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Conformal boundary conditions for free conformal 
field theories: free bulk, interacting boundary.

• In the grand program of charting the space of possible 
CFTs, this is a corner that is simple enough, yet rich 
enough;

•Task: phrasing it in a way that is amenable to numerical 
bootstrap;

•Neat example: 4d Maxwell field;

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



Introduction: Free Bulk & Free Boundary

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

⇤� = 0
<latexit sha1_base64="zG2wj+myjGzcv68JA9jqmn5WTTA=">AAAB+HicbZBLSwMxFIUz9VXro6Mu3QSL4KrMVEE3QtGNywr2AZ2hZNI7bWgmM+Yh1FLwf7hxoYhbf4o7/43pY6GtBwIf59yQmxNlnCnted9ObmV1bX0jv1nY2t7ZLbp7+w2VGkmhTlOeylZEFHAmoK6Z5tDKJJAk4tCMBteTvPkAUrFU3OlhBmFCeoLFjBJtrY5bDNS9IRKCrM/wJfY6bskre1PhZfDnUEJz1TruV9BNqUlAaMqJUm3fy3Q4IlIzymFcCIyCjNAB6UHboiAJqHA0XXyMj63TxXEq7REaT93fN0YkUWqYRHYyIbqvFrOJ+V/WNjq+CEdMZEaDoLOHYsOxTvGkBdxlEqjmQwuESmZ3xbRPJKHadlWwJfiLX16GRqXsn5Yrt2el6tXTrI48OkRH6AT56BxV0Q2qoTqiyKBn9IrenEfnxXl3PmajOWde4QH6I+fzB+Zskvw=</latexit>

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

~x 2 Rd�1
<latexit sha1_base64="/BA7hOgRlY1mV0Aijanqgxc/lPY=">AAACG3icdZC7TsMwFIadcivlFmCEwaJCYqFKChKMFSyMBdGL1ITKcZzWquNEtlNRRZEQ78HOCq/AhlgZeAMeA6ftAK04kqVf/3/s4/N5MaNSWdaXUVhYXFpeKa6W1tY3NrfM7Z2mjBKBSQNHLBJtD0nCKCcNRRUj7VgQFHqMtLzBZZ63hkRIGvFbNYqJG6IepwHFSGmra+47Q4LT+ww6lEMnRKrveelNdpf6x3bWNctWxRoXnBf2VJTBtOpd89vxI5yEhCvMkJQd24qVmyKhKGYkKzmJJDHCA9QjHS05Col00/EWGTzUjg+DSOjDFRy7v2+kKJRyFHq6M/+nnM1y878sf1HOzFfBuZtSHieKcDwZHyQMqgjmoKBPBcGKjbRAWFC9AcR9JBBWGmdJo7FnQcyLZrVin1Sq16fl2sXDBFIR7IEDcARscAZq4ArUQQNg8AiewQt4NZ6MN+Pd+Ji0Fowp2F3wp4zPHxXSolY=</latexit>

�(y, ~x) ⇠
y!0

(�̂(~x) + . . . ) + y(d@y�(~x) + . . . )
<latexit sha1_base64="VScVP81mlz6xn0wuSvKzi9n+blM="></latexit>

Stationary action (w/out interactions on the boundary):

�̂(~x) = 0
<latexit sha1_base64="bc5FuKKgty4Y2tLUbR1CH3u1EwY=">AAACFnicdZC7SgNBFIZnvcZ4W7WwsBkMQmzCbhS0EYI2lhHMBbJLmJ2cTYbMXpiZDYZlwcewt9VXsBNbW9/Ax3A2SaEJ/jDw858z53A+L+ZMKsv6MpaWV1bX1gsbxc2t7Z1dc2+/KaNEUGjQiEei7REJnIXQUExxaMcCSOBxaHnDm7zeGoGQLArv1TgGNyD9kPmMEqWjrnnoDIhKnXjAsrIzApo+ZKf4Cltds2RVrInworFnpoRmqnfNb6cX0SSAUFFOpOzYVqzclAjFKIes6CQSYkKHpA8dbUMSgHTTyQEZPtFJD/uR0C9UeJL+/pGSQMpx4OnOgKiBnK/l4X+1fKKc26/8SzdlYZwoCOl0vZ9wrCKcM8I9JoAqPtaGUMH0BZgOiCBUaZJFjcaeB7FomtWKfVap3p2XatePU0gFdISOURnZ6ALV0C2qowaiKEPP6AW9Gk/Gm/FufExbl4wZ2AP0R8bnD0Bln7E=</latexit>

Neumann
or

d@y�(~x) = 0
<latexit sha1_base64="CF7qwMXCrjrGThdfgZseZKB7HYc=">AAACJHicdVC7SgNBFJ31GeNr1dJmMARiE3ajoI0QtLGMYB6QXcLs5CYZMvtgZja6LAF7/8PeVn/BTixsrP0MZ5MUmuCBgcM5d+7hHi/iTCrL+jSWlldW19ZzG/nNre2dXXNvvyHDWFCo05CHouURCZwFUFdMcWhFAojvcWh6w6vMb45ASBYGtyqJwPVJP2A9RonSUscsOnesCwOiUiciQjHCO4kTDdi45IyApvfjY3yBrY5ZsMrWBHiR2DNSQDPUOua30w1p7EOgKCdStm0rUm6aJVAO47wTS4gIHZI+tDUNiA/STSfnjHFRK13cC4V+gcIT9fePlPhSJr6nJ32iBnLey8T/vGyjnMtXvXM3ZUEUKwjoNL4Xc6xCnDWGu0wAVTzRhFDB9AWYDoggVOle87oae76IRdKolO2TcuXmtFC9fJiWlEOH6AiVkI3OUBVdoxqqI4oe0TN6Qa/Gk/FmvBsf09ElY1bsAfoD4+sHO6+mBw==</latexit>

Dirichlet

In the bulk: free scalar CFT
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Similar for free Dirac CFT

c ±(~x) =
1± �y

2
 (y, ~x)

����
y=0

<latexit sha1_base64="vc1Y2FpaAFjh+Z+kFY5RPYK/yCY="></latexit>

or free higher-form CFT, e.g. in 4d

c +(~x) = 0
<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.

All bulk and boundary correlators are computed by 
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>

Turn on:                                         ,   ĝ

Z
dd�1~x �̂(~x)O(~x)

<latexit sha1_base64="oSJZL/lj5LQNpfScseef9rrIHlk="></latexit>

Stationary action:                      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>

d@y� = ĝO
<latexit sha1_base64="RE2/QdQtCiA3bw4Tg2gpL3pIC38=">AAACGHicbVDLSsNAFJ34rPUVdelmsAiualIF3QhFN+6sYB/QhHIznbZDJw9mJkoI+Qw3/oobF4q47c6/cdJmoa0HLhzOuZd77/EizqSyrG9jaXlldW29tFHe3Nre2TX39lsyjAWhTRLyUHQ8kJSzgDYVU5x2IkHB9zhte+Ob3G8/UiFZGDyoJKKuD8OADRgBpaWeeeo8sT4dgUqdCIRiwHsJdqIRy/AVdnJ9mGHHBzUiwNO7rGdWrKo1BV4kdkEqqECjZ06cfkhinwaKcJCya1uRctN8F+E0KzuxpBGQMQxpV9MAfCrddPpYho+10seDUOgKFJ6qvydS8KVMfE935ifKeS8X//O6sRpcuikLoljRgMwWDWKOVYjzlHCfCUoUTzQBIpi+FZMRCCBKZ1nWIdjzLy+SVq1qn1Vr9+eV+nURRwkdoiN0gmx0geroFjVQExH0jF7RO/owXow349P4mrUuGcXMAfoDY/IDhWmgrw==</latexit>

Generically starts an RG, at the endpoint we expect 
conformal b.c. with both           and               .

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>



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

•Correlation functions are not gaussian

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>



Interesting example: interacting conformal b.c. for

4d Maxwell CFT (1902.09567)

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:              , i.e.             free Ĵa = 0
<latexit sha1_base64="xvo+68MH4MXxF7exM/XhgwLkDws=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EUIehFPEcwDkiX0TibJkNnZdWY2EJZ8hxcPinj1Y7z5N06SPWhiQUNR1U13VxALro3rfjsrq2vrG5u5rfz2zu7efuHgsK6jRFFWo5GIVDNAzQSXrGa4EawZK4ZhIFgjGN5O/caIKc0j+WjGMfND7Eve4xSNlfz2AE16P+kguSZup1B0S+4MZJl4GSlChmqn8NXuRjQJmTRUoNYtz42Nn6IynAo2ybcTzWKkQ+yzlqUSQ6b9dHb0hJxapUt6kbIlDZmpvydSDLUeh4HtDNEM9KI3Ff/zWonpXfkpl3FimKTzRb1EEBORaQKkyxWjRowtQaq4vZXQASqkxuaUtyF4iy8vk3q55J2Xyg8XxcpNFkcOjuEEzsCDS6jAHVShBhSe4Ble4c0ZOS/Ou/Mxb11xspkj+APn8weIPpFI</latexit>

Aa|y=0
<latexit sha1_base64="Onf98HQxZvlWMhxTJws5nYxNJT4=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EWIevEYwTwgWZfZySQZMvtgpldZlvyHFw+KePVfvPk3TpI9aGJBQ1HVTXeXH0uh0ba/raXlldW19cJGcXNre2e3tLff1FGiGG+wSEaq7VPNpQh5AwVK3o4Vp4Evecsf3Uz81iNXWkThPaYxdwM6CEVfMIpGerjyaNfY6GXppT32SmW7Yk9BFomTkzLkqHulr24vYknAQ2SSat1x7BjdjCoUTPJxsZtoHlM2ogPeMTSkAdduNr16TI6N0iP9SJkKkUzV3xMZDbROA990BhSHet6biP95nQT7F24mwjhBHrLZon4iCUZkEgHpCcUZytQQypQwtxI2pIoyNEEVTQjO/MuLpFmtOKeV6t1ZuXadx1GAQziCE3DgHGpwC3VoAAMFz/AKb9aT9WK9Wx+z1iUrnzmAP7A+fwBS3ZJl</latexit>

+ 3d CFT with           global symmetry, and turn onU(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>

Stationary action:                      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>



⌧
<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>   is the coefficient of a local bulk operator

boundary interactions cannot 
renormalize it (locality) 

In this setup with interactions localized on the 
boundary it is exactly marginal. 
Two-loop check in [Teber], more general argument 
based on Ward Identities in [Herzog-Huang].

Assuming we can set to zero the beta-function of 
boundary marginal couplings:

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>

Continuous 
family of BCFTs



Cusps on the real axis: ⌧ = �q

p
, q, p 2 Z

<latexit sha1_base64="Ds655q+HaW6S84ZFfKPTOEfEVLk=">AAACEXicbZDLSsNAFIYn9VbrLerSzWARuqglEUE3QtGNywr2gk0ok+mkHTqZpDMToYQUn8CNr+LGhSJu3bnzbZy0XWjrDwMf/znDOef3IkalsqxvI7e0vLK6ll8vbGxube+Yu3sNGcYCkzoOWShaHpKEUU7qiipGWpEgKPAYaXqDq6zevCdC0pDfqlFE3AD1OPUpRkpbHbPkKBTDC3gMHV8gnAzTJErH5fF4WI4cyp0Aqb7nJXdpxyxaFWsiuAj2DIpgplrH/HK6IY4DwhVmSMq2bUXKTZBQFDOSFpxYkgjhAeqRtkaOAiLdZHJRCo+004V+KPTjCk7c3z8SFEg5CjzdmW0o52uZ+V+tHSv/3E0oj2JFOJ4O8mMGVQizeGCXCoIVG2lAWFC9K8R9pJNROsSCDsGeP3kRGicVW/PNabF6+TCNIw8OwCEoARucgSq4BjVQBxg8gmfwCt6MJ+PFeDc+pq05YxbhPvgj4/MHpZyd9g==</latexit><latexit sha1_base64="Ds655q+HaW6S84ZFfKPTOEfEVLk=">AAACEXicbZDLSsNAFIYn9VbrLerSzWARuqglEUE3QtGNywr2gk0ok+mkHTqZpDMToYQUn8CNr+LGhSJu3bnzbZy0XWjrDwMf/znDOef3IkalsqxvI7e0vLK6ll8vbGxube+Yu3sNGcYCkzoOWShaHpKEUU7qiipGWpEgKPAYaXqDq6zevCdC0pDfqlFE3AD1OPUpRkpbHbPkKBTDC3gMHV8gnAzTJErH5fF4WI4cyp0Aqb7nJXdpxyxaFWsiuAj2DIpgplrH/HK6IY4DwhVmSMq2bUXKTZBQFDOSFpxYkgjhAeqRtkaOAiLdZHJRCo+004V+KPTjCk7c3z8SFEg5CjzdmW0o52uZ+V+tHSv/3E0oj2JFOJ4O8mMGVQizeGCXCoIVG2lAWFC9K8R9pJNROsSCDsGeP3kRGicVW/PNabF6+TCNIw8OwCEoARucgSq4BjVQBxg8gmfwCt6MJ+PFeDc+pq05YxbhPvgj4/MHpZyd9g==</latexit><latexit sha1_base64="Ds655q+HaW6S84ZFfKPTOEfEVLk=">AAACEXicbZDLSsNAFIYn9VbrLerSzWARuqglEUE3QtGNywr2gk0ok+mkHTqZpDMToYQUn8CNr+LGhSJu3bnzbZy0XWjrDwMf/znDOef3IkalsqxvI7e0vLK6ll8vbGxube+Yu3sNGcYCkzoOWShaHpKEUU7qiipGWpEgKPAYaXqDq6zevCdC0pDfqlFE3AD1OPUpRkpbHbPkKBTDC3gMHV8gnAzTJErH5fF4WI4cyp0Aqb7nJXdpxyxaFWsiuAj2DIpgplrH/HK6IY4DwhVmSMq2bUXKTZBQFDOSFpxYkgjhAeqRtkaOAiLdZHJRCo+004V+KPTjCk7c3z8SFEg5CjzdmW0o52uZ+V+tHSv/3E0oj2JFOJ4O8mMGVQizeGCXCoIVG2lAWFC9K8R9pJNROsSCDsGeP3kRGicVW/PNabF6+TCNIw8OwCEoARucgSq4BjVQBxg8gmfwCt6MJ+PFeDc+pq05YxbhPvgj4/MHpZyd9g==</latexit><latexit sha1_base64="Ds655q+HaW6S84ZFfKPTOEfEVLk=">AAACEXicbZDLSsNAFIYn9VbrLerSzWARuqglEUE3QtGNywr2gk0ok+mkHTqZpDMToYQUn8CNr+LGhSJu3bnzbZy0XWjrDwMf/znDOef3IkalsqxvI7e0vLK6ll8vbGxube+Yu3sNGcYCkzoOWShaHpKEUU7qiipGWpEgKPAYaXqDq6zevCdC0pDfqlFE3AD1OPUpRkpbHbPkKBTDC3gMHV8gnAzTJErH5fF4WI4cyp0Aqb7nJXdpxyxaFWsiuAj2DIpgplrH/HK6IY4DwhVmSMq2bUXKTZBQFDOSFpxYkgjhAeqRtkaOAiLdZHJRCo+004V+KPTjCk7c3z8SFEg5CjzdmW0o52uZ+V+tHSv/3E0oj2JFOJ4O8mMGVQizeGCXCoIVG2lAWFC9K8R9pJNROsSCDsGeP3kRGicVW/PNabF6+TCNIw8OwCEoARucgSq4BjVQBxg8gmfwCt6MJ+PFeDc+pq05YxbhPvgj4/MHpZyd9g==</latexit>

Also decoupling, but with (generically) different 3d 
theory                           

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>

       is obtained from          through the                

action on 3d CFT with         symmetry.        [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>

U(1)
<latexit sha1_base64="Bz2s26+FeBeFWC+fjVIiZKe36VQ=">AAAB63icbZDNSgMxFIXv1L9a/6ou3QSLUDdlRgRdFt24rOC0hXYomTTThiaZIckIZSj4BG5cKOLWF3Ln25iZdqGtBwIf595w7z1hwpk2rvvtlNbWNza3ytuVnd29/YPq4VFbx6ki1Ccxj1U3xJpyJqlvmOG0myiKRchpJ5zc5vXOI1WaxfLBTBMaCDySLGIEm9zy6975oFpzG24htAreAmqwUGtQ/eoPY5IKKg3hWOue5yYmyLAyjHA6q/RTTRNMJnhEexYlFlQHWbHrDJ1ZZ4iiWNknDSrc3z8yLLSeitB2CmzGermWm//VeqmJroOMySQ1VJL5oCjlyMQoPxwNmaLE8KkFTBSzuyIyxgoTY+Op2BC85ZNXoX3R8CzfX9aaN0/zOMpwAqdQBw+uoAl30AIfCIzhGV7hzRHOi/PufMxbS84iwmP4I+fzBwyHjfk=</latexit><latexit sha1_base64="Bz2s26+FeBeFWC+fjVIiZKe36VQ=">AAAB63icbZDNSgMxFIXv1L9a/6ou3QSLUDdlRgRdFt24rOC0hXYomTTThiaZIckIZSj4BG5cKOLWF3Ln25iZdqGtBwIf595w7z1hwpk2rvvtlNbWNza3ytuVnd29/YPq4VFbx6ki1Ccxj1U3xJpyJqlvmOG0myiKRchpJ5zc5vXOI1WaxfLBTBMaCDySLGIEm9zy6975oFpzG24htAreAmqwUGtQ/eoPY5IKKg3hWOue5yYmyLAyjHA6q/RTTRNMJnhEexYlFlQHWbHrDJ1ZZ4iiWNknDSrc3z8yLLSeitB2CmzGermWm//VeqmJroOMySQ1VJL5oCjlyMQoPxwNmaLE8KkFTBSzuyIyxgoTY+Op2BC85ZNXoX3R8CzfX9aaN0/zOMpwAqdQBw+uoAl30AIfCIzhGV7hzRHOi/PufMxbS84iwmP4I+fzBwyHjfk=</latexit><latexit sha1_base64="Bz2s26+FeBeFWC+fjVIiZKe36VQ=">AAAB63icbZDNSgMxFIXv1L9a/6ou3QSLUDdlRgRdFt24rOC0hXYomTTThiaZIckIZSj4BG5cKOLWF3Ln25iZdqGtBwIf595w7z1hwpk2rvvtlNbWNza3ytuVnd29/YPq4VFbx6ki1Ccxj1U3xJpyJqlvmOG0myiKRchpJ5zc5vXOI1WaxfLBTBMaCDySLGIEm9zy6975oFpzG24htAreAmqwUGtQ/eoPY5IKKg3hWOue5yYmyLAyjHA6q/RTTRNMJnhEexYlFlQHWbHrDJ1ZZ4iiWNknDSrc3z8yLLSeitB2CmzGermWm//VeqmJroOMySQ1VJL5oCjlyMQoPxwNmaLE8KkFTBSzuyIyxgoTY+Op2BC85ZNXoX3R8CzfX9aaN0/zOMpwAqdQBw+uoAl30AIfCIzhGV7hzRHOi/PufMxbS84iwmP4I+fzBwyHjfk=</latexit><latexit sha1_base64="Bz2s26+FeBeFWC+fjVIiZKe36VQ=">AAAB63icbZDNSgMxFIXv1L9a/6ou3QSLUDdlRgRdFt24rOC0hXYomTTThiaZIckIZSj4BG5cKOLWF3Ln25iZdqGtBwIf595w7z1hwpk2rvvtlNbWNza3ytuVnd29/YPq4VFbx6ki1Ccxj1U3xJpyJqlvmOG0myiKRchpJ5zc5vXOI1WaxfLBTBMaCDySLGIEm9zy6975oFpzG24htAreAmqwUGtQ/eoPY5IKKg3hWOue5yYmyLAyjHA6q/RTTRNMJnhEexYlFlQHWbHrDJ1ZZ4iiWNknDSrc3z8yLLSeitB2CmzGermWm//VeqmJroOMySQ1VJL5oCjlyMQoPxwNmaLE8KkFTBSzuyIyxgoTY+Op2BC85ZNXoX3R8CzfX9aaN0/zOMpwAqdQBw+uoAl30AIfCIzhGV7hzRHOi/PufMxbS84iwmP4I+fzBwyHjfk=</latexit>

⌧ ! 1
<latexit sha1_base64="jKWzrJL9jxkUUl+0ZMdM5NXXo/U=">AAAB+HicbZDLSgMxFIYz9VbrpaMu3QSL4KrMiKDLohuXFewFOkPJpJk2NJMZkhNhHAq+hxsXirj1Udz5NqaXhbb+EPj4zwnnnD/KBNfged9OaW19Y3OrvF3Z2d3br7oHh22dGkVZi6YiVd2IaCa4ZC3gIFg3U4wkkWCdaHwzrXcemNI8lfeQZyxMyFDymFMC1uq71QCIwQGkOOAyhrzv1ry6NxNeBX8BNbRQs+9+BYOUmoRJoIJo3fO9DMKCKOBUsEklMJplhI7JkPUsSpIwHRazxSf41DoDHKfKPgl45v7+UZBE6zyJbGdCYKSXa1Pzv1rPQHwVFlxmBpik80GxEdjeOU0BD7hiFERugVDF7a6YjogiFGxWFRuCv3zyKrTP677lu4ta4/ppHkcZHaMTdIZ8dIka6BY1UQtRZNAzekVvzqPz4rw7H/PWkrOI8Aj9kfP5A5Ftk2w=</latexit><latexit sha1_base64="jKWzrJL9jxkUUl+0ZMdM5NXXo/U=">AAAB+HicbZDLSgMxFIYz9VbrpaMu3QSL4KrMiKDLohuXFewFOkPJpJk2NJMZkhNhHAq+hxsXirj1Udz5NqaXhbb+EPj4zwnnnD/KBNfged9OaW19Y3OrvF3Z2d3br7oHh22dGkVZi6YiVd2IaCa4ZC3gIFg3U4wkkWCdaHwzrXcemNI8lfeQZyxMyFDymFMC1uq71QCIwQGkOOAyhrzv1ry6NxNeBX8BNbRQs+9+BYOUmoRJoIJo3fO9DMKCKOBUsEklMJplhI7JkPUsSpIwHRazxSf41DoDHKfKPgl45v7+UZBE6zyJbGdCYKSXa1Pzv1rPQHwVFlxmBpik80GxEdjeOU0BD7hiFERugVDF7a6YjogiFGxWFRuCv3zyKrTP677lu4ta4/ppHkcZHaMTdIZ8dIka6BY1UQtRZNAzekVvzqPz4rw7H/PWkrOI8Aj9kfP5A5Ftk2w=</latexit><latexit sha1_base64="jKWzrJL9jxkUUl+0ZMdM5NXXo/U=">AAAB+HicbZDLSgMxFIYz9VbrpaMu3QSL4KrMiKDLohuXFewFOkPJpJk2NJMZkhNhHAq+hxsXirj1Udz5NqaXhbb+EPj4zwnnnD/KBNfged9OaW19Y3OrvF3Z2d3br7oHh22dGkVZi6YiVd2IaCa4ZC3gIFg3U4wkkWCdaHwzrXcemNI8lfeQZyxMyFDymFMC1uq71QCIwQGkOOAyhrzv1ry6NxNeBX8BNbRQs+9+BYOUmoRJoIJo3fO9DMKCKOBUsEklMJplhI7JkPUsSpIwHRazxSf41DoDHKfKPgl45v7+UZBE6zyJbGdCYKSXa1Pzv1rPQHwVFlxmBpik80GxEdjeOU0BD7hiFERugVDF7a6YjogiFGxWFRuCv3zyKrTP677lu4ta4/ppHkcZHaMTdIZ8dIka6BY1UQtRZNAzekVvzqPz4rw7H/PWkrOI8Aj9kfP5A5Ftk2w=</latexit><latexit sha1_base64="jKWzrJL9jxkUUl+0ZMdM5NXXo/U=">AAAB+HicbZDLSgMxFIYz9VbrpaMu3QSL4KrMiKDLohuXFewFOkPJpJk2NJMZkhNhHAq+hxsXirj1Udz5NqaXhbb+EPj4zwnnnD/KBNfged9OaW19Y3OrvF3Z2d3br7oHh22dGkVZi6YiVd2IaCa4ZC3gIFg3U4wkkWCdaHwzrXcemNI8lfeQZyxMyFDymFMC1uq71QCIwQGkOOAyhrzv1ry6NxNeBX8BNbRQs+9+BYOUmoRJoIJo3fO9DMKCKOBUsEklMJplhI7JkPUsSpIwHRazxSf41DoDHKfKPgl45v7+UZBE6zyJbGdCYKSXa1Pzv1rPQHwVFlxmBpik80GxEdjeOU0BD7hiFERugVDF7a6YjogiFGxWFRuCv3zyKrTP677lu4ta4/ppHkcZHaMTdIZ8dIka6BY1UQtRZNAzekVvzqPz4rw7H/PWkrOI8Aj9kfP5A5Ftk2w=</latexit>

              : decoupling,                       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>

[Gaiotto-Witten]



-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>

“Gauging of         with fractional CS” 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>



In the favorable situation with no phase transitions the 
BCFT data of              smoothly interpolate between 
the 3d CFT data of the infinite family of theories        . 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>

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>

We can pick        to be a free theory, and compute 
data in perturbation theory in                   . Reaching 
the gauge-theory cusps on the real axis requires 
extrapolation. 

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>

⌧�1 , ⌧̄�1
<latexit sha1_base64="VPsHsu7W7KoV+ZTj72K3b6WKbXM=">AAACBXicbZBLS8NAFIUn9VXrK+pSF8EiuNCSiKDLohuXFewDmlhuptN26GQSZiZCCSnixr/ixoUibv0P7vw3TtIutPXAwMc5d5i5x48Ylcq2v43CwuLS8kpxtbS2vrG5ZW7vNGQYC0zqOGShaPkgCaOc1BVVjLQiQSDwGWn6w6ssb94TIWnIb9UoIl4AfU57FIPSVsfcdxXEd8mJk46Px2PXB5FkTppbHbNsV+xc1jw4UyijqWod88vthjgOCFeYgZRtx46Ul4BQFDOSltxYkgjwEPqkrZFDQKSX5Fuk1qF2ulYvFPpwZeXu7xsJBFKOAl9PBqAGcjbLzP+ydqx6F15CeRQrwvHkoV7MLBVaWSVWlwqCFRtpACyo/quFByAAK11cSZfgzK48D43TiqP55qxcvXyY1FFEe+gAHSEHnaMqukY1VEcYPaJn9IrejCfjxXg3PiajBWNa4S76I+PzB8rjmSY=</latexit><latexit sha1_base64="VPsHsu7W7KoV+ZTj72K3b6WKbXM=">AAACBXicbZBLS8NAFIUn9VXrK+pSF8EiuNCSiKDLohuXFewDmlhuptN26GQSZiZCCSnixr/ixoUibv0P7vw3TtIutPXAwMc5d5i5x48Ylcq2v43CwuLS8kpxtbS2vrG5ZW7vNGQYC0zqOGShaPkgCaOc1BVVjLQiQSDwGWn6w6ssb94TIWnIb9UoIl4AfU57FIPSVsfcdxXEd8mJk46Px2PXB5FkTppbHbNsV+xc1jw4UyijqWod88vthjgOCFeYgZRtx46Ul4BQFDOSltxYkgjwEPqkrZFDQKSX5Fuk1qF2ulYvFPpwZeXu7xsJBFKOAl9PBqAGcjbLzP+ydqx6F15CeRQrwvHkoV7MLBVaWSVWlwqCFRtpACyo/quFByAAK11cSZfgzK48D43TiqP55qxcvXyY1FFEe+gAHSEHnaMqukY1VEcYPaJn9IrejCfjxXg3PiajBWNa4S76I+PzB8rjmSY=</latexit><latexit sha1_base64="VPsHsu7W7KoV+ZTj72K3b6WKbXM=">AAACBXicbZBLS8NAFIUn9VXrK+pSF8EiuNCSiKDLohuXFewDmlhuptN26GQSZiZCCSnixr/ixoUibv0P7vw3TtIutPXAwMc5d5i5x48Ylcq2v43CwuLS8kpxtbS2vrG5ZW7vNGQYC0zqOGShaPkgCaOc1BVVjLQiQSDwGWn6w6ssb94TIWnIb9UoIl4AfU57FIPSVsfcdxXEd8mJk46Px2PXB5FkTppbHbNsV+xc1jw4UyijqWod88vthjgOCFeYgZRtx46Ul4BQFDOSltxYkgjwEPqkrZFDQKSX5Fuk1qF2ulYvFPpwZeXu7xsJBFKOAl9PBqAGcjbLzP+ydqx6F15CeRQrwvHkoV7MLBVaWSVWlwqCFRtpACyo/quFByAAK11cSZfgzK48D43TiqP55qxcvXyY1FFEe+gAHSEHnaMqukY1VEcYPaJn9IrejCfjxXg3PiajBWNa4S76I+PzB8rjmSY=</latexit><latexit sha1_base64="VPsHsu7W7KoV+ZTj72K3b6WKbXM=">AAACBXicbZBLS8NAFIUn9VXrK+pSF8EiuNCSiKDLohuXFewDmlhuptN26GQSZiZCCSnixr/ixoUibv0P7vw3TtIutPXAwMc5d5i5x48Ylcq2v43CwuLS8kpxtbS2vrG5ZW7vNGQYC0zqOGShaPkgCaOc1BVVjLQiQSDwGWn6w6ssb94TIWnIb9UoIl4AfU57FIPSVsfcdxXEd8mJk46Px2PXB5FkTppbHbNsV+xc1jw4UyijqWod88vthjgOCFeYgZRtx46Ul4BQFDOSltxYkgjwEPqkrZFDQKSX5Fuk1qF2ulYvFPpwZeXu7xsJBFKOAl9PBqAGcjbLzP+ydqx6F15CeRQrwvHkoV7MLBVaWSVWlwqCFRtpACyo/quFByAAK11cSZfgzK48D43TiqP55qxcvXyY1FFEe+gAHSEHnaMqukY1VEcYPaJn9IrejCfjxXg3PiajBWNa4S76I+PzB8rjmSY=</latexit>

Best case: some gauge theory        might be known (or 
conjectured) to be equivalent to       . Then we can 
perform a duality-improved extrapolation, matching 
also with the cusp on the real axis.

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>
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Dirac fermion
<latexit sha1_base64="GYBa/rIiPpSlczLt9K61ycQtkaw=">AAAB/XicbZDJSgNBEIZ74hbjNi43L41B8BRmRDDHgB48RjALJEPo6dQkTXoWumvEOARfxYsHRbz6Ht58GzvJHDTxh4aPv6qo6t9PpNDoON9WYWV1bX2juFna2t7Z3bP3D5o6ThWHBo9lrNo+0yBFBA0UKKGdKGChL6Hlj66m9dY9KC3i6A7HCXghG0QiEJyhsXr2URfhAbNroRinAajQuJOeXXYqzkx0GdwcyiRXvWd/dfsxT0OIkEumdcd1EvQyplBwCZNSN9WQMD5iA+gYjFgI2stm10/oqXH6NIiVeRHSmft7ImOh1uPQN50hw6FerE3N/2qdFIOql4koSREiPl8UpJJiTKdR0L5QwFGODTCuhLmV8iEzQaAJrGRCcBe/vAzN84pr+PaiXKvmcRTJMTkhZ8Qll6RGbkidNAgnj+SZvJI368l6sd6tj3lrwcpnDskfWZ8/4tuVdQ==</latexit><latexit sha1_base64="GYBa/rIiPpSlczLt9K61ycQtkaw=">AAAB/XicbZDJSgNBEIZ74hbjNi43L41B8BRmRDDHgB48RjALJEPo6dQkTXoWumvEOARfxYsHRbz6Ht58GzvJHDTxh4aPv6qo6t9PpNDoON9WYWV1bX2juFna2t7Z3bP3D5o6ThWHBo9lrNo+0yBFBA0UKKGdKGChL6Hlj66m9dY9KC3i6A7HCXghG0QiEJyhsXr2URfhAbNroRinAajQuJOeXXYqzkx0GdwcyiRXvWd/dfsxT0OIkEumdcd1EvQyplBwCZNSN9WQMD5iA+gYjFgI2stm10/oqXH6NIiVeRHSmft7ImOh1uPQN50hw6FerE3N/2qdFIOql4koSREiPl8UpJJiTKdR0L5QwFGODTCuhLmV8iEzQaAJrGRCcBe/vAzN84pr+PaiXKvmcRTJMTkhZ8Qll6RGbkidNAgnj+SZvJI368l6sd6tj3lrwcpnDskfWZ8/4tuVdQ==</latexit><latexit sha1_base64="GYBa/rIiPpSlczLt9K61ycQtkaw=">AAAB/XicbZDJSgNBEIZ74hbjNi43L41B8BRmRDDHgB48RjALJEPo6dQkTXoWumvEOARfxYsHRbz6Ht58GzvJHDTxh4aPv6qo6t9PpNDoON9WYWV1bX2juFna2t7Z3bP3D5o6ThWHBo9lrNo+0yBFBA0UKKGdKGChL6Hlj66m9dY9KC3i6A7HCXghG0QiEJyhsXr2URfhAbNroRinAajQuJOeXXYqzkx0GdwcyiRXvWd/dfsxT0OIkEumdcd1EvQyplBwCZNSN9WQMD5iA+gYjFgI2stm10/oqXH6NIiVeRHSmft7ImOh1uPQN50hw6FerE3N/2qdFIOql4koSREiPl8UpJJiTKdR0L5QwFGODTCuhLmV8iEzQaAJrGRCcBe/vAzN84pr+PaiXKvmcRTJMTkhZ8Qll6RGbkidNAgnj+SZvJI368l6sd6tj3lrwcpnDskfWZ8/4tuVdQ==</latexit><latexit sha1_base64="GYBa/rIiPpSlczLt9K61ycQtkaw=">AAAB/XicbZDJSgNBEIZ74hbjNi43L41B8BRmRDDHgB48RjALJEPo6dQkTXoWumvEOARfxYsHRbz6Ht58GzvJHDTxh4aPv6qo6t9PpNDoON9WYWV1bX2juFna2t7Z3bP3D5o6ThWHBo9lrNo+0yBFBA0UKKGdKGChL6Hlj66m9dY9KC3i6A7HCXghG0QiEJyhsXr2URfhAbNroRinAajQuJOeXXYqzkx0GdwcyiRXvWd/dfsxT0OIkEumdcd1EvQyplBwCZNSN9WQMD5iA+gYjFgI2stm10/oqXH6NIiVeRHSmft7ImOh1uPQN50hw6FerE3N/2qdFIOql4koSREiPl8UpJJiTKdR0L5QwFGODTCuhLmV8iEzQaAJrGRCcBe/vAzN84pr+PaiXKvmcRTJMTkhZ8Qll6RGbkidNAgnj+SZvJI368l6sd6tj3lrwcpnDskfWZ8/4tuVdQ==</latexit>

Dirac fermion
<latexit sha1_base64="GYBa/rIiPpSlczLt9K61ycQtkaw=">AAAB/XicbZDJSgNBEIZ74hbjNi43L41B8BRmRDDHgB48RjALJEPo6dQkTXoWumvEOARfxYsHRbz6Ht58GzvJHDTxh4aPv6qo6t9PpNDoON9WYWV1bX2juFna2t7Z3bP3D5o6ThWHBo9lrNo+0yBFBA0UKKGdKGChL6Hlj66m9dY9KC3i6A7HCXghG0QiEJyhsXr2URfhAbNroRinAajQuJOeXXYqzkx0GdwcyiRXvWd/dfsxT0OIkEumdcd1EvQyplBwCZNSN9WQMD5iA+gYjFgI2stm10/oqXH6NIiVeRHSmft7ImOh1uPQN50hw6FerE3N/2qdFIOql4koSREiPl8UpJJiTKdR0L5QwFGODTCuhLmV8iEzQaAJrGRCcBe/vAzN84pr+PaiXKvmcRTJMTkhZ8Qll6RGbkidNAgnj+SZvJI368l6sd6tj3lrwcpnDskfWZ8/4tuVdQ==</latexit><latexit sha1_base64="GYBa/rIiPpSlczLt9K61ycQtkaw=">AAAB/XicbZDJSgNBEIZ74hbjNi43L41B8BRmRDDHgB48RjALJEPo6dQkTXoWumvEOARfxYsHRbz6Ht58GzvJHDTxh4aPv6qo6t9PpNDoON9WYWV1bX2juFna2t7Z3bP3D5o6ThWHBo9lrNo+0yBFBA0UKKGdKGChL6Hlj66m9dY9KC3i6A7HCXghG0QiEJyhsXr2URfhAbNroRinAajQuJOeXXYqzkx0GdwcyiRXvWd/dfsxT0OIkEumdcd1EvQyplBwCZNSN9WQMD5iA+gYjFgI2stm10/oqXH6NIiVeRHSmft7ImOh1uPQN50hw6FerE3N/2qdFIOql4koSREiPl8UpJJiTKdR0L5QwFGODTCuhLmV8iEzQaAJrGRCcBe/vAzN84pr+PaiXKvmcRTJMTkhZ8Qll6RGbkidNAgnj+SZvJI368l6sd6tj3lrwcpnDskfWZ8/4tuVdQ==</latexit><latexit sha1_base64="GYBa/rIiPpSlczLt9K61ycQtkaw=">AAAB/XicbZDJSgNBEIZ74hbjNi43L41B8BRmRDDHgB48RjALJEPo6dQkTXoWumvEOARfxYsHRbz6Ht58GzvJHDTxh4aPv6qo6t9PpNDoON9WYWV1bX2juFna2t7Z3bP3D5o6ThWHBo9lrNo+0yBFBA0UKKGdKGChL6Hlj66m9dY9KC3i6A7HCXghG0QiEJyhsXr2URfhAbNroRinAajQuJOeXXYqzkx0GdwcyiRXvWd/dfsxT0OIkEumdcd1EvQyplBwCZNSN9WQMD5iA+gYjFgI2stm10/oqXH6NIiVeRHSmft7ImOh1uPQN50hw6FerE3N/2qdFIOql4koSREiPl8UpJJiTKdR0L5QwFGODTCuhLmV8iEzQaAJrGRCcBe/vAzN84pr+PaiXKvmcRTJMTkhZ8Qll6RGbkidNAgnj+SZvJI368l6sd6tj3lrwcpnDskfWZ8/4tuVdQ==</latexit><latexit sha1_base64="GYBa/rIiPpSlczLt9K61ycQtkaw=">AAAB/XicbZDJSgNBEIZ74hbjNi43L41B8BRmRDDHgB48RjALJEPo6dQkTXoWumvEOARfxYsHRbz6Ht58GzvJHDTxh4aPv6qo6t9PpNDoON9WYWV1bX2juFna2t7Z3bP3D5o6ThWHBo9lrNo+0yBFBA0UKKGdKGChL6Hlj66m9dY9KC3i6A7HCXghG0QiEJyhsXr2URfhAbNroRinAajQuJOeXXYqzkx0GdwcyiRXvWd/dfsxT0OIkEumdcd1EvQyplBwCZNSN9WQMD5iA+gYjFgI2stm10/oqXH6NIiVeRHSmft7ImOh1uPQN50hw6FerE3N/2qdFIOql4koSREiPl8UpJJiTKdR0L5QwFGODTCuhLmV8iEzQaAJrGRCcBe/vAzN84pr+PaiXKvmcRTJMTkhZ8Qll6RGbkidNAgnj+SZvJI368l6sd6tj3lrwcpnDskfWZ8/4tuVdQ==</latexit>

O(2) model
<latexit sha1_base64="ZSrnbo8tVtQ7WFaLn5igInEyyVg=">AAAB+nicdVDLSgNBEJyNrxhfiR69DAYhXsLuGpJ4C3jxZgSjgSSE2UknGTL7YKZXDWs+xYsHRbz6Jd78G2c1gooWNBRV3XR3eZEUGm37zcosLC4tr2RXc2vrG5tb+cL2hQ5jxaHFQxmqtsc0SBFACwVKaEcKmO9JuPQmx6l/eQVKizA4x2kEPZ+NAjEUnKGR+vlCF+EGk9OSe0D9cABy1s8X7fJRvepWqtQu23bNcZ2UuLXKYYU6RklRJHM0+/nX7iDksQ8Bcsm07jh2hL2EKRRcwizXjTVEjE/YCDqGBswH3Us+Tp/RfaMM6DBUpgKkH+r3iYT5Wk99z3T6DMf6t5eKf3mdGIf1XiKCKEYI+OeiYSwphjTNgQ6EAo5yagjjSphbKR8zxTiatHImhK9P6f/kwi07hp9Vio36PI4s2SV7pEQcUiMNckKapEU4uSZ35IE8WrfWvfVkPX+2Zqz5zA75AevlHci+k6k=</latexit><latexit sha1_base64="ZSrnbo8tVtQ7WFaLn5igInEyyVg=">AAAB+nicdVDLSgNBEJyNrxhfiR69DAYhXsLuGpJ4C3jxZgSjgSSE2UknGTL7YKZXDWs+xYsHRbz6Jd78G2c1gooWNBRV3XR3eZEUGm37zcosLC4tr2RXc2vrG5tb+cL2hQ5jxaHFQxmqtsc0SBFACwVKaEcKmO9JuPQmx6l/eQVKizA4x2kEPZ+NAjEUnKGR+vlCF+EGk9OSe0D9cABy1s8X7fJRvepWqtQu23bNcZ2UuLXKYYU6RklRJHM0+/nX7iDksQ8Bcsm07jh2hL2EKRRcwizXjTVEjE/YCDqGBswH3Us+Tp/RfaMM6DBUpgKkH+r3iYT5Wk99z3T6DMf6t5eKf3mdGIf1XiKCKEYI+OeiYSwphjTNgQ6EAo5yagjjSphbKR8zxTiatHImhK9P6f/kwi07hp9Vio36PI4s2SV7pEQcUiMNckKapEU4uSZ35IE8WrfWvfVkPX+2Zqz5zA75AevlHci+k6k=</latexit><latexit sha1_base64="ZSrnbo8tVtQ7WFaLn5igInEyyVg=">AAAB+nicdVDLSgNBEJyNrxhfiR69DAYhXsLuGpJ4C3jxZgSjgSSE2UknGTL7YKZXDWs+xYsHRbz6Jd78G2c1gooWNBRV3XR3eZEUGm37zcosLC4tr2RXc2vrG5tb+cL2hQ5jxaHFQxmqtsc0SBFACwVKaEcKmO9JuPQmx6l/eQVKizA4x2kEPZ+NAjEUnKGR+vlCF+EGk9OSe0D9cABy1s8X7fJRvepWqtQu23bNcZ2UuLXKYYU6RklRJHM0+/nX7iDksQ8Bcsm07jh2hL2EKRRcwizXjTVEjE/YCDqGBswH3Us+Tp/RfaMM6DBUpgKkH+r3iYT5Wk99z3T6DMf6t5eKf3mdGIf1XiKCKEYI+OeiYSwphjTNgQ6EAo5yagjjSphbKR8zxTiatHImhK9P6f/kwi07hp9Vio36PI4s2SV7pEQcUiMNckKapEU4uSZ35IE8WrfWvfVkPX+2Zqz5zA75AevlHci+k6k=</latexit><latexit sha1_base64="ZSrnbo8tVtQ7WFaLn5igInEyyVg=">AAAB+nicdVDLSgNBEJyNrxhfiR69DAYhXsLuGpJ4C3jxZgSjgSSE2UknGTL7YKZXDWs+xYsHRbz6Jd78G2c1gooWNBRV3XR3eZEUGm37zcosLC4tr2RXc2vrG5tb+cL2hQ5jxaHFQxmqtsc0SBFACwVKaEcKmO9JuPQmx6l/eQVKizA4x2kEPZ+NAjEUnKGR+vlCF+EGk9OSe0D9cABy1s8X7fJRvepWqtQu23bNcZ2UuLXKYYU6RklRJHM0+/nX7iDksQ8Bcsm07jh2hL2EKRRcwizXjTVEjE/YCDqGBswH3Us+Tp/RfaMM6DBUpgKkH+r3iYT5Wk99z3T6DMf6t5eKf3mdGIf1XiKCKEYI+OeiYSwphjTNgQ6EAo5yagjjSphbKR8zxTiatHImhK9P6f/kwi07hp9Vio36PI4s2SV7pEQcUiMNckKapEU4uSZ35IE8WrfWvfVkPX+2Zqz5zA75AevlHci+k6k=</latexit>

O(2) model
<latexit sha1_base64="ZSrnbo8tVtQ7WFaLn5igInEyyVg=">AAAB+nicdVDLSgNBEJyNrxhfiR69DAYhXsLuGpJ4C3jxZgSjgSSE2UknGTL7YKZXDWs+xYsHRbz6Jd78G2c1gooWNBRV3XR3eZEUGm37zcosLC4tr2RXc2vrG5tb+cL2hQ5jxaHFQxmqtsc0SBFACwVKaEcKmO9JuPQmx6l/eQVKizA4x2kEPZ+NAjEUnKGR+vlCF+EGk9OSe0D9cABy1s8X7fJRvepWqtQu23bNcZ2UuLXKYYU6RklRJHM0+/nX7iDksQ8Bcsm07jh2hL2EKRRcwizXjTVEjE/YCDqGBswH3Us+Tp/RfaMM6DBUpgKkH+r3iYT5Wk99z3T6DMf6t5eKf3mdGIf1XiKCKEYI+OeiYSwphjTNgQ6EAo5yagjjSphbKR8zxTiatHImhK9P6f/kwi07hp9Vio36PI4s2SV7pEQcUiMNckKapEU4uSZ35IE8WrfWvfVkPX+2Zqz5zA75AevlHci+k6k=</latexit><latexit sha1_base64="ZSrnbo8tVtQ7WFaLn5igInEyyVg=">AAAB+nicdVDLSgNBEJyNrxhfiR69DAYhXsLuGpJ4C3jxZgSjgSSE2UknGTL7YKZXDWs+xYsHRbz6Jd78G2c1gooWNBRV3XR3eZEUGm37zcosLC4tr2RXc2vrG5tb+cL2hQ5jxaHFQxmqtsc0SBFACwVKaEcKmO9JuPQmx6l/eQVKizA4x2kEPZ+NAjEUnKGR+vlCF+EGk9OSe0D9cABy1s8X7fJRvepWqtQu23bNcZ2UuLXKYYU6RklRJHM0+/nX7iDksQ8Bcsm07jh2hL2EKRRcwizXjTVEjE/YCDqGBswH3Us+Tp/RfaMM6DBUpgKkH+r3iYT5Wk99z3T6DMf6t5eKf3mdGIf1XiKCKEYI+OeiYSwphjTNgQ6EAo5yagjjSphbKR8zxTiatHImhK9P6f/kwi07hp9Vio36PI4s2SV7pEQcUiMNckKapEU4uSZ35IE8WrfWvfVkPX+2Zqz5zA75AevlHci+k6k=</latexit><latexit sha1_base64="ZSrnbo8tVtQ7WFaLn5igInEyyVg=">AAAB+nicdVDLSgNBEJyNrxhfiR69DAYhXsLuGpJ4C3jxZgSjgSSE2UknGTL7YKZXDWs+xYsHRbz6Jd78G2c1gooWNBRV3XR3eZEUGm37zcosLC4tr2RXc2vrG5tb+cL2hQ5jxaHFQxmqtsc0SBFACwVKaEcKmO9JuPQmx6l/eQVKizA4x2kEPZ+NAjEUnKGR+vlCF+EGk9OSe0D9cABy1s8X7fJRvepWqtQu23bNcZ2UuLXKYYU6RklRJHM0+/nX7iDksQ8Bcsm07jh2hL2EKRRcwizXjTVEjE/YCDqGBswH3Us+Tp/RfaMM6DBUpgKkH+r3iYT5Wk99z3T6DMf6t5eKf3mdGIf1XiKCKEYI+OeiYSwphjTNgQ6EAo5yagjjSphbKR8zxTiatHImhK9P6f/kwi07hp9Vio36PI4s2SV7pEQcUiMNckKapEU4uSZ35IE8WrfWvfVkPX+2Zqz5zA75AevlHci+k6k=</latexit><latexit sha1_base64="ZSrnbo8tVtQ7WFaLn5igInEyyVg=">AAAB+nicdVDLSgNBEJyNrxhfiR69DAYhXsLuGpJ4C3jxZgSjgSSE2UknGTL7YKZXDWs+xYsHRbz6Jd78G2c1gooWNBRV3XR3eZEUGm37zcosLC4tr2RXc2vrG5tb+cL2hQ5jxaHFQxmqtsc0SBFACwVKaEcKmO9JuPQmx6l/eQVKizA4x2kEPZ+NAjEUnKGR+vlCF+EGk9OSe0D9cABy1s8X7fJRvepWqtQu23bNcZ2UuLXKYYU6RklRJHM0+/nX7iDksQ8Bcsm07jh2hL2EKRRcwizXjTVEjE/YCDqGBswH3Us+Tp/RfaMM6DBUpgKkH+r3iYT5Wk99z3T6DMf6t5eKf3mdGIf1XiKCKEYI+OeiYSwphjTNgQ6EAo5yagjjSphbKR8zxTiatHImhK9P6f/kwi07hp9Vio36PI4s2SV7pEQcUiMNckKapEU4uSZ35IE8WrfWvfVkPX+2Zqz5zA75AevlHci+k6k=</latexit>

⌧ = ⌧NN 0 � 1

2
<latexit sha1_base64="Fxdhj6N/hKxyRhY/4HF0yjFaNKk=">AAACCXicdZDLSgMxFIYz9VbrbdSlm2AR3FgmRex0IRTcuCoV7AU645BJM21o5kKSEcrQrRtfxY0LRdz6Bu58GzNtBRU9EPLx/+eQnN9POJPKsj6MwtLyyupacb20sbm1vWPu7nVknApC2yTmsej5WFLOItpWTHHaSwTFoc9p1x9f5H73lgrJ4uhaTRLqhngYsYARrLTkmdBROIXns8vLms0bJxEspNMTJxCYQFT1zLJVsSwLIQRzQLUzS0O9bleRDVFu6SqDRbU8890ZxCQNaaQIx1L2kZUoN8NCMcLptOSkkiaYjPGQ9jVGOKTSzWabTOGRVgYwiIU+kYIz9ftEhkMpJ6GvO0OsRvK3l4t/ef1UBbabsShJFY3I/KEg5VDFMI8FDpigRPGJBkwE03+FZIR1BEqHV9IhfG0K/4dOtYI0X52WG/YijiI4AIfgGCBQAw1wCVqgDQi4Aw/gCTwb98aj8WK8zlsLxmJmH/wo4+0TKEeZUg==</latexit><latexit sha1_base64="Fxdhj6N/hKxyRhY/4HF0yjFaNKk=">AAACCXicdZDLSgMxFIYz9VbrbdSlm2AR3FgmRex0IRTcuCoV7AU645BJM21o5kKSEcrQrRtfxY0LRdz6Bu58GzNtBRU9EPLx/+eQnN9POJPKsj6MwtLyyupacb20sbm1vWPu7nVknApC2yTmsej5WFLOItpWTHHaSwTFoc9p1x9f5H73lgrJ4uhaTRLqhngYsYARrLTkmdBROIXns8vLms0bJxEspNMTJxCYQFT1zLJVsSwLIQRzQLUzS0O9bleRDVFu6SqDRbU8890ZxCQNaaQIx1L2kZUoN8NCMcLptOSkkiaYjPGQ9jVGOKTSzWabTOGRVgYwiIU+kYIz9ftEhkMpJ6GvO0OsRvK3l4t/ef1UBbabsShJFY3I/KEg5VDFMI8FDpigRPGJBkwE03+FZIR1BEqHV9IhfG0K/4dOtYI0X52WG/YijiI4AIfgGCBQAw1wCVqgDQi4Aw/gCTwb98aj8WK8zlsLxmJmH/wo4+0TKEeZUg==</latexit><latexit sha1_base64="Fxdhj6N/hKxyRhY/4HF0yjFaNKk=">AAACCXicdZDLSgMxFIYz9VbrbdSlm2AR3FgmRex0IRTcuCoV7AU645BJM21o5kKSEcrQrRtfxY0LRdz6Bu58GzNtBRU9EPLx/+eQnN9POJPKsj6MwtLyyupacb20sbm1vWPu7nVknApC2yTmsej5WFLOItpWTHHaSwTFoc9p1x9f5H73lgrJ4uhaTRLqhngYsYARrLTkmdBROIXns8vLms0bJxEspNMTJxCYQFT1zLJVsSwLIQRzQLUzS0O9bleRDVFu6SqDRbU8890ZxCQNaaQIx1L2kZUoN8NCMcLptOSkkiaYjPGQ9jVGOKTSzWabTOGRVgYwiIU+kYIz9ftEhkMpJ6GvO0OsRvK3l4t/ef1UBbabsShJFY3I/KEg5VDFMI8FDpigRPGJBkwE03+FZIR1BEqHV9IhfG0K/4dOtYI0X52WG/YijiI4AIfgGCBQAw1wCVqgDQi4Aw/gCTwb98aj8WK8zlsLxmJmH/wo4+0TKEeZUg==</latexit><latexit sha1_base64="Fxdhj6N/hKxyRhY/4HF0yjFaNKk=">AAACCXicdZDLSgMxFIYz9VbrbdSlm2AR3FgmRex0IRTcuCoV7AU645BJM21o5kKSEcrQrRtfxY0LRdz6Bu58GzNtBRU9EPLx/+eQnN9POJPKsj6MwtLyyupacb20sbm1vWPu7nVknApC2yTmsej5WFLOItpWTHHaSwTFoc9p1x9f5H73lgrJ4uhaTRLqhngYsYARrLTkmdBROIXns8vLms0bJxEspNMTJxCYQFT1zLJVsSwLIQRzQLUzS0O9bleRDVFu6SqDRbU8890ZxCQNaaQIx1L2kZUoN8NCMcLptOSkkiaYjPGQ9jVGOKTSzWabTOGRVgYwiIU+kYIz9ftEhkMpJ6GvO0OsRvK3l4t/ef1UBbabsShJFY3I/KEg5VDFMI8FDpigRPGJBkwE03+FZIR1BEqHV9IhfG0K/4dOtYI0X52WG/YijiI4AIfgGCBQAw1wCVqgDQi4Aw/gCTwb98aj8WK8zlsLxmJmH/wo4+0TKEeZUg==</latexit>

U(1)� 1
2
+   ! �

<latexit sha1_base64="EIv9embqun2J0g1p1O8NliYpBx4=">AAACGXicbZBLSwMxFIUz9VXrq+rSTbAIFbHMFEGXRTcuK9gHdErJpJk2NJMMyR2lDAV/hRv/ihsXirjUlf/G9LHQ1gOBj3NuSO4JYsENuO63k1laXlldy67nNja3tnfyu3t1oxJNWY0qoXQzIIYJLlkNOAjWjDUjUSBYIxhcjfPGHdOGK3kLw5i1I9KTPOSUgLU6ebdW9I476akfakKxVx7hE+zHhmNfKNkTLATNe30gWqt7G/R5J19wS+5EeBG8GRTQTNVO/tPvKppETAIVxJiW58bQTokGTgUb5fzEsJjQAemxlkVJImba6WSzET6yTheHStsjAU/c3zdSEhkzjAI7GRHom/lsbP6XtRIIL9opl3ECTNLpQ2EiMCg8rgl3uWYUxNACoZrbv2LaJ7YjsGXmbAne/MqLUC+XPMs3Z4XK5cO0jiw6QIeoiDx0jiroGlVRDVH0iJ7RK3pznpwX5935mI5mnFmF++iPnK8fePWf0Q==</latexit><latexit sha1_base64="EIv9embqun2J0g1p1O8NliYpBx4=">AAACGXicbZBLSwMxFIUz9VXrq+rSTbAIFbHMFEGXRTcuK9gHdErJpJk2NJMMyR2lDAV/hRv/ihsXirjUlf/G9LHQ1gOBj3NuSO4JYsENuO63k1laXlldy67nNja3tnfyu3t1oxJNWY0qoXQzIIYJLlkNOAjWjDUjUSBYIxhcjfPGHdOGK3kLw5i1I9KTPOSUgLU6ebdW9I476akfakKxVx7hE+zHhmNfKNkTLATNe30gWqt7G/R5J19wS+5EeBG8GRTQTNVO/tPvKppETAIVxJiW58bQTokGTgUb5fzEsJjQAemxlkVJImba6WSzET6yTheHStsjAU/c3zdSEhkzjAI7GRHom/lsbP6XtRIIL9opl3ECTNLpQ2EiMCg8rgl3uWYUxNACoZrbv2LaJ7YjsGXmbAne/MqLUC+XPMs3Z4XK5cO0jiw6QIeoiDx0jiroGlVRDVH0iJ7RK3pznpwX5935mI5mnFmF++iPnK8fePWf0Q==</latexit><latexit sha1_base64="EIv9embqun2J0g1p1O8NliYpBx4=">AAACGXicbZBLSwMxFIUz9VXrq+rSTbAIFbHMFEGXRTcuK9gHdErJpJk2NJMMyR2lDAV/hRv/ihsXirjUlf/G9LHQ1gOBj3NuSO4JYsENuO63k1laXlldy67nNja3tnfyu3t1oxJNWY0qoXQzIIYJLlkNOAjWjDUjUSBYIxhcjfPGHdOGK3kLw5i1I9KTPOSUgLU6ebdW9I476akfakKxVx7hE+zHhmNfKNkTLATNe30gWqt7G/R5J19wS+5EeBG8GRTQTNVO/tPvKppETAIVxJiW58bQTokGTgUb5fzEsJjQAemxlkVJImba6WSzET6yTheHStsjAU/c3zdSEhkzjAI7GRHom/lsbP6XtRIIL9opl3ECTNLpQ2EiMCg8rgl3uWYUxNACoZrbv2LaJ7YjsGXmbAne/MqLUC+XPMs3Z4XK5cO0jiw6QIeoiDx0jiroGlVRDVH0iJ7RK3pznpwX5935mI5mnFmF++iPnK8fePWf0Q==</latexit><latexit sha1_base64="EIv9embqun2J0g1p1O8NliYpBx4=">AAACGXicbZBLSwMxFIUz9VXrq+rSTbAIFbHMFEGXRTcuK9gHdErJpJk2NJMMyR2lDAV/hRv/ihsXirjUlf/G9LHQ1gOBj3NuSO4JYsENuO63k1laXlldy67nNja3tnfyu3t1oxJNWY0qoXQzIIYJLlkNOAjWjDUjUSBYIxhcjfPGHdOGK3kLw5i1I9KTPOSUgLU6ebdW9I476akfakKxVx7hE+zHhmNfKNkTLATNe30gWqt7G/R5J19wS+5EeBG8GRTQTNVO/tPvKppETAIVxJiW58bQTokGTgUb5fzEsJjQAemxlkVJImba6WSzET6yTheHStsjAU/c3zdSEhkzjAI7GRHom/lsbP6XtRIIL9opl3ECTNLpQ2EiMCg8rgl3uWYUxNACoZrbv2LaJ7YjsGXmbAne/MqLUC+XPMs3Z4XK5cO0jiw6QIeoiDx0jiroGlVRDVH0iJ7RK3pznpwX5935mI5mnFmF++iPnK8fePWf0Q==</latexit>

U(1)�2 + (U(1)� 1
2
+  ) !  

<latexit sha1_base64="/sSc+tQwaYV11HFzM54sxFcVAcw=">AAACJ3icbZDNSgMxFIUz/lv/qi7dBIvQIpaZIuhKRDcuFawKnaFk0kwbzCRDckcpQ8GHceOruBFURJe+iel0Ftp6IXByzr0k9wsTwQ247pczNT0zOze/sFhaWl5ZXSuvb1wZlWrKmlQJpW9CYpjgkjWBg2A3iWYkDgW7Dm9Ph/n1HdOGK3kJ/YQFMelKHnFKwFrt8lGz6tXa2V5jgHdxtbj4kSYUe7nnJ4bXsC+U7AoWgebdHhCt1X2etMsVt+7mhSeFV4gKKuq8XX71O4qmMZNABTGm5bkJBBnRwKlgg5KfGpYQeku6rGWlJDEzQZbvOcA71ungSGl7JODc/T2RkdiYfhzazphAz4xnQ/O/rJVCdBhkXCYpMElHD0WpwKDwEBrucM0oiL4VhGpu/4ppj1hIYNGWLARvfOVJcdWoe1Zf7FeOTx5GOBbQFtpGVeShA3SMztA5aiKKHtEzekPvzpPz4nw4n6PWKadAuIn+lPP9A0kMo7E=</latexit><latexit sha1_base64="/sSc+tQwaYV11HFzM54sxFcVAcw=">AAACJ3icbZDNSgMxFIUz/lv/qi7dBIvQIpaZIuhKRDcuFawKnaFk0kwbzCRDckcpQ8GHceOruBFURJe+iel0Ftp6IXByzr0k9wsTwQ247pczNT0zOze/sFhaWl5ZXSuvb1wZlWrKmlQJpW9CYpjgkjWBg2A3iWYkDgW7Dm9Ph/n1HdOGK3kJ/YQFMelKHnFKwFrt8lGz6tXa2V5jgHdxtbj4kSYUe7nnJ4bXsC+U7AoWgebdHhCt1X2etMsVt+7mhSeFV4gKKuq8XX71O4qmMZNABTGm5bkJBBnRwKlgg5KfGpYQeku6rGWlJDEzQZbvOcA71ungSGl7JODc/T2RkdiYfhzazphAz4xnQ/O/rJVCdBhkXCYpMElHD0WpwKDwEBrucM0oiL4VhGpu/4ppj1hIYNGWLARvfOVJcdWoe1Zf7FeOTx5GOBbQFtpGVeShA3SMztA5aiKKHtEzekPvzpPz4nw4n6PWKadAuIn+lPP9A0kMo7E=</latexit><latexit sha1_base64="/sSc+tQwaYV11HFzM54sxFcVAcw=">AAACJ3icbZDNSgMxFIUz/lv/qi7dBIvQIpaZIuhKRDcuFawKnaFk0kwbzCRDckcpQ8GHceOruBFURJe+iel0Ftp6IXByzr0k9wsTwQ247pczNT0zOze/sFhaWl5ZXSuvb1wZlWrKmlQJpW9CYpjgkjWBg2A3iWYkDgW7Dm9Ph/n1HdOGK3kJ/YQFMelKHnFKwFrt8lGz6tXa2V5jgHdxtbj4kSYUe7nnJ4bXsC+U7AoWgebdHhCt1X2etMsVt+7mhSeFV4gKKuq8XX71O4qmMZNABTGm5bkJBBnRwKlgg5KfGpYQeku6rGWlJDEzQZbvOcA71ungSGl7JODc/T2RkdiYfhzazphAz4xnQ/O/rJVCdBhkXCYpMElHD0WpwKDwEBrucM0oiL4VhGpu/4ppj1hIYNGWLARvfOVJcdWoe1Zf7FeOTx5GOBbQFtpGVeShA3SMztA5aiKKHtEzekPvzpPz4nw4n6PWKadAuIn+lPP9A0kMo7E=</latexit><latexit sha1_base64="/sSc+tQwaYV11HFzM54sxFcVAcw=">AAACJ3icbZDNSgMxFIUz/lv/qi7dBIvQIpaZIuhKRDcuFawKnaFk0kwbzCRDckcpQ8GHceOruBFURJe+iel0Ftp6IXByzr0k9wsTwQ247pczNT0zOze/sFhaWl5ZXSuvb1wZlWrKmlQJpW9CYpjgkjWBg2A3iWYkDgW7Dm9Ph/n1HdOGK3kJ/YQFMelKHnFKwFrt8lGz6tXa2V5jgHdxtbj4kSYUe7nnJ4bXsC+U7AoWgebdHhCt1X2etMsVt+7mhSeFV4gKKuq8XX71O4qmMZNABTGm5bkJBBnRwKlgg5KfGpYQeku6rGWlJDEzQZbvOcA71ungSGl7JODc/T2RkdiYfhzazphAz4xnQ/O/rJVCdBhkXCYpMElHD0WpwKDwEBrucM0oiL4VhGpu/4ppj1hIYNGWLARvfOVJcdWoe1Zf7FeOTx5GOBbQFtpGVeShA3SMztA5aiKKHtEzekPvzpPz4nw4n6PWKadAuIn+lPP9A0kMo7E=</latexit>



Anomalous dimension of  ̄ 
<latexit sha1_base64="t8o3DE6X4tNfpkbyF8QY60x4eAA=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlBXuBdiyZNNOGZjJDckYpQ8HHcONCEbe+izvfxkzbhbYeSPj4/3PIyR8kUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtF17rceuDYiVnc4Trgf0YESoWAUrXTfDajOuokRk/zqlStu1Z0WWQZvDhWYV71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjkVFI278bLr1hJxYpU/CWNujkEzV3xMZjYwZR4HtjCgOzaKXi/95nRTDSz8TKkmRKzZ7KEwlwZjkEZC+0JyhHFugTAu7K2FDqilDG1TJhuAtfnkZmmdVz/LteaV29TSLowhHcAyn4MEF1OAG6tAABhqe4RXenEfnxXl3PmatBWce4SH8KefzBzlUk18=</latexit><latexit sha1_base64="t8o3DE6X4tNfpkbyF8QY60x4eAA=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlBXuBdiyZNNOGZjJDckYpQ8HHcONCEbe+izvfxkzbhbYeSPj4/3PIyR8kUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtF17rceuDYiVnc4Trgf0YESoWAUrXTfDajOuokRk/zqlStu1Z0WWQZvDhWYV71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjkVFI278bLr1hJxYpU/CWNujkEzV3xMZjYwZR4HtjCgOzaKXi/95nRTDSz8TKkmRKzZ7KEwlwZjkEZC+0JyhHFugTAu7K2FDqilDG1TJhuAtfnkZmmdVz/LteaV29TSLowhHcAyn4MEF1OAG6tAABhqe4RXenEfnxXl3PmatBWce4SH8KefzBzlUk18=</latexit><latexit sha1_base64="t8o3DE6X4tNfpkbyF8QY60x4eAA=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlBXuBdiyZNNOGZjJDckYpQ8HHcONCEbe+izvfxkzbhbYeSPj4/3PIyR8kUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtF17rceuDYiVnc4Trgf0YESoWAUrXTfDajOuokRk/zqlStu1Z0WWQZvDhWYV71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjkVFI278bLr1hJxYpU/CWNujkEzV3xMZjYwZR4HtjCgOzaKXi/95nRTDSz8TKkmRKzZ7KEwlwZjkEZC+0JyhHFugTAu7K2FDqilDG1TJhuAtfnkZmmdVz/LteaV29TSLowhHcAyn4MEF1OAG6tAABhqe4RXenEfnxXl3PmatBWce4SH8KefzBzlUk18=</latexit><latexit sha1_base64="t8o3DE6X4tNfpkbyF8QY60x4eAA=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlBXuBdiyZNNOGZjJDckYpQ8HHcONCEbe+izvfxkzbhbYeSPj4/3PIyR8kUhh03W+nsLK6tr5R3Cxtbe/s7pX3D5omTjXjDRbLWLcDargUijdQoOTtRHMaBZK3gtF17rceuDYiVnc4Trgf0YESoWAUrXTfDajOuokRk/zqlStu1Z0WWQZvDhWYV71X/ur2Y5ZGXCGT1JiO5yboZ1SjYJJPSt3U8ISyER3wjkVFI278bLr1hJxYpU/CWNujkEzV3xMZjYwZR4HtjCgOzaKXi/95nRTDSz8TKkmRKzZ7KEwlwZjkEZC+0JyhHFugTAu7K2FDqilDG1TJhuAtfnkZmmdVz/LteaV29TSLowhHcAyn4MEF1OAG6tAABhqe4RXenEfnxXl3PmatBWce4SH8KefzBzlUk18=</latexit>
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<latexit sha1_base64="WkG9PWQcP1bbnUYf+5QeCNU7Ymo="></latexit><latexit sha1_base64="WkG9PWQcP1bbnUYf+5QeCNU7Ymo="></latexit><latexit sha1_base64="WkG9PWQcP1bbnUYf+5QeCNU7Ymo="></latexit><latexit sha1_base64="WkG9PWQcP1bbnUYf+5QeCNU7Ymo="></latexit>

� ̄ = �
8

3k2
+O(k�4)

<latexit sha1_base64="dcfF+HwvVEWy3PfzXdq+5Jd5cgg="></latexit><latexit sha1_base64="dcfF+HwvVEWy3PfzXdq+5Jd5cgg="></latexit><latexit sha1_base64="dcfF+HwvVEWy3PfzXdq+5Jd5cgg="></latexit><latexit sha1_base64="dcfF+HwvVEWy3PfzXdq+5Jd5cgg="></latexit>

at large k



Comparison with energy-operator of O(2) model

[Kleinert, Neu, Schulte-Frohlinde, Chetyrkin, Larin]
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Bootstrap

[Kos, Poland, Simmons-Duffin, Vichi]



Work in progress: Conformal Bootstrap to look for 
interacting boundary conditions.

Long-term goal: non-perturbative approach to study  
the conformal manifold             and learn about  
3d CFTs with         global symmetry. 

Short-term: start with free scalar, explore the space of 
interacting boundary conditions. A priori unclear  
whether to expect that this space is empty, or huge,  
or something in between.

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

Empty: simplicity of the Hilbert space

Huge: lower-dim. CFTs; analogy with Maxwell
???



Usual approach to bootstrap boundary CFTs:

=

[Liendo, Rastelli, Van Rees]
Crossing symmetry of the bulk two-point functions.

In our setup, the simplicity of the boundary OPE 
allows us to skip this step and 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. They allow to organize 
exchanges of       in different channels as a unique 
“superblock”.

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

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



(�T , �", b1/b2)
<latexit sha1_base64="v1JxDK8nlW/m89+mDT1aZbfT3aA=">AAACHXicbZBLS8NAFIUnPmt9VV26CRahgtSkFnRZ1IVLBauFJoTJ9KYdnEzCzI1QguDvcONfceNCERduxH/j9LHQ1gMDH+fcYeaeMBVco+N8WzOzc/MLi4Wl4vLK6tp6aWPzWieZYtBkiUhUK6QaBJfQRI4CWqkCGocCbsLb00F+cwdK80ReYT8FP6ZdySPOKBorKNU9ARFWvDMQSIOrfW9/jN4dVZBqLhJpzDBwD8Kg5ine7eFeUCo7VWcoexrcMZTJWBdB6dPrJCyLQSITVOu266To51QhZwLui16mIaXslnahbVDSGLSfD7e7t3eN07GjRJkj0R66v2/kNNa6H4dmMqbY05PZwPwva2cYHfs5l2mGINnooSgTNib2oCq7wxUwFH0DlClu/mqzHlWUoSm0aEpwJ1eehuta1T2s1i7r5cbJw6iOAtkmO6RCXHJEGuScXJAmYeSRPJNX8mY9WS/Wu/UxGp2xxhVukT+yvn4AMi6hwg==</latexit>

�T � d� 1
<latexit sha1_base64="XTBgQJmDHChmCq7LPOPS61xMK6o=">AAAB+nicbZBLSwMxFIUzPmt9TXXpJlgEN5aZKuiyqAuXFfqCzjBkMnfa0MzDJKOUseAfceNCEbf+Enf+G9PHQlsPBD7OuSE3x085k8qyvo2l5ZXVtfXCRnFza3tn1yzttWSSCQpNmvBEdHwigbMYmoopDp1UAIl8Dm1/cDXO2/cgJEvihhqm4EakF7OQUaK05Zkl5xq4Il4DOz24w8GJ7Zllq2JNhBfBnkEZzVT3zC8nSGgWQawoJ1J2bStVbk6EYpTDqOhkElJCB6QHXY0xiUC6+WT1ET7SToDDROgTKzxxf9/ISSTlMPL1ZERUX85nY/O/rJup8MLNWZxmCmI6fSjMOFYJHveAAyaAKj7UQKhgeldM+0QQqnRbRV2CPf/lRWhVK/ZppXp7Vq5dPk3rKKADdIiOkY3OUQ3doDpqIooe0DN6RW/Go/FivBsf09ElY1bhPvoj4/MHw8KTbQ==</latexit>

�" �
d� 1

2
� 1

<latexit sha1_base64="7b1cNkEdxUAX/EwvOFhcYduSWQM=">AAACEHicbZBLSwMxFIUz9VXra9Slm2AR3bTMVEGXRV24rGAf0Cklk95pQzOZMckUylDwD7jxr7hxoYhbl+78N6aPhbYeCBzOuSG5nx9zprTjfFuZpeWV1bXsem5jc2t7x97dq6kokRSqNOKRbPhEAWcCqpppDo1YAgl9DnW/fzXu6wOQikXiTg9jaIWkK1jAKNEmatvH3jVwTdregEiIFeORwF4X7rEXSELTTsEdpaVRwW3beafoTIQXjTszeTRTpW1/eZ2IJiEITTlRquk6sW6lRGpGOYxyXqIgJrRPutA0VpAQVCudLDTCRybp4CCS5giNJ+nvGykJlRqGvpkMie6p+W4c/tc1Ex1ctFIm4kSDoNOHgoRjHeExHdxhEqjmQ2MIlcz8FdMeMSS0YZgzENz5lRdNrVR0T4ul27N8+fJhiiOLDtAhOkEuOkdldIMqqIooekTP6BW9WU/Wi/VufUxHM9YM4T76I+vzByrtnQw=</latexit>

Numerical 
Bootstrap NO or MAYBE

: Gap on spin 2 exchange (non-locality)
: Gap on spin 0 exchange

Preliminary result: in            the answer is NO for 
most of the allowed parameter space. 

Indicates that in this case there is nothing beyond 
Neumann and Dirichlet.

d = 4
<latexit sha1_base64="Beiu0Ww+4y9B2mc+2fHU2vt9LRg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0Y0IsQ9OIxonlAsoTZ2dlkyOzsMtMrhBDwB7x4UMSrX+TNv3HyOGhiQUNR1U13V5BKYdB1v52V1bX1jc3cVn57Z3dvv3Bw2DBJphmvs0QmuhVQw6VQvI4CJW+lmtM4kLwZDG4mfvORayMS9YDDlPsx7SkRCUbRSvfhVaVbKLoldwqyTLw5KcIctW7hqxMmLIu5QiapMW3PTdEfUY2CST7OdzLDU8oGtMfblioac+OPpqeOyalVQhIl2pZCMlV/T4xobMwwDmxnTLFvFr2J+J/XzjC69EdCpRlyxWaLokwSTMjkbxIKzRnKoSWUaWFvJaxPNWVo08nbELzFl5dJo1zyzkvlu0qxev00iyMHx3ACZ+DBBVThFmpQBwY9eIZXeHOk8+K8Ox+z1hVnHuER/IHz+QPlWY3x</latexit>

Further assumption: the additional boundary d.o.f. 
must be local.



Summary:
• Interacting boundary conditions for free fields;
•Example of Maxwell: conformal manifold, action of EM 
duality, interpolates conformal data of interesting 3d 
CFTs;
•Bootstrap approach: first results for free scalar in 4d;

To do list:
•Scalars in 3d: compare to perturbative constructions;
•Apply bootstrap approach to Maxwell case;
•Compare with boundary effects in experiments/
simulations of systems described by free scalars (e.g. 
superfluids)



Thank You


