base64="VHE3ip2jh1YEUZKCU0zedNecQAQ=">AAACBnicbVDLSgNBEJz1bXytehRhMAgeJOxGQS+CGBDJScGYQDYsvZOJGTL7YKZXDMuevPgrXjwo4tVv8ObfOIk5aGJBQ1HVTXdXkEih0XG+rKnpmdm5+YXFwtLyyuqavb5xo+NUMV5jsYxVIwDNpYh4DQVK3kgUhzCQvB70KgO/fseVFnF0jf2Et0K4jURHMEAj+fa21wXMqrkP9IRW/cxDfo9Z5fw69/Yh9+2iU3KGoJPEHZEiGeHStz+9dszSkEfIJGjddJ0EWxkoFEzyvOClmifAenDLm4ZGEHLdyoZv5HTXKG3aiZWpCOlQ/T2RQah1PwxMZwjY1ePeQPzPa6bYOW5lIkpS5BH7WdRJJcWYDjKhbaE4Q9k3BJgS5lbKuqCAoUmuYEJwx1+eJDflkntQKl8dFk/PRnEskC2yQ/aIS47IKbkgl6RGGHkgT+SFvFqP1rP1Zr3/tE5Zo5lN8gfWxzdasJhp</latexit>

Sbulk = � i

8⇡

Z ⇥
⌧(F�)2 � ⌧̄(F+)2

⇤
, ⌧ ⌘ ✓

2⇡
+ i

2⇡

g2
<latexit sha1_base64="/S05UvIwUWfhD1AqlypmnG2k4no="></latexit>

[D, Gaiotto, Lauria, Wu]



-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

T0,1
<latexit sha1_base64="ZOaFCoxLG5fC26g9/SV/6TH9XKU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8CAlkYIei148VugXtKFstpN26WYTdjdCCf0RXjwo4tXf481/47bNQVtfWHh4Z4adeYNEcG1c99spbGxube8Ud0t7+weHR+Xjk7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJvfzeucJleaxbJppgn5ER5KHnFFjrU5zkLlX3mxQrrhVdyGyDl4OFcjVGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izKGmE2s8W687IhXWGJIyVfdKQhft7IqOR1tMosJ0RNWO9Wpub/9V6qQlv/YzLJDUo2fKjMBXExGR+OxlyhcyIqQXKFLe7EjamijJjEyrZELzVk9ehfV31LD/WKvW7PI4inME5XIIHN1CHB2hACxhM4Ble4c1JnBfn3flYthacfOYU/sj5/AFxxY74</latexit><latexit sha1_base64="ZOaFCoxLG5fC26g9/SV/6TH9XKU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8CAlkYIei148VugXtKFstpN26WYTdjdCCf0RXjwo4tXf481/47bNQVtfWHh4Z4adeYNEcG1c99spbGxube8Ud0t7+weHR+Xjk7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJvfzeucJleaxbJppgn5ER5KHnFFjrU5zkLlX3mxQrrhVdyGyDl4OFcjVGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izKGmE2s8W687IhXWGJIyVfdKQhft7IqOR1tMosJ0RNWO9Wpub/9V6qQlv/YzLJDUo2fKjMBXExGR+OxlyhcyIqQXKFLe7EjamijJjEyrZELzVk9ehfV31LD/WKvW7PI4inME5XIIHN1CHB2hACxhM4Ble4c1JnBfn3flYthacfOYU/sj5/AFxxY74</latexit><latexit sha1_base64="ZOaFCoxLG5fC26g9/SV/6TH9XKU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8CAlkYIei148VugXtKFstpN26WYTdjdCCf0RXjwo4tXf481/47bNQVtfWHh4Z4adeYNEcG1c99spbGxube8Ud0t7+weHR+Xjk7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJvfzeucJleaxbJppgn5ER5KHnFFjrU5zkLlX3mxQrrhVdyGyDl4OFcjVGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izKGmE2s8W687IhXWGJIyVfdKQhft7IqOR1tMosJ0RNWO9Wpub/9V6qQlv/YzLJDUo2fKjMBXExGR+OxlyhcyIqQXKFLe7EjamijJjEyrZELzVk9ehfV31LD/WKvW7PI4inME5XIIHN1CHB2hACxhM4Ble4c1JnBfn3flYthacfOYU/sj5/AFxxY74</latexit><latexit sha1_base64="ZOaFCoxLG5fC26g9/SV/6TH9XKU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8CAlkYIei148VugXtKFstpN26WYTdjdCCf0RXjwo4tXf481/47bNQVtfWHh4Z4adeYNEcG1c99spbGxube8Ud0t7+weHR+Xjk7aOU8WwxWIRq25ANQousWW4EdhNFNIoENgJJvfzeucJleaxbJppgn5ER5KHnFFjrU5zkLlX3mxQrrhVdyGyDl4OFcjVGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izKGmE2s8W687IhXWGJIyVfdKQhft7IqOR1tMosJ0RNWO9Wpub/9V6qQlv/YzLJDUo2fKjMBXExGR+OxlyhcyIqQXKFLe7EjamijJjEyrZELzVk9ehfV31LD/WKvW7PI4inME5XIIHN1CHB2hACxhM4Ble4c1JnBfn3flYthacfOYU/sj5/AFxxY74</latexit>

B(⌧, ⌧̄)
<latexit sha1_base64="s8qvQNKNuXkxdmFwM3Kp53nw/jQ=">AAAB/HicdZDLSgMxFIYz9VbrbbRLN8EiVJCSFLHtrtSNywr2Ap2hZNJMG5q5kGSEMtRXceNCEbc+iDvfxkxbQUUPBD7+/xzOye/FgiuN0IeVW1vf2NzKbxd2dvf2D+zDo66KEklZh0Yikn2PKCZ4yDqaa8H6sWQk8ATredOrzO/dMal4FN7qWczcgIxD7nNKtJGGdrFVdjRJzqHjEZlmOD8b2iVUQQhhjGEGuHaJDDQa9SquQ5xZpkpgVe2h/e6MIpoELNRUEKUGGMXaTYnUnAo2LziJYjGhUzJmA4MhCZhy08Xxc3hqlBH0I2leqOFC/T6RkkCpWeCZzoDoifrtZeJf3iDRft1NeRgnmoV0uchPBNQRzJKAIy4Z1WJmgFDJza2QTogkVJu8CiaEr5/C/6FbrWDDNxelZmsVRx4cgxNQBhjUQBNcgzboAApm4AE8gWfr3nq0XqzXZWvOWs0UwY+y3j4B8Q6UUw==</latexit><latexit sha1_base64="s8qvQNKNuXkxdmFwM3Kp53nw/jQ=">AAAB/HicdZDLSgMxFIYz9VbrbbRLN8EiVJCSFLHtrtSNywr2Ap2hZNJMG5q5kGSEMtRXceNCEbc+iDvfxkxbQUUPBD7+/xzOye/FgiuN0IeVW1vf2NzKbxd2dvf2D+zDo66KEklZh0Yikn2PKCZ4yDqaa8H6sWQk8ATredOrzO/dMal4FN7qWczcgIxD7nNKtJGGdrFVdjRJzqHjEZlmOD8b2iVUQQhhjGEGuHaJDDQa9SquQ5xZpkpgVe2h/e6MIpoELNRUEKUGGMXaTYnUnAo2LziJYjGhUzJmA4MhCZhy08Xxc3hqlBH0I2leqOFC/T6RkkCpWeCZzoDoifrtZeJf3iDRft1NeRgnmoV0uchPBNQRzJKAIy4Z1WJmgFDJza2QTogkVJu8CiaEr5/C/6FbrWDDNxelZmsVRx4cgxNQBhjUQBNcgzboAApm4AE8gWfr3nq0XqzXZWvOWs0UwY+y3j4B8Q6UUw==</latexit><latexit sha1_base64="s8qvQNKNuXkxdmFwM3Kp53nw/jQ=">AAAB/HicdZDLSgMxFIYz9VbrbbRLN8EiVJCSFLHtrtSNywr2Ap2hZNJMG5q5kGSEMtRXceNCEbc+iDvfxkxbQUUPBD7+/xzOye/FgiuN0IeVW1vf2NzKbxd2dvf2D+zDo66KEklZh0Yikn2PKCZ4yDqaa8H6sWQk8ATredOrzO/dMal4FN7qWczcgIxD7nNKtJGGdrFVdjRJzqHjEZlmOD8b2iVUQQhhjGEGuHaJDDQa9SquQ5xZpkpgVe2h/e6MIpoELNRUEKUGGMXaTYnUnAo2LziJYjGhUzJmA4MhCZhy08Xxc3hqlBH0I2leqOFC/T6RkkCpWeCZzoDoifrtZeJf3iDRft1NeRgnmoV0uchPBNQRzJKAIy4Z1WJmgFDJza2QTogkVJu8CiaEr5/C/6FbrWDDNxelZmsVRx4cgxNQBhjUQBNcgzboAApm4AE8gWfr3nq0XqzXZWvOWs0UwY+y3j4B8Q6UUw==</latexit><latexit sha1_base64="s8qvQNKNuXkxdmFwM3Kp53nw/jQ=">AAAB/HicdZDLSgMxFIYz9VbrbbRLN8EiVJCSFLHtrtSNywr2Ap2hZNJMG5q5kGSEMtRXceNCEbc+iDvfxkxbQUUPBD7+/xzOye/FgiuN0IeVW1vf2NzKbxd2dvf2D+zDo66KEklZh0Yikn2PKCZ4yDqaa8H6sWQk8ATredOrzO/dMal4FN7qWczcgIxD7nNKtJGGdrFVdjRJzqHjEZlmOD8b2iVUQQhhjGEGuHaJDDQa9SquQ5xZpkpgVe2h/e6MIpoELNRUEKUGGMXaTYnUnAo2LziJYjGhUzJmA4MhCZhy08Xxc3hqlBH0I2leqOFC/T6RkkCpWeCZzoDoifrtZeJf3iDRft1NeRgnmoV0uchPBNQRzJKAIy4Z1WJmgFDJza2QTogkVJu8CiaEr5/C/6FbrWDDNxelZmsVRx4cgxNQBhjUQBNcgzboAApm4AE8gWfr3nq0XqzXZWvOWs0UwY+y3j4B8Q6UUw==</latexit>

Tp,q , (p, q) 6= (0, 1)
<latexit sha1_base64="GnW5pNkoP7Q37Qz2LADGc5+EbeM=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWoYVSZkTQZdGNywq9QVtKJk3b0ExmmmSEMrS48VXcuFDErS/hzrcxbWehrT8EPv5zDifn90LOlHacbyu1tr6xuZXezuzs7u0f2IdHNRVEktAqCXggGx5WlDNBq5ppThuhpNj3OK17w9tZvf5ApWKBqOhxSNs+7gvWYwRrY3Xsk0onDgujybQwneYM5FuCjlDOKbj5jp11is5caBXcBLKQqNyxv1rdgEQ+FZpwrFTTdULdjrHUjHA6ybQiRUNMhrhPmwYF9qlqx/MbJujcOF3UC6R5QqO5+3sixr5SY98znT7WA7Vcm5n/1ZqR7l23YybCSFNBFot6EUc6QLNAUJdJSjQfG8BEMvNXRAZYYqJNbBkTgrt88irULoqu4fvLbOkmiSMNp3AGOXDhCkpwB2WoAoFHeIZXeLOerBfr3fpYtKasZOYY/sj6/AFkxZYJ</latexit><latexit sha1_base64="GnW5pNkoP7Q37Qz2LADGc5+EbeM=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWoYVSZkTQZdGNywq9QVtKJk3b0ExmmmSEMrS48VXcuFDErS/hzrcxbWehrT8EPv5zDifn90LOlHacbyu1tr6xuZXezuzs7u0f2IdHNRVEktAqCXggGx5WlDNBq5ppThuhpNj3OK17w9tZvf5ApWKBqOhxSNs+7gvWYwRrY3Xsk0onDgujybQwneYM5FuCjlDOKbj5jp11is5caBXcBLKQqNyxv1rdgEQ+FZpwrFTTdULdjrHUjHA6ybQiRUNMhrhPmwYF9qlqx/MbJujcOF3UC6R5QqO5+3sixr5SY98znT7WA7Vcm5n/1ZqR7l23YybCSFNBFot6EUc6QLNAUJdJSjQfG8BEMvNXRAZYYqJNbBkTgrt88irULoqu4fvLbOkmiSMNp3AGOXDhCkpwB2WoAoFHeIZXeLOerBfr3fpYtKasZOYY/sj6/AFkxZYJ</latexit><latexit sha1_base64="GnW5pNkoP7Q37Qz2LADGc5+EbeM=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWoYVSZkTQZdGNywq9QVtKJk3b0ExmmmSEMrS48VXcuFDErS/hzrcxbWehrT8EPv5zDifn90LOlHacbyu1tr6xuZXezuzs7u0f2IdHNRVEktAqCXggGx5WlDNBq5ppThuhpNj3OK17w9tZvf5ApWKBqOhxSNs+7gvWYwRrY3Xsk0onDgujybQwneYM5FuCjlDOKbj5jp11is5caBXcBLKQqNyxv1rdgEQ+FZpwrFTTdULdjrHUjHA6ybQiRUNMhrhPmwYF9qlqx/MbJujcOF3UC6R5QqO5+3sixr5SY98znT7WA7Vcm5n/1ZqR7l23YybCSFNBFot6EUc6QLNAUJdJSjQfG8BEMvNXRAZYYqJNbBkTgrt88irULoqu4fvLbOkmiSMNp3AGOXDhCkpwB2WoAoFHeIZXeLOerBfr3fpYtKasZOYY/sj6/AFkxZYJ</latexit><latexit sha1_base64="GnW5pNkoP7Q37Qz2LADGc5+EbeM=">AAACA3icbZDLSgMxFIbP1Futt1F3ugkWoYVSZkTQZdGNywq9QVtKJk3b0ExmmmSEMrS48VXcuFDErS/hzrcxbWehrT8EPv5zDifn90LOlHacbyu1tr6xuZXezuzs7u0f2IdHNRVEktAqCXggGx5WlDNBq5ppThuhpNj3OK17w9tZvf5ApWKBqOhxSNs+7gvWYwRrY3Xsk0onDgujybQwneYM5FuCjlDOKbj5jp11is5caBXcBLKQqNyxv1rdgEQ+FZpwrFTTdULdjrHUjHA6ybQiRUNMhrhPmwYF9qlqx/MbJujcOF3UC6R5QqO5+3sixr5SY98znT7WA7Vcm5n/1ZqR7l23YybCSFNBFot6EUc6QLNAUJdJSjQfG8BEMvNXRAZYYqJNbBkTgrt88irULoqu4fvLbOkmiSMNp3AGOXDhCkpwB2WoAoFHeIZXeLOerBfr3fpYtKasZOYY/sj6/AFkxZYJ</latexit>

⌧
<latexit sha1_base64="aA+v1uo+z6VXDz3Xg5QHLiiVdMA=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07QNTbJLMiuUpeAv8OJBEa/+IW/+G7NtD9r6QuDhnQkz80aJFBZ9/9srrK1vbG4Vt0s7u3v7B+XDo6aNU8N4g8UyNu2IWi6F5g0UKHk7MZyqSPJWNL7N661HbqyI9QNOEh4qOtRiIBjF3OoiTXvlil/1ZyKrECygAgvVe+Wvbj9mqeIamaTWdgI/wTCjBgWTfFrqppYnlI3pkHccaqq4DbPZrlNy5pw+GcTGPY1k5v7+kVFl7URFrlNRHNnlWm7+V+ukOLgOM6GTFLlm80GDVBKMSX446QvDGcqJA8qMcLsSNqKGMnTxlFwIwfLJq9C8qAaO7y8rtZuneRxFOIFTOIcArqAGd1CHBjAYwTO8wpunvBfv3fuYtxa8RYTH8Efe5w9HL47I</latexit><latexit sha1_base64="aA+v1uo+z6VXDz3Xg5QHLiiVdMA=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07QNTbJLMiuUpeAv8OJBEa/+IW/+G7NtD9r6QuDhnQkz80aJFBZ9/9srrK1vbG4Vt0s7u3v7B+XDo6aNU8N4g8UyNu2IWi6F5g0UKHk7MZyqSPJWNL7N661HbqyI9QNOEh4qOtRiIBjF3OoiTXvlil/1ZyKrECygAgvVe+Wvbj9mqeIamaTWdgI/wTCjBgWTfFrqppYnlI3pkHccaqq4DbPZrlNy5pw+GcTGPY1k5v7+kVFl7URFrlNRHNnlWm7+V+ukOLgOM6GTFLlm80GDVBKMSX446QvDGcqJA8qMcLsSNqKGMnTxlFwIwfLJq9C8qAaO7y8rtZuneRxFOIFTOIcArqAGd1CHBjAYwTO8wpunvBfv3fuYtxa8RYTH8Efe5w9HL47I</latexit><latexit sha1_base64="aA+v1uo+z6VXDz3Xg5QHLiiVdMA=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07QNTbJLMiuUpeAv8OJBEa/+IW/+G7NtD9r6QuDhnQkz80aJFBZ9/9srrK1vbG4Vt0s7u3v7B+XDo6aNU8N4g8UyNu2IWi6F5g0UKHk7MZyqSPJWNL7N661HbqyI9QNOEh4qOtRiIBjF3OoiTXvlil/1ZyKrECygAgvVe+Wvbj9mqeIamaTWdgI/wTCjBgWTfFrqppYnlI3pkHccaqq4DbPZrlNy5pw+GcTGPY1k5v7+kVFl7URFrlNRHNnlWm7+V+ukOLgOM6GTFLlm80GDVBKMSX446QvDGcqJA8qMcLsSNqKGMnTxlFwIwfLJq9C8qAaO7y8rtZuneRxFOIFTOIcArqAGd1CHBjAYwTO8wpunvBfv3fuYtxa8RYTH8Efe5w9HL47I</latexit><latexit sha1_base64="aA+v1uo+z6VXDz3Xg5QHLiiVdMA=">AAAB63icbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qVk07QNTbJLMiuUpeAv8OJBEa/+IW/+G7NtD9r6QuDhnQkz80aJFBZ9/9srrK1vbG4Vt0s7u3v7B+XDo6aNU8N4g8UyNu2IWi6F5g0UKHk7MZyqSPJWNL7N661HbqyI9QNOEh4qOtRiIBjF3OoiTXvlil/1ZyKrECygAgvVe+Wvbj9mqeIamaTWdgI/wTCjBgWTfFrqppYnlI3pkHccaqq4DbPZrlNy5pw+GcTGPY1k5v7+kVFl7URFrlNRHNnlWm7+V+ukOLgOM6GTFLlm80GDVBKMSX446QvDGcqJA8qMcLsSNqKGMnTxlFwIwfLJq9C8qAaO7y8rtZuneRxFOIFTOIcArqAGd1CHBjAYwTO8wpunvBfv3fuYtxa8RYTH8Efe5w9HL47I</latexit>   coefficient of a bulk operator: exactly marginal 

MFT + 3d CFT      Îa
<latexit sha1_base64="MqX+2hAmIYiXmC1560WcKyezCZ0=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6EZ3FexF2qFk0rQNTTJDckYoQ8F3cONCEbc+jjvfxvSy0NYfAh//OeGc80eJFBZ9/9vLrayurW/kNwtb2zu7e8X9g7qNU8N4jcUyNs2IWi6F5jUUKHkzMZyqSPJGNLye1BuP3FgR63scJTxUtK9FTzCKznpoDyhmt+MO7RRLftmfiixDMIcSzFXtFL/a3ZilimtkklrbCvwEw4waFEzycaGdWp5QNqR93nKoqeI2zKYLj8mJc7qkFxv3NJKp+/tHRpW1IxW5TkVxYBdrE/O/WivF3mWYCZ2kyDWbDeqlkmBMJteTrjCcoRw5oMwItythA2ooQ5dRwYUQLJ68DPWzcuD47rxUuXqaxZGHIziGUwjgAipwA1WoAQMFz/AKb57xXrx372PWmvPmER7CH3mfPwHmkO4=</latexit><latexit sha1_base64="MqX+2hAmIYiXmC1560WcKyezCZ0=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6EZ3FexF2qFk0rQNTTJDckYoQ8F3cONCEbc+jjvfxvSy0NYfAh//OeGc80eJFBZ9/9vLrayurW/kNwtb2zu7e8X9g7qNU8N4jcUyNs2IWi6F5jUUKHkzMZyqSPJGNLye1BuP3FgR63scJTxUtK9FTzCKznpoDyhmt+MO7RRLftmfiixDMIcSzFXtFL/a3ZilimtkklrbCvwEw4waFEzycaGdWp5QNqR93nKoqeI2zKYLj8mJc7qkFxv3NJKp+/tHRpW1IxW5TkVxYBdrE/O/WivF3mWYCZ2kyDWbDeqlkmBMJteTrjCcoRw5oMwItythA2ooQ5dRwYUQLJ68DPWzcuD47rxUuXqaxZGHIziGUwjgAipwA1WoAQMFz/AKb57xXrx372PWmvPmER7CH3mfPwHmkO4=</latexit><latexit sha1_base64="MqX+2hAmIYiXmC1560WcKyezCZ0=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6EZ3FexF2qFk0rQNTTJDckYoQ8F3cONCEbc+jjvfxvSy0NYfAh//OeGc80eJFBZ9/9vLrayurW/kNwtb2zu7e8X9g7qNU8N4jcUyNs2IWi6F5jUUKHkzMZyqSPJGNLye1BuP3FgR63scJTxUtK9FTzCKznpoDyhmt+MO7RRLftmfiixDMIcSzFXtFL/a3ZilimtkklrbCvwEw4waFEzycaGdWp5QNqR93nKoqeI2zKYLj8mJc7qkFxv3NJKp+/tHRpW1IxW5TkVxYBdrE/O/WivF3mWYCZ2kyDWbDeqlkmBMJteTrjCcoRw5oMwItythA2ooQ5dRwYUQLJ68DPWzcuD47rxUuXqaxZGHIziGUwjgAipwA1WoAQMFz/AKb57xXrx372PWmvPmER7CH3mfPwHmkO4=</latexit><latexit sha1_base64="MqX+2hAmIYiXmC1560WcKyezCZ0=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6EZ3FexF2qFk0rQNTTJDckYoQ8F3cONCEbc+jjvfxvSy0NYfAh//OeGc80eJFBZ9/9vLrayurW/kNwtb2zu7e8X9g7qNU8N4jcUyNs2IWi6F5jUUKHkzMZyqSPJGNLye1BuP3FgR63scJTxUtK9FTzCKznpoDyhmt+MO7RRLftmfiixDMIcSzFXtFL/a3ZilimtkklrbCvwEw4waFEzycaGdWp5QNqR93nKoqeI2zKYLj8mJc7qkFxv3NJKp+/tHRpW1IxW5TkVxYBdrE/O/WivF3mWYCZ2kyDWbDeqlkmBMJteTrjCcoRw5oMwItythA2ooQ5dRwYUQLJ68DPWzcuD47rxUuXqaxZGHIziGUwjgAipwA1WoAQMFz/AKb57xXrx372PWmvPmER7CH3mfPwHmkO4=</latexit>

T0,1
<latexit sha1_base64="YojhNYeHKvObeO5vT0WTqBR3MCI=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPRS8eK/QL2lA22027dLMJuxOhhIJ/wYsHRbz6e7z5b9y0PWjrCwsP78wyM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3eb39yLURsWrgJOF+RIdKhIJRtFa70c/cC2/aL1fcqjsTWQVvARVYqN4vf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nlt3Ss6sMyBhrO1TSGbu7x8ZjYyZRIHtjCiOzHItN/+rdVMMb/xMqCRFrth8UJhKgjHJbycDoTlDObFAmRZ2V8JGVFOGNqGSDcFbPnkVWpdVz/LDVaV2+zSPowgncArn4ME11OAe6tAEBmN4hld4cxLnxXl3PuatBWcR4TH8kfP5A5fFj3g=</latexit><latexit sha1_base64="YojhNYeHKvObeO5vT0WTqBR3MCI=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPRS8eK/QL2lA22027dLMJuxOhhIJ/wYsHRbz6e7z5b9y0PWjrCwsP78wyM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3eb39yLURsWrgJOF+RIdKhIJRtFa70c/cC2/aL1fcqjsTWQVvARVYqN4vf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nlt3Ss6sMyBhrO1TSGbu7x8ZjYyZRIHtjCiOzHItN/+rdVMMb/xMqCRFrth8UJhKgjHJbycDoTlDObFAmRZ2V8JGVFOGNqGSDcFbPnkVWpdVz/LDVaV2+zSPowgncArn4ME11OAe6tAEBmN4hld4cxLnxXl3PuatBWcR4TH8kfP5A5fFj3g=</latexit><latexit sha1_base64="YojhNYeHKvObeO5vT0WTqBR3MCI=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPRS8eK/QL2lA22027dLMJuxOhhIJ/wYsHRbz6e7z5b9y0PWjrCwsP78wyM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3eb39yLURsWrgJOF+RIdKhIJRtFa70c/cC2/aL1fcqjsTWQVvARVYqN4vf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nlt3Ss6sMyBhrO1TSGbu7x8ZjYyZRIHtjCiOzHItN/+rdVMMb/xMqCRFrth8UJhKgjHJbycDoTlDObFAmRZ2V8JGVFOGNqGSDcFbPnkVWpdVz/LDVaV2+zSPowgncArn4ME11OAe6tAEBmN4hld4cxLnxXl3PuatBWcR4TH8kfP5A5fFj3g=</latexit><latexit sha1_base64="YojhNYeHKvObeO5vT0WTqBR3MCI=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPRS8eK/QL2lA22027dLMJuxOhhIJ/wYsHRbz6e7z5b9y0PWjrCwsP78wyM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3eb39yLURsWrgJOF+RIdKhIJRtFa70c/cC2/aL1fcqjsTWQVvARVYqN4vf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nlt3Ss6sMyBhrO1TSGbu7x8ZjYyZRIHtjCiOzHItN/+rdVMMb/xMqCRFrth8UJhKgjHJbycDoTlDObFAmRZ2V8JGVFOGNqGSDcFbPnkVWpdVz/LDVaV2+zSPowgncArn4ME11OAe6tAEBmN4hld4cxLnxXl3PuatBWcR4TH8kfP5A5fFj3g=</latexit>

B(⌧, ⌧̄)
<latexit sha1_base64="cAD84e5AOyCZhg5rhurqagRBwLg=">AAAB+3icbZBLSwMxFIXv1Fetr7Eu3QSLUEHKjAi6LHXjsoJ9QGcomTTThmYyQ5IRy1Dwl7hxoYhb/4g7/42ZtgttPRD4OOeG3Jwg4Uxpx/m2CmvrG5tbxe3Szu7e/oF9WG6rOJWEtkjMY9kNsKKcCdrSTHPaTSTFUcBpJxjf5HnngUrFYnGvJwn1IzwULGQEa2P17XKj6mmcnnsBlllO07O+XXFqzkxoFdwFVGChZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDoteamiCSZjPKQ9gwJHVPnZbPcpOjXOAIWxNEdoNHN/38hwpNQkCsxkhPVILWe5+V/WS3V47WdMJKmmgswfClOOdIzyItCASUo0nxjARDKzKyIjLDHRpq6SKcFd/vIqtC9qruG7y0q98TSvowjHcAJVcOEK6nALTWgBgUd4hld4s6bWi/VufcxHC9aiwiP4I+vzB3DXlHM=</latexit><latexit sha1_base64="cAD84e5AOyCZhg5rhurqagRBwLg=">AAAB+3icbZBLSwMxFIXv1Fetr7Eu3QSLUEHKjAi6LHXjsoJ9QGcomTTThmYyQ5IRy1Dwl7hxoYhb/4g7/42ZtgttPRD4OOeG3Jwg4Uxpx/m2CmvrG5tbxe3Szu7e/oF9WG6rOJWEtkjMY9kNsKKcCdrSTHPaTSTFUcBpJxjf5HnngUrFYnGvJwn1IzwULGQEa2P17XKj6mmcnnsBlllO07O+XXFqzkxoFdwFVGChZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDoteamiCSZjPKQ9gwJHVPnZbPcpOjXOAIWxNEdoNHN/38hwpNQkCsxkhPVILWe5+V/WS3V47WdMJKmmgswfClOOdIzyItCASUo0nxjARDKzKyIjLDHRpq6SKcFd/vIqtC9qruG7y0q98TSvowjHcAJVcOEK6nALTWgBgUd4hld4s6bWi/VufcxHC9aiwiP4I+vzB3DXlHM=</latexit><latexit sha1_base64="cAD84e5AOyCZhg5rhurqagRBwLg=">AAAB+3icbZBLSwMxFIXv1Fetr7Eu3QSLUEHKjAi6LHXjsoJ9QGcomTTThmYyQ5IRy1Dwl7hxoYhb/4g7/42ZtgttPRD4OOeG3Jwg4Uxpx/m2CmvrG5tbxe3Szu7e/oF9WG6rOJWEtkjMY9kNsKKcCdrSTHPaTSTFUcBpJxjf5HnngUrFYnGvJwn1IzwULGQEa2P17XKj6mmcnnsBlllO07O+XXFqzkxoFdwFVGChZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDoteamiCSZjPKQ9gwJHVPnZbPcpOjXOAIWxNEdoNHN/38hwpNQkCsxkhPVILWe5+V/WS3V47WdMJKmmgswfClOOdIzyItCASUo0nxjARDKzKyIjLDHRpq6SKcFd/vIqtC9qruG7y0q98TSvowjHcAJVcOEK6nALTWgBgUd4hld4s6bWi/VufcxHC9aiwiP4I+vzB3DXlHM=</latexit><latexit sha1_base64="cAD84e5AOyCZhg5rhurqagRBwLg=">AAAB+3icbZBLSwMxFIXv1Fetr7Eu3QSLUEHKjAi6LHXjsoJ9QGcomTTThmYyQ5IRy1Dwl7hxoYhb/4g7/42ZtgttPRD4OOeG3Jwg4Uxpx/m2CmvrG5tbxe3Szu7e/oF9WG6rOJWEtkjMY9kNsKKcCdrSTHPaTSTFUcBpJxjf5HnngUrFYnGvJwn1IzwULGQEa2P17XKj6mmcnnsBlllO07O+XXFqzkxoFdwFVGChZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDoteamiCSZjPKQ9gwJHVPnZbPcpOjXOAIWxNEdoNHN/38hwpNQkCsxkhPVILWe5+V/WS3V47WdMJKmmgswfClOOdIzyItCASUo0nxjARDKzKyIjLDHRpq6SKcFd/vIqtC9qruG7y0q98TSvowjHcAJVcOEK6nALTWgBgUd4hld4s6bWi/VufcxHC9aiwiP4I+vzB3DXlHM=</latexit>

!
<latexit sha1_base64="oVciudr/UDEZ6Uilo8IZxfXJcpg=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk02wbmk2WZFYoS8E/4MWDIl79Rd78N6YfB219IfDwzoSZeaNUCou+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPqzDDeYFpq04qo5VIo3kCBkrdSw2kSSf4QDa8n9YdHbqzQ6h5HKQ8T2lciFoyis+46qLvlil/1pyLLEMyhAnPVu+WvTk+zLOEKmaTWtgM/xTCnBgWTfFzqZJanlA1pn7cdKppwG+bTVcfkxDk9EmvjnkIydX//yGli7SiJXGdCcWAXaxPzv1o7w/gyzIVKM+SKzQbFmSSoyeRu0hOGM5QjB5QZ4XYlbEANZejSKbkQgsWTl6F5Vg0c355XaldPsziKcATHcAoBXEANbqAODWDQh2d4hTdPei/eu/cxay148wgP4Y+8zx+E645X</latexit><latexit sha1_base64="oVciudr/UDEZ6Uilo8IZxfXJcpg=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk02wbmk2WZFYoS8E/4MWDIl79Rd78N6YfB219IfDwzoSZeaNUCou+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPqzDDeYFpq04qo5VIo3kCBkrdSw2kSSf4QDa8n9YdHbqzQ6h5HKQ8T2lciFoyis+46qLvlil/1pyLLEMyhAnPVu+WvTk+zLOEKmaTWtgM/xTCnBgWTfFzqZJanlA1pn7cdKppwG+bTVcfkxDk9EmvjnkIydX//yGli7SiJXGdCcWAXaxPzv1o7w/gyzIVKM+SKzQbFmSSoyeRu0hOGM5QjB5QZ4XYlbEANZejSKbkQgsWTl6F5Vg0c355XaldPsziKcATHcAoBXEANbqAODWDQh2d4hTdPei/eu/cxay148wgP4Y+8zx+E645X</latexit><latexit sha1_base64="oVciudr/UDEZ6Uilo8IZxfXJcpg=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk02wbmk2WZFYoS8E/4MWDIl79Rd78N6YfB219IfDwzoSZeaNUCou+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPqzDDeYFpq04qo5VIo3kCBkrdSw2kSSf4QDa8n9YdHbqzQ6h5HKQ8T2lciFoyis+46qLvlil/1pyLLEMyhAnPVu+WvTk+zLOEKmaTWtgM/xTCnBgWTfFzqZJanlA1pn7cdKppwG+bTVcfkxDk9EmvjnkIydX//yGli7SiJXGdCcWAXaxPzv1o7w/gyzIVKM+SKzQbFmSSoyeRu0hOGM5QjB5QZ4XYlbEANZejSKbkQgsWTl6F5Vg0c355XaldPsziKcATHcAoBXEANbqAODWDQh2d4hTdPei/eu/cxay148wgP4Y+8zx+E645X</latexit><latexit sha1_base64="oVciudr/UDEZ6Uilo8IZxfXJcpg=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk02wbmk2WZFYoS8E/4MWDIl79Rd78N6YfB219IfDwzoSZeaNUCou+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPqzDDeYFpq04qo5VIo3kCBkrdSw2kSSf4QDa8n9YdHbqzQ6h5HKQ8T2lciFoyis+46qLvlil/1pyLLEMyhAnPVu+WvTk+zLOEKmaTWtgM/xTCnBgWTfFzqZJanlA1pn7cdKppwG+bTVcfkxDk9EmvjnkIydX//yGli7SiJXGdCcWAXaxPzv1o7w/gyzIVKM+SKzQbFmSSoyeRu0hOGM5QjB5QZ4XYlbEANZejSKbkQgsWTl6F5Vg0c355XaldPsziKcATHcAoBXEANbqAODWDQh2d4hTdPei/eu/cxay148wgP4Y+8zx+E645X</latexit>

B(⌧, ⌧̄)
<latexit sha1_base64="cAD84e5AOyCZhg5rhurqagRBwLg=">AAAB+3icbZBLSwMxFIXv1Fetr7Eu3QSLUEHKjAi6LHXjsoJ9QGcomTTThmYyQ5IRy1Dwl7hxoYhb/4g7/42ZtgttPRD4OOeG3Jwg4Uxpx/m2CmvrG5tbxe3Szu7e/oF9WG6rOJWEtkjMY9kNsKKcCdrSTHPaTSTFUcBpJxjf5HnngUrFYnGvJwn1IzwULGQEa2P17XKj6mmcnnsBlllO07O+XXFqzkxoFdwFVGChZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDoteamiCSZjPKQ9gwJHVPnZbPcpOjXOAIWxNEdoNHN/38hwpNQkCsxkhPVILWe5+V/WS3V47WdMJKmmgswfClOOdIzyItCASUo0nxjARDKzKyIjLDHRpq6SKcFd/vIqtC9qruG7y0q98TSvowjHcAJVcOEK6nALTWgBgUd4hld4s6bWi/VufcxHC9aiwiP4I+vzB3DXlHM=</latexit><latexit sha1_base64="cAD84e5AOyCZhg5rhurqagRBwLg=">AAAB+3icbZBLSwMxFIXv1Fetr7Eu3QSLUEHKjAi6LHXjsoJ9QGcomTTThmYyQ5IRy1Dwl7hxoYhb/4g7/42ZtgttPRD4OOeG3Jwg4Uxpx/m2CmvrG5tbxe3Szu7e/oF9WG6rOJWEtkjMY9kNsKKcCdrSTHPaTSTFUcBpJxjf5HnngUrFYnGvJwn1IzwULGQEa2P17XKj6mmcnnsBlllO07O+XXFqzkxoFdwFVGChZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDoteamiCSZjPKQ9gwJHVPnZbPcpOjXOAIWxNEdoNHN/38hwpNQkCsxkhPVILWe5+V/WS3V47WdMJKmmgswfClOOdIzyItCASUo0nxjARDKzKyIjLDHRpq6SKcFd/vIqtC9qruG7y0q98TSvowjHcAJVcOEK6nALTWgBgUd4hld4s6bWi/VufcxHC9aiwiP4I+vzB3DXlHM=</latexit><latexit sha1_base64="cAD84e5AOyCZhg5rhurqagRBwLg=">AAAB+3icbZBLSwMxFIXv1Fetr7Eu3QSLUEHKjAi6LHXjsoJ9QGcomTTThmYyQ5IRy1Dwl7hxoYhb/4g7/42ZtgttPRD4OOeG3Jwg4Uxpx/m2CmvrG5tbxe3Szu7e/oF9WG6rOJWEtkjMY9kNsKKcCdrSTHPaTSTFUcBpJxjf5HnngUrFYnGvJwn1IzwULGQEa2P17XKj6mmcnnsBlllO07O+XXFqzkxoFdwFVGChZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDoteamiCSZjPKQ9gwJHVPnZbPcpOjXOAIWxNEdoNHN/38hwpNQkCsxkhPVILWe5+V/WS3V47WdMJKmmgswfClOOdIzyItCASUo0nxjARDKzKyIjLDHRpq6SKcFd/vIqtC9qruG7y0q98TSvowjHcAJVcOEK6nALTWgBgUd4hld4s6bWi/VufcxHC9aiwiP4I+vzB3DXlHM=</latexit><latexit sha1_base64="cAD84e5AOyCZhg5rhurqagRBwLg=">AAAB+3icbZBLSwMxFIXv1Fetr7Eu3QSLUEHKjAi6LHXjsoJ9QGcomTTThmYyQ5IRy1Dwl7hxoYhb/4g7/42ZtgttPRD4OOeG3Jwg4Uxpx/m2CmvrG5tbxe3Szu7e/oF9WG6rOJWEtkjMY9kNsKKcCdrSTHPaTSTFUcBpJxjf5HnngUrFYnGvJwn1IzwULGQEa2P17XKj6mmcnnsBlllO07O+XXFqzkxoFdwFVGChZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDoteamiCSZjPKQ9gwJHVPnZbPcpOjXOAIWxNEdoNHN/38hwpNQkCsxkhPVILWe5+V/WS3V47WdMJKmmgswfClOOdIzyItCASUo0nxjARDKzKyIjLDHRpq6SKcFd/vIqtC9qruG7y0q98TSvowjHcAJVcOEK6nALTWgBgUd4hld4s6bWi/VufcxHC9aiwiP4I+vzB3DXlHM=</latexit>

!
<latexit sha1_base64="oVciudr/UDEZ6Uilo8IZxfXJcpg=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk02wbmk2WZFYoS8E/4MWDIl79Rd78N6YfB219IfDwzoSZeaNUCou+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPqzDDeYFpq04qo5VIo3kCBkrdSw2kSSf4QDa8n9YdHbqzQ6h5HKQ8T2lciFoyis+46qLvlil/1pyLLEMyhAnPVu+WvTk+zLOEKmaTWtgM/xTCnBgWTfFzqZJanlA1pn7cdKppwG+bTVcfkxDk9EmvjnkIydX//yGli7SiJXGdCcWAXaxPzv1o7w/gyzIVKM+SKzQbFmSSoyeRu0hOGM5QjB5QZ4XYlbEANZejSKbkQgsWTl6F5Vg0c355XaldPsziKcATHcAoBXEANbqAODWDQh2d4hTdPei/eu/cxay148wgP4Y+8zx+E645X</latexit><latexit sha1_base64="oVciudr/UDEZ6Uilo8IZxfXJcpg=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk02wbmk2WZFYoS8E/4MWDIl79Rd78N6YfB219IfDwzoSZeaNUCou+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPqzDDeYFpq04qo5VIo3kCBkrdSw2kSSf4QDa8n9YdHbqzQ6h5HKQ8T2lciFoyis+46qLvlil/1pyLLEMyhAnPVu+WvTk+zLOEKmaTWtgM/xTCnBgWTfFzqZJanlA1pn7cdKppwG+bTVcfkxDk9EmvjnkIydX//yGli7SiJXGdCcWAXaxPzv1o7w/gyzIVKM+SKzQbFmSSoyeRu0hOGM5QjB5QZ4XYlbEANZejSKbkQgsWTl6F5Vg0c355XaldPsziKcATHcAoBXEANbqAODWDQh2d4hTdPei/eu/cxay148wgP4Y+8zx+E645X</latexit><latexit sha1_base64="oVciudr/UDEZ6Uilo8IZxfXJcpg=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk02wbmk2WZFYoS8E/4MWDIl79Rd78N6YfB219IfDwzoSZeaNUCou+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPqzDDeYFpq04qo5VIo3kCBkrdSw2kSSf4QDa8n9YdHbqzQ6h5HKQ8T2lciFoyis+46qLvlil/1pyLLEMyhAnPVu+WvTk+zLOEKmaTWtgM/xTCnBgWTfFzqZJanlA1pn7cdKppwG+bTVcfkxDk9EmvjnkIydX//yGli7SiJXGdCcWAXaxPzv1o7w/gyzIVKM+SKzQbFmSSoyeRu0hOGM5QjB5QZ4XYlbEANZejSKbkQgsWTl6F5Vg0c355XaldPsziKcATHcAoBXEANbqAODWDQh2d4hTdPei/eu/cxay148wgP4Y+8zx+E645X</latexit><latexit sha1_base64="oVciudr/UDEZ6Uilo8IZxfXJcpg=">AAAB6nicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHirYW2qVk02wbmk2WZFYoS8E/4MWDIl79Rd78N6YfB219IfDwzoSZeaNUCou+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPqzDDeYFpq04qo5VIo3kCBkrdSw2kSSf4QDa8n9YdHbqzQ6h5HKQ8T2lciFoyis+46qLvlil/1pyLLEMyhAnPVu+WvTk+zLOEKmaTWtgM/xTCnBgWTfFzqZJanlA1pn7cdKppwG+bTVcfkxDk9EmvjnkIydX//yGli7SiJXGdCcWAXaxPzv1o7w/gyzIVKM+SKzQbFmSSoyeRu0hOGM5QjB5QZ4XYlbEANZejSKbkQgsWTl6F5Vg0c355XaldPsziKcATHcAoBXEANbqAODWDQh2d4hTdPei/eu/cxay148wgP4Y+8zx+E645X</latexit> pĴa + qÎa

<latexit sha1_base64="2xkVbvmx5tpY0oiDpSoTJDO5Hrc=">AAACAXicbZDLSgMxFIYzXmu9jboR3ASLIAhlRgRdFt2oqwr2Au0wZNJMG5rJjMkZoQwVwVdx40IRt76FO9/GdNqFtv4Q+M5/TkjOHySCa3Ccb2tufmFxabmwUlxdW9/YtLe26zpOFWU1GotYNQOimeCS1YCDYM1EMRIFgjWC/sWo37hnSvNY3sIgYV5EupKHnBIwlm/vJu0egex66BN8hO9wXl2ZyrdLTtnJhWfBnUAJTVT17a92J6ZpxCRQQbRuuU4CXkYUcCrYsNhONUsI7ZMuaxmUJGLay/INhvjAOB0cxsocCTh3f9/ISKT1IArMZESgp6d7I/O/XiuF8MzLuExSYJKOHwpTgSHGozhwhytGQQwMEKq4+SumPaIIBRNa0YTgTq88C/Xjsmv45qRUOX8cx1FAe2gfHSIXnaIKukRVVEMUPaBn9IrerCfrxXq3Psajc9Ykwh30R9bnD5p/lrw=</latexit><latexit sha1_base64="2xkVbvmx5tpY0oiDpSoTJDO5Hrc=">AAACAXicbZDLSgMxFIYzXmu9jboR3ASLIAhlRgRdFt2oqwr2Au0wZNJMG5rJjMkZoQwVwVdx40IRt76FO9/GdNqFtv4Q+M5/TkjOHySCa3Ccb2tufmFxabmwUlxdW9/YtLe26zpOFWU1GotYNQOimeCS1YCDYM1EMRIFgjWC/sWo37hnSvNY3sIgYV5EupKHnBIwlm/vJu0egex66BN8hO9wXl2ZyrdLTtnJhWfBnUAJTVT17a92J6ZpxCRQQbRuuU4CXkYUcCrYsNhONUsI7ZMuaxmUJGLay/INhvjAOB0cxsocCTh3f9/ISKT1IArMZESgp6d7I/O/XiuF8MzLuExSYJKOHwpTgSHGozhwhytGQQwMEKq4+SumPaIIBRNa0YTgTq88C/Xjsmv45qRUOX8cx1FAe2gfHSIXnaIKukRVVEMUPaBn9IrerCfrxXq3Psajc9Ykwh30R9bnD5p/lrw=</latexit><latexit sha1_base64="2xkVbvmx5tpY0oiDpSoTJDO5Hrc=">AAACAXicbZDLSgMxFIYzXmu9jboR3ASLIAhlRgRdFt2oqwr2Au0wZNJMG5rJjMkZoQwVwVdx40IRt76FO9/GdNqFtv4Q+M5/TkjOHySCa3Ccb2tufmFxabmwUlxdW9/YtLe26zpOFWU1GotYNQOimeCS1YCDYM1EMRIFgjWC/sWo37hnSvNY3sIgYV5EupKHnBIwlm/vJu0egex66BN8hO9wXl2ZyrdLTtnJhWfBnUAJTVT17a92J6ZpxCRQQbRuuU4CXkYUcCrYsNhONUsI7ZMuaxmUJGLay/INhvjAOB0cxsocCTh3f9/ISKT1IArMZESgp6d7I/O/XiuF8MzLuExSYJKOHwpTgSHGozhwhytGQQwMEKq4+SumPaIIBRNa0YTgTq88C/Xjsmv45qRUOX8cx1FAe2gfHSIXnaIKukRVVEMUPaBn9IrerCfrxXq3Psajc9Ykwh30R9bnD5p/lrw=</latexit><latexit sha1_base64="2xkVbvmx5tpY0oiDpSoTJDO5Hrc=">AAACAXicbZDLSgMxFIYzXmu9jboR3ASLIAhlRgRdFt2oqwr2Au0wZNJMG5rJjMkZoQwVwVdx40IRt76FO9/GdNqFtv4Q+M5/TkjOHySCa3Ccb2tufmFxabmwUlxdW9/YtLe26zpOFWU1GotYNQOimeCS1YCDYM1EMRIFgjWC/sWo37hnSvNY3sIgYV5EupKHnBIwlm/vJu0egex66BN8hO9wXl2ZyrdLTtnJhWfBnUAJTVT17a92J6ZpxCRQQbRuuU4CXkYUcCrYsNhONUsI7ZMuaxmUJGLay/INhvjAOB0cxsocCTh3f9/ISKT1IArMZESgp6d7I/O/XiuF8MzLuExSYJKOHwpTgSHGozhwhytGQQwMEKq4+SumPaIIBRNa0YTgTq88C/Xjsmv45qRUOX8cx1FAe2gfHSIXnaIKukRVVEMUPaBn9IrerCfrxXq3Psajc9Ykwh30R9bnD5p/lrw=</latexit>

MFT + 3d CFT Tp,q
<latexit sha1_base64="rTV8CH6zk1Zv5OAak0aabmzgOL0=">AAAB7nicbZDLSgMxFIbPeK31VnXpJlgEF1JmRNBl0Y3LCr1BO5RMetqGZjIxyQhlKPgKblwo4tbncefbmF4W2vpD4OM/J5xz/kgJbqzvf3srq2vrG5u5rfz2zu7efuHgsG6SVDOssUQkuhlRg4JLrFluBTaVRhpHAhvR8HZSbzyiNjyRVTtSGMa0L3mPM2qd1ah2MnX+MO4Uin7Jn4osQzCHIsxV6RS+2t2EpTFKywQ1phX4yoYZ1ZYzgeN8OzWoKBvSPrYcShqjCbPpumNy6pwu6SXaPWnJ1P39I6OxMaM4cp0xtQOzWJuY/9Vaqe1dhxmXKrUo2WxQLxXEJmRyO+lyjcyKkQPKNHe7EjagmjLrEsq7EILFk5ehflEKHN9fFss3T7M4cnAMJ3AGAVxBGe6gAjVgMIRneIU3T3kv3rv3MWtd8eYRHsEfeZ8/WtSP+A==</latexit><latexit sha1_base64="rTV8CH6zk1Zv5OAak0aabmzgOL0=">AAAB7nicbZDLSgMxFIbPeK31VnXpJlgEF1JmRNBl0Y3LCr1BO5RMetqGZjIxyQhlKPgKblwo4tbncefbmF4W2vpD4OM/J5xz/kgJbqzvf3srq2vrG5u5rfz2zu7efuHgsG6SVDOssUQkuhlRg4JLrFluBTaVRhpHAhvR8HZSbzyiNjyRVTtSGMa0L3mPM2qd1ah2MnX+MO4Uin7Jn4osQzCHIsxV6RS+2t2EpTFKywQ1phX4yoYZ1ZYzgeN8OzWoKBvSPrYcShqjCbPpumNy6pwu6SXaPWnJ1P39I6OxMaM4cp0xtQOzWJuY/9Vaqe1dhxmXKrUo2WxQLxXEJmRyO+lyjcyKkQPKNHe7EjagmjLrEsq7EILFk5ehflEKHN9fFss3T7M4cnAMJ3AGAVxBGe6gAjVgMIRneIU3T3kv3rv3MWtd8eYRHsEfeZ8/WtSP+A==</latexit><latexit sha1_base64="rTV8CH6zk1Zv5OAak0aabmzgOL0=">AAAB7nicbZDLSgMxFIbPeK31VnXpJlgEF1JmRNBl0Y3LCr1BO5RMetqGZjIxyQhlKPgKblwo4tbncefbmF4W2vpD4OM/J5xz/kgJbqzvf3srq2vrG5u5rfz2zu7efuHgsG6SVDOssUQkuhlRg4JLrFluBTaVRhpHAhvR8HZSbzyiNjyRVTtSGMa0L3mPM2qd1ah2MnX+MO4Uin7Jn4osQzCHIsxV6RS+2t2EpTFKywQ1phX4yoYZ1ZYzgeN8OzWoKBvSPrYcShqjCbPpumNy6pwu6SXaPWnJ1P39I6OxMaM4cp0xtQOzWJuY/9Vaqe1dhxmXKrUo2WxQLxXEJmRyO+lyjcyKkQPKNHe7EjagmjLrEsq7EILFk5ehflEKHN9fFss3T7M4cnAMJ3AGAVxBGe6gAjVgMIRneIU3T3kv3rv3MWtd8eYRHsEfeZ8/WtSP+A==</latexit><latexit sha1_base64="rTV8CH6zk1Zv5OAak0aabmzgOL0=">AAAB7nicbZDLSgMxFIbPeK31VnXpJlgEF1JmRNBl0Y3LCr1BO5RMetqGZjIxyQhlKPgKblwo4tbncefbmF4W2vpD4OM/J5xz/kgJbqzvf3srq2vrG5u5rfz2zu7efuHgsG6SVDOssUQkuhlRg4JLrFluBTaVRhpHAhvR8HZSbzyiNjyRVTtSGMa0L3mPM2qd1ah2MnX+MO4Uin7Jn4osQzCHIsxV6RS+2t2EpTFKywQ1phX4yoYZ1ZYzgeN8OzWoKBvSPrYcShqjCbPpumNy6pwu6SXaPWnJ1P39I6OxMaM4cp0xtQOzWJuY/9Vaqe1dhxmXKrUo2WxQLxXEJmRyO+lyjcyKkQPKNHe7EjagmjLrEsq7EILFk5ehflEKHN9fFss3T7M4cnAMJ3AGAVxBGe6gAjVgMIRneIU3T3kv3rv3MWtd8eYRHsEfeZ8/WtSP+A==</latexit>

<latexit sha1_base64="+D8GQIh1LhGddrk7ExXykzLEZTA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi3VXinosePFYwX5Au5Rsmm1js8maZIWy9D948aCIV/+PN/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2DlpaJIrRJJJeqE2BNORO0aZjhtBMriqOA03Ywvpn57SeqNJPi3kxi6kd4KFjICDZWaqEz9Hge98sVt+pmQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupwBHVfppdO0UnVhmgUCpbwqBM/T2R4kjrSRTYzgibkV70ZuJ/Xjcx4bWfMhEnhgoyXxQmHBmJZq+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdK6qHqX1dpdrVKv53EU4QiO4RQ8uII63EIDmkDgAZ7hFd4c6bw4787HvLXg5DOH8AfO5w8vm446</latexit>

�q/p

        from          through                       [Witten]Tp,q
<latexit sha1_base64="rTV8CH6zk1Zv5OAak0aabmzgOL0=">AAAB7nicbZDLSgMxFIbPeK31VnXpJlgEF1JmRNBl0Y3LCr1BO5RMetqGZjIxyQhlKPgKblwo4tbncefbmF4W2vpD4OM/J5xz/kgJbqzvf3srq2vrG5u5rfz2zu7efuHgsG6SVDOssUQkuhlRg4JLrFluBTaVRhpHAhvR8HZSbzyiNjyRVTtSGMa0L3mPM2qd1ah2MnX+MO4Uin7Jn4osQzCHIsxV6RS+2t2EpTFKywQ1phX4yoYZ1ZYzgeN8OzWoKBvSPrYcShqjCbPpumNy6pwu6SXaPWnJ1P39I6OxMaM4cp0xtQOzWJuY/9Vaqe1dhxmXKrUo2WxQLxXEJmRyO+lyjcyKkQPKNHe7EjagmjLrEsq7EILFk5ehflEKHN9fFss3T7M4cnAMJ3AGAVxBGe6gAjVgMIRneIU3T3kv3rv3MWtd8eYRHsEfeZ8/WtSP+A==</latexit><latexit sha1_base64="rTV8CH6zk1Zv5OAak0aabmzgOL0=">AAAB7nicbZDLSgMxFIbPeK31VnXpJlgEF1JmRNBl0Y3LCr1BO5RMetqGZjIxyQhlKPgKblwo4tbncefbmF4W2vpD4OM/J5xz/kgJbqzvf3srq2vrG5u5rfz2zu7efuHgsG6SVDOssUQkuhlRg4JLrFluBTaVRhpHAhvR8HZSbzyiNjyRVTtSGMa0L3mPM2qd1ah2MnX+MO4Uin7Jn4osQzCHIsxV6RS+2t2EpTFKywQ1phX4yoYZ1ZYzgeN8OzWoKBvSPrYcShqjCbPpumNy6pwu6SXaPWnJ1P39I6OxMaM4cp0xtQOzWJuY/9Vaqe1dhxmXKrUo2WxQLxXEJmRyO+lyjcyKkQPKNHe7EjagmjLrEsq7EILFk5ehflEKHN9fFss3T7M4cnAMJ3AGAVxBGe6gAjVgMIRneIU3T3kv3rv3MWtd8eYRHsEfeZ8/WtSP+A==</latexit><latexit sha1_base64="rTV8CH6zk1Zv5OAak0aabmzgOL0=">AAAB7nicbZDLSgMxFIbPeK31VnXpJlgEF1JmRNBl0Y3LCr1BO5RMetqGZjIxyQhlKPgKblwo4tbncefbmF4W2vpD4OM/J5xz/kgJbqzvf3srq2vrG5u5rfz2zu7efuHgsG6SVDOssUQkuhlRg4JLrFluBTaVRhpHAhvR8HZSbzyiNjyRVTtSGMa0L3mPM2qd1ah2MnX+MO4Uin7Jn4osQzCHIsxV6RS+2t2EpTFKywQ1phX4yoYZ1ZYzgeN8OzWoKBvSPrYcShqjCbPpumNy6pwu6SXaPWnJ1P39I6OxMaM4cp0xtQOzWJuY/9Vaqe1dhxmXKrUo2WxQLxXEJmRyO+lyjcyKkQPKNHe7EjagmjLrEsq7EILFk5ehflEKHN9fFss3T7M4cnAMJ3AGAVxBGe6gAjVgMIRneIU3T3kv3rv3MWtd8eYRHsEfeZ8/WtSP+A==</latexit><latexit sha1_base64="rTV8CH6zk1Zv5OAak0aabmzgOL0=">AAAB7nicbZDLSgMxFIbPeK31VnXpJlgEF1JmRNBl0Y3LCr1BO5RMetqGZjIxyQhlKPgKblwo4tbncefbmF4W2vpD4OM/J5xz/kgJbqzvf3srq2vrG5u5rfz2zu7efuHgsG6SVDOssUQkuhlRg4JLrFluBTaVRhpHAhvR8HZSbzyiNjyRVTtSGMa0L3mPM2qd1ah2MnX+MO4Uin7Jn4osQzCHIsxV6RS+2t2EpTFKywQ1phX4yoYZ1ZYzgeN8OzWoKBvSPrYcShqjCbPpumNy6pwu6SXaPWnJ1P39I6OxMaM4cp0xtQOzWJuY/9Vaqe1dhxmXKrUo2WxQLxXEJmRyO+lyjcyKkQPKNHe7EjagmjLrEsq7EILFk5ehflEKHN9fFss3T7M4cnAMJ3AGAVxBGe6gAjVgMIRneIU3T3kv3rv3MWtd8eYRHsEfeZ8/WtSP+A==</latexit>

T0,1
<latexit sha1_base64="YojhNYeHKvObeO5vT0WTqBR3MCI=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPRS8eK/QL2lA22027dLMJuxOhhIJ/wYsHRbz6e7z5b9y0PWjrCwsP78wyM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3eb39yLURsWrgJOF+RIdKhIJRtFa70c/cC2/aL1fcqjsTWQVvARVYqN4vf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nlt3Ss6sMyBhrO1TSGbu7x8ZjYyZRIHtjCiOzHItN/+rdVMMb/xMqCRFrth8UJhKgjHJbycDoTlDObFAmRZ2V8JGVFOGNqGSDcFbPnkVWpdVz/LDVaV2+zSPowgncArn4ME11OAe6tAEBmN4hld4cxLnxXl3PuatBWcR4TH8kfP5A5fFj3g=</latexit><latexit sha1_base64="YojhNYeHKvObeO5vT0WTqBR3MCI=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPRS8eK/QL2lA22027dLMJuxOhhIJ/wYsHRbz6e7z5b9y0PWjrCwsP78wyM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3eb39yLURsWrgJOF+RIdKhIJRtFa70c/cC2/aL1fcqjsTWQVvARVYqN4vf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nlt3Ss6sMyBhrO1TSGbu7x8ZjYyZRIHtjCiOzHItN/+rdVMMb/xMqCRFrth8UJhKgjHJbycDoTlDObFAmRZ2V8JGVFOGNqGSDcFbPnkVWpdVz/LDVaV2+zSPowgncArn4ME11OAe6tAEBmN4hld4cxLnxXl3PuatBWcR4TH8kfP5A5fFj3g=</latexit><latexit sha1_base64="YojhNYeHKvObeO5vT0WTqBR3MCI=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPRS8eK/QL2lA22027dLMJuxOhhIJ/wYsHRbz6e7z5b9y0PWjrCwsP78wyM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3eb39yLURsWrgJOF+RIdKhIJRtFa70c/cC2/aL1fcqjsTWQVvARVYqN4vf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nlt3Ss6sMyBhrO1TSGbu7x8ZjYyZRIHtjCiOzHItN/+rdVMMb/xMqCRFrth8UJhKgjHJbycDoTlDObFAmRZ2V8JGVFOGNqGSDcFbPnkVWpdVz/LDVaV2+zSPowgncArn4ME11OAe6tAEBmN4hld4cxLnxXl3PuatBWcR4TH8kfP5A5fFj3g=</latexit><latexit sha1_base64="YojhNYeHKvObeO5vT0WTqBR3MCI=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8CAlEUGPRS8eK/QL2lA22027dLMJuxOhhIJ/wYsHRbz6e7z5b9y0PWjrCwsP78wyM2+QSGHQdb+dwtr6xuZWcbu0s7u3f1A+PGqZONWMN1ksY90JqOFSKN5EgZJ3Es1pFEjeDsZ3eb39yLURsWrgJOF+RIdKhIJRtFa70c/cC2/aL1fcqjsTWQVvARVYqN4vf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5516KiETd+Nlt3Ss6sMyBhrO1TSGbu7x8ZjYyZRIHtjCiOzHItN/+rdVMMb/xMqCRFrth8UJhKgjHJbycDoTlDObFAmRZ2V8JGVFOGNqGSDcFbPnkVWpdVz/LDVaV2+zSPowgncArn4ME11OAe6tAEBmN4hld4cxLnxXl3PuatBWcR4TH8kfP5A5fFj3g=</latexit>

SL(2,Z)
<latexit sha1_base64="/nspIghYyixwZSnKDcf56h58JI8=">AAAB+XicbZBLSwMxFIXv1Fetr1GXboJFqCBlpgi6LLpx4aKifWA7lEyaaUMzmSHJFMpQ8Ie4caGIW/+JO/+NmbYLbb0Q+DjnhpwcP+ZMacf5tnIrq2vrG/nNwtb2zu6evX/QUFEiCa2TiEey5WNFORO0rpnmtBVLikOf06Y/vM785ohKxSLxoMcx9ULcFyxgBGsjdW37/rZUOeuEWA98P32cnHbtolN2poOWwZ1DEeZT69pfnV5EkpAKTThWqu06sfZSLDUjnE4KnUTRGJMh7tO2QYFDqrx0mnyCTozSQ0EkzREaTdXfN1IcKjUOfbOZRVSLXib+57UTHVx6KRNxoqkgs4eChCMdoawG1GOSEs3HBjCRzGRFZIAlJtqUVTAluItfXoZGpewavjsvVq+eZnXk4QiOoQQuXEAVbqAGdSAwgmd4hTcrtV6sd+tjtpqz5hUewp+xPn8AUxiTNQ==</latexit><latexit sha1_base64="/nspIghYyixwZSnKDcf56h58JI8=">AAAB+XicbZBLSwMxFIXv1Fetr1GXboJFqCBlpgi6LLpx4aKifWA7lEyaaUMzmSHJFMpQ8Ie4caGIW/+JO/+NmbYLbb0Q+DjnhpwcP+ZMacf5tnIrq2vrG/nNwtb2zu6evX/QUFEiCa2TiEey5WNFORO0rpnmtBVLikOf06Y/vM785ohKxSLxoMcx9ULcFyxgBGsjdW37/rZUOeuEWA98P32cnHbtolN2poOWwZ1DEeZT69pfnV5EkpAKTThWqu06sfZSLDUjnE4KnUTRGJMh7tO2QYFDqrx0mnyCTozSQ0EkzREaTdXfN1IcKjUOfbOZRVSLXib+57UTHVx6KRNxoqkgs4eChCMdoawG1GOSEs3HBjCRzGRFZIAlJtqUVTAluItfXoZGpewavjsvVq+eZnXk4QiOoQQuXEAVbqAGdSAwgmd4hTcrtV6sd+tjtpqz5hUewp+xPn8AUxiTNQ==</latexit><latexit sha1_base64="/nspIghYyixwZSnKDcf56h58JI8=">AAAB+XicbZBLSwMxFIXv1Fetr1GXboJFqCBlpgi6LLpx4aKifWA7lEyaaUMzmSHJFMpQ8Ie4caGIW/+JO/+NmbYLbb0Q+DjnhpwcP+ZMacf5tnIrq2vrG/nNwtb2zu6evX/QUFEiCa2TiEey5WNFORO0rpnmtBVLikOf06Y/vM785ohKxSLxoMcx9ULcFyxgBGsjdW37/rZUOeuEWA98P32cnHbtolN2poOWwZ1DEeZT69pfnV5EkpAKTThWqu06sfZSLDUjnE4KnUTRGJMh7tO2QYFDqrx0mnyCTozSQ0EkzREaTdXfN1IcKjUOfbOZRVSLXib+57UTHVx6KRNxoqkgs4eChCMdoawG1GOSEs3HBjCRzGRFZIAlJtqUVTAluItfXoZGpewavjsvVq+eZnXk4QiOoQQuXEAVbqAGdSAwgmd4hTcrtV6sd+tjtpqz5hUewp+xPn8AUxiTNQ==</latexit><latexit sha1_base64="/nspIghYyixwZSnKDcf56h58JI8=">AAAB+XicbZBLSwMxFIXv1Fetr1GXboJFqCBlpgi6LLpx4aKifWA7lEyaaUMzmSHJFMpQ8Ie4caGIW/+JO/+NmbYLbb0Q+DjnhpwcP+ZMacf5tnIrq2vrG/nNwtb2zu6evX/QUFEiCa2TiEey5WNFORO0rpnmtBVLikOf06Y/vM785ohKxSLxoMcx9ULcFyxgBGsjdW37/rZUOeuEWA98P32cnHbtolN2poOWwZ1DEeZT69pfnV5EkpAKTThWqu06sfZSLDUjnE4KnUTRGJMh7tO2QYFDqrx0mnyCTozSQ0EkzREaTdXfN1IcKjUOfbOZRVSLXib+57UTHVx6KRNxoqkgs4eChCMdoawG1GOSEs3HBjCRzGRFZIAlJtqUVTAluItfXoZGpewavjsvVq+eZnXk4QiOoQQuXEAVbqAGdSAwgmd4hTcrtV6sd+tjtpqz5hUewp+xPn8AUxiTNQ==</latexit>



use large N 

•Large N vector models:       N  free fields;                        
with O(N)-invariant quartic interaction: interacting CFT, 
solvable in 1/N expansion

<latexit sha1_base64="ZuV7hC7BlI4V6CDKQJi6XaUmCBU=">AAACGnicdVDLSgMxFL3js9ZX1aWbwSK4KjOi6LLoRncV7EPasWQymTY0yQxJplCGgv/gtv6MO3Hrxn9xYWbahW3xQOBwzs3NyfFjRpV2nG9rZXVtfWOzsFXc3tnd2y8dHDZUlEhM6jhikWz5SBFGBalrqhlpxZIg7jPS9Ae3md8cEqloJB71KCYeRz1BQ4qRNtJTZ4hk3KfP991S2ak4Oexl4s5IGWaodUs/nSDCCSdCY4aUartOrL0USU0xI+NiJ1EkRniAeqRtqECcKC/NA4/tU6MEdhhJc4S2c/XvjRRxpUbcN5Mc6b5a9DLxPy/bqObeT4NcXMikw2svpSJONBF4GilMmK0jO+vJDqgkWLORIQhLan5l4z6SCGvTZtHU5S6Ws0wa5xX3suI8XJSrNy/T4gpwDCdwBi5cQRXuoAZ1wMDhFSbwZk2sd+vD+pyOrlizso9gDtbXLx/losg=</latexit>

'I

•Singlet scalar operator of dimension 1 (free scalar) or 2 
(critical scalar):            ,     .

<latexit sha1_base64="gxxNVKdO1sR+yWbDEWzpx45uy+4=">AAACEXicdZDLSgMxFIbP1Futt7Eu3QSL4KrMiKLLohvdVbAXaMeSSTNtaCYzJJliGQq+g3u3+gruxK1P4Bv4GGbaItrigcDH/5+ck/x+zJnSjvNp5ZaWV1bX8uuFjc2t7R17t1hXUSIJrZGIR7LpY0U5E7Smmea0GUuKQ5/Thj+4zPzGkErFInGrRzH1QtwTLGAEayN17GJ7iGXcZ3fXP9CxS07ZmRRaBHcGJZhVtWN/tbsRSUIqNOFYqZbrxNpLsdSMcDoutBNFY0wGuEdbBgUOqfLSydvH6NAoXRRE0hyh0UT9fSPFoVKj0DedIdZ9Ne9l4n9eNlHN7dfBuZcyESeaCjJdHyQc6Qhl8aAuk5RoPjKAiWTmB4j0scREmxALJhp3PohFqB+X3dOyc3NSqlw8TEPKwz4cwBG4cAYVuIIq1IDAPTzBM7xYj9ar9Wa9T1tz1izYPfhT1sc3mMCeYw==</latexit>

'I'I <latexit sha1_base64="otTOwLV6iUdlNiZtQPzq8aBRGmU=">AAACA3icdZDLSgMxFIbPeK31VnXpJlgEV2VGFF0W3bisYC/QDiWTZtrYXIYkI5Sh4Ma9W30Fd+LWB/ENfAwzbRfa4oHAz/+fnJN8UcKZsb7/5S0tr6yurRc2iptb2zu7pb39hlGpJrROFFe6FWFDOZO0bpnltJVoikXEaTMaXud584Fqw5S8s6OEhgL3JYsZwdZZjY5hfYG7pbJf8SeFFkUwE2WYVa1b+u70FEkFlZZwbEw78BMbZlhbRjgdFzupoQkmQ9ynbSclFtSE2eS1Y3TsnB6KlXZHWjRxf9/IsDBmJCLXKbAdmPksN//L8olmbr+NL8OMySS1VJLp+jjlyCqUA0E9pimxfOQEJpq5HyAywBoT67AVHZpgHsSiaJxWgvOKf3tWrl49TiEV4BCO4AQCuIAq3EAN6kDgHp7hBV69J+/Ne/c+pq1L3gzsAfwp7/MHrD2ZDQ==</latexit>�

Example (2):  
attempts with 4d free scalar

Calculable coupling to 3d CFT

Dirichlet + free:

Neumann + critical:

<latexit sha1_base64="x4D/y9pFCTDEHQ4LgP90Yui+JK0=">AAACL3icdVDLSgMxFM3UV62vqks3wSK4kDIjRV0W3eiugn1Apw53MmknNPMgyVTKUPAr/A/3bvUXxI241L8w0xbRFg8EDufc3MM9bsyZVKb5ZuQWFpeWV/KrhbX1jc2t4vZOQ0aJILROIh6JlguSchbSumKK01YsKAQup023f5H5zQEVkkXhjRrGtBNAL2RdRkBpySmaPfvIvmMe9UGldgxCMeDO0K75bKSdAYjYZ7dXPwQ7xZJZNsfA88SakhKaouYUP20vIklAQ0U4SNm2zFh10iyJcDoq2ImkMZA+9Ghb0xACKjvp+LIRPtCKh7uR0C9UeKz+/pFCIOUwcPVkAMqXs14m/udlG+VMvuqedVIWxomiIZnEdxOOVYSz8rDHBCWKDzUBIpi+ABMfBBClKy7oaqzZIuZJ47hsnZQr15VS9fx+UlIe7aF9dIgsdIqq6BLVUB0R9ICe0DN6MR6NV+Pd+JiM5oxpsbvoD4yvb8h8qwM=</latexit>

g d@y�'I'I

<latexit sha1_base64="qgD4cG+QQ7dm7PWsP3AITO57je8=">AAACH3icdZDLSgMxFIYzXmu9jbp0EyyCCykzUtRl0Y3LCvYCnVoy6WkbmmSGJKOUoeDK93DvVl/BnbjtG/gYZtoutMUfAn/+c5LD+cKYM208b+wsLa+srq3nNvKbW9s7u+7efk1HiaJQpRGPVCMkGjiTUDXMcGjECogIOdTDwXVWrz+A0iySd2YYQ0uQnmRdRomxUdvFvfsgVkxAcBo8sg70iUmDSp+N7F2zniBtt+AVvYnwovFnpoBmqrTd76AT0USANJQTrZu+F5tWSpRhlMMoHyQaYkIHpAdNayURoFvpZJMRPrZJB3cjZY80eJL+fpESofVQhLZTENPX87Us/K+W/ajn5pvuZStlMk4MSDod3004NhHOYOEOU0ANH1pDqGJ2A0z7RBFqLNK8RePPg1g0tbOif14s3ZYK5aunKaQcOkRH6AT56AKV0Q2qoCqi6Bm9ojf07rw4H86n8zVtXXJmYA/QHznjH7eTpEw=</latexit>

g0 b��

[D, Lauria, Niro]



Neumann + critical scalars

Dirichlet + free scalars

<latexit sha1_base64="4FepPQ3b5wj5ICQQkrRs3VkMmM0=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKQY9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWtW/v6zUb/I4inACp3AOAVxBHe6gAU0g8AjP8ApvnvJevHfvY9Fa8PKZY/gD7/MHnbGPJw==</latexit>�

<latexit sha1_base64="9bQunPykt9lmIv6iInL46k0QsUo=">AAAB+3icbZDLSsNAFIZP6q3WW6xLN4NFcFUSUXRZdKO7CvYCbSyT6aQdOpmEmUmxhL6KGxeKuPVF3Pk2TtMg2vrDwMd/zuGc+f2YM6Ud58sqrKyurW8UN0tb2zu7e/Z+uamiRBLaIBGPZNvHinImaEMzzWk7lhSHPqctf3Q9q7fGVCoWiXs9iakX4oFgASNYG6tnl7tjLOMhe7j9gZ5dcapOJrQMbg4VyFXv2Z/dfkSSkApNOFaq4zqx9lIsNSOcTkvdRNEYkxEe0I5BgUOqvDS7fYqOjdNHQSTNExpl7u+JFIdKTULfdIZYD9VibWb+V+skOrj0UibiRFNB5ouChCMdoVkQqM8kJZpPDGAimbkVkSGWmGgTV8mE4C5+eRmap1X3vOrcnVVqV3kcRTiEIzgBFy6gBjdQhwYQeIQneIFXa2o9W2/W+7y1YOUzB/BH1sc3H6SUfQ==</latexit>

'I'I

<latexit sha1_base64="vgz7hZP2wPJB4WZaR9JPX8VTi+U=">AAACDnicdZDLSsNAFIZP6q3WS6Mu3QSL6KKURETdFIpuXFawF2hCmUwn7dDJJMxMhBAKPoJ7t/oK7sStr+Ab+BhO2i60xQMDP/9/5pyZz48Zlcq2v4zCyura+kZxs7S1vbNbNvf22zJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9Lxxzd53nkgQtKI36s0Jl6IhpwGFCOlrb5ZHtZdygOVVt3q8KRu982KXbOnZS0LZy4qMK9m3/x2BxFOQsIVZkjKnmPHysuQUBQzMim5iSQxwmM0JD0tOQqJ9LLpwyfWsXYGVhAJfbiypu7vGxkKpUxDX3eGSI3kYpab/2X5RLmwXwVXXkZ5nCjC8Wx9kDBLRVbOxhpQQbBiqRYIC6p/YOEREggrTbCk0TiLIJZF+6zmXNTsu/NK4/pxBqkIh3AEp+DAJTTgFprQAgwJPMMLvBpPxpvxbnzMWgvGHOwB/Cnj8wd1Q5wF</latexit>

g = 1, g0 = 0

<latexit sha1_base64="d23TRYYmKqN5LWfbcv4OAjItGGY=">AAACDnicdZDLSsNAFIZP6q3WS6Mu3QSL6KKURETdFIpuXFawF2hCmUwn7dDJJMxMhBAKPoJ7t/oK7sStr+Ab+BhO2i60xQMDP/9/5pyZz48Zlcq2v4zCyura+kZxs7S1vbNbNvf22zJKBCYtHLFIdH0kCaOctBRVjHRjQVDoM9Lxxzd53nkgQtKI36s0Jl6IhpwGFCOlrb5ZHtbtqlsdntRdygOV9s2KXbOnZS0LZy4qMK9m3/x2BxFOQsIVZkjKnmPHysuQUBQzMim5iSQxwmM0JD0tOQqJ9LLpwyfWsXYGVhAJfbiypu7vGxkKpUxDX3eGSI3kYpab/2X5RLmwXwVXXkZ5nCjC8Wx9kDBLRVbOxhpQQbBiqRYIC6p/YOEREggrTbCk0TiLIJZF+6zmXNTsu/NK4/pxBqkIh3AEp+DAJTTgFprQAgwJPMMLvBpPxpvxbnzMWgvGHOwB/Cnj8wdtVJwF</latexit>

g = 0, g0 = 1

No fixed point with bulk-boundary interactions.

Boundary RG with two dual descriptions:       

New connection between critical/free theory.

<latexit sha1_base64="Qv8wLYbMUUUZCNWhI0W+agfJr9M=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gObUDbbTbN0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSAXX6DjfVmltfWNzq7xd2dnd2z+oHh51dJIpyto0EYnqBUQzwSVrI0fBeqliJA4E6wbj25nffWJK80Q+4CRlfkxGkoecEjTSoxcRzL1WxKeDas2pO3PYq8QtSA0KtAbVL2+Y0CxmEqkgWvddJ0U/Jwo5FWxa8TLNUkLHZMT6hkoSM+3n84un9plRhnaYKFMS7bn6eyInsdaTODCdMcFIL3sz8T+vn2F47edcphkySReLwkzYmNiz9+0hV4yimBhCqOLmVptGRBGKJqSKCcFdfnmVdC7q7mW9cd+oNW+KOMpwAqdwDi5cQRPuoAVtoCDhGV7hzdLWi/VufSxaS1Yxcwx/YH3+ALcPkPU=</latexit>

�̂

<latexit sha1_base64="1TZXDW1mn0zRC6g21dhUlOqHbMo=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiRS1GXRjcsK9gFNCJPJpBk6mYSZiRJCceOvuHGhiFu/wp1/46TNQlsPXDicc+/MvcdPGZXKsr6NpeWV1bX12kZ9c2t7Z9fc2+/JJBOYdHHCEjHwkSSMctJVVDEySAVBsc9I3x9fl37/nghJE36n8pS4MRpxGlKMlJY889B5oAGJkCqcFAlFEfNy6HQiOvHMhtW0poCLxK5IA1ToeOaXEyQ4iwlXmCEph7aVKrcoX8WMTOpOJkmK8BiNyFBTjmIi3WJ6wgSeaCWAYSJ0cQWn6u+JAsVS5rGvO2OkIjnvleJ/3jBT4aVbUJ5minA8+yjMGFQJLPOAARUEK5ZrgrCgeleIIyQQVjq1ug7Bnj95kfTOmvZ5s3XbarSvqjhq4Agcg1NggwvQBjegA7oAg0fwDF7Bm/FkvBjvxsesdcmoZg7AHxifP7pkl6Y=</latexit>

d@y�

<latexit sha1_base64="IpBpJ2e2LXvAOSFiXbQyzNTEBtQ=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ6qrtS1ItQ9OKxgv2AdinZNLsNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBQln2rjut7O0vLK6tl7YKG5ube/slvb2m1qmitAGkVyqdoA15UzQhmGG03aiKI4DTlvB8Hbit56o0kyKBzNKqB/jSLCQEWys1I5O0DXyzqJeqexW3CnQIvFyUoYc9V7pq9uXJI2pMIRjrTuemxg/w8owwum42E01TTAZ4oh2LBU4ptrPpveO0bFV+iiUypYwaKr+nshwrPUoDmxnjM1Az3sT8T+vk5rwys+YSFJDBZktClOOjEST51GfKUoMH1mCiWL2VkQGWGFibERFG4I3//IiaZ5XvItK9b5art3kcRTgEI7gFDy4hBrcQR0aQIDDM7zCm/PovDjvzsesdcnJZw7gD5zPH/5ijqU=</latexit>

g0 = 1/g



Example (3):  
examples with 3d free scalar

Dirichlet +                in the large      limit              

Coupling to Minimal Models on the 2d boundary

<latexit sha1_base64="3/Z7aGPKBwYYDbKjuJtDegmx4Vo=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIsgKGVGirosunEjVLAPaIchk6ZtaJIZkowwDOOvuHGhiFs/xJ1/Y6adhbYeCBzOuZd7coKIUaUd59sqrayurW+UNytb2zu7e/b+QUeFscSkjUMWyl6AFGFUkLammpFeJAniASPdYHqT+91HIhUNxYNOIuJxNBZ0RDHSRvLt6oAjPcGIpXeZn/JT94xnvl1z6s4McJm4BamBAi3f/hoMQxxzIjRmSKm+60TaS5HUFDOSVQaxIhHCUzQmfUMF4kR56Sx8Bo+NMoSjUJonNJypvzdSxJVKeGAm86hq0cvF/7x+rEdXXkpFFGsi8PzQKGZQhzBvAg6pJFizxBCEJTVZIZ4gibA2fVVMCe7il5dJ57zuXtQb941a87qoowwOwRE4AS64BE1wC1qgDTBIwDN4BW/Wk/VivVsf89GSVexUwR9Ynz9z15Sm</latexit>

Mm+1,m
<latexit sha1_base64="p3S6vtT5I9zvgrgQiKUBevrqAhI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3a3STsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgkfYMtwI7CQKqQwEPgTj25n/8IRK8zi6N5MEfUmHEQ85o8ZKTdkvV9yqOwdZJV5OKpCj0S9/9QYxSyVGhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFraUQlaj+bHzolZ1YZkDBWtiJD5urviYxKrScysJ2SmpFe9mbif143NeG1n/EoSQ1GbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP2HuM+g==</latexit>m

<latexit sha1_base64="qFv/FXAzTtnc6B1mDGdZQ5fIsd8="></latexit>

gO(1,3) + g0O(1,2)
d@y�

<latexit sha1_base64="zKBKFwVh9ysMx61ksttBP/JbRQE="></latexit>

�(1,3) = 2 +O(m�1) , �(1,2) = 1/2 +O(m�1)

Perturbative fixed point with 
<latexit sha1_base64="GF0owHPiqd08DfUJvaoneVkfW7M=">AAAB+nicbVDLSsNAFJ3UV62vVJduBosoRWoiRV0W3bisYB/QhjCZTtKhM5MwM1FK7Ke4caGIW7/EnX/jtM1CqwcuHM65l3vvCRJGlXacL6uwtLyyulZcL21sbm3v2OXdtopTiUkLxyyW3QApwqggLU01I91EEsQDRjrB6Hrqd+6JVDQWd3qcEI+jSNCQYqSN5NvlyK+eREd+FfYV5dA95b5dcWrODPAvcXNSATmavv3ZH8Q45URozJBSPddJtJchqSlmZFLqp4okCI9QRHqGCsSJ8rLZ6RN4aJQBDGNpSmg4U39OZIgrNeaB6eRID9WiNxX/83qpDi+9jIok1UTg+aIwZVDHcJoDHFBJsGZjQxCW1NwK8RBJhLVJq2RCcBdf/kvaZzX3vFa/rVcaV3kcRbAPDsAxcMEFaIAb0AQtgMEDeAIv4NV6tJ6tN+t93lqw8pk98AvWxzeNNpJD</latexit>

g⇤, g
0
⇤ ⇠ 1/m

[Behan, D, Lauria, Van Rees]



Beyond perturbation theory?

Numerical Conformal Bootstrap



Conformal Bootstrap to look for interacting boundary 
conditions.

=

[Liendo, Rastelli, Van Rees]General approach

In our setup: simplicity in the bulk allows us to 
concentrate on the boundary correlators. Akin to 
bootstrapping a non-local conformal theory. [Behan]



Idea: numerical bootstrap applied to boundary 4pt 
functions of       and       . bO1

<latexit sha1_base64="TezaFuCoXWwm0tsblNxm/xC0mYQ=">AAACHnicdVDNSgMxGMzWv1r/qh69BIvgqexWQY9FL96sYFuhXUo2m21Ds9k1+VYpS8G38Fpfxpt41XfxYHbbg21xIDDMfPkyGS8WXINtf1uFldW19Y3iZmlre2d3r7x/0NJRoihr0khE6sEjmgkuWRM4CPYQK0ZCT7C2N7zO/PYTU5pH8h5GMXND0pc84JSAkdzuM/fZgEB6O+45vXLFrto58DJxZqSCZmj0yj9dP6JJyCRQQbTuOHYMbkoUcCrYuNRNNIsJHZI+6xgqSci0m+ahx/jEKD4OImWOBJyrf2+kJNR6FHpmMiQw0IteJv7nZRv13Pupn4sLmSC4dFMu4wSYpNNIQSIwRDjrCvtcMQpiZAihiptfYTogilAwjZZMXc5iOcukVas6Z9Xa3XmlfvUyLa6IjtAxOkUOukB1dIMaqIkoekSvaILerIn1bn1Yn9PRgjUr+xDNwfr6BV6/pHw=</latexit>

bO2
<latexit sha1_base64="2e9dqSrrunb6iY3XvSwM23Yjig8=">AAACHnicdVDNSgMxGMzWv1r/qh69BIvgqexWQY9FL96sYFuhXUo2m21Ds9k1+VYpS8G38Fpfxpt41XfxYHbbg21xIDDMfPkyGS8WXINtf1uFldW19Y3iZmlre2d3r7x/0NJRoihr0khE6sEjmgkuWRM4CPYQK0ZCT7C2N7zO/PYTU5pH8h5GMXND0pc84JSAkdzuM/fZgEB6O+7VeuWKXbVz4GXizEgFzdDolX+6fkSTkEmggmjdcewY3JQo4FSwcambaBYTOiR91jFUkpBpN81Dj/GJUXwcRMocCThX/95ISaj1KPTMZEhgoBe9TPzPyzbqufdTPxcXMkFw6aZcxgkwSaeRgkRgiHDWFfa5YhTEyBBCFTe/wnRAFKFgGi2ZupzFcpZJq1Z1zqq1u/NK/eplWlwRHaFjdIocdIHq6AY1UBNR9Ihe0QS9WRPr3fqwPqejBWtW9iGag/X1C2BtpH0=</latexit>

=

Conformal Data that enters: 

Input from the free bulk theory: constraints among 
the OPE coefficients.

�O, �11O, �22O, �12O
<latexit sha1_base64="hi9W8hBPS9ALVpKycD3h7MxiF3w=">AAACS3icdZDNS8MwGMbT6XTOr6pHL8EheBijrYIeh3rw5gT3AWspaZpuwfSDJBVGKfjnefHizX/CiwdFPJhuO7jNvRB4eJ73Td78vIRRIQ3jTSutrJbX1isb1c2t7Z1dfW+/I+KUY9LGMYt5z0OCMBqRtqSSkV7CCQo9Rrrew1WRdx8JFzSO7uUoIU6IBhENKEZSWa7u2deESeRmdojkECOW3eZ53a7bTN3hK980lyWWtXRmJnH1mtEwxgUXhTkVNTCtlqu/2n6M05BEEjMkRN80EulkiEuKGcmrdipIgvADGpC+khEKiXCyMYscHivHh0HM1YkkHLt/JzIUCjEKPdVZ7Cjms8L8L+unMrhwMholqSQRnjwUpAzKGBZgoU85wZKNlECYU7UrxEPEEZYKf1VBMOe/vCg6VsM8bVh3Z7Xm5dMERwUcgiNwAkxwDprgBrRAG2DwDN7BJ/jSXrQP7Vv7mbSWtCnCAzBTpfIvMAu1Fg==</latexit>



E.g. free scalar theory:

�
<latexit sha1_base64="Fa8PBOpAb52s6/4PtiZgi3jWdH0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m2bp7ibsboQSCv4CLx4U8eof8ua/cZP2oK0PBh7vzTAzL0g408Z1v53S2vrG5lZ5u7Kzu7d/UD086ug4VYS2Scxj1QuwppxJ2jbMcNpLFMUi4LQbTG5zv/tIlWaxfDDThPoCjyULGcEmlwZJxIbVmlt3C6BV4i1IDRZoDatfg1FMUkGlIRxr3ffcxPgZVoYRTmeVQappgskEj2nfUokF1X5W3DpDZ1YZoTBWtqRBhfp7IsNC66kIbKfAJtLLXi7+5/VTE177GZNJaqgk80VhypGJUf44GjFFieFTSzBRzN6KSIQVJsbGU7EheMsvr5JOo+5d1Bv3l7XmzdM8jjKcwCmcgwdX0IQ7aEEbCETwDK/w5gjnxXl3PuatJWcR4TH8gfP5AzrWjsM=</latexit>

�
<latexit sha1_base64="Fa8PBOpAb52s6/4PtiZgi3jWdH0=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m2bp7ibsboQSCv4CLx4U8eof8ua/cZP2oK0PBh7vzTAzL0g408Z1v53S2vrG5lZ5u7Kzu7d/UD086ug4VYS2Scxj1QuwppxJ2jbMcNpLFMUi4LQbTG5zv/tIlWaxfDDThPoCjyULGcEmlwZJxIbVmlt3C6BV4i1IDRZoDatfg1FMUkGlIRxr3ffcxPgZVoYRTmeVQappgskEj2nfUokF1X5W3DpDZ1YZoTBWtqRBhfp7IsNC66kIbKfAJtLLXi7+5/VTE177GZNJaqgk80VhypGJUf44GjFFieFTSzBRzN6KSIQVJsbGU7EheMsvr5JOo+5d1Bv3l7XmzdM8jjKcwCmcgwdX0IQ7aEEbCETwDK/w5gjnxXl3PuatJWcR4TH8gfP5AzrWjsM=</latexit>

b1( bO1 + . . . ) + y b2( bO2 + . . . )
<latexit sha1_base64="XDwzNWKvNy/+S3oShmPnMKKPTG8="></latexit>

bO1 ⌘ �̂, bO2 ⌘ d@y�
<latexit sha1_base64="3o6JQN4DIMcbYfWeHLVukGVSLL8="></latexit>

O
<latexit sha1_base64="63iplZVSTh+ca4dXOPG7fwMXOsQ=">AAAB8nicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LLoxp0V7APaoWTSTBuayQzJHaEMBX/CjQtF3Po17vwbM20X2nogcDjnhnvuCRIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0U3utx65NiJWDzhOuB/RgRKhYBSt1OlGFIeMyuxu0iuV3Yo7BVkm3pyUYY56r/TV7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bNp5Ak5tUqfhLG2TyGZqr9/ZDQyZhwFdjKPaBa9XPzP66QYXvmZUEmKXLHZojCVBGOS30/6QnOGcmwJZVrYrIQNqaYMbUtFW4K3ePIyaVYr3nmlen9Rrl0/zeoowDGcwBl4cAk1uIU6NIBBDM/wCm8OOi/Ou/MxG11x5hUewR84nz+s4pHp</latexit>

3pt function from resummation of boundary OPE.
Compatibility with bulk OPE limit:

�11O = F1(�12O,�O, b1/b2)

�22O = F2(�12O,�O, b1/b2)
<latexit sha1_base64="7lNTtNGBccz3dF2PsmKDY3KF7hw="></latexit>

          constrained by unitarity in a known interval.b1/b2
<latexit sha1_base64="Gkm2YKmZ/HXr7RVfNcrno7OYOMk=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqe5WQY9FLx4r2A9olyWbZtvQbHZNskJZCv4GLx4U8erf8ea/Mdv2oK0PBh7vzTAzL0gE18ZxvlFhZXVtfaO4Wdra3tndK+8ftHScKsqaNBax6gREM8ElaxpuBOskipEoEKwdjG5yv/3IlOaxvDfjhHkRGUgeckqMlTqB754Ffq3klytO1ZkCLxN3TiowR8Mvf/X6MU0jJg0VROuu6yTGy4gynAo2KfVSzRJCR2TAupZKEjHtZdN7J/jEKn0cxsqWNHiq/p7ISKT1OApsZ0TMUC96ufif101NeOVlXCapYZLOFoWpwCbG+fO4zxWjRowtIVRxeyumQ6IINTaiPAR38eVl0qpV3fNq7e6iUr9+msVRhCM4hlNw4RLqcAsNaAIFAc/wCm/oAb2gd/Qxay2geYSH8Afo8weYcI9s</latexit>



Convenient parametrization:

<latexit sha1_base64="EqmUG8PmD/VzS6AOWgLE4Yj0bkU=">AAACBnicbVDJSgNBEO1xjXGLehRhMAiewowE9RjUg8cIZoFMCDWdStLYs9Bdo4RhTl78FS8eFPHqN3jzb+wsB018UPD6vSq66vmxFJoc59taWFxaXlnNreXXNza3tgs7u3UdJYpjjUcyUk0fNEoRYo0ESWzGCiHwJTb8u8uR37hHpUUU3tIwxnYA/VD0BAcyUqdw4D2ILg6AUu8KJUHWSb3xiyDJsk6h6JScMex54k5JkU1R7RS+vG7EkwBD4hK0brlOTO0UFAkuMct7icYY+B30sWVoCAHqdjo+I7OPjNK1e5EyFZI9Vn9PpBBoPQx80xkADfSsNxL/81oJ9c7bqQjjhDDkk496ibQpskeZ2F2hkJMcGgJcCbOrzQeggJNJLm9CcGdPnif1k5J7WirflIuVi2kcObbPDtkxc9kZq7BrVmU1xtkje2av7M16sl6sd+tj0rpgTWf22B9Ynz+kMZnk</latexit>

b�⌧̂

<latexit sha1_base64="97/eF3QtOiETW5UTlAHZf7GpWmU=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURUY9FLx4r2A9oQphsN+3SzQe7E6GG/BIvHhTx6k/x5r9x2+agrQ8GHu/NMDMvSAVXaNvfRmVtfWNzq7pd29nd26+bB4ddlWSSsg5NRCL7ASgmeMw6yFGwfioZRIFgvWByO/N7j0wqnsQPOE2ZF8Eo5iGngFryzbo7BsxdhKzwcwgK32zYTXsOa5U4JWmQEm3f/HKHCc0iFiMVoNTAsVP0cpDIqWBFzc0US4FOYMQGmsYQMeXl88ML61QrQytMpK4Yrbn6eyKHSKlpFOjOCHCslr2Z+J83yDC89nIepxmymC4WhZmwMLFmKVhDLhlFMdUEqOT6VouOQQJFnVVNh+Asv7xKuudN57J5cX/RaN2UcVTJMTkhZ8QhV6RF7kibdAglGXkmr+TNeDJejHfjY9FaMcqZI/IHxucPbwuTmw==</latexit>

⌧̂ab lowest spin 2

measures “non-locality”  
<latexit sha1_base64="0prf1j5RqUAPhXZEf8pinXJOy1I=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgxbArQT0GvXiMYB6QLGF2tjcZMvvIzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXeXlwiutG1/W4W19Y3NreJ2aWd3b/+gfHjUUnEqGTZZLGLZ8ahCwSNsaq4FdhKJNPQEtr3R3cxvP6FUPI4e9SRBN6SDiAecUW2kTm+AY+JfOP1yxa7ac5BV4uSkAjka/fJXz49ZGmKkmaBKdR070W5GpeZM4LTUSxUmlI3oALuGRjRE5Wbze6fkzCg+CWJpKtJkrv6eyGio1CT0TGdI9VAtezPxP6+b6uDGzXiUpBojtlgUpILomMyeJz6XyLSYGEKZ5OZWwoZUUqZNRCUTgrP88ippXVadq2rtoVap3+ZxFOEETuEcHLiGOtxDA5rAQMAzvMKbNbZerHfrY9FasPKZY/gD6/MHAmSPTg==</latexit>

� d� 1

b1/b2
<latexit sha1_base64="Gkm2YKmZ/HXr7RVfNcrno7OYOMk=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqe5WQY9FLx4r2A9olyWbZtvQbHZNskJZCv4GLx4U8erf8ea/Mdv2oK0PBh7vzTAzL0gE18ZxvlFhZXVtfaO4Wdra3tndK+8ftHScKsqaNBax6gREM8ElaxpuBOskipEoEKwdjG5yv/3IlOaxvDfjhHkRGUgeckqMlTqB754Ffq3klytO1ZkCLxN3TiowR8Mvf/X6MU0jJg0VROuu6yTGy4gynAo2KfVSzRJCR2TAupZKEjHtZdN7J/jEKn0cxsqWNHiq/p7ISKT1OApsZ0TMUC96ufif101NeOVlXCapYZLOFoWpwCbG+fO4zxWjRowtIVRxeyumQ6IINTaiPAR38eVl0qpV3fNq7e6iUr9+msVRhCM4hlNw4RLqcAsNaAIFAc/wCm/oAb2gd/Qxay2geYSH8Afo8weYcI9s</latexit>

can be traded with        : <latexit sha1_base64="cmZOV1nVDSm8Btf7F+I/HWguIMY=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4xkUeElfQOA0yYnd3MzJqQDX/hxYPGePVvvPk3DrAHBSvppFLVne6uIBZcG9f9dnJr6xubW/ntws7u3v5B8fCoqaNEUdagkYhUO0DNBJesYbgRrB0rhmEgWCsY38z81hNTmkfy3kxi5oc4lHzAKRorPWAv7cYj/liZ9oolt+zOQVaJl5ESZKj3il/dfkSTkElDBWrd8dzY+Ckqw6lg00I30SxGOsYh61gqMWTaT+cXT8mZVfpkEClb0pC5+nsixVDrSRjYzhDNSC97M/E/r5OYwZWfchknhkm6WDRIBDERmb1P+lwxasTEEqSK21sJHaFCamxIBRuCt/zyKmlWyt5FuXpXLdWuszjycAKncA4eXEINbqEODaAg4Rle4c3Rzovz7nwsWnNONnMMf+B8/gB475DM</latexit>a�2

•  

•  
<latexit sha1_base64="q0oVIRDV/oUcGHiadZYodwpxTJY=">AAACHHicbZBNS8MwGMdTX+d8q3r0EhyCF0c7h3oRhl48TnAvsG4lTdMtLE1Lkgql9IN48at48aCIFw+C38Zs60E3Hwj88v8/D8nz92JGpbKsb2NpeWV1bb20Ud7c2t7ZNff22zJKBCYtHLFIdD0kCaOctBRVjHRjQVDoMdLxxjcTv/NAhKQRv1dpTPohGnIaUIyUllzzzGGIDxmBTjyigxp0xOx6BZ1AIJwhN5s5eZ6lg8w/1eCaFatqTQsugl1ABRTVdM1Px49wEhKuMENS9mwrVv0MCUUxI3nZSSSJER6jIelp5Cgksp9Nl8vhsVZ8GERCH67gVP09kaFQyjT0dGeI1EjOexPxP6+XqOCyn1EeJ4pwPHsoSBhUEZwkBX0qCFYs1YCwoPqvEI+QDkXpPMs6BHt+5UVo16r2ebV+V680ros4SuAQHIETYIML0AC3oAlaAINH8AxewZvxZLwY78bHrHXJKGYOwJ8yvn4AbZqhnw==</latexit>

h�2i =
a�2

yd�2

<latexit sha1_base64="XjeSKjNUPff7zLG8iZwbU2H2I/Q=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrE0iqpKmCsYGEsEn1ITRo5jtNadZxgO0hV1C9g4VdYGECIlZmNv8FtM0DLka50fM698r3HTxiVyrK+jcLa+sbmVnG7tLO7t39gHh51ZJwKTNo4ZrHo+UgSRjlpK6oY6SWCoMhnpOuPr2d+94EISWN+pyYJcSM05DSkGCkteWalWh9k9WowhQ4j9xB5mZOM6KCev3PTM8tWzZoDrhI7J2WQo+WZX04Q4zQiXGGGpOzbVqLcDAlFMSPTkpNKkiA8RkPS15SjiEg3m58zhRWtBDCMhS6u4Fz9PZGhSMpJ5OvOCKmRXPZm4n9eP1XhpZtRnqSKcLz4KEwZVDGcZQMDKghWbKIJwoLqXSEeIYGw0gmWdAj28smrpFOv2ee1xm2j3LzK4yiCE3AKzoANLkAT3IAWaAMMHsEzeAVvxpPxYrwbH4vWgpHPHIM/MD5/AIaimoo=</latexit>

�22�d  a�2  22�d

unitarity interval to scan



Results for 4d scalar
<latexit sha1_base64="EqmUG8PmD/VzS6AOWgLE4Yj0bkU=">AAACBnicbVDJSgNBEO1xjXGLehRhMAiewowE9RjUg8cIZoFMCDWdStLYs9Bdo4RhTl78FS8eFPHqN3jzb+wsB018UPD6vSq66vmxFJoc59taWFxaXlnNreXXNza3tgs7u3UdJYpjjUcyUk0fNEoRYo0ESWzGCiHwJTb8u8uR37hHpUUU3tIwxnYA/VD0BAcyUqdw4D2ILg6AUu8KJUHWSb3xiyDJsk6h6JScMex54k5JkU1R7RS+vG7EkwBD4hK0brlOTO0UFAkuMct7icYY+B30sWVoCAHqdjo+I7OPjNK1e5EyFZI9Vn9PpBBoPQx80xkADfSsNxL/81oJ9c7bqQjjhDDkk496ibQpskeZ2F2hkJMcGgJcCbOrzQeggJNJLm9CcGdPnif1k5J7WirflIuVi2kcObbPDtkxc9kZq7BrVmU1xtkje2av7M16sl6sd+tj0rpgTWf22B9Ynz+kMZnk</latexit>

b �
⌧̂

[Behan, D, Lauria, Van Rees]



Results for 3d scalar
<latexit sha1_base64="EqmUG8PmD/VzS6AOWgLE4Yj0bkU=">AAACBnicbVDJSgNBEO1xjXGLehRhMAiewowE9RjUg8cIZoFMCDWdStLYs9Bdo4RhTl78FS8eFPHqN3jzb+wsB018UPD6vSq66vmxFJoc59taWFxaXlnNreXXNza3tgs7u3UdJYpjjUcyUk0fNEoRYo0ESWzGCiHwJTb8u8uR37hHpUUU3tIwxnYA/VD0BAcyUqdw4D2ILg6AUu8KJUHWSb3xiyDJsk6h6JScMex54k5JkU1R7RS+vG7EkwBD4hK0brlOTO0UFAkuMct7icYY+B30sWVoCAHqdjo+I7OPjNK1e5EyFZI9Vn9PpBBoPQx80xkADfSsNxL/81oJ9c7bqQjjhDDkk496ibQpskeZ2F2hkJMcGgJcCbOrzQeggJNJLm9CcGdPnif1k5J7WirflIuVi2kcObbPDtkxc9kZq7BrVmU1xtkje2av7M16sl6sd+tj0rpgTWf22B9Ynz+kMZnk</latexit>

b �
⌧̂

[Behan, D, Lauria, Van Rees]



Results for 3d scalar
<latexit sha1_base64="EqmUG8PmD/VzS6AOWgLE4Yj0bkU=">AAACBnicbVDJSgNBEO1xjXGLehRhMAiewowE9RjUg8cIZoFMCDWdStLYs9Bdo4RhTl78FS8eFPHqN3jzb+wsB018UPD6vSq66vmxFJoc59taWFxaXlnNreXXNza3tgs7u3UdJYpjjUcyUk0fNEoRYo0ESWzGCiHwJTb8u8uR37hHpUUU3tIwxnYA/VD0BAcyUqdw4D2ILg6AUu8KJUHWSb3xiyDJsk6h6JScMex54k5JkU1R7RS+vG7EkwBD4hK0brlOTO0UFAkuMct7icYY+B30sWVoCAHqdjo+I7OPjNK1e5EyFZI9Vn9PpBBoPQx80xkADfSsNxL/81oJ9c7bqQjjhDDkk496ibQpskeZ2F2hkJMcGgJcCbOrzQeggJNJLm9CcGdPnif1k5J7WirflIuVi2kcObbPDtkxc9kZq7BrVmU1xtkje2av7M16sl6sd+tj0rpgTWf22B9Ynz+kMZnk</latexit>

b �
⌧̂

“Minimal Model” b.c. up to 
<latexit sha1_base64="tIxWTuMVk4CoMUAGuMFc3pluIcc=">AAAB6nicbVBNSwMxEJ34WetX1aOXYBE8lV0p6kUoevFY0X5Au5Rsmm1Dk+ySZIWy9Cd48aCIV3+RN/+NabsHbX0w8Hhvhpl5YSK4sZ73jVZW19Y3Ngtbxe2d3b390sFh08SppqxBYxHrdkgME1yxhuVWsHaiGZGhYK1wdDv1W09MGx6rRztOWCDJQPGIU2Kd9CCvq71S2at4M+Bl4uekDDnqvdJXtx/TVDJlqSDGdHwvsUFGtOVUsEmxmxqWEDoiA9ZxVBHJTJDNTp3gU6f0cRRrV8rimfp7IiPSmLEMXackdmgWvan4n9dJbXQVZFwlqWWKzhdFqcA2xtO/cZ9rRq0YO0Ko5u5WTIdEE2pdOkUXgr/48jJpnlf8i0r1vlqu3eRxFOAYTuAMfLiEGtxBHRpAYQDP8ApvSKAX9I4+5q0rKJ85gj9Anz/Or41/</latexit>

m = 4



Summary:
• Interacting boundary conditions for free fields;
•Examples: Maxwell theory with BCFT manifold; 4d 
scalar and large N duality; 3d scalars and mm’s.
•Bootstrap approach: rigorous results for free scalar in 
4d and 3d;

To do list:
•Apply bootstrap approach to Maxwell case;

•Compare with boundary criticality in experiments/
simulations of systems described by free scalars (e.g. 
superfluids).

•Free fermions in the bulk;



Thank You


