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             gauge theory 
with            flavors of fundamental matter
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AdS: on rigid curved background of  
four-dimensional Anti-de Sitter space
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Why gauge theories in AdS?

• Dimensionless parameter                or       ,      
allowing perturbative expansion 
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SO(1, 4)

[Callan, Wilczek (1990)], …

• Analogue of scattering amplitudes:  
local operators at boundary points

3



Why gauge theories in AdS?

• Dimensionless parameter                or       ,      
allowing perturbative expansion 

<latexit sha1_base64="x555wP3uXfL/k8rDjpe1lEZ18vk=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahXmpSpHosevHgoYL9gDaWzXbTLt1s4u5GKKF/wosHRbz6d7z5b9y2OWjrg4HHezPMzPNjzpR2nG8rt7K6tr6R3yxsbe/s7tn7B00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+aPrqd96olKxSNzrcUy9EA8ECxjB2kjtwUOl5J7dnvbsolN2ZkDLxM1IETLUe/ZXtx+RJKRCE46V6rhOrL0US80Ip5NCN1E0xmSEB7RjqMAhVV46u3eCTozSR0EkTQmNZurviRSHSo1D33SGWA/VojcV//M6iQ4uvZSJONFUkPmiIOFIR2j6POozSYnmY0MwkczcisgQS0y0iahgQnAXX14mzUrZrZard+fF2lUWRx6O4BhK4MIF1OAG6tAAAhye4RXerEfrxXq3PuatOSubOYQ/sD5/ADQ5jsk=</latexit>

g2(1/L)
<latexit sha1_base64="FunOJ583jX+uyQGIGT8LSHdo/fs=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy66qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/O/M4TVZrF8sFMEuoLPJQsYgQbKz02UL9hwyEelCtu1Z0DrRIvJxXI0RyUv/phTFJBpSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KJBdV+Nl94is6sEqIoVvZJg+bq74kMC60nIrBJgc1IL3sz8T+vl5ro2s+YTFJDJVl8FKUcmRjNrkchU5QYPrEEE8XsroiMsMLE2I5KtgRv+eRV0r6oerVq7f6yUr/J6yjCCZzCOXhwBXW4gya0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AQAYj+g=</latexit>

L!

• Large spacetime symmetry
<latexit sha1_base64="y6o0EfeKMxqZwqo04AWMAQvtOqs=">AAAB7nicbVBNSwMxEJ34WetX1aOXYBEqSNmVUj0WvXizov2AdinZNNuGZrNLkhXK0h/hxYMiXv093vw3pu0etPXBwOO9GWbm+bHg2jjON1pZXVvf2Mxt5bd3dvf2CweHTR0lirIGjUSk2j7RTHDJGoYbwdqxYiT0BWv5o5up33piSvNIPppxzLyQDCQPOCXGSq2Hu5J7XjnrFYpO2ZkBLxM3I0XIUO8Vvrr9iCYhk4YKonXHdWLjpUQZTgWb5LuJZjGhIzJgHUslCZn20tm5E3xqlT4OImVLGjxTf0+kJNR6HPq2MyRmqBe9qfif10lMcOWlXMaJYZLOFwWJwCbC099xnytGjRhbQqji9lZMh0QRamxCeRuCu/jyMmlelN1quXpfKdauszhycAwnUAIXLqEGt1CHBlAYwTO8whuK0Qt6Rx/z1hWUzRzBH6DPH2Lajk8=</latexit>

SO(1, 4)

[Callan, Wilczek (1990)], …

• Analogue of scattering amplitudes:  
local operators at boundary points

boundary CFT (bCFT):  data are fixed by          
but not uniquely                  

<latexit sha1_base64="FunOJ583jX+uyQGIGT8LSHdo/fs=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy66qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/O/M4TVZrF8sFMEuoLPJQsYgQbKz02UL9hwyEelCtu1Z0DrRIvJxXI0RyUv/phTFJBpSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KJBdV+Nl94is6sEqIoVvZJg+bq74kMC60nIrBJgc1IL3sz8T+vl5ro2s+YTFJDJVl8FKUcmRjNrkchU5QYPrEEE8XsroiMsMLE2I5KtgRv+eRV0r6oerVq7f6yUr/J6yjCCZzCOXhwBXW4gya0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AQAYj+g=</latexit>

L!

choice of boundary condition
3



A CFT approach to the dynamics of gauge theories

4
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A CFT approach to the dynamics of gauge theories

• Possible bc’s


• Properties of the bCFTs: 
symmetries, MFT limit,  
light spectrum


• Perturbative bCFT data

Study at weak coupling:
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A CFT approach to the dynamics of gauge theories

Goal at strong coupling:

• Fate of various bc’s in 
flat space limit


• If continuous: flat space 
data from bCFT data

• Possible bc’s


• Properties of the bCFTs: 
symmetries, MFT limit,  
light spectrum


• Perturbative bCFT data

Study at weak coupling:
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Simplest bc’s for the gauge fields at weak coupling: 

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

Aa
µ ⇠

z!0
zJa

µ + . . .

5

• Continuous global symmetry:
<latexit sha1_base64="zSnR3/A9+aiCFJvhxpKPHaSuUAM=">AAAB7nicbVBNTwIxEJ3iF+IX6tFLIzHBC9k1Bj0SvXjE6AIJbEi3dKGh2920XROy4Ud48aAxXv093vw3FtiDgi+Z5OW9mczMCxLBtXGcb1RYW9/Y3Cpul3Z29/YPyodHLR2nijKPxiJWnYBoJrhknuFGsE6iGIkCwdrB+Hbmt5+Y0jyWj2aSMD8iQ8lDTomxUvvBq8o+Pe+XK07NmQOvEjcnFcjR7Je/eoOYphGThgqiddd1EuNnRBlOBZuWeqlmCaFjMmRdSyWJmPaz+blTfGaVAQ5jZUsaPFd/T2Qk0noSBbYzImakl72Z+J/XTU147WdcJqlhki4WhanAJsaz3/GAK0aNmFhCqOL2VkxHRBFqbEIlG4K7/PIqaV3U3Hqtfn9ZadzkcRThBE6hCi5cQQPuoAkeUBjDM7zCG0rQC3pHH4vWAspnjuEP0OcPXmeO9A==</latexit>

SU(nc) with current       + (non-local) flavor symmetry      
<latexit sha1_base64="80rwOSXX6LxE3EvdefxTTMVY3uw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoRTxFMA9I1jA7mU2GzMwu8xDCko/w4kERr36PN//GSbIHTSxoKKq66e6KUs608f1vb2V1bX1js7BV3N7Z3dsvHRw2dWIVoQ2S8ES1I6wpZ5I2DDOctlNFsYg4bUWjm6nfeqJKs0Q+mHFKQ4EHksWMYOOk1l2vK+wj7pXKfsWfAS2TICdlyFHvlb66/YRYQaUhHGvdCfzUhBlWhhFOJ8Wu1TTFZIQHtOOoxILqMJudO0GnTumjOFGupEEz9fdEhoXWYxG5ToHNUC96U/E/r2NNfBVmTKbWUEnmi2LLkUnQ9HfUZ4oSw8eOYKKYuxWRIVaYGJdQ0YUQLL68TJrnlaBaqd5flGvXeRwFOIYTOIMALqEGt1CHBhAYwTO8wpuXei/eu/cxb13x8pkj+APv8wcc2o9x</latexit>

Ja
µ

• bCFT at weak coupling: MFT of       + decoupled matter
<latexit sha1_base64="80rwOSXX6LxE3EvdefxTTMVY3uw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoRTxFMA9I1jA7mU2GzMwu8xDCko/w4kERr36PN//GSbIHTSxoKKq66e6KUs608f1vb2V1bX1js7BV3N7Z3dsvHRw2dWIVoQ2S8ES1I6wpZ5I2DDOctlNFsYg4bUWjm6nfeqJKs0Q+mHFKQ4EHksWMYOOk1l2vK+wj7pXKfsWfAS2TICdlyFHvlb66/YRYQaUhHGvdCfzUhBlWhhFOJ8Wu1TTFZIQHtOOoxILqMJudO0GnTumjOFGupEEz9fdEhoXWYxG5ToHNUC96U/E/r2NNfBVmTKbWUEnmi2LLkUnQ9HfUZ4oSw8eOYKKYuxWRIVaYGJdQ0YUQLL68TJrnlaBaqd5flGvXeRwFOIYTOIMALqEGt1CHBhAYwTO8wpuXei/eu/cxb13x8pkj+APv8wcc2o9x</latexit>

Ja
µ

• Light spectrum:          (            ),                    (            )
<latexit sha1_base64="80rwOSXX6LxE3EvdefxTTMVY3uw=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoRTxFMA9I1jA7mU2GzMwu8xDCko/w4kERr36PN//GSbIHTSxoKKq66e6KUs608f1vb2V1bX1js7BV3N7Z3dsvHRw2dWIVoQ2S8ES1I6wpZ5I2DDOctlNFsYg4bUWjm6nfeqJKs0Q+mHFKQ4EHksWMYOOk1l2vK+wj7pXKfsWfAS2TICdlyFHvlb66/YRYQaUhHGvdCfzUhBlWhhFOJ8Wu1TTFZIQHtOOoxILqMJudO0GnTumjOFGupEEz9fdEhoXWYxG5ToHNUC96U/E/r2NNfBVmTKbWUEnmi2LLkUnQ9HfUZ4oSw8eOYKKYuxWRIVaYGJdQ0YUQLL68TJrnlaBaqd5flGvXeRwFOIYTOIMALqEGt1CHBhAYwTO8wpuXei/eu/cxb13x8pkj+APv8wcc2o9x</latexit>

Ja
µ

Double- & multi- trace operators in various 
representations of               and flavor symmetry 

<latexit sha1_base64="2VohhVtIMZ/lUgOPtMoZzhtQeEA=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hd0g0YsQ1IN4imAekF3C7KQ3GTL7YGZWCEt+w4sHRbz6M978GyfJHjSxoKGo6qa7y08EV9q2v62V1bX1jc3CVnF7Z3dvv3Rw2FJxKhk2WSxi2fGpQsEjbGquBXYSiTT0Bbb90c3Ubz+hVDyOHvU4QS+kg4gHnFFtJNe9RaFp755ckWqvVLYr9gxkmTg5KUOORq/05fZjloYYaSaoUl3HTrSXUak5EzgpuqnChLIRHWDX0IiGqLxsdvOEnBqlT4JYmoo0mam/JzIaKjUOfdMZUj1Ui95U/M/rpjq49DIeJanGiM0XBakgOibTAEifS2RajA2hTHJzK2FDKinTJqaiCcFZfHmZtKoVp1apPZyX69d5HAU4hhM4AwcuoA530IAmMEjgGV7hzUqtF+vd+pi3rlj5zBH8gfX5A1z+kJs=</latexit>

!J = 2
<latexit sha1_base64="KomjDnpxsAmPs67Y9GMWsezz/Xw=">AAACAHicbZDLSsNAFIZP6q3WW9SFCzeDRXBVE5HqsqgLlxXsBZoQJtNJO3QyCTMToZRufBU3LhRx62O4822ctkG09YeBj/+cw5nzhylnSjvOl1VYWl5ZXSuulzY2t7Z37N29pkoySWiDJDyR7RArypmgDc00p+1UUhyHnLbCwfWk3nqgUrFE3OthSv0Y9wSLGMHaWIF94N1QrnHg1RU7/eE+C+yyU3GmQovg5lCGXPXA/vS6CcliKjThWKmO66TaH2GpGeF0XPIyRVNMBrhHOwYFjqnyR9MDxujYOF0UJdI8odHU/T0xwrFSwzg0nTHWfTVfm5j/1TqZji79ERNppqkgs0VRxpFO0CQN1GWSEs2HBjCRzPwVkT6WmGiTWcmE4M6fvAjNs4pbrVTvzsu1qzyOIhzCEZyACxdQg1uoQwMIjOEJXuDVerSerTfrfdZasPKZffgj6+MbFruWGg==</latexit>

!!/!”

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

SU(nc)

<latexit sha1_base64="X7aPcKmWDV7GHqzKwrDz24SpINA=">AAACEnicbZC7SgNBFIZn4y3G26qlzWAQtIm7ItEyaKNdBHOB7LqcnUyyQ2YvzMwKYckz2PgqNhaK2FrZ+TZOki1i4g8DP985hzPn9xPOpLKsH6OwtLyyulZcL21sbm3vmLt7TRmngtAGiXks2j5IyllEG4opTtuJoBD6nLb8wfW43nqkQrI4ulfDhLoh9CPWYwSURp554gSgMqcu2ejh1nOAJwHgU5zTYIZ6ZtmqWBPhRWPnpoxy1T3z2+nGJA1ppAgHKTu2lSg3A6EY4XRUclJJEyAD6NOOthGEVLrZ5KQRPtKki3ux0C9SeEJnJzIIpRyGvu4MQQVyvjaG/9U6qepduhmLklTRiEwX9VKOVYzH+eAuE5QoPtQGiGD6r5gEIIAonWJJh2DPn7xommcVu1qp3p2Xa1d5HEV0gA7RMbLRBaqhG1RHDUTQE3pBb+jdeDZejQ/jc9paMPKZffRHxtcvBd6dtg==</latexit>

!̂I
ω/”̂

I
ω



Neumann:

Simplest bc’s for the gauge fields at weak coupling: 

• Continuous global symmetry: only flavor,   

<latexit sha1_base64="qvqyBW8wtJKULNyrCvthhfj4MIw=">AAACGXicbVDLSgMxFM34rPU16tJNsAiCUGZEqsuqG5cV7AM6tWTStA1NMkNyR6hDf8ONv+LGhSIudeXfmLaz0NYDgcM553JzTxgLbsDzvp2FxaXlldXcWn59Y3Nr293ZrZko0ZRVaSQi3QiJYYIrVgUOgjVizYgMBauHg6uxX79n2vBI3cIwZi1Jeop3OSVgpbbrXdyRdiATHCSqY3MM0ocAIuyN0sBwOcKYZIFjHHQiMG234BW9CfA88TNSQBkqbffTztFEMgVUEGOavhdDKyUaOBVslA8Sw2JCB6THmpYqIplppZPLRvjQKh3cjbR9CvBE/T2REmnMUIY2KQn0zaw3Fv/zmgl0z1spV3ECTNHpom4isD19XBPucM0oiKElhGpu/4ppn2hCwZaUtyX4syfPk9pJ0S8VSzenhfJlVkcO7aMDdIR8dIbK6BpVUBVR9Iie0St6c56cF+fd+ZhGF5xsZg/9gfP1A9umoDU=</latexit>

Aa
µ →

z→0
aaµ + . . .

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

SU(nc) gauged also at the boundary

• bCFT at weak coupling: MFT of       + decoupled matter 
with restriction to              singlet sector 

<latexit sha1_base64="1gLjY9IUOffuD3oXr74/QvT8DbY=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAdkY5idzCZDZmaXeQhhyW948aCIV3/Gm3/jJNmDJhY0FFXddHdFKWfa+P63V1hb39jcKm6Xdnb39g/Kh0ctnVhFaJMkPFGdCGvKmaRNwwynnVRRLCJO29H4dua3n6jSLJEPZpLSnsBDyWJGsHFSGD/ifhYKG0o77ZcrftWfA62SICcVyNHol7/CQUKsoNIQjrXuBn5qehlWhhFOp6XQappiMsZD2nVUYkF1L5vfPEVnThmgOFGupEFz9fdEhoXWExG5ToHNSC97M/E/r2tNfN3LmEytoZIsFsWWI5OgWQBowBQlhk8cwUQxdysiI6wwMS6mkgshWH55lbQuqkGtWru/rNRv8jiKcAKncA4BXEEd7qABTSCQwjO8wptnvRfv3ftYtBa8fOYY/sD7/AFuXpH2</latexit>

fa
µω

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

SU(nc)

• Light spectrum:       ,              not gauge invariant
<latexit sha1_base64="1gLjY9IUOffuD3oXr74/QvT8DbY=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAdkY5idzCZDZmaXeQhhyW948aCIV3/Gm3/jJNmDJhY0FFXddHdFKWfa+P63V1hb39jcKm6Xdnb39g/Kh0ctnVhFaJMkPFGdCGvKmaRNwwynnVRRLCJO29H4dua3n6jSLJEPZpLSnsBDyWJGsHFSGD/ifhYKG0o77ZcrftWfA62SICcVyNHol7/CQUKsoNIQjrXuBn5qehlWhhFOp6XQappiMsZD2nVUYkF1L5vfPEVnThmgOFGupEFz9fdEhoXWExG5ToHNSC97M/E/r2tNfN3LmEytoZIsFsWWI5OgWQBowBQlhk8cwUQxdysiI6wwMS6mkgshWH55lbQuqkGtWru/rNRv8jiKcAKncA4BXEEd7qABTSCQwjO8wptnvRfv3ftYtBa8fOYY/sD7/AFuXpH2</latexit>

fa
µω

6

Gauge invariant double- & multi- trace operators in 
various representations of the flavor symmetry 

<latexit sha1_base64="X7aPcKmWDV7GHqzKwrDz24SpINA=">AAACEnicbZC7SgNBFIZn4y3G26qlzWAQtIm7ItEyaKNdBHOB7LqcnUyyQ2YvzMwKYckz2PgqNhaK2FrZ+TZOki1i4g8DP985hzPn9xPOpLKsH6OwtLyyulZcL21sbm3vmLt7TRmngtAGiXks2j5IyllEG4opTtuJoBD6nLb8wfW43nqkQrI4ulfDhLoh9CPWYwSURp554gSgMqcu2ejh1nOAJwHgU5zTYIZ6ZtmqWBPhRWPnpoxy1T3z2+nGJA1ppAgHKTu2lSg3A6EY4XRUclJJEyAD6NOOthGEVLrZ5KQRPtKki3ux0C9SeEJnJzIIpRyGvu4MQQVyvjaG/9U6qepduhmLklTRiEwX9VKOVYzH+eAuE5QoPtQGiGD6r5gEIIAonWJJh2DPn7xommcVu1qp3p2Xa1d5HEV0gA7RMbLRBaqhG1RHDUTQE3pBb+jdeDZejQ/jc9paMPKZffRHxtcvBd6dtg==</latexit>

!̂I
ω/”̂

I
ω



At strong coupling?

Color confinement: asymptotic states are not 
charged under

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

SU(nc)

7



At strong coupling?

Color confinement: asymptotic states are not 
charged under

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

SU(nc)

7

Clash with Dirichlet bc, there must be 
a discontinuity

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

deconfined confined

<latexit sha1_base64="jzXQ3Kh2ctZtyMjph6U6oTOOpKo=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy66qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/O/M4TVZrF8sFMEuoLPJQsYgQbKz32GzYaYtQYlCtu1Z0DrRIvJxXI0RyUv/phTFJBpSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KJBdV+Nl94is6sEqIoVvZJg+bq74kMC60nIrBJgc1IL3sz8T+vl5ro2s+YTFJDJVl8FKUcmRjNrkchU5QYPrEEE8XsroiMsMLE2I5KtgRv+eRV0r6oerVq7f6yUr/J6yjCCZzCOXhwBXW4gya0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AQIyj+g=</latexit>

!L
<latexit sha1_base64="uYxMY9fUFP98nbY1C4n3Ij7sDms=">AAACCXicbVA7SwNBGNyLrxhfp5Y2i0GITbgTiZZBG4sUEcwDciHs7e0lS/Ye7H4nhiOtjX/FxkIRW/+Bnf/GveQKTRxYGGbmY5lxY8EVWNa3UVhZXVvfKG6WtrZ3dvfM/YO2ihJJWYtGIpJdlygmeMhawEGwbiwZCVzBOu74OvM790wqHoV3MIlZPyDDkPucEtDSwMQVp6HTHsGN00HqAHuAlEoO0yl2FA+wPTDLVtWaAS8TOydllKM5ML8cL6JJwEKggijVs60Y+imRwKlg05KTKBYTOiZD1tM0JAFT/XTWZIpPtOJhP5L6hYBn6u+LlARKTQJXJwMCI7XoZeJ/Xi8B/7Kf8jBOgIV0/pGfCAwRzmbBHpeMgphoQrL+nGI6IpJQ0OOV9Aj2YuVl0j6r2rVq7fa8XL/K5yiiI3SMKshGF6iOblATtRBFj+gZvaI348l4Md6Nj3m0YOQ3h+gPjM8fY7qZiA==</latexit>

(!L)crit → 1



At strong coupling?

confined

Neumann bc satisfies the condition and can be 
continuous

8

<latexit sha1_base64="jzXQ3Kh2ctZtyMjph6U6oTOOpKo=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy66qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/O/M4TVZrF8sFMEuoLPJQsYgQbKz32GzYaYtQYlCtu1Z0DrRIvJxXI0RyUv/phTFJBpSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KJBdV+Nl94is6sEqIoVvZJg+bq74kMC60nIrBJgc1IL3sz8T+vl5ro2s+YTFJDJVl8FKUcmRjNrkchU5QYPrEEE8XsroiMsMLE2I5KtgRv+eRV0r6oerVq7f6yUr/J6yjCCZzCOXhwBXW4gya0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AQIyj+g=</latexit>

!L

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

Color confinement: asymptotic states are not 
charged under

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

SU(nc)



Observation 1:  
in pure YM, also clash between mass gap and Dirichlet

<latexit sha1_base64="CoTpwMLAPj62VTNlUPwrfpPkW+Y="></latexit>

minM → lim
L→↑

!J

L
= 0

Disappears with the inclusion of massless matter

9



Observation 1:  
in pure YM, also clash between mass gap and Dirichlet

<latexit sha1_base64="CoTpwMLAPj62VTNlUPwrfpPkW+Y="></latexit>

minM → lim
L→↑

!J

L
= 0

Disappears with the inclusion of massless matter

Observation 2:  
confinement as linear quark potential 
•  Needed to tell apart confinement and higgsing
•  Not immediate to import to AdS (though possible)
•  Not available with dynamical fundamental flavours

9



Two interesting (ambitious) tasks:

(1) Show that only boundary conditions with color  
confinement (no             symmetry on the boundary)  
are available at strong coupling / large AdS 

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

SU(nc)

(2) Use a continuous boundary condition to compute  
observables in flat space

10

[Gabai, Gorbenko, Qiao (2025)]



More humble (still quite ambitious) first steps:

(1') Show that Dirichlet disappears at some

(2') Show that Neumann is continuous

11

<latexit sha1_base64="oJuKP/B0IMgjgen5feWDyd+DEfI=">AAACA3icbVBLS8NAGNz4rPVV9aaXxSLUS0lEqseiFw89VLAPaELYbLft0s0m7H4RSyh48a948aCIV/+EN/+N2zYHbR1YGGbmY5kJYsE12Pa3tbS8srq2ntvIb25t7+wW9vabOkoUZQ0aiUi1A6KZ4JI1gINg7VgxEgaCtYLh9cRv3TOleSTvYBQzLyR9yXucEjCSXzgsuTWT7hJcO/VTF9gDpFRxGI+xXyjaZXsKvEicjBRRhrpf+HK7EU1CJoEKonXHsWPwUqKAU8HGeTfRLCZ0SPqsY6gkIdNeOu0wxidG6eJepMyTgKfq74uUhFqPwsAkQwIDPe9NxP+8TgK9Sy/lMk6ASTr7qJcIDBGeDIK7XDEKYmQImTTnFNMBUYSCmS1vRnDmKy+S5lnZqZQrt+fF6lU2Rw4doWNUQg66QFV0g+qogSh6RM/oFb1ZT9aL9W59zKJLVnZzgP7A+vwBS9WXVg==</latexit>

(!L)crit



This work:

• Perturbative calculations that favor (1’) and (2’)

Generalizing and confirming similar indications  
found in pure Yang-Mills theory

• New phenomena due to matter

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

AdS signature of conformal window

Chiral symmetry breaking and relation to 
bc’s of the fermions [Rattazzi, Redi (2009)]

12



How to check perturbatively for disappearance of a bc?

13



How to check perturbatively for disappearance of a bc?

13

Mechanism: Merger and Annihilation

A singlet scalar operator      becomes marginal (          ) 
at                and its boundary coupling runs                   

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

� = 3

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

AdS4

1

2g2
tr[F 2] +

Z

@
yO

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

O

,

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

�y ⇠ A

✓
1

g2crit
� 1

g2

◆
+B y2

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

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

g2 < g2crit

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

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

�y

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

<latexit sha1_base64="VPD2ZOGKo/NE/XlCVRbMMia0wsk=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJWkSHUjFN24rGAf0MYwmU7aoZMHMzdiCdn4K25cKOLWz3Dn3zhps9DWAzMczrmXyzleLLgCy/o2lpZXVtfWSxvlza3tnV1zb7+tokRS1qKRiGTXI4oJHrIWcBCsG0tGAk+wjje+zv3OA5OKR+EdTGLmBGQYcp9TAlpyzcPhfQ1fYv27aR/YI6RUcsgy16xYVWsKvEjsglRQgaZrfvUHEU0CFgIVRKmebcXgpEQCp4Jl5X6iWEzomAxZT9OQBEw56TRAhk+0MsB+JPULAU/V3xspCZSaBJ6eDAiM1LyXi/95vQT8CyflYZwAC+nskJ8IDBHO28ADLhkFMdGE5ME5xXREJKGgOyvrEuz5yIukXava9Wr99qzSuCrqKKEjdIxOkY3OUQPdoCZqIYoy9Ixe0ZvxZLwY78bHbHTJKHYO0B8Ynz8jZpYp</latexit>

g2 = g2crit

[Kaplan, Lee, Son, Stephanov (2009)]
[Gorbenko, Rychkov, Zan (2018)]



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

AdS4

1

2g2
tr[F 2] +

Z

@
yO ,

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

�y ⇠ A

✓
1

g2crit
� 1

g2

◆
+B y2

<latexit sha1_base64="oEpsZ0dBKuVaVIrRPqKufEH0oUg=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVZIi1WVFEJcV7APSWCbTSTt0MgkzN4USCn6IGxeKuPVP3Pk3TtoutPXAhcM59zJnTpAIrsFxvq3C2vrG5lZxu7Szu7d/YB8etXScKsqaNBax6gREM8ElawIHwTqJYiQKBGsHo5vcb4+Z0jyWDzBJmB+RgeQhpwSM1LPtbkRgqKIM1NS7faz6PbvsVJwZ8CpxF6SMFmj07K9uP6ZpxCRQQbT2XCcBPyMKOBVsWuqmmiWEjsiAeYZKEjHtZ7PkU3xmlD4OY2VGAp6pvy8yEmk9iQKzmefUy14u/ud5KYRXfsZlkgKTdP5QmAoMMc5rwH2uGAUxMYRQxU1WTIdEEQqmrJIpwV3+8ippVSturVK7vyjXr5/mdRTRCTpF58hFl6iO7lADNRFFY/SMXtGblVkv1rv1MV8tWIsKj9EfWJ8/wN2UJg==</latexit>

tr[F 2]

<latexit sha1_base64="qwupspK1IGY+UapS+Ozx8mxWnTc=">AAAB8nicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLixp0V7APaoWTSTBuayQzJHaEMBX/CjQtF3Po17vwbM20X2nogcDjnhnvuCRIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0U3utx65NiJWDzhOuB/RgRKhYBSt1OlGFIeMyuxu0iuV3Yo7BVkm3pyUYY56r/TV7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bNp5Ak5tUqfhLG2TyGZqr9/ZDQyZhwFdjKPaBa9XPzP66QYXvmZUEmKXLHZojCVBGOS30/6QnOGcmwJZVrYrIQNqaYMbUtFW4K3ePIyaZ5XvGqlen9Rrl0/zeoowDGcwBl4cAk1uIU6NIBBDM/wCm8OOi/Ou/MxG11x5hUewR84nz+u2ZHv</latexit>

O

<latexit sha1_base64="zRCPyKpgwIPuHhrHZ68k3zxBleM=">AAAB/HicdVDLSsNAFL2pr1pf1S7dDBbBVUhEqssWNy4r2gc0pUwm03boZBJmJkIIFf/EjQtF3Poh7vwbp00LKnrgwuGce5kzx485U9pxPq3Cyura+kZxs7S1vbO7V94/aKsokYS2SMQj2fWxopwJ2tJMc9qNJcWhz2nHn1zO/M4dlYpF4lanMe2HeCTYkBGsjTQoVzwm9CDzQqzHMswawc10OihXHduZAzn22ZLUcuIurCos0ByUP7wgIklIhSYcK9VznVj3Myw1I5xOS16iaIzJBI9oz1CBQ6r62Tz8FB0bJUDDSJoRGs3V7xcZDpVKQ99szkKq395M/MvrJXp40c+YiBNNBckfGiYc6QjNmkABk5RonhqCiWQmKyJjLDHRpq+SKWH5U/Q/aZ/abs2uXZ9V642HvI4iHMIRnIAL51CHK2hCCwik8AjP8GLdW0/Wq/WWrxasRYUV+AHr/QucI5XQ</latexit>Z

AdS

<latexit sha1_base64="TkioUtt/WvQc28b2wfTZPXmTcGQ=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6qbMiFSXLW5cVrAP6Awlk2ba0EwSkoxQhorgr7hxoYhb/8Kdf2P6WGjrgQuHc+4lOSeSjGrjed9ObmV1bX0jv1nY2t7Z3XP3D5papAqTBhZMqHaENGGUk4ahhpG2VAQlESOtaHg98Vv3RGkq+J0ZSRImqM9pTDEyVuq6R4FUQhoBazBgol8KiNSUCX7WdYte2ZsCLhN/TopgjnrX/Qp6AqcJ4QYzpHXH96QJM6QMxYyMC0GqiUR4iPqkYylHCdFhNk0whqdW6cFYKDvcwKn6+yJDidajJLKbCTIDvehNxP+8TmriqzCjXKaGcDx7KE4ZtIkndcAeVQQbNrIEYUXtXyEeIIWwsaUVbAn+YuRl0jwv+5Vy5faiWK09zurIg2NwAkrAB5egCm5AHTQABg/gGbyCN+fJeXHenY/Zas6ZV3gI/sD5/AHX7Jbr</latexit>

/ A log(✏)

<latexit sha1_base64="qwupspK1IGY+UapS+Ozx8mxWnTc=">AAAB8nicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLixp0V7APaoWTSTBuayQzJHaEMBX/CjQtF3Po17vwbM20X2nogcDjnhnvuCRIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0U3utx65NiJWDzhOuB/RgRKhYBSt1OlGFIeMyuxu0iuV3Yo7BVkm3pyUYY56r/TV7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bNp5Ak5tUqfhLG2TyGZqr9/ZDQyZhwFdjKPaBa9XPzP66QYXvmZUEmKXLHZojCVBGOS30/6QnOGcmwJZVrYrIQNqaYMbUtFW4K3ePIyaZ5XvGqlen9Rrl0/zeoowDGcwBl4cAk1uIU6NIBBDM/wCm8OOi/Ou/MxG11x5hUewR84nz+u2ZHv</latexit>

O

<latexit sha1_base64="qwupspK1IGY+UapS+Ozx8mxWnTc=">AAAB8nicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLixp0V7APaoWTSTBuayQzJHaEMBX/CjQtF3Po17vwbM20X2nogcDjnhnvuCRIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0U3utx65NiJWDzhOuB/RgRKhYBSt1OlGFIeMyuxu0iuV3Yo7BVkm3pyUYY56r/TV7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bNp5Ak5tUqfhLG2TyGZqr9/ZDQyZhwFdjKPaBa9XPzP66QYXvmZUEmKXLHZojCVBGOS30/6QnOGcmwJZVrYrIQNqaYMbUtFW4K3ePIyaZ5XvGqlen9Rrl0/zeoowDGcwBl4cAk1uIU6NIBBDM/wCm8OOi/Ou/MxG11x5hUewR84nz+u2ZHv</latexit>

O

<latexit sha1_base64="fHHfyu6zVUbUqwGDuNkZKVIrxrg=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUSkeqx48VjBfkATyma7aZduNnF3Uiih4L/w4kERr/4Yb/4bN20PWn0w8HhvZnb2hangGl33y1pZXVvf2Cxtlbd3dvf2KweHLZ1kirImTUSiOiHRTHDJmshRsE6qGIlDwdrh6Kbw22OmNE/kPU5SFsRkIHnEKUEjBT6X2PNTopAT0atUXafmFrBdx10i3oJUYYFGr/Lp9xOaxUwiFUTrruemGOTFNirYtOxnmqWEjsiAdQ2VJGY6yGdHT+1To/TtKFGmJNoz9edETmKtJ3FoOmOCQ73sFeJ/XjfD6CrIuUwzZJLOH4oyYWNiFwnYfa4YRTExhFDFza02HRJFKJqcyiYEb/nLf0nr3PFqTu3uolq/fpzHUYJjOIEz8OAS6nALDWgChQd4ghd4tcbWs/Vmvc9bV6xFhEfwC9bHN0mjkts=</latexit>Z

@

<latexit sha1_base64="fHHfyu6zVUbUqwGDuNkZKVIrxrg=">AAAB9HicbVBNS8NAEJ34WetX1aOXYBE8hUSkeqx48VjBfkATyma7aZduNnF3Uiih4L/w4kERr/4Yb/4bN20PWn0w8HhvZnb2hangGl33y1pZXVvf2Cxtlbd3dvf2KweHLZ1kirImTUSiOiHRTHDJmshRsE6qGIlDwdrh6Kbw22OmNE/kPU5SFsRkIHnEKUEjBT6X2PNTopAT0atUXafmFrBdx10i3oJUYYFGr/Lp9xOaxUwiFUTrruemGOTFNirYtOxnmqWEjsiAdQ2VJGY6yGdHT+1To/TtKFGmJNoz9edETmKtJ3FoOmOCQ73sFeJ/XjfD6CrIuUwzZJLOH4oyYWNiFwnYfa4YRTExhFDFza02HRJFKJqcyiYEb/nLf0nr3PFqTu3uolq/fpzHUYJjOIEz8OAS6nALDWgChQd4ghd4tcbWs/Vmvc9bV6xFhEfwC9bHN0mjkts=</latexit>Z

@

<latexit sha1_base64="qwupspK1IGY+UapS+Ozx8mxWnTc=">AAAB8nicbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLixp0V7APaoWTSTBuayQzJHaEMBX/CjQtF3Po17vwbM20X2nogcDjnhnvuCRIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0U3utx65NiJWDzhOuB/RgRKhYBSt1OlGFIeMyuxu0iuV3Yo7BVkm3pyUYY56r/TV7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bNp5Ak5tUqfhLG2TyGZqr9/ZDQyZhwFdjKPaBa9XPzP66QYXvmZUEmKXLHZojCVBGOS30/6QnOGcmwJZVrYrIQNqaYMbUtFW4K3ePIyaZ5XvGqlen9Rrl0/zeoowDGcwBl4cAk1uIU6NIBBDM/wCm8OOi/Ou/MxG11x5hUewR84nz+u2ZHv</latexit>

O

<latexit sha1_base64="NBhIgFSveFNIXeqEwEmnwJDZf0I=">AAACAXicbVDLSgMxFM3UV62vUTeCm2AR6qbMiFSXVTcuK9gHdIaSSTNtaCYJSUYoQ0XwV9y4UMStf+HOvzF9LLT1wIXDOfeSnBNJRrXxvG8nt7S8srqWXy9sbG5t77i7ew0tUoVJHQsmVCtCmjDKSd1Qw0hLKoKSiJFmNLge+817ojQV/M4MJQkT1OM0phgZK3Xcg0AqIY2AVzBgolcKiNSUCX7ScYte2ZsALhJ/RopghlrH/Qq6AqcJ4QYzpHXb96QJM6QMxYyMCkGqiUR4gHqkbSlHCdFhNkkwgsdW6cJYKDvcwIn6+yJDidbDJLKbCTJ9Pe+Nxf+8dmriizCjXKaGcDx9KE4ZtInHdcAuVQQbNrQEYUXtXyHuI4WwsaUVbAn+fORF0jgt+5Vy5fasWL18nNaRB4fgCJSAD85BFdyAGqgDDB7AM3gFb86T8+K8Ox/T1Zwzq3Af/IHz+QPZf5bs</latexit>

/ B log(✏)
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Leading candidates for      in perturbation theory
<latexit sha1_base64="07wOOGCJ4HjrPP6hYTkHPGs58I0=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjPia1l0484K9gHToWTSTBuaSYbkjlCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTAQ34LrfTmlldW19o7xZ2dre2d2r7h+0jUo1ZS2qhNLdkBgmuGQt4CBYN9GMxKFgnXB8m/udJ6YNV/IRJgkLYjKUPOKUgJX8XkxgRInI7qf9as2tuzPgZeIVpIYKNPvVr95A0TRmEqggxviem0CQEQ2cCjat9FLDEkLHZMh8SyWJmQmyWeQpPrHKAEdK2ycBz9TfGxmJjZnEoZ3MI5pFLxf/8/wUousg4zJJgUk6/yhKBQaF8/vxgGtGQUwsIVRzmxXTEdGEgm2pYkvwFk9eJu2zundZv3g4rzVuijrK6Agdo1PkoSvUQHeoiVqIIoWe0St6c8B5cd6dj/loySl2DtEfOJ8/iNSRbw==</latexit>

O

• From gauge fields:

<latexit sha1_base64="elLvWCYHSJ83OYWUcsHvxGGzYhQ="></latexit>

DYM =

{
Ja
µJ

µa

fa
µωf

µω a

with D bc
with N bc

• From fermions:

with bc

<latexit sha1_base64="B6BzixFxe2aUDmbyoJtf1j0USE8="></latexit>

DF =
1

2
̂̄!Iω

iεi!̂
I → 1

2
εi
̂̄!Iω

i!̂I

<latexit sha1_base64="go4Ow7FRP/L66Y/hLIwv2PiS8bI="></latexit>

!I →
z→0

z
3
2 !̂I + . . .

<latexit sha1_base64="z2j0QDoODN4f9Y/CLivFWeohgfI=">AAACFnicbVBNS8NAEN34WetX1KOXxSJ4sSQi1YtQ9KK3CvYDmlgm2227dDcJuxulhv4KL/4VLx4U8Sre/Ddu2xy09cHA470ZZuYFMWdKO863NTe/sLi0nFvJr66tb2zaW9s1FSWS0CqJeCQbASjKWUirmmlOG7GkIAJO60H/YuTX76hULApv9CCmvoBuyDqMgDZSyz70uiAEtB6wd8/atAc69SqKDW+v8Nms1LILTtEZA88SNyMFlKHSsr+8dkQSQUNNOCjVdJ1Y+ylIzQinw7yXKBoD6UOXNg0NQVDlp+O3hnjfKG3ciaSpUOOx+nsiBaHUQASmU4DuqWlvJP7nNRPdOfVTFsaJpiGZLOokHOsIjzLCbSYp0XxgCBDJzK2Y9EAC0SbJvAnBnX55ltSOim6pWLo+LpTPszhyaBftoQPkohNURpeogqqIoEf0jF7Rm/VkvVjv1sekdc7KZnbQH1ifP/Ttnz8=</latexit>

ωz!̂
I = !̂I

,

• From scalars:

with bc

15

<latexit sha1_base64="GYgBX87cNMSC84qq8flUV3xUlM0=">AAACG3icbVDLSgMxFM3UV62vqks3wSKIizJTpLoRirqwu4r2AZ12yKRpG5p5kNwRyzD/4cZfceNCEVeCC//G9LGorQcCJ+fcS3KOGwquwDR/jNTS8srqWno9s7G5tb2T3d2rqSCSlFVpIALZcIligvusChwEa4SSEc8VrO4OrkZ+/YFJxQP/HoYha3mk5/MupwS05GQLtkegT4mIrxPHBvYI8V2CL7DdJxDbYZ8nTrl9MnNtl51szsybY+BFYk1JDk1RcbJfdiegkcd8oIIo1bTMEFoxkcCpYEnGjhQLCR2QHmtq6hOPqVY8zpbgI610cDeQ+viAx+rsRkw8pYaeqydHSdS8NxL/85oRdM9bMffDCJhPJw91I4EhwKOicIdLRkEMNSFUcv1XTPtEEgq6zowuwZqPvEhqhbxVzBdvT3Oly2kdaXSADtExstAZKqEbVEFVRNETekFv6N14Nl6ND+NzMpoypjv76A+M71+DYqG3</latexit>

DS = ω̂→
I ω̂

I

<latexit sha1_base64="RNr0jNcYeIVOZWxGnW2ULFyypP8=">AAACH3icbVDLSgMxFM3UV62vqks3wSIISpkpUl0W3dhdBfuATlsyadqGZjJDckdoh/kTN/6KGxeKiLv+jeljoa0HAodzzuXmHi8UXINtT6zU2vrG5lZ6O7Ozu7d/kD08qukgUpRVaSAC1fCIZoJLVgUOgjVCxYjvCVb3hndTv/7ElOaBfIRRyFo+6Uve45SAkTrZohsOeLuM3Uh2TYxBPHYhwHYSu5r7CR63C+6lOyAQT4NJu3zhdgPQnWzOztsz4FXiLEgOLVDpZL/NHI18JoEKonXTsUNoxUQBp4IlGTfSLCR0SPqsaagkPtOteHZfgs+M0sW9QJknAc/U3xMx8bUe+Z5J+gQGetmbiv95zQh6N62YyzACJul8US8S2DQwLQt3uWIUxMgQQhU3f8V0QBShYLrKmBKc5ZNXSa2Qd4r54sNVrnS7qCONTtApOkcOukYldI8qqIooekav6B19WC/Wm/Vpfc2jKWsxc4z+wJr8AKw1o2I=</latexit>

ωI →
z→0

z2 ω̂I + . . .

<latexit sha1_base64="WIdKsU3ahs1yoHsu+PXIwT941OU=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSLUS9kVqV6EohcvQgW3LbRLyabZNjSbLElWKEt/gxcPinj1B3nz35i2e9DWBwOP92aYmRcmnGnjut/Oyura+sZmYau4vbO7t186OGxqmSpCfSK5VO0Qa8qZoL5hhtN2oiiOQ05b4eh26reeqNJMikczTmgQ44FgESPYWMmv3F+7Z71S2a26M6Bl4uWkDDkavdJXty9JGlNhCMdadzw3MUGGlWGE00mxm2qaYDLCA9qxVOCY6iCbHTtBp1bpo0gqW8Kgmfp7IsOx1uM4tJ0xNkO96E3F/7xOaqKrIGMiSQ0VZL4oSjkyEk0/R32mKDF8bAkmitlbERlihYmx+RRtCN7iy8ukeV71atXaw0W5fpPHUYBjOIEKeHAJdbiDBvhAgMEzvMKbI5wX5935mLeuOPnMEfyB8/kDXoKNwg==</latexit>

(M = 0)

<latexit sha1_base64="6zhrjnMyDClMW9dsAH8ebwIMSgI=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8MgxCbcBYk2QtDGMoL5gCQee5u9ZMnu3rE7J4YjNv4VGwtFbP0Xdv4bN8kVmvhg4PHeDDPz/IgzDY7zbWWWlldW17LruY3Nre2d/O5eQ4exIrROQh6qlo815UzSOjDgtBUpioXPadMfXk385j1VmoXyFkYR7QrclyxgBIORvPxBUdyVL0x5SQfoAyQklMF4nDvx8gWn5ExhLxI3JQWUoublvzq9kMSCSiAca912nQi6CVbACKfjXCfWNMJkiPu0bajEgupuMv1gbB8bpWcHoTIlwZ6qvycSLLQeCd90CgwDPe9NxP+8dgzBeTdhMoqBSjJbFMTchtCexGH3mKIE+MgQTBQzt9pkgBUmYELLmRDc+ZcXSaNcciulys1poXqZxpFFh+gIFZGLzlAVXaMaqiOCHtEzekVv1pP1Yr1bH7PWjJXO7KM/sD5/AH/Rlk4=</latexit>

(m2 = m2
conf)



<latexit sha1_base64="PlCLxXO26GUvsOjzCi4P/xmQ4ss=">AAACM3icbZDLSgMxFIYzXmu9VV26CRbBRSkzItVlURERhIr2Ip1hyKRpG5q5kJwRyzDv5MYXcSGIC0Xc+g6ml4W2PRD4+b9zyDm/FwmuwDTfjLn5hcWl5cxKdnVtfWMzt7VdU2EsKavSUISy4RHFBA9YFTgI1ogkI74nWN3rnQ14/YFJxcPgDvoRc3zSCXibUwLacnNXtk+gS4lIzlM3sYE9QnJ/naYFbBdmoAtNZoLbNHVzebNoDgtPC2ss8mhcFTf3YrdCGvssACqIUk3LjMBJiAROBUuzdqxYRGiPdFhTy4D4TDnJ8OYU72unhduh1C8APHT/TiTEV6rve7pzsK2aZANzFmvG0D5xEh5EMbCAjj5qxwJDiAcB4haXjILoa0Go5HpXTLtEEgo65qwOwZo8eVrUDotWqVi6OcqXT8dxZNAu2kMHyELHqIwuUQVVEUVP6BV9oE/j2Xg3vozvUeucMZ7ZQf/K+PkFD1OtBw==</latexit>DYM, DF, DS all have             in the free limit
<latexit sha1_base64="QY9haw9IpXSlhGHvT+wvv99n6Qg=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CUA8eI5gHJkuYncwmQ2Znl5leIYT8hRcPinj1b7z5N06SPWhiQUNR1U13V5BIYdB1v53cyura+kZ+s7C1vbO7V9w/aJg41YzXWSxj3Qqo4VIoXkeBkrcSzWkUSN4MhjdTv/nEtRGxesBRwv2I9pUIBaNopcfOLZdIyRU57xZLbtmdgSwTLyMlyFDrFr86vZilEVfIJDWm7bkJ+mOqUTDJJ4VOanhC2ZD2edtSRSNu/PHs4gk5sUqPhLG2pZDM1N8TYxoZM4oC2xlRHJhFbyr+57VTDC/9sVBJilyx+aIwlQRjMn2f9ITmDOXIEsq0sLcSNqCaMrQhFWwI3uLLy6RxVvYq5cr9eal6ncWRhyM4hlPw4AKqcAc1qAMDBc/wCm+OcV6cd+dj3ppzsplD+APn8wcOVo/g</latexit>

! = 4

mixing problem
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<latexit sha1_base64="PlCLxXO26GUvsOjzCi4P/xmQ4ss=">AAACM3icbZDLSgMxFIYzXmu9VV26CRbBRSkzItVlURERhIr2Ip1hyKRpG5q5kJwRyzDv5MYXcSGIC0Xc+g6ml4W2PRD4+b9zyDm/FwmuwDTfjLn5hcWl5cxKdnVtfWMzt7VdU2EsKavSUISy4RHFBA9YFTgI1ogkI74nWN3rnQ14/YFJxcPgDvoRc3zSCXibUwLacnNXtk+gS4lIzlM3sYE9QnJ/naYFbBdmoAtNZoLbNHVzebNoDgtPC2ss8mhcFTf3YrdCGvssACqIUk3LjMBJiAROBUuzdqxYRGiPdFhTy4D4TDnJ8OYU72unhduh1C8APHT/TiTEV6rve7pzsK2aZANzFmvG0D5xEh5EMbCAjj5qxwJDiAcB4haXjILoa0Go5HpXTLtEEgo65qwOwZo8eVrUDotWqVi6OcqXT8dxZNAu2kMHyELHqIwuUQVVEUVP6BV9oE/j2Xg3vozvUeucMZ7ZQf/K+PkFD1OtBw==</latexit>DYM, DF, DS all have             in the free limit
<latexit sha1_base64="QY9haw9IpXSlhGHvT+wvv99n6Qg=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CUA8eI5gHJkuYncwmQ2Znl5leIYT8hRcPinj1b7z5N06SPWhiQUNR1U13V5BIYdB1v53cyura+kZ+s7C1vbO7V9w/aJg41YzXWSxj3Qqo4VIoXkeBkrcSzWkUSN4MhjdTv/nEtRGxesBRwv2I9pUIBaNopcfOLZdIyRU57xZLbtmdgSwTLyMlyFDrFr86vZilEVfIJDWm7bkJ+mOqUTDJJ4VOanhC2ZD2edtSRSNu/PHs4gk5sUqPhLG2pZDM1N8TYxoZM4oC2xlRHJhFbyr+57VTDC/9sVBJilyx+aIwlQRjMn2f9ITmDOXIEsq0sLcSNqCaMrQhFWwI3uLLy6RxVvYq5cr9eal6ncWRhyM4hlPw4AKqcAc1qAMDBc/wCm+OcV6cd+dj3ppzsplD+APn8wcOVo/g</latexit>

! = 4

Not a coincidence: for               the bulk theory 
is a sum of free CFTs.                    

<latexit sha1_base64="bslQzNyAyFpQb72L12VFcXNrtAw=">AAAB8HicbVBNTwIxFHyLX4hfqEcvjcTEE9klBj0SvXjExAUMrKRbutDQdjdt14Rs+BVePGiMV3+ON/+NBfag4CRNJjPvpW8mTDjTxnW/ncLa+sbmVnG7tLO7t39QPjxq6ThVhPok5rHqhFhTziT1DTOcdhJFsQg5bYfjm5nffqJKs1jem0lCA4GHkkWMYGOlh+FjDfVMjNx+ueJW3TnQKvFyUoEczX75qzeISSqoNIRjrbuem5ggw8owwum01Es1TTAZ4yHtWiqxoDrI5gdP0ZlVBiiKlX3SoLn6eyPDQuuJCO2kwGakl72Z+J/XTU10FWRMJqmhkiw+ilKObMRZejRgihLDJ5Zgopi9FZERVpgY21HJluAtR14lrVrVq1frdxeVxnVeRxFO4BTOwYNLaMAtNMEHAgKe4RXeHOW8OO/Ox2K04OQ7x/AHzucPaoaPhQ==</latexit>

g2 → 0

CFT in AdS = BCFT in flat space 
<latexit sha1_base64="p16ZvUwEaKcSixlBBRtKWOD+RDs=">AAACCHicbVDLSsNAFL3xWesr6tKFg0UQhJKoVJdFNy6r2Ac0MUymk3bo5MHMRCihSzf+ihsXirj1E9z5N07agtp64MLhnHu59x4/4Uwqy/oy5uYXFpeWCyvF1bX1jU1za7sh41QQWicxj0XLx5JyFtG6YorTViIoDn1Om37/Mveb91RIFke3apBQN8TdiAWMYKUlz9xzQqx6vp/dDO9OHMVCKtGP5B15ZskqWyOgWWJPSAkmqHnmp9OJSRrSSBGOpWzbVqLcDAvFCKfDopNKmmDSx13a1jTCeqObjR4ZogOtdFAQC12RQiP190SGQykHoa878xvltJeL/3ntVAXnbsaiJFU0IuNFQcqRilGeCuowQYniA00wEUzfikgPC0yUzq6oQ7CnX54ljeOyXSlXrk9L1YtJHAXYhX04BBvOoApXUIM6EHiAJ3iBV+PReDbejPdx65wxmdmBPzA+vgG7VZnN</latexit>

R3 → R+

Weyl rescaling

Protected boundary operator in BCFT: displacement 
operator <latexit sha1_base64="v5CMecOjEmMvGpb9O4ehYo7FpVM=">AAACHHicbVDLSgMxFM34rPVVdekmWARBKDMq1WVRFy4r9AWdUjJppg3NZIbkjtAO8yFu/BU3LhRx40Lwb0zbWWjrgcDhnHvJPceLBNdg29/W0vLK6tp6biO/ubW9s1vY22/oMFaU1WkoQtXyiGaCS1YHDoK1IsVI4AnW9IY3E7/5wJTmoazBKGKdgPQl9zklYKRu4bzWTcZ4nLqx7JkxBsk470KI7TRxNQ9S7AYEBpSI5DbFp9jthaC7haJdsqfAi8TJSBFlqHYLn2aPxgGTQAXRuu3YEXQSooBTwdK8G2sWETokfdY2VJKA6U4yDZfiY6P0sB8q8yTgqfp7IyGB1qPAM5OTU/W8NxH/89ox+FedhMsoBibp7CM/FtiknzSFe1wxCmJkCKGKm1sxHRBFKJii8qYEZz7yImmclZxyqXx/UaxcZ3Xk0CE6QifIQZeogu5QFdURRY/oGb2iN+vJerHerY/Z6JKV7RygP7C+fgAJ8qH0</latexit>

Tzz →
z→0

D + . . .

<latexit sha1_base64="PlCLxXO26GUvsOjzCi4P/xmQ4ss=">AAACM3icbZDLSgMxFIYzXmu9VV26CRbBRSkzItVlURERhIr2Ip1hyKRpG5q5kJwRyzDv5MYXcSGIC0Xc+g6ml4W2PRD4+b9zyDm/FwmuwDTfjLn5hcWl5cxKdnVtfWMzt7VdU2EsKavSUISy4RHFBA9YFTgI1ogkI74nWN3rnQ14/YFJxcPgDvoRc3zSCXibUwLacnNXtk+gS4lIzlM3sYE9QnJ/naYFbBdmoAtNZoLbNHVzebNoDgtPC2ss8mhcFTf3YrdCGvssACqIUk3LjMBJiAROBUuzdqxYRGiPdFhTy4D4TDnJ8OYU72unhduh1C8APHT/TiTEV6rve7pzsK2aZANzFmvG0D5xEh5EMbCAjj5qxwJDiAcB4haXjILoa0Go5HpXTLtEEgo65qwOwZo8eVrUDotWqVi6OcqXT8dxZNAu2kMHyELHqIwuUQVVEUVP6BV9oE/j2Xg3vozvUeucMZ7ZQf/K+PkFD1OtBw==</latexit>DYM, DF, DS are the displacement operators of 
the free UV CFT in the bulk 

mixing problem

16



Diagrammatic calculation of mixing, e.g. 
<latexit sha1_base64="Ar4NtnQgKpvKUAowqXhqBB/u0x0=">AAACGXicbVDLSgNBEJyNrxhfqx69DAbBU9wViR6DingRIpiHZJcwO5kkQ2YfzPSKYdnf8OKvePGgiEc9+TfOJjlokoKGoqqb7i4vElyBZf0YuYXFpeWV/GphbX1jc8vc3qmrMJaU1WgoQtn0iGKCB6wGHARrRpIR3xOs4Q0uMr/xwKTiYXAHw4i5PukFvMspAS21TcvxCfQpEcll2k4cYI+Q3N+k6RGeY1ylKW6bRatkjYBniT0hRTRBtW1+OZ2Qxj4LgAqiVMu2InATIoFTwdKCEysWETogPdbSNCA+U24y+izFB1rp4G4odQWAR+rfiYT4Sg19T3dm56ppLxPnea0YumduwoMoBhbQ8aJuLDCEOIsJd7hkFMRQE0Il17di2ieSUNBhFnQI9vTLs6R+XLLLpfLtSbFyPokjj/bQPjpENjpFFXSNqqiGKHpCL+gNvRvPxqvxYXyOW3PGZGYX/YPx/Qs+1qG1</latexit>

DYM/DF

+                     +                     

<latexit sha1_base64="bzJtrnHHQ8xSNwrJPDtH4lUJLe8=">AAACAHicbVBNS8NAEN3Ur1q/oh48eAkWwVNJRKrHoh68CBXshzQhbLabdulmE3YnYgm5+Fe8eFDEqz/Dm//GTduDVh8MPN6bYWZekHCmwLa/jNLC4tLySnm1sra+sbllbu+0VZxKQlsk5rHsBlhRzgRtAQNOu4mkOAo47QSji8Lv3FOpWCxuYZxQL8IDwUJGMGjJN/fcCMOQYJ5d5n7mAn2A7O46z32zatfsCay/xJmRKpqh6Zufbj8maUQFEI6V6jl2Al6GJTDCaV5xU0UTTEZ4QHuaChxR5WWTB3LrUCt9K4ylLgHWRP05keFIqXEU6M7iXDXvFeJ/Xi+F8MzLmEhSoIJMF4UptyC2ijSsPpOUAB9rgolk+laLDLHEBHRmFR2CM//yX9I+rjn1Wv3mpNo4n8VRRvvoAB0hB52iBrpCTdRCBOXoCb2gV+PReDbejPdpa8mYzeyiXzA+vgG0Kpck</latexit>DYM
<latexit sha1_base64="UORAuBoV2o2DhaLa6Gx7JZ6F4VI=">AAAB/3icbVDLSsNAFJ34rPUVFdy4CRbBVUlEqsuiIi4r2Ac0oUymk3boZBJmbsQSs/BX3LhQxK2/4c6/cdJmoa0HBg7n3Ms9c/yYMwW2/W0sLC4tr6yW1srrG5tb2+bObktFiSS0SSIeyY6PFeVM0CYw4LQTS4pDn9O2P7rM/fY9lYpF4g7GMfVCPBAsYASDlnrmvhtiGBLM06usl7pAHyC9zrKeWbGr9gTWPHEKUkEFGj3zy+1HJAmpAMKxUl3HjsFLsQRGOM3KbqJojMkID2hXU4FDqrx0kj+zjrTSt4JI6ifAmqi/N1IcKjUOfT2Zp1WzXi7+53UTCM69lIk4ASrI9FCQcAsiKy/D6jNJCfCxJphIprNaZIglJqArK+sSnNkvz5PWSdWpVWu3p5X6RVFHCR2gQ3SMHHSG6ugGNVATEfSIntErejOejBfj3fiYji4Yxc4e+gPj8wf0bZa6</latexit>DF

+ diagrams involving only the gauge field, 
already computed for pure YM theory
[Ciccone, De Cesare, DP, Serone (2024)]

17

Alternative technique: Broken conformal Ward Identity



Result
Eigenvalues of the mixing matrix, fermionic matter

<latexit sha1_base64="OUptphVzX6KvEE0dwuaLIW3x36M="></latexit>

ωD
1,2 = →ωN

1,2

=
→(15n2

c → 4)±
√

(15n2
c → 4)2 → 32 (n2

c → 1)nc

(
11nc
2 → nf

)

48ε2nc
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<latexit sha1_base64="j7wS8F7tKFAwj8Nbw54mK7S7CAI=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBKR6rHoxWMF+wFtKJvtpF272YTdjVBCf4EXD4pXf5M3/43bNgdtfTDweG+GmXlhKrg2nvftlDY2t7Z3yrvu3v7B4VHFPW7rJFMMWywRieqGVKPgEluGG4HdVCGNQ4GdcHI39zvPqDRP5KOZphjEdCR5xBk1Vnq4GlSqXs1bgKwTvyBVKNAcVL76w4RlMUrDBNW653upCXKqDGcCZ24/05hSNqEj7FkqaYw6yBeHzsi5VYYkSpQtachC/T2R01jraRzazpiasV715uJ/Xi8z0U2Qc5lmBiVbLooyQUxC5l+TIVfIjJhaQpni9lbCxlRRZmw2rg3BX315nbQva369Vq82boswynAKZ3ABPlxDA+6hCS1ggPACb/DuPDmvzseyseQUEyfwB87nDxg5i5k=</latexit>

4

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

3

<latexit sha1_base64="zatcPWa4pWw5N3yw9GhqcGcIvY8=">AAAB/HicdVDLSgNBEJyNrxhf0Ry9DAbB07IJEnMMmoPHCOYB2RhmJ51kyOyDmV4xLPFXvHhQxKsf4s2/cZKsoKIFTRdV3UxPeZEUGh3nw8qsrK6tb2Q3c1vbO7t7+f2Dlg5jxaHJQxmqjsc0SBFAEwVK6EQKmO9JaHuTi7nfvgWlRRhc4zSCns9GgRgKztBI/XzBrYNEdpO4CHeY1GezfrmfLzp22ZmDOnb1i6RKyV50p0hSNPr5d3cQ8tiHALlkWndLToS9hCkUXMIs58YaIsYnbARdQwPmg+4li+Nn9NgoAzoMlakA6UL9vpEwX+up75lJn+FY//bm4l9eN8ZhtZeIIIoRAr58aBhLiiGdJ0EHQgFHOTWEcSXMrZSPmWIcTV45E8LXT+n/pFW2SxW7cnVarJ2ncWTJITkiJ6REzkiNXJIGaRJOpuSBPJFn6956tF6s1+Voxkp3CuQHrLdPCIyVCg==</latexit>

!D
2

<latexit sha1_base64="VVV5EjKAQGEspmOz3ySpGpShg3o=">AAAB/HicbVDLSgNBEJyNrxhfqzl6WQyCp7ArEnMMmoPHCOYBSQyzk95kyOyDmV4xLOuvePGgiFc/xJt/4yRZQaMFDUVVN91dbiS4Qtv+NHIrq2vrG/nNwtb2zu6euX/QUmEsGTRZKELZcakCwQNoIkcBnUgC9V0BbXdyOfPbdyAVD4MbnEbQ9+ko4B5nFLU0MIu9Ogikt0kP4R6TepoOnIFZssv2HJZdrn6TTHEyUiIZGgPzozcMWexDgExQpbqOHWE/oRI5E5AWerGCiLIJHUFX04D6oPrJ/PjUOtbK0PJCqStAa67+nEior9TUd3WnT3Gslr2Z+J/XjdGr9hMeRDFCwBaLvFhYGFqzJKwhl8BQTDWhTHJ9q8XGVFKGOq+CDsFZfvkvaZ2WnUq5cn1Wql1kceTJITkiJ8Qh56RGrkiDNAkjU/JInsmL8WA8Ga/G26I1Z2QzRfILxvsXATSVBQ==</latexit>

!D
1

<latexit sha1_base64="o7RSPzkQysugyMbkfz/4xnX3wS4=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9LAbB07IbJHoM6sGTRDAPyK5hdtJJhsw+mOkVwxJ/xYsHRbz6Id78G2eTHIyxoKGo6qa7y48FV2jb30ZuZXVtfSO/Wdja3tndK+4fNFWUSAYNFolItn2qQPAQGshRQDuWQANfQMsfXWZ+6wGk4lF4h+MYvIAOQt7njKKWusWSewUC6X3qIjxiejOZdJ1usWxbFTuDaVvVGXEse5GUyRz1bvHL7UUsCSBEJqhSHceO0UupRM4ETApuoiCmbEQH0NE0pAEoL50ePzGPtdIz+5HUFaI5VX9PpDRQahz4ujOgOFR/vUz8z+sk2D/3Uh7GCULIZov6iTAxMrMkzB6XwFCMNaFMcn2ryYZUUoY6r4IOYenlZdKsWE7Vqt6elmsX8zjy5JAckRPikDNSI9ekThqEkTF5Jq/kzXgyXox342PWmjPmMyWyAOPzBxIElRA=</latexit>

!N
1

<latexit sha1_base64="pXxPsXWCCsgJ72OBoeHcJGtkUus=">AAAB/HicbVDLSgNBEJyNrxhfqzl6WQyCp2UTJHoM6sGTRDAPSOIyO+kkQ2YfzPSKyxJ/xYsHRbz6Id78G2eTHIyxoKGo6qa7y4sEV+g430ZuZXVtfSO/Wdja3tndM/cPmiqMJYMGC0Uo2x5VIHgADeQooB1JoL4noOWNLzO/9QBS8TC4wySCnk+HAR9wRlFLrlnsXoFAep92ER4xvZlM3Iprlhy74mSwHLs6I2XbWSQlMkfdNb+6/ZDFPgTIBFWqU3Yi7KVUImcCJoVurCCibEyH0NE0oD6oXjo9fmIda6VvDUKpK0Brqv6eSKmvVOJ7utOnOFJ/vUz8z+vEODjvpTyIYoSAzRYNYmFhaGVJWH0ugaFINKFMcn2rxUZUUoY6r4IOYenlZdKs2OWqXb09LdUu5nHkySE5IiekTM5IjVyTOmkQRhLyTF7Jm/FkvBjvxsesNWfMZ4pkAcbnDxOIlRE=</latexit>

!N
2

<latexit sha1_base64="fUIy4QXzpf+Y0tBVa2PGE5JPfiA=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjUg8cK9gPaUDbbTbt2swm7E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ilZveWS6S9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZtdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jOhkhS5YvNFYSoJxmT6OukLzRnKsSWUaWFvJWxINWVoAyraELzFl5dJ87ziVSvV+4ty7TqPowDHcAJn4MEl1OAO6tAABo/wDK/w5sTOi/PufMxbV5x85gj+wPn8AWQejwc=</latexit>

!

<latexit sha1_base64="jzXQ3Kh2ctZtyMjph6U6oTOOpKo=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy66qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/O/M4TVZrF8sFMEuoLPJQsYgQbKz32GzYaYtQYlCtu1Z0DrRIvJxXI0RyUv/phTFJBpSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KJBdV+Nl94is6sEqIoVvZJg+bq74kMC60nIrBJgc1IL3sz8T+vl5ro2s+YTFJDJVl8FKUcmRjNrkchU5QYPrEEE8XsroiMsMLE2I5KtgRv+eRV0r6oerVq7f6yUr/J6yjCCZzCOXhwBXW4gya0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AQIyj+g=</latexit>

!L



Result
Eigenvalues of the mixing matrix, scalar matter

19

<latexit sha1_base64="0vILOckZwHWNzFMUeM0vqQn5thU="></latexit>

ωD
1,2 = →ωN

1,2

=
→(14n2

c → 3)±
√

(14n2
c → 3)2 → 6 (n2

c → 1)nc(22nc → ns)

48ε2nc

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

4

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

3

<latexit sha1_base64="zatcPWa4pWw5N3yw9GhqcGcIvY8=">AAAB/HicdVDLSgNBEJyNrxhf0Ry9DAbB07IJEnMMmoPHCOYB2RhmJ51kyOyDmV4xLPFXvHhQxKsf4s2/cZKsoKIFTRdV3UxPeZEUGh3nw8qsrK6tb2Q3c1vbO7t7+f2Dlg5jxaHJQxmqjsc0SBFAEwVK6EQKmO9JaHuTi7nfvgWlRRhc4zSCns9GgRgKztBI/XzBrYNEdpO4CHeY1GezfrmfLzp22ZmDOnb1i6RKyV50p0hSNPr5d3cQ8tiHALlkWndLToS9hCkUXMIs58YaIsYnbARdQwPmg+4li+Nn9NgoAzoMlakA6UL9vpEwX+up75lJn+FY//bm4l9eN8ZhtZeIIIoRAr58aBhLiiGdJ0EHQgFHOTWEcSXMrZSPmWIcTV45E8LXT+n/pFW2SxW7cnVarJ2ncWTJITkiJ6REzkiNXJIGaRJOpuSBPJFn6956tF6s1+Voxkp3CuQHrLdPCIyVCg==</latexit>

!D
2

<latexit sha1_base64="VVV5EjKAQGEspmOz3ySpGpShg3o=">AAAB/HicbVDLSgNBEJyNrxhfqzl6WQyCp7ArEnMMmoPHCOYBSQyzk95kyOyDmV4xLOuvePGgiFc/xJt/4yRZQaMFDUVVN91dbiS4Qtv+NHIrq2vrG/nNwtb2zu6euX/QUmEsGTRZKELZcakCwQNoIkcBnUgC9V0BbXdyOfPbdyAVD4MbnEbQ9+ko4B5nFLU0MIu9Ogikt0kP4R6TepoOnIFZssv2HJZdrn6TTHEyUiIZGgPzozcMWexDgExQpbqOHWE/oRI5E5AWerGCiLIJHUFX04D6oPrJ/PjUOtbK0PJCqStAa67+nEior9TUd3WnT3Gslr2Z+J/XjdGr9hMeRDFCwBaLvFhYGFqzJKwhl8BQTDWhTHJ9q8XGVFKGOq+CDsFZfvkvaZ2WnUq5cn1Wql1kceTJITkiJ8Qh56RGrkiDNAkjU/JInsmL8WA8Ga/G26I1Z2QzRfILxvsXATSVBQ==</latexit>

!D
1

<latexit sha1_base64="o7RSPzkQysugyMbkfz/4xnX3wS4=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9LAbB07IbJHoM6sGTRDAPyK5hdtJJhsw+mOkVwxJ/xYsHRbz6Id78G2eTHIyxoKGo6qa7y48FV2jb30ZuZXVtfSO/Wdja3tndK+4fNFWUSAYNFolItn2qQPAQGshRQDuWQANfQMsfXWZ+6wGk4lF4h+MYvIAOQt7njKKWusWSewUC6X3qIjxiejOZdJ1usWxbFTuDaVvVGXEse5GUyRz1bvHL7UUsCSBEJqhSHceO0UupRM4ETApuoiCmbEQH0NE0pAEoL50ePzGPtdIz+5HUFaI5VX9PpDRQahz4ujOgOFR/vUz8z+sk2D/3Uh7GCULIZov6iTAxMrMkzB6XwFCMNaFMcn2ryYZUUoY6r4IOYenlZdKsWE7Vqt6elmsX8zjy5JAckRPikDNSI9ekThqEkTF5Jq/kzXgyXox342PWmjPmMyWyAOPzBxIElRA=</latexit>

!N
1

<latexit sha1_base64="pXxPsXWCCsgJ72OBoeHcJGtkUus=">AAAB/HicbVDLSgNBEJyNrxhfqzl6WQyCp2UTJHoM6sGTRDAPSOIyO+kkQ2YfzPSKyxJ/xYsHRbz6Id78G2eTHIyxoKGo6qa7y4sEV+g430ZuZXVtfSO/Wdja3tndM/cPmiqMJYMGC0Uo2x5VIHgADeQooB1JoL4noOWNLzO/9QBS8TC4wySCnk+HAR9wRlFLrlnsXoFAep92ER4xvZlM3Iprlhy74mSwHLs6I2XbWSQlMkfdNb+6/ZDFPgTIBFWqU3Yi7KVUImcCJoVurCCibEyH0NE0oD6oXjo9fmIda6VvDUKpK0Brqv6eSKmvVOJ7utOnOFJ/vUz8z+vEODjvpTyIYoSAzRYNYmFhaGVJWH0ugaFINKFMcn2rxUZUUoY6r4IOYenlZdKs2OWqXb09LdUu5nHkySE5IiekTM5IjVyTOmkQRhLyTF7Jm/FkvBjvxsesNWfMZ4pkAcbnDxOIlRE=</latexit>

!N
2

<latexit sha1_base64="fUIy4QXzpf+Y0tBVa2PGE5JPfiA=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjUg8cK9gPaUDbbTbt2swm7E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ilZveWS6S9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZtdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jOhkhS5YvNFYSoJxmT6OukLzRnKsSWUaWFvJWxINWVoAyraELzFl5dJ87ziVSvV+4ty7TqPowDHcAJn4MEl1OAO6tAABo/wDK/w5sTOi/PufMxbV5x85gj+wPn8AWQejwc=</latexit>

!

<latexit sha1_base64="jzXQ3Kh2ctZtyMjph6U6oTOOpKo=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy66qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/O/M4TVZrF8sFMEuoLPJQsYgQbKz32GzYaYtQYlCtu1Z0DrRIvJxXI0RyUv/phTFJBpSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KJBdV+Nl94is6sEqIoVvZJg+bq74kMC60nIrBJgc1IL3sz8T+vl5ro2s+YTFJDJVl8FKUcmRjNrkchU5QYPrEEE8XsroiMsMLE2I5KtgRv+eRV0r6oerVq7f6yUr/J6yjCCZzCOXhwBXW4gya0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AQIyj+g=</latexit>

!L



Proposed extrapolation

20



Proposed extrapolation asymptotically:
<latexit sha1_base64="HJLRjfuuzcX/c3LKTa2ls0kdnwQ=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjQuFCvYB06Fk0kwbmklCckcopZ/hxoUibv0ad/6NaTsLrR4IHM65l9xzYi24Bd//8gorq2vrG8XN0tb2zu5eef+gZVVmKGtSJZTpxMQywSVrAgfBOtowksaCtePR9cxvPzJjuZIPMNYsSslA8oRTAk4Ku9ooDQrf4dteueJX/TnwXxLkpIJyNHrlz25f0SxlEqgg1oaBryGaEAOcCjYtdTPLNKEjMmCho5KkzEaT+clTfOKUPk6UcU8Cnqs/NyYktXacxm4yJTC0y95M/M8LM0guowmXOgMm6eKjJBPYhZzlx31uGAUxdoRQw92tmA6JIRRcSyVXQrAc+S9pnVWDWrV2f16pX+V1FNEROkanKEAXqI5uUAM1EUUKPaEX9OqB9+y9ee+L0YKX7xyiX/A+vgGQVZDM</latexit>→ ML

20



Conformal Window

<latexit sha1_base64="Ot07dweRcsAJDYksq3WVMxBwEvQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9UP++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBQWo3W</latexit>nf
<latexit sha1_base64="U2hdngpc9pdGhd5+zkERnhwzdqA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSpHosevFYwX5AG8Jmu2mXbjZhdyPUkF/ixYMiXv0p3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6r9tFxV8WpJLRDYh7LfoAV5UzQjmaa034iKY4CTnvB9Hbu9x6pVCwWD3qWUC/CY8FCRrA2km9Xh6HEJHPdPGvkwie+XXPqzgJonbgFqUGBtm9/DUcxSSMqNOFYqYHrJNrLsNSMcJpXhqmiCSZTPKYDQwWOqPKyxeE5OjfKCIWxNCU0Wqi/JzIcKTWLAtMZYT1Rq95c/M8bpDq89jImklRTQZaLwpQjHaN5CmjEJCWazwzBRDJzKyITbJLQJquKCcFdfXmddBt1t1lv3l/WWjdFHGU4hTO4ABeuoAV30IYOEEjhGV7hzXqyXqx362PZWrKKmRP4A+vzB3G7kvg=</latexit>

11

2
nc

<latexit sha1_base64="tz864BoBMMcJ0Ql/2ffwdt/TU/8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5KIVI9FLx4r2A9oY9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFSQ/bCx/NeqexW3BnIMvFyUoYc9V7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NgJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0c9LnCpkRY0soU9zeStiQKsqMzadoQ/AWX14mzYuKV61U7y/LtZs8jgIcwwmcgQdXUIM7qEMDGHB4hld4c6Tz4rw7H/PWFSefOYI/cD5/AGsfjnI=</latexit>

n→
f

With matter we can also have different IR behaviors 
in the bulk:

freeCFTconfining

21



Conformal Window

<latexit sha1_base64="Ot07dweRcsAJDYksq3WVMxBwEvQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB9UP++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwBQWo3W</latexit>nf
<latexit sha1_base64="U2hdngpc9pdGhd5+zkERnhwzdqA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSpHosevFYwX5AG8Jmu2mXbjZhdyPUkF/ixYMiXv0p3vw3btsctPXBwOO9GWbmBQlnSjvOt1Xa2Nza3invVvb2Dw6r9tFxV8WpJLRDYh7LfoAV5UzQjmaa034iKY4CTnvB9Hbu9x6pVCwWD3qWUC/CY8FCRrA2km9Xh6HEJHPdPGvkwie+XXPqzgJonbgFqUGBtm9/DUcxSSMqNOFYqYHrJNrLsNSMcJpXhqmiCSZTPKYDQwWOqPKyxeE5OjfKCIWxNCU0Wqi/JzIcKTWLAtMZYT1Rq95c/M8bpDq89jImklRTQZaLwpQjHaN5CmjEJCWazwzBRDJzKyITbJLQJquKCcFdfXmddBt1t1lv3l/WWjdFHGU4hTO4ABeuoAV30IYOEEjhGV7hzXqyXqx362PZWrKKmRP4A+vzB3G7kvg=</latexit>

11

2
nc

<latexit sha1_base64="tz864BoBMMcJ0Ql/2ffwdt/TU/8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5KIVI9FLx4r2A9oY9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFSQ/bCx/NeqexW3BnIMvFyUoYc9V7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NgJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0c9LnCpkRY0soU9zeStiQKsqMzadoQ/AWX14mzYuKV61U7y/LtZs8jgIcwwmcgQdXUIM7qEMDGHB4hld4c6Tz4rw7H/PWFSefOYI/cD5/AGsfjnI=</latexit>

n→
f

With matter we can also have different IR behaviors 
in the bulk:

freeCFTconfining

21

In AdS: interacting BCFT at large 
<latexit sha1_base64="fUIy4QXzpf+Y0tBVa2PGE5JPfiA=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjUg8cK9gPaUDbbTbt2swm7E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ilZveWS6S9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZtdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jOhkhS5YvNFYSoJxmT6OukLzRnKsSWUaWFvJWxINWVoAyraELzFl5dJ87ziVSvV+4ty7TqPowDHcAJn4MEl1OAO6tAABo/wDK/w5sTOi/PufMxbV5x85gj+wPn8AWQejwc=</latexit>

!

<latexit sha1_base64="jzXQ3Kh2ctZtyMjph6U6oTOOpKo=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy66qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/O/M4TVZrF8sFMEuoLPJQsYgQbKz32GzYaYtQYlCtu1Z0DrRIvJxXI0RyUv/phTFJBpSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KJBdV+Nl94is6sEqIoVvZJg+bq74kMC60nIrBJgc1IL3sz8T+vl5ro2s+YTFJDJVl8FKUcmRjNrkchU5QYPrEEE8XsroiMsMLE2I5KtgRv+eRV0r6oerVq7f6yUr/J6yjCCZzCOXhwBXW4gya0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AQIyj+g=</latexit>

!L

boundary 
spectrum of  
IR BCFT 

<latexit sha1_base64="jzXQ3Kh2ctZtyMjph6U6oTOOpKo=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy66qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/O/M4TVZrF8sFMEuoLPJQsYgQbKz32GzYaYtQYlCtu1Z0DrRIvJxXI0RyUv/phTFJBpSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KJBdV+Nl94is6sEqIoVvZJg+bq74kMC60nIrBJgc1IL3sz8T+vl5ro2s+YTFJDJVl8FKUcmRjNrkchU5QYPrEEE8XsroiMsMLE2I5KtgRv+eRV0r6oerVq7f6yUr/J6yjCCZzCOXhwBXW4gya0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AQIyj+g=</latexit>

!L



The bulk conformal symmetry implies the existence 
of a displacement operator: protected dimension

<latexit sha1_base64="QY9haw9IpXSlhGHvT+wvv99n6Qg=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CUA8eI5gHJkuYncwmQ2Znl5leIYT8hRcPinj1b7z5N06SPWhiQUNR1U13V5BIYdB1v53cyura+kZ+s7C1vbO7V9w/aJg41YzXWSxj3Qqo4VIoXkeBkrcSzWkUSN4MhjdTv/nEtRGxesBRwv2I9pUIBaNopcfOLZdIyRU57xZLbtmdgSwTLyMlyFDrFr86vZilEVfIJDWm7bkJ+mOqUTDJJ4VOanhC2ZD2edtSRSNu/PHs4gk5sUqPhLG2pZDM1N8TYxoZM4oC2xlRHJhFbyr+57VTDC/9sVBJilyx+aIwlQRjMn2f9ITmDOXIEsq0sLcSNqCaMrQhFWwI3uLLy6RxVvYq5cr9eal6ncWRhyM4hlPw4AKqcAc1qAMDBc/wCm+OcV6cd+dj3ppzsplD+APn8wcOVo/g</latexit>

! = 4

22



The bulk conformal symmetry implies the existence 
of a displacement operator: protected dimension

<latexit sha1_base64="QY9haw9IpXSlhGHvT+wvv99n6Qg=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CUA8eI5gHJkuYncwmQ2Znl5leIYT8hRcPinj1b7z5N06SPWhiQUNR1U13V5BIYdB1v53cyura+kZ+s7C1vbO7V9w/aJg41YzXWSxj3Qqo4VIoXkeBkrcSzWkUSN4MhjdTv/nEtRGxesBRwv2I9pUIBaNopcfOLZdIyRU57xZLbtmdgSwTLyMlyFDrFr86vZilEVfIJDWm7bkJ+mOqUTDJJ4VOanhC2ZD2edtSRSNu/PHs4gk5sUqPhLG2pZDM1N8TYxoZM4oC2xlRHJhFbyr+57VTDC/9sVBJilyx+aIwlQRjMn2f9ITmDOXIEsq0sLcSNqCaMrQhFWwI3uLLy6RxVvYq5cr9eal6ncWRhyM4hlPw4AKqcAc1qAMDBc/wCm+OcV6cd+dj3ppzsplD+APn8wcOVo/g</latexit>

! = 4

22

We can verify in the Banks-Zaks expansion

freeCFTconfining

with
<latexit sha1_base64="bMQWSnsXnMsS9ZIPElTk6wCmDbY="></latexit>

nc → ↑ , nf → ↑ , ω ↓ g2nc

16ε2
x ↓ nf

nc
<latexit sha1_base64="XNPnulc7fJ3otJNImbvhg7Er0fU="></latexit>

ωVen =
4ε2

3

(
x→

11

2

)
+

2ε3

3
(13x→ 34) +O(ε4)

Fixed point:
<latexit sha1_base64="akKMB0oREu36k9c8/0SZSWoNHwY="></latexit>

ωBZ =
4

75
ε+O(ε2)

<latexit sha1_base64="iQA3f0LXsIRo82vHqzcy/DlIGTc=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9gViR6DXjxGNA9I1jA7mU2GzM4uM71iWPIJXjwo4tUv8ubfOHkcNLGgoajqprsrSKQw6LrfztLyyuraem4jv7m1vbNb2NuvmzjVjNdYLGPdDKjhUiheQ4GSNxPNaRRI3ggG12O/8ci1EbG6x2HC/Yj2lAgFo2ilu6eH006h6JbcCcgi8WakCDNUO4WvdjdmacQVMkmNaXlugn5GNQom+SjfTg1PKBvQHm9ZqmjEjZ9NTh2RY6t0SRhrWwrJRP09kdHImGEU2M6IYt/Me2PxP6+VYnjpZ0IlKXLFpovCVBKMyfhv0hWaM5RDSyjTwt5KWJ9qytCmk7chePMvL5L6Wckrl8q358XK1SyOHBzCEZyABxdQgRuoQg0Y9OAZXuHNkc6L8+58TFuXnNnMAfyB8/kDAyGNow==</latexit>

x→ <latexit sha1_base64="PVpoHX8n9q6j6QHylUK2++QuN18=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI9FLx4r2A9oQtlsN+3SzWbZ3Qgl5G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NUEdohCU9UP8SaciZoxzDDaV8qiuOQ0144vZv7vSeqNEvEo5lJGsR4LFjECDZW8v1IYZJ5Xp418mG15tbdBdA68QpSgwLtYfXLHyUkjakwhGOtB54rTZBhZRjhNK/4qaYSkyke04GlAsdUB9ni5hxdWGWEokTZEgYt1N8TGY61nsWh7YyxmehVby7+5w1SE90EGRMyNVSQ5aIo5cgkaB4AGjFFieEzSzBRzN6KyATbGIyNqWJD8FZfXifdRt1r1psPV7XWbRFHGc7gHC7Bg2towT20oQMEJDzDK7w5qfPivDsfy9aSU8ycwh84nz+vdpF5</latexit>

11

2

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="VHbxFtfYbuzs7PaV6RYQSUziJyY=">AAACBHicbVDLSsNAFJ3UV62vqstuBovgxpAUqW6EohuXFewDmlAm05t26OTBzEQsIQs3/oobF4q49SPc+TdO2i6s9cCFwzn3cu89XsyZVJb1bRRWVtfWN4qbpa3tnd298v5BW0aJoNCiEY9E1yMSOAuhpZji0I0FkMDj0PHG17nfuQchWRTeqUkMbkCGIfMZJUpL/XLlAV9ixxeEpradpbUMn2IHYsl47lYts2blwJZZnxHbtBZJFc3R7Je/nEFEkwBCRTmRsmdbsXJTIhSjHLKSk0iICR2TIfQ0DUkA0k2nT2T4WCsD7EdCV6jwVP09kZJAykng6c6AqJH86+Xif14vUf6Fm7IwThSEdLbITzhWEc4TwQMmgCo+0YRQwfStmI6ITkTp3Eo6hKWXl0m7Ztp1s357Vm1czeMoogo6QifIRueogW5QE7UQRY/oGb2iN+PJeDHejY9Za8GYzxyiBRifP+EmlwE=</latexit>

x =
11

2
→ ω



Plugging in the previous formulas for the anomalous 
dimensions

displacement

unprotected bdry 
scalar of BCFT

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

4

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

3

<latexit sha1_base64="zatcPWa4pWw5N3yw9GhqcGcIvY8=">AAAB/HicdVDLSgNBEJyNrxhf0Ry9DAbB07IJEnMMmoPHCOYB2RhmJ51kyOyDmV4xLPFXvHhQxKsf4s2/cZKsoKIFTRdV3UxPeZEUGh3nw8qsrK6tb2Q3c1vbO7t7+f2Dlg5jxaHJQxmqjsc0SBFAEwVK6EQKmO9JaHuTi7nfvgWlRRhc4zSCns9GgRgKztBI/XzBrYNEdpO4CHeY1GezfrmfLzp22ZmDOnb1i6RKyV50p0hSNPr5d3cQ8tiHALlkWndLToS9hCkUXMIs58YaIsYnbARdQwPmg+4li+Nn9NgoAzoMlakA6UL9vpEwX+up75lJn+FY//bm4l9eN8ZhtZeIIIoRAr58aBhLiiGdJ0EHQgFHOTWEcSXMrZSPmWIcTV45E8LXT+n/pFW2SxW7cnVarJ2ncWTJITkiJ6REzkiNXJIGaRJOpuSBPJFn6956tF6s1+Voxkp3CuQHrLdPCIyVCg==</latexit>

!D
2

<latexit sha1_base64="VVV5EjKAQGEspmOz3ySpGpShg3o=">AAAB/HicbVDLSgNBEJyNrxhfqzl6WQyCp7ArEnMMmoPHCOYBSQyzk95kyOyDmV4xLOuvePGgiFc/xJt/4yRZQaMFDUVVN91dbiS4Qtv+NHIrq2vrG/nNwtb2zu6euX/QUmEsGTRZKELZcakCwQNoIkcBnUgC9V0BbXdyOfPbdyAVD4MbnEbQ9+ko4B5nFLU0MIu9Ogikt0kP4R6TepoOnIFZssv2HJZdrn6TTHEyUiIZGgPzozcMWexDgExQpbqOHWE/oRI5E5AWerGCiLIJHUFX04D6oPrJ/PjUOtbK0PJCqStAa67+nEior9TUd3WnT3Gslr2Z+J/XjdGr9hMeRDFCwBaLvFhYGFqzJKwhl8BQTDWhTHJ9q8XGVFKGOq+CDsFZfvkvaZ2WnUq5cn1Wql1kceTJITkiJ8Qh56RGrkiDNAkjU/JInsmL8WA8Ga/G26I1Z2QzRfILxvsXATSVBQ==</latexit>

!D
1

<latexit sha1_base64="o7RSPzkQysugyMbkfz/4xnX3wS4=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9LAbB07IbJHoM6sGTRDAPyK5hdtJJhsw+mOkVwxJ/xYsHRbz6Id78G2eTHIyxoKGo6qa7y48FV2jb30ZuZXVtfSO/Wdja3tndK+4fNFWUSAYNFolItn2qQPAQGshRQDuWQANfQMsfXWZ+6wGk4lF4h+MYvIAOQt7njKKWusWSewUC6X3qIjxiejOZdJ1usWxbFTuDaVvVGXEse5GUyRz1bvHL7UUsCSBEJqhSHceO0UupRM4ETApuoiCmbEQH0NE0pAEoL50ePzGPtdIz+5HUFaI5VX9PpDRQahz4ujOgOFR/vUz8z+sk2D/3Uh7GCULIZov6iTAxMrMkzB6XwFCMNaFMcn2ryYZUUoY6r4IOYenlZdKsWE7Vqt6elmsX8zjy5JAckRPikDNSI9ekThqEkTF5Jq/kzXgyXox342PWmjPmMyWyAOPzBxIElRA=</latexit>

!N
1

<latexit sha1_base64="pXxPsXWCCsgJ72OBoeHcJGtkUus=">AAAB/HicbVDLSgNBEJyNrxhfqzl6WQyCp2UTJHoM6sGTRDAPSOIyO+kkQ2YfzPSKyxJ/xYsHRbz6Id78G2eTHIyxoKGo6qa7y4sEV+g430ZuZXVtfSO/Wdja3tndM/cPmiqMJYMGC0Uo2x5VIHgADeQooB1JoL4noOWNLzO/9QBS8TC4wySCnk+HAR9wRlFLrlnsXoFAep92ER4xvZlM3Iprlhy74mSwHLs6I2XbWSQlMkfdNb+6/ZDFPgTIBFWqU3Yi7KVUImcCJoVurCCibEyH0NE0oD6oXjo9fmIda6VvDUKpK0Brqv6eSKmvVOJ7utOnOFJ/vUz8z+vEODjvpTyIYoSAzRYNYmFhaGVJWH0ugaFINKFMcn2rxUZUUoY6r4IOYenlZdKs2OWqXb09LdUu5nHkySE5IiekTM5IjVyTOmkQRhLyTF7Jm/FkvBjvxsesNWfMZ4pkAcbnDxOIlRE=</latexit>

!N
2

<latexit sha1_base64="fUIy4QXzpf+Y0tBVa2PGE5JPfiA=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjUg8cK9gPaUDbbTbt2swm7E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ilZveWS6S9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZtdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jOhkhS5YvNFYSoJxmT6OukLzRnKsSWUaWFvJWxINWVoAyraELzFl5dJ87ziVSvV+4ty7TqPowDHcAJn4MEl1OAO6tAABo/wDK/w5sTOi/PufMxbV5x85gj+wPn8AWQejwc=</latexit>

!

<latexit sha1_base64="jzXQ3Kh2ctZtyMjph6U6oTOOpKo=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy66qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/O/M4TVZrF8sFMEuoLPJQsYgQbKz32GzYaYtQYlCtu1Z0DrRIvJxXI0RyUv/phTFJBpSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KJBdV+Nl94is6sEqIoVvZJg+bq74kMC60nIrBJgc1IL3sz8T+vl5ro2s+YTFJDJVl8FKUcmRjNrkchU5QYPrEEE8XsroiMsMLE2I5KtgRv+eRV0r6oerVq7f6yUr/J6yjCCZzCOXhwBXW4gya0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AQIyj+g=</latexit>

!L
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<latexit sha1_base64="hDfMzoJ+8NJ4NKqsQkVDZ7eV9Es="></latexit>(
!D/N

1

)

BZ
= 4→

8

15
ω+O(ω2)

<latexit sha1_base64="/xuJCvSo1CRMEeTV/nQ0cz/xBZ0="></latexit>(
!D/N

2

)

BZ
= 4 +O(ω2)

<latexit sha1_base64="vMqXhgwkZSdcO8T6QKf0b0t4StU=">AAAB+3icbVDJSgNBEO1xjXGL8eilMQiewoxI9BiiB48RzIKZIfR0KkmTnoXuGkkY5le8eFDEqz/izb+xsxw08UHB470qqur5sRQabfvbWlvf2Nzazu3kd/f2Dw4LR8WmjhLFocEjGam2zzRIEUIDBUpoxwpY4Eto+aObqd96AqVFFD7gJAYvYINQ9AVnaKRuoejegkTWTV2EMaa1xyzrFkp22Z6BrhJnQUpkgXq38OX2Ip4EECKXTOuOY8fopUyh4BKyvJtoiBkfsQF0DA1ZANpLZ7dn9MwoPdqPlKkQ6Uz9PZGyQOtJ4JvOgOFQL3tT8T+vk2D/2ktFGCcIIZ8v6ieSYkSnQdCeUMBRTgxhXAlzK+VDphhHE1fehOAsv7xKmhdlp1Ku3F+WqrVFHDlyQk7JOXHIFamSO1InDcLJmDyTV/JmZdaL9W59zFvXrMXMMfkD6/MHdWOUvA==</latexit>

!BZ         are the boundary 
dimensions at large <latexit sha1_base64="jzXQ3Kh2ctZtyMjph6U6oTOOpKo=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy66qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/O/M4TVZrF8sFMEuoLPJQsYgQbKz32GzYaYtQYlCtu1Z0DrRIvJxXI0RyUv/phTFJBpSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KJBdV+Nl94is6sEqIoVvZJg+bq74kMC60nIrBJgc1IL3sz8T+vl5ro2s+YTFJDJVl8FKUcmRjNrkchU5QYPrEEE8XsroiMsMLE2I5KtgRv+eRV0r6oerVq7f6yUr/J6yjCCZzCOXhwBXW4gya0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AQIyj+g=</latexit>

!L
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freeCFTconfining

Extrapolating the one-loop answer:

<latexit sha1_base64="iWAfT1aChztnKsZfI2+Okdz9lpM="></latexit>(
!D

1

)
BZ

= 4→
8

15
ω+O(ω2)

<latexit sha1_base64="/jMwPA2RAtiwIQ6oDMtYzTGQyQ0=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIJewq6KehFEPXiMYBIxG5fZSW8yOPtgplcMy/6HF3/FiwdFPAke/BsnyR58FTQUVd10d/mJFBpt+9MaG5+YnJqemS3NzS8sLpWXVxo6ThWHOo9lrC59pkGKCOooUMJlooCFvoSmf3My8Ju3oLSIowvsJ9AOWTcSgeAMjeSVt10JAW66pyCReZmTX2cuwh1mp3nuKtHt4ZZXKMdXeU4P6Y5XrthVewj6lzgFqZACNa/87nZinoYQIZdM65ZjJ9jOmELBJeQlN9WQMH7DutAyNGIh6HY2/C2nG0bp0CBWpiKkQ/X7RMZCrfuhbzpDhj392xuI/3mtFIODdiaiJEWI+GhRkEqKMR0ERTtCAUfZN4RxJcytlPeYYhxNnCUTgvP75b+ksV119qp757uVo+MijhmyRtbJJnHIPjkiZ6RG6oSTe/JInsmL9WA9Wa/W26h1zCpmVskPWB9fjCOhuQ==</latexit>(
!D

1

)
BZ

= 3 for

<latexit sha1_base64="VHbxFtfYbuzs7PaV6RYQSUziJyY=">AAACBHicbVDLSsNAFJ3UV62vqstuBovgxpAUqW6EohuXFewDmlAm05t26OTBzEQsIQs3/oobF4q49SPc+TdO2i6s9cCFwzn3cu89XsyZVJb1bRRWVtfWN4qbpa3tnd298v5BW0aJoNCiEY9E1yMSOAuhpZji0I0FkMDj0PHG17nfuQchWRTeqUkMbkCGIfMZJUpL/XLlAV9ixxeEpradpbUMn2IHYsl47lYts2blwJZZnxHbtBZJFc3R7Je/nEFEkwBCRTmRsmdbsXJTIhSjHLKSk0iICR2TIfQ0DUkA0k2nT2T4WCsD7EdCV6jwVP09kZJAykng6c6AqJH86+Xif14vUf6Fm7IwThSEdLbITzhWEc4TwQMmgCo+0YRQwfStmI6ITkTp3Eo6hKWXl0m7Ztp1s357Vm1czeMoogo6QifIRueogW5QE7UQRY/oGb2iN+PJeDHejY9Za8GYzxyiBRifP+EmlwE=</latexit>

x =
11

2
→ ω

<latexit sha1_base64="PVpoHX8n9q6j6QHylUK2++QuN18=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI9FLx4r2A9oQtlsN+3SzWbZ3Qgl5G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NUEdohCU9UP8SaciZoxzDDaV8qiuOQ0144vZv7vSeqNEvEo5lJGsR4LFjECDZW8v1IYZJ5Xp418mG15tbdBdA68QpSgwLtYfXLHyUkjakwhGOtB54rTZBhZRjhNK/4qaYSkyke04GlAsdUB9ni5hxdWGWEokTZEgYt1N8TGY61nsWh7YyxmehVby7+5w1SE90EGRMyNVSQ5aIo5cgkaB4AGjFFieEzSzBRzN6KyATbGIyNqWJD8FZfXifdRt1r1psPV7XWbRFHGc7gHC7Bg2towT20oQMEJDzDK7w5qfPivDsfy9aSU8ycwh84nz+vdpF5</latexit>

11

2

<latexit sha1_base64="iQA3f0LXsIRo82vHqzcy/DlIGTc=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9gViR6DXjxGNA9I1jA7mU2GzM4uM71iWPIJXjwo4tUv8ubfOHkcNLGgoajqprsrSKQw6LrfztLyyuraem4jv7m1vbNb2NuvmzjVjNdYLGPdDKjhUiheQ4GSNxPNaRRI3ggG12O/8ci1EbG6x2HC/Yj2lAgFo2ilu6eH006h6JbcCcgi8WakCDNUO4WvdjdmacQVMkmNaXlugn5GNQom+SjfTg1PKBvQHm9ZqmjEjZ9NTh2RY6t0SRhrWwrJRP09kdHImGEU2M6IYt/Me2PxP6+VYnjpZ0IlKXLFpovCVBKMyfhv0hWaM5RDSyjTwt5KWJ9qytCmk7chePMvL5L6Wckrl8q358XK1SyOHBzCEZyABxdQgRuoQg0Y9OAZXuHNkc6L8+58TFuXnNnMAfyB8/kDAyGNow==</latexit>

x→ <latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

Similarly, for             the IR boundary scaling dimension 
crosses marginality for

<latexit sha1_base64="yXBNBafg5ZPa9JPyYBXvEK9wU2E=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolK9SIUvXisYD+gDWWznbRLN5uwuxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8NOME/YgOJA85o8ZKLdlj5IZc9Eplt+LOQJaJl5My5Kj3Sl/dfszSCKVhgmrd8dzE+BlVhjOBk2I31ZhQNqID7FgqaYTaz2bnTsipVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14bWfcZmkBiWbLwpTQUxMpr+TPlfIjBhbQpni9lbChlRRZmxCRRuCt/jyMmmeV7xqpfpwWa7d5nEU4BhO4Aw8uIIa3EMdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx/wA46r</latexit>

nc = 3

<latexit sha1_base64="/yjrxa+zfccuB3cPUZB1D9P9rgA=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVEpboRim5cVrAPaEKZTCft0MlMmJlIS+zCX3HjQhG3/oY7/8Zpm4W2HrhwOOde7r0nTBhV2nW/rcLS8srqWnG9tLG5tb1j7+41lEglJnUsmJCtECnCKCd1TTUjrUQSFIeMNMPBzcRvPhCpqOD3epSQIEY9TiOKkTZSxz4Ywis/RDIbjqGPkkSKITxzKh277DruFHCReDkpgxy1jv3ldwVOY8I1ZkiptucmOsiQ1BQzMi75qSIJwgPUI21DOYqJCrLp/WN4bJQujIQ0xTWcqr8nMhQrNYpD0xkj3Vfz3kT8z2unOroMMsqTVBOOZ4uilEEt4CQM2KWSYM1GhiAsqbkV4j6SCGsTWcmE4M2/vEgap45XcSp35+XqdR5HERyCI3ACPHABquAW1EAdYPAInsEreLOerBfr3fqYtRasfGYf/IH1+QOcn5U1</latexit>

x = x̄ → 3.6

<latexit sha1_base64="IhQ3VRWJnhmYIPzm8c+3b9LDd2M=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFcFVmRKoboejGZQV7gc5QMmmmDc0kIcmIZSi48VXcuFDErS/hzrcxbWehrT8EPv5zDifnjySj2njet1NYWl5ZXSuulzY2t7Z33N29phapwqSBBROqHSFNGOWkYahhpC0VQUnESCsaXk/qrXuiNBX8zowkCRPU5zSmGBlrdd0D3o3hJQwipDI+thwgKZV4gL7fdctexZsKLoKfQxnkqnfdr6AncJoQbjBDWnd8T5owQ8pQzMi4FKSaSISHqE86FjlKiA6z6Q1jeGydHoyFso8bOHV/T2Qo0XqURLYzQWag52sT879aJzXxRZhRLlNDOJ4tilMGjYCTQGCPKoING1lAWFH7V4gHSCFsbGwlG4I/f/IiNE8rfrVSvT0r167yOIrgEByBE+CDc1ADN6AOGgCDR/AMXsGb8+S8OO/Ox6y14OQz++CPnM8fZnSWvg==</latexit>

nf = n̄f → 11
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freeCFTconfining

Extrapolating the one-loop answer:

<latexit sha1_base64="iWAfT1aChztnKsZfI2+Okdz9lpM="></latexit>(
!D

1

)
BZ

= 4→
8

15
ω+O(ω2)

<latexit sha1_base64="/jMwPA2RAtiwIQ6oDMtYzTGQyQ0=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIJewq6KehFEPXiMYBIxG5fZSW8yOPtgplcMy/6HF3/FiwdFPAke/BsnyR58FTQUVd10d/mJFBpt+9MaG5+YnJqemS3NzS8sLpWXVxo6ThWHOo9lrC59pkGKCOooUMJlooCFvoSmf3My8Ju3oLSIowvsJ9AOWTcSgeAMjeSVt10JAW66pyCReZmTX2cuwh1mp3nuKtHt4ZZXKMdXeU4P6Y5XrthVewj6lzgFqZACNa/87nZinoYQIZdM65ZjJ9jOmELBJeQlN9WQMH7DutAyNGIh6HY2/C2nG0bp0CBWpiKkQ/X7RMZCrfuhbzpDhj392xuI/3mtFIODdiaiJEWI+GhRkEqKMR0ERTtCAUfZN4RxJcytlPeYYhxNnCUTgvP75b+ksV119qp757uVo+MijhmyRtbJJnHIPjkiZ6RG6oSTe/JInsmL9WA9Wa/W26h1zCpmVskPWB9fjCOhuQ==</latexit>(
!D

1

)
BZ

= 3 for

<latexit sha1_base64="VHbxFtfYbuzs7PaV6RYQSUziJyY=">AAACBHicbVDLSsNAFJ3UV62vqstuBovgxpAUqW6EohuXFewDmlAm05t26OTBzEQsIQs3/oobF4q49SPc+TdO2i6s9cCFwzn3cu89XsyZVJb1bRRWVtfWN4qbpa3tnd298v5BW0aJoNCiEY9E1yMSOAuhpZji0I0FkMDj0PHG17nfuQchWRTeqUkMbkCGIfMZJUpL/XLlAV9ixxeEpradpbUMn2IHYsl47lYts2blwJZZnxHbtBZJFc3R7Je/nEFEkwBCRTmRsmdbsXJTIhSjHLKSk0iICR2TIfQ0DUkA0k2nT2T4WCsD7EdCV6jwVP09kZJAykng6c6AqJH86+Xif14vUf6Fm7IwThSEdLbITzhWEc4TwQMmgCo+0YRQwfStmI6ITkTp3Eo6hKWXl0m7Ztp1s357Vm1czeMoogo6QifIRueogW5QE7UQRY/oGb2iN+PJeDHejY9Za8GYzxyiBRifP+EmlwE=</latexit>

x =
11

2
→ ω

<latexit sha1_base64="PVpoHX8n9q6j6QHylUK2++QuN18=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI9FLx4r2A9oQtlsN+3SzWbZ3Qgl5G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NUEdohCU9UP8SaciZoxzDDaV8qiuOQ0144vZv7vSeqNEvEo5lJGsR4LFjECDZW8v1IYZJ5Xp418mG15tbdBdA68QpSgwLtYfXLHyUkjakwhGOtB54rTZBhZRjhNK/4qaYSkyke04GlAsdUB9ni5hxdWGWEokTZEgYt1N8TGY61nsWh7YyxmehVby7+5w1SE90EGRMyNVSQ5aIo5cgkaB4AGjFFieEzSzBRzN6KyATbGIyNqWJD8FZfXifdRt1r1psPV7XWbRFHGc7gHC7Bg2towT20oQMEJDzDK7w5qfPivDsfy9aSU8ycwh84nz+vdpF5</latexit>

11

2

<latexit sha1_base64="iQA3f0LXsIRo82vHqzcy/DlIGTc=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9gViR6DXjxGNA9I1jA7mU2GzM4uM71iWPIJXjwo4tUv8ubfOHkcNLGgoajqprsrSKQw6LrfztLyyuraem4jv7m1vbNb2NuvmzjVjNdYLGPdDKjhUiheQ4GSNxPNaRRI3ggG12O/8ci1EbG6x2HC/Yj2lAgFo2ilu6eH006h6JbcCcgi8WakCDNUO4WvdjdmacQVMkmNaXlugn5GNQom+SjfTg1PKBvQHm9ZqmjEjZ9NTh2RY6t0SRhrWwrJRP09kdHImGEU2M6IYt/Me2PxP6+VYnjpZ0IlKXLFpovCVBKMyfhv0hWaM5RDSyjTwt5KWJ9qytCmk7chePMvL5L6Wckrl8q358XK1SyOHBzCEZyABxdQgRuoQg0Y9OAZXuHNkc6L8+58TFuXnNnMAfyB8/kDAyGNow==</latexit>

x→ <latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

Similarly, for             the IR boundary scaling dimension 
crosses marginality for

<latexit sha1_base64="yXBNBafg5ZPa9JPyYBXvEK9wU2E=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KolK9SIUvXisYD+gDWWznbRLN5uwuxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8NOME/YgOJA85o8ZKLdlj5IZc9Eplt+LOQJaJl5My5Kj3Sl/dfszSCKVhgmrd8dzE+BlVhjOBk2I31ZhQNqID7FgqaYTaz2bnTsipVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14bWfcZmkBiWbLwpTQUxMpr+TPlfIjBhbQpni9lbChlRRZmxCRRuCt/jyMmmeV7xqpfpwWa7d5nEU4BhO4Aw8uIIa3EMdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx/wA46r</latexit>

nc = 3

<latexit sha1_base64="iQA3f0LXsIRo82vHqzcy/DlIGTc=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9gViR6DXjxGNA9I1jA7mU2GzM4uM71iWPIJXjwo4tUv8ubfOHkcNLGgoajqprsrSKQw6LrfztLyyuraem4jv7m1vbNb2NuvmzjVjNdYLGPdDKjhUiheQ4GSNxPNaRRI3ggG12O/8ci1EbG6x2HC/Yj2lAgFo2ilu6eH006h6JbcCcgi8WakCDNUO4WvdjdmacQVMkmNaXlugn5GNQom+SjfTg1PKBvQHm9ZqmjEjZ9NTh2RY6t0SRhrWwrJRP09kdHImGEU2M6IYt/Me2PxP6+VYnjpZ0IlKXLFpovCVBKMyfhv0hWaM5RDSyjTwt5KWJ9qytCmk7chePMvL5L6Wckrl8q358XK1SyOHBzCEZyABxdQgRuoQg0Y9OAZXuHNkc6L8+58TFuXnNnMAfyB8/kDAyGNow==</latexit>

x→Close to estimates of        and        in the literature! 
[see DP, Serone (2020) and references therein]

<latexit sha1_base64="tz864BoBMMcJ0Ql/2ffwdt/TU/8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSKIh5KIVI9FLx4r2A9oY9lsJ+3SzSbsboQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFSQ/bCx/NeqexW3BnIMvFyUoYc9V7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NgJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0c9LnCpkRY0soU9zeStiQKsqMzadoQ/AWX14mzYuKV61U7y/LtZs8jgIcwwmcgQdXUIM7qEMDGHB4hld4c6Tz4rw7H/PWFSefOYI/cD5/AGsfjnI=</latexit>

n→
f

<latexit sha1_base64="/yjrxa+zfccuB3cPUZB1D9P9rgA=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVEpboRim5cVrAPaEKZTCft0MlMmJlIS+zCX3HjQhG3/oY7/8Zpm4W2HrhwOOde7r0nTBhV2nW/rcLS8srqWnG9tLG5tb1j7+41lEglJnUsmJCtECnCKCd1TTUjrUQSFIeMNMPBzcRvPhCpqOD3epSQIEY9TiOKkTZSxz4Ywis/RDIbjqGPkkSKITxzKh277DruFHCReDkpgxy1jv3ldwVOY8I1ZkiptucmOsiQ1BQzMi75qSIJwgPUI21DOYqJCrLp/WN4bJQujIQ0xTWcqr8nMhQrNYpD0xkj3Vfz3kT8z2unOroMMsqTVBOOZ4uilEEt4CQM2KWSYM1GhiAsqbkV4j6SCGsTWcmE4M2/vEgap45XcSp35+XqdR5HERyCI3ACPHABquAW1EAdYPAInsEreLOerBfr3fqYtRasfGYf/IH1+QOcn5U1</latexit>

x = x̄ → 3.6

<latexit sha1_base64="IhQ3VRWJnhmYIPzm8c+3b9LDd2M=">AAACA3icbZDLSgMxFIYz9VbrbdSdboJFcFVmRKoboejGZQV7gc5QMmmmDc0kIcmIZSi48VXcuFDErS/hzrcxbWehrT8EPv5zDifnjySj2njet1NYWl5ZXSuulzY2t7Z33N29phapwqSBBROqHSFNGOWkYahhpC0VQUnESCsaXk/qrXuiNBX8zowkCRPU5zSmGBlrdd0D3o3hJQwipDI+thwgKZV4gL7fdctexZsKLoKfQxnkqnfdr6AncJoQbjBDWnd8T5owQ8pQzMi4FKSaSISHqE86FjlKiA6z6Q1jeGydHoyFso8bOHV/T2Qo0XqURLYzQWag52sT879aJzXxRZhRLlNDOJ4tilMGjYCTQGCPKoING1lAWFH7V4gHSCFsbGwlG4I/f/IiNE8rfrVSvT0r167yOIrgEByBE+CDc1ADN6AOGgCDR/AMXsGb8+S8OO/Ox6y14OQz++CPnM8fZnSWvg==</latexit>

nf = n̄f → 11



End of conformal window detected from the boundary?

Possible connection: continuity of boundary data    
at large  as a function of 

<latexit sha1_base64="jzXQ3Kh2ctZtyMjph6U6oTOOpKo=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy66qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/O/M4TVZrF8sFMEuoLPJQsYgQbKz32GzYaYtQYlCtu1Z0DrRIvJxXI0RyUv/phTFJBpSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KJBdV+Nl94is6sEqIoVvZJg+bq74kMC60nIrBJgc1IL3sz8T+vl5ro2s+YTFJDJVl8FKUcmRjNrkchU5QYPrEEE8XsroiMsMLE2I5KtgRv+eRV0r6oerVq7f6yUr/J6yjCCZzCOXhwBXW4gya0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AQIyj+g=</latexit>

!L
<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

25



End of conformal window detected from the boundary?

Possible connection: continuity of boundary data    
at large  as a function of 

<latexit sha1_base64="jzXQ3Kh2ctZtyMjph6U6oTOOpKo=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy66qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/O/M4TVZrF8sFMEuoLPJQsYgQbKz32GzYaYtQYlCtu1Z0DrRIvJxXI0RyUv/phTFJBpSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KJBdV+Nl94is6sEqIoVvZJg+bq74kMC60nIrBJgc1IL3sz8T+vl5ro2s+YTFJDJVl8FKUcmRjNrkchU5QYPrEEE8XsroiMsMLE2I5KtgRv+eRV0r6oerVq7f6yUr/J6yjCCZzCOXhwBXW4gya0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AQIyj+g=</latexit>

!L
<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

25

As soon as              : confining phase        

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

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

3

<latexit sha1_base64="VVV5EjKAQGEspmOz3ySpGpShg3o=">AAAB/HicbVDLSgNBEJyNrxhfqzl6WQyCp7ArEnMMmoPHCOYBSQyzk95kyOyDmV4xLOuvePGgiFc/xJt/4yRZQaMFDUVVN91dbiS4Qtv+NHIrq2vrG/nNwtb2zu6euX/QUmEsGTRZKELZcakCwQNoIkcBnUgC9V0BbXdyOfPbdyAVD4MbnEbQ9+ko4B5nFLU0MIu9Ogikt0kP4R6TepoOnIFZssv2HJZdrn6TTHEyUiIZGgPzozcMWexDgExQpbqOHWE/oRI5E5AWerGCiLIJHUFX04D6oPrJ/PjUOtbK0PJCqStAa67+nEior9TUd3WnT3Gslr2Z+J/XjdGr9hMeRDFCwBaLvFhYGFqzJKwhl8BQTDWhTHJ9q8XGVFKGOq+CDsFZfvkvaZ2WnUq5cn1Wql1kceTJITkiJ8Qh56RGrkiDNAkjU/JInsmL8WA8Ga/G26I1Z2QzRfILxvsXATSVBQ==</latexit>

!D
1

<latexit sha1_base64="fUIy4QXzpf+Y0tBVa2PGE5JPfiA=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjUg8cK9gPaUDbbTbt2swm7E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6wHHC/YgOlAgFo2ilZveWS6S9UtmtuDOQZeLlpAw56r3SV7cfszTiCpmkxnQ8N0E/oxoFk3xS7KaGJ5SN6IB3LFU04sbPZtdOyKlV+iSMtS2FZKb+nshoZMw4CmxnRHFoFr2p+J/XSTG88jOhkhS5YvNFYSoJxmT6OukLzRnKsSWUaWFvJWxINWVoAyraELzFl5dJ87ziVSvV+4ty7TqPowDHcAJn4MEl1OAO6tAABo/wDK/w5sTOi/PufMxbV5x85gj+wPn8AWQejwc=</latexit>

!

<latexit sha1_base64="jzXQ3Kh2ctZtyMjph6U6oTOOpKo=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy66qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/O/M4TVZrF8sFMEuoLPJQsYgQbKz32GzYaYtQYlCtu1Z0DrRIvJxXI0RyUv/phTFJBpSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KJBdV+Nl94is6sEqIoVvZJg+bq74kMC60nIrBJgc1IL3sz8T+vl5ro2s+YTFJDJVl8FKUcmRjNrkchU5QYPrEEE8XsroiMsMLE2I5KtgRv+eRV0r6oerVq7f6yUr/J6yjCCZzCOXhwBXW4gya0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AQIyj+g=</latexit>

!L

<latexit sha1_base64="4/xuY1nGRNYYZepEgNMkzZnRxcY=">AAAB/nicdVDLSsNAFJ3UV62vqLhyEyyCuCiJSHVZtAuXFewD2jRMpjft0MmDmRuxhIC/4saFIm79Dnf+jelDqK8DFw7n3Ms9HDcSXKFpfmi5hcWl5ZX8amFtfWNzS9/eaagwlgzqLBShbLlUgeAB1JGjgFYkgfqugKY7vBz7zVuQiofBDY4isH3aD7jHGcVMcvS9ThUE0m7SQbjDpJp2j1PHcvSiVTInMMxf5Msqkhlqjv7e6YUs9iFAJqhSbcuM0E6oRM4EpIVOrCCibEj70M5oQH1QdjKJnxqHmdIzvFBmE6AxUecvEuorNfLdbNOnOFA/vbH4l9eO0Tu3Ex5EMULApo+8WBgYGuMujB6XwFCMMkKZ5FlWgw2opAyzxgrzJfxPGiclq1wqX58WKxezOvJknxyQI2KRM1IhV6RG6oSRhDyQJ/Ks3WuP2ov2Ol3NabObXfIN2tsnHnmVmg==</latexit>

!D→

1

At large       the D 
bc only exists as 
complex CFT

<latexit sha1_base64="jzXQ3Kh2ctZtyMjph6U6oTOOpKo=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy66qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/O/M4TVZrF8sFMEuoLPJQsYgQbKz32GzYaYtQYlCtu1Z0DrRIvJxXI0RyUv/phTFJBpSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KJBdV+Nl94is6sEqIoVvZJg+bq74kMC60nIrBJgc1IL3sz8T+vl5ro2s+YTFJDJVl8FKUcmRjNrkchU5QYPrEEE8XsroiMsMLE2I5KtgRv+eRV0r6oerVq7f6yUr/J6yjCCZzCOXhwBXW4gya0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AQIyj+g=</latexit>

!L

For this to remain true as we transition to            : 

<latexit sha1_base64="/BEmhDd+vYJpSjaFWLyQFSdJ6d4=">AAAB7nicbVA9SwNBEJ2NXzF+RS1tFoMgFuFOJFpYBG0sI5gPSM6wt9lLluztHbt7knDkR9hYKGLr77Hz37hJrtDEBwOP92aYmefHgmvjON8ot7K6tr6R3yxsbe/s7hX3Dxo6ShRldRqJSLV8opngktUNN4K1YsVI6AvW9Ie3U7/5xJTmkXww45h5IelLHnBKjJWaI3yNR49n3WLJKTsz4GXiZqQEGWrd4lenF9EkZNJQQbRuu05svJQow6lgk0In0SwmdEj6rG2pJCHTXjo7d4JPrNLDQaRsSYNn6u+JlIRaj0PfdobEDPSiNxX/89qJCa68lMs4MUzS+aIgEdhEePo77nHFqBFjSwhV3N6K6YAoQo1NqGBDcBdfXiaN87JbKVfuL0rVmyyOPBzBMZyCC5dQhTuoQR0oDOEZXuENxegFvaOPeWsOZTOH8Afo8wcNe46/</latexit>

x < x→

<latexit sha1_base64="2zdp3MhrCObgdODXc5nvSMrgBcA=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIsgHsquSPUkRS8eK9gPaNeSTbNtaDa7JFlpWfojvHhQxKu/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+Ua5ldW19Y38ZmFre2d3r7h/0NBRoiir00hEquUTzQSXrG64EawVK0ZCX7CmP7yd+s0npjSP5IMZx8wLSV/ygFNirNQc4Ws8ejzrFktO2ZkBLxM3IyXIUOsWvzq9iCYhk4YKonXbdWLjpUQZTgWbFDqJZjGhQ9JnbUslCZn20tm5E3xilR4OImVLGjxTf0+kJNR6HPq2MyRmoBe9qfif105McOWlXMaJYZLOFwWJwCbC099xjytGjRhbQqji9lZMB0QRamxCBRuCu/jyMmmcl91KuXJ/UareZHHk4QiO4RRcuIQq3EEN6kBhCM/wCm8oRi/oHX3MW3MomzmEP0CfPxCLjsE=</latexit>

x > x→

<latexit sha1_base64="ZhwKIkQURo4kKAF749RefC3L8zE=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSKIi5KIVJdFNy4r2Ac0sUymk3boZBJnJtoS+yluXCji1i9x5984fSy09cCFwzn3cu89QcKZ0o7zbS0tr6yurec28ptb2zu7dmGvruJUElojMY9lM8CKciZoTTPNaTORFEcBp42gfzX2Gw9UKhaLWz1MqB/hrmAhI1gbqW0XBncnyOP0HnkBltlghNp20Sk5E6BF4s5IEWaotu0vrxOTNKJCE46VarlOov0MS80Ip6O8lyqaYNLHXdoyVOCIKj+bnD5CR0bpoDCWpoRGE/X3RIYjpYZRYDojrHtq3huL/3mtVIcXfsZEkmoqyHRRmHKkYzTOAXWYpETzoSGYSGZuRaSHJSbapJU3IbjzLy+S+mnJLZfKN2fFyuUsjhwcwCEcgwvnUIFrqEINCDzCM7zCm/VkvVjv1se0dcmazezDH1ifP0Bmk18=</latexit>

x→ → x̄



freeCFTconfining
<latexit sha1_base64="PVpoHX8n9q6j6QHylUK2++QuN18=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI9FLx4r2A9oQtlsN+3SzWbZ3Qgl5G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NUEdohCU9UP8SaciZoxzDDaV8qiuOQ0144vZv7vSeqNEvEo5lJGsR4LFjECDZW8v1IYZJ5Xp418mG15tbdBdA68QpSgwLtYfXLHyUkjakwhGOtB54rTZBhZRjhNK/4qaYSkyke04GlAsdUB9ni5hxdWGWEokTZEgYt1N8TGY61nsWh7YyxmehVby7+5w1SE90EGRMyNVSQ5aIo5cgkaB4AGjFFieEzSzBRzN6KyATbGIyNqWJD8FZfXifdRt1r1psPV7XWbRFHGc7gHC7Bg2towT20oQMEJDzDK7w5qfPivDsfy9aSU8ycwh84nz+vdpF5</latexit>

11

2

<latexit sha1_base64="iQA3f0LXsIRo82vHqzcy/DlIGTc=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9gViR6DXjxGNA9I1jA7mU2GzM4uM71iWPIJXjwo4tUv8ubfOHkcNLGgoajqprsrSKQw6LrfztLyyuraem4jv7m1vbNb2NuvmzjVjNdYLGPdDKjhUiheQ4GSNxPNaRRI3ggG12O/8ci1EbG6x2HC/Yj2lAgFo2ilu6eH006h6JbcCcgi8WakCDNUO4WvdjdmacQVMkmNaXlugn5GNQom+SjfTg1PKBvQHm9ZqmjEjZ9NTh2RY6t0SRhrWwrJRP09kdHImGEU2M6IYt/Me2PxP6+VYnjpZ0IlKXLFpovCVBKMyfhv0hWaM5RDSyjTwt5KWJ9qytCmk7chePMvL5L6Wckrl8q358XK1SyOHBzCEZyABxdQgRuoQg0Y9OAZXuHNkc6L8+58TFuXnNnMAfyB8/kDAyGNow==</latexit>

x→ <latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="ltFnJ2P9qVo9+xhOEsZsU/JPnz0=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGC/YA2lMl20y7dbOLuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqyho0FrFqB6iZ4JI1DDeCtRPFMAoEawWjm6nfemRK81jem3HC/AgHkoecorFSuxugyp4mpFcquxV3BrJMvJyUIUe9V/rq9mOaRkwaKlDrjucmxs9QGU4FmxS7qWYJ0hEOWMdSiRHTfja7d0JOrdInYaxsSUNm6u+JDCOtx1FgOyM0Q73oTcX/vE5qwis/4zJJDZN0vihMBTExmT5P+lwxasTYEqSK21sJHaJCamxERRuCt/jyMmmeV7xqpXp3Ua5d53EU4BhO4Aw8uIQa3EIdGkBBwDO8wpvz4Lw4787HvHXFyWeO4A+czx8ACo/2</latexit>

x̄

D real  
at large 

D complex  
at large 

<latexit sha1_base64="jzXQ3Kh2ctZtyMjph6U6oTOOpKo=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy66qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/O/M4TVZrF8sFMEuoLPJQsYgQbKz32GzYaYtQYlCtu1Z0DrRIvJxXI0RyUv/phTFJBpSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KJBdV+Nl94is6sEqIoVvZJg+bq74kMC60nIrBJgc1IL3sz8T+vl5ro2s+YTFJDJVl8FKUcmRjNrkchU5QYPrEEE8XsroiMsMLE2I5KtgRv+eRV0r6oerVq7f6yUr/J6yjCCZzCOXhwBXW4gya0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AQIyj+g=</latexit>

!L
<latexit sha1_base64="jzXQ3Kh2ctZtyMjph6U6oTOOpKo=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy66qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/O/M4TVZrF8sFMEuoLPJQsYgQbKz32GzYaYtQYlCtu1Z0DrRIvJxXI0RyUv/phTFJBpSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KJBdV+Nl94is6sEqIoVvZJg+bq74kMC60nIrBJgc1IL3sz8T+vl5ro2s+YTFJDJVl8FKUcmRjNrkchU5QYPrEEE8XsroiMsMLE2I5KtgRv+eRV0r6oerVq7f6yUr/J6yjCCZzCOXhwBXW4gya0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AQIyj+g=</latexit>

!L

continuous transition at
<latexit sha1_base64="/jMwPA2RAtiwIQ6oDMtYzTGQyQ0=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIJewq6KehFEPXiMYBIxG5fZSW8yOPtgplcMy/6HF3/FiwdFPAke/BsnyR58FTQUVd10d/mJFBpt+9MaG5+YnJqemS3NzS8sLpWXVxo6ThWHOo9lrC59pkGKCOooUMJlooCFvoSmf3My8Ju3oLSIowvsJ9AOWTcSgeAMjeSVt10JAW66pyCReZmTX2cuwh1mp3nuKtHt4ZZXKMdXeU4P6Y5XrthVewj6lzgFqZACNa/87nZinoYQIZdM65ZjJ9jOmELBJeQlN9WQMH7DutAyNGIh6HY2/C2nG0bp0CBWpiKkQ/X7RMZCrfuhbzpDhj392xuI/3mtFIODdiaiJEWI+GhRkEqKMR0ERTtCAUfZN4RxJcytlPeYYhxNnCUTgvP75b+ksV119qp757uVo+MijhmyRtbJJnHIPjkiZ6RG6oSTe/JInsmL9WA9Wa/W26h1zCpmVskPWB9fjCOhuQ==</latexit>(
!D

1

)
BZ

= 3
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<latexit sha1_base64="ZhwKIkQURo4kKAF749RefC3L8zE=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSKIi5KIVJdFNy4r2Ac0sUymk3boZBJnJtoS+yluXCji1i9x5984fSy09cCFwzn3cu89QcKZ0o7zbS0tr6yurec28ptb2zu7dmGvruJUElojMY9lM8CKciZoTTPNaTORFEcBp42gfzX2Gw9UKhaLWz1MqB/hrmAhI1gbqW0XBncnyOP0HnkBltlghNp20Sk5E6BF4s5IEWaotu0vrxOTNKJCE46VarlOov0MS80Ip6O8lyqaYNLHXdoyVOCIKj+bnD5CR0bpoDCWpoRGE/X3RIYjpYZRYDojrHtq3huL/3mtVIcXfsZEkmoqyHRRmHKkYzTOAXWYpETzoSGYSGZuRaSHJSbapJU3IbjzLy+S+mnJLZfKN2fFyuUsjhwcwCEcgwvnUIFrqEINCDzCM7zCm/VkvVjv1se0dcmazezDH1ifP0Bmk18=</latexit>

x→ → x̄ :



freeCFTconfining
<latexit sha1_base64="PVpoHX8n9q6j6QHylUK2++QuN18=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI9FLx4r2A9oQtlsN+3SzWbZ3Qgl5G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5oeRMG9f9dkobm1vbO+Xdyt7+weFR9fikq5NUEdohCU9UP8SaciZoxzDDaV8qiuOQ0144vZv7vSeqNEvEo5lJGsR4LFjECDZW8v1IYZJ5Xp418mG15tbdBdA68QpSgwLtYfXLHyUkjakwhGOtB54rTZBhZRjhNK/4qaYSkyke04GlAsdUB9ni5hxdWGWEokTZEgYt1N8TGY61nsWh7YyxmehVby7+5w1SE90EGRMyNVSQ5aIo5cgkaB4AGjFFieEzSzBRzN6KyATbGIyNqWJD8FZfXifdRt1r1psPV7XWbRFHGc7gHC7Bg2towT20oQMEJDzDK7w5qfPivDsfy9aSU8ycwh84nz+vdpF5</latexit>

11

2

<latexit sha1_base64="iQA3f0LXsIRo82vHqzcy/DlIGTc=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBDEQ9gViR6DXjxGNA9I1jA7mU2GzM4uM71iWPIJXjwo4tUv8ubfOHkcNLGgoajqprsrSKQw6LrfztLyyuraem4jv7m1vbNb2NuvmzjVjNdYLGPdDKjhUiheQ4GSNxPNaRRI3ggG12O/8ci1EbG6x2HC/Yj2lAgFo2ilu6eH006h6JbcCcgi8WakCDNUO4WvdjdmacQVMkmNaXlugn5GNQom+SjfTg1PKBvQHm9ZqmjEjZ9NTh2RY6t0SRhrWwrJRP09kdHImGEU2M6IYt/Me2PxP6+VYnjpZ0IlKXLFpovCVBKMyfhv0hWaM5RDSyjTwt5KWJ9qytCmk7chePMvL5L6Wckrl8q358XK1SyOHBzCEZyABxdQgRuoQg0Y9OAZXuHNkc6L8+58TFuXnNnMAfyB8/kDAyGNow==</latexit>

x→
<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="ltFnJ2P9qVo9+xhOEsZsU/JPnz0=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rGC/YA2lMl20y7dbOLuRiyhf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqyho0FrFqB6iZ4JI1DDeCtRPFMAoEawWjm6nfemRK81jem3HC/AgHkoecorFSuxugyp4mpFcquxV3BrJMvJyUIUe9V/rq9mOaRkwaKlDrjucmxs9QGU4FmxS7qWYJ0hEOWMdSiRHTfja7d0JOrdInYaxsSUNm6u+JDCOtx1FgOyM0Q73oTcX/vE5qwis/4zJJDZN0vihMBTExmT5P+lwxasTYEqSK21sJHaJCamxERRuCt/jyMmmeV7xqpXp3Ua5d53EU4BhO4Aw8uIQa3EIdGkBBwDO8wpvz4Lw4787HvHXFyWeO4A+czx8ACo/2</latexit>

x̄

D real  
at large 

D complex  
at large <latexit sha1_base64="jzXQ3Kh2ctZtyMjph6U6oTOOpKo=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy66qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/O/M4TVZrF8sFMEuoLPJQsYgQbKz32GzYaYtQYlCtu1Z0DrRIvJxXI0RyUv/phTFJBpSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KJBdV+Nl94is6sEqIoVvZJg+bq74kMC60nIrBJgc1IL3sz8T+vl5ro2s+YTFJDJVl8FKUcmRjNrkchU5QYPrEEE8XsroiMsMLE2I5KtgRv+eRV0r6oerVq7f6yUr/J6yjCCZzCOXhwBXW4gya0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AQIyj+g=</latexit>

!L
<latexit sha1_base64="jzXQ3Kh2ctZtyMjph6U6oTOOpKo=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy66qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/O/M4TVZrF8sFMEuoLPJQsYgQbKz32GzYaYtQYlCtu1Z0DrRIvJxXI0RyUv/phTFJBpSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KJBdV+Nl94is6sEqIoVvZJg+bq74kMC60nIrBJgc1IL3sz8T+vl5ro2s+YTFJDJVl8FKUcmRjNrkchU5QYPrEEE8XsroiMsMLE2I5KtgRv+eRV0r6oerVq7f6yUr/J6yjCCZzCOXhwBXW4gya0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AQIyj+g=</latexit>

!L
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<latexit sha1_base64="CRNNXU+uzXBzau8rsi+XmDlzk6g=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBZBPJREpHqSohePFewHtGnZbDft0s0m7G60JeR/ePGgiFf/izf/jds2B219MPB4b4aZeV7EmdK2/W3lVlbX1jfym4Wt7Z3dveL+QUOFsSS0TkIeypaHFeVM0LpmmtNWJCkOPE6b3uh26jcfqVQsFA96ElE3wAPBfEawNlJ33D1D16jjYZmMU9QrluyyPQNaJk5GSpCh1it+dfohiQMqNOFYqbZjR9pNsNSMcJoWOrGiESYjPKBtQwUOqHKT2dUpOjFKH/mhNCU0mqm/JxIcKDUJPNMZYD1Ui95U/M9rx9q/chMmolhTQeaL/JgjHaJpBKjPJCWaTwzBRDJzKyJDLDHRJqiCCcFZfHmZNM7LTqVcub8oVW+yOPJwBMdwCg5cQhXuoAZ1ICDhGV7hzXqyXqx362PemrOymUP4A+vzBzG1kbA=</latexit>

x→ > x̄

dicontinuous transition from real to 
complex at large 

<latexit sha1_base64="jzXQ3Kh2ctZtyMjph6U6oTOOpKo=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy66qGAf0g4lk8m0oUlmSDJCGfoVblwo4tbPceffmLaz0NYDgcM555J7T5Bwpo3rfjuFtfWNza3idmlnd2//oHx41NZxqghtkZjHqhtgTTmTtGWY4bSbKIpFwGknGN/O/M4TVZrF8sFMEuoLPJQsYgQbKz32GzYaYtQYlCtu1Z0DrRIvJxXI0RyUv/phTFJBpSEca93z3MT4GVaGEU6npX6qaYLJGA9pz1KJBdV+Nl94is6sEqIoVvZJg+bq74kMC60nIrBJgc1IL3sz8T+vl5ro2s+YTFJDJVl8FKUcmRjNrkchU5QYPrEEE8XsroiMsMLE2I5KtgRv+eRV0r6oerVq7f6yUr/J6yjCCZzCOXhwBXW4gya0gICAZ3iFN0c5L86787GIFpx85hj+wPn8AQIyj+g=</latexit>

!L

:



Chiral Symmetry Breaking

[Rattazzi, Redi (2009)]

<latexit sha1_base64="lPBNf5rbPIe4YjCnYPCplAlynoQ=">AAACEXicbZDLSsNAFIYn9VbrLerSzWAR2k1JRKrLUjcuXNRL2kIbwmQ6aYdOJmFmIpTQV3Djq7hxoYhbd+58G6dtCtr6w8DPd87hzPn9mFGpLOvbyK2srq1v5DcLW9s7u3vm/kFTRonAxMERi0TbR5IwyomjqGKkHQuCQp+Rlj+8nNRbD0RIGvF7NYqJG6I+pwHFSGnkmaU7p8S9oOxdw66iIZFwDm7nwCnZZa/umUWrYk0Fl42dmSLI1PDMr24vwklIuMIMSdmxrVi5KRKKYkbGhW4iSYzwEPVJR1uO9C43nV40hiea9GAQCf24glP6eyJFoZSj0NedIVIDuVibwP9qnUQFF25KeZwowvFsUZAwqCI4iQf2qCBYsZE2CAuq/wrxAAmElQ6xoEOwF09eNs3Til2tVG/OirV6FkceHIFjUAI2OAc1cAUawAEYPIJn8ArejCfjxXg3PmatOSObOQR/ZHz+AIAtmu4=</latexit>

SU(nf )L → SU(nf )R → U(1)B

’t Hooft anomaly no bc preserve  
the symmetry

<latexit sha1_base64="0iAyq5V5B6kCXWfuZh2A5OYR7l8=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME84BkCbOT3mTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqZ+q0n0IYpeW/HCYSCDCSLGSXWSc2uYQIee6WyX/FnwMskyEkZ5aj3Sl/dvqKpAGkpJ8Z0Aj+xYUa0ZZTDpNhNDSSEjsgAOo5KIsCE2ezaCT51Sh/HSruSFs/U3xMZEcaMReQ6BbFDs+hNxf+8TmrjqzBjMkktSDpfFKccW4Wnr+M+00AtHztCqGbuVkyHRBNqXUBFF0Kw+PIyaZ5XgmqlendRrl3ncRTQMTpBZyhAl6iGblEdNRBFD+gZvaI3T3kv3rv3MW9d8fKZI/QH3ucPtS2PPA==</latexit>→

AdS version of SSB: symmetry broken by the bc

28

Even at weak coupling, bc cannot preserve full

Can be seen as a consequence of



Boundary conditions at 
<latexit sha1_base64="V1+Zkf157U8xqJPAPCd5q5xkjLw="></latexit>

B J
I ωz!J(ε, ϑx) = !I(ε, ϑx)

!̄I(ε, ϑx)ωzB
J

I = →!̄J(ε, ϑx)

<latexit sha1_base64="P0rQ7lo7Idn8RogvAAwKsQg8+Bc=">AAAB83icbVBNSwMxEM36WetX1aOXYBE8lV2R6kUoevFYwX5AdynZdLYNzSYhyQq19G948aCIV/+MN/+NabsHbX0w8Hhvhpl5seLMWN//9lZW19Y3Ngtbxe2d3b390sFh08hMU2hQyaVux8QAZwIallkObaWBpDGHVjy8nfqtR9CGSfFgRwqilPQFSxgl1knhE77GISjDuBTdUtmv+DPgZRLkpIxy1Lulr7AnaZaCsJQTYzqBr2w0JtoyymFSDDMDitAh6UPHUUFSMNF4dvMEnzqlhxOpXQmLZ+rviTFJjRmlsetMiR2YRW8q/ud1MptcRWMmVGZB0PmiJOPYSjwNAPeYBmr5yBFCNXO3YjogmlDrYiq6EILFl5dJ87wSVCvV+4ty7SaPo4CO0Qk6QwG6RDV0h+qogShS6Bm9ojcv8168d+9j3rri5TNH6A+8zx9kVJFK</latexit>z = ω

with boundary action
<latexit sha1_base64="QKbLq2Ghe7O/Am/9emT/Jd0nIiw="></latexit>

Sω =
1

2

∫

z=ε
ddωx ε→d!̄IB J

I !J

<latexit sha1_base64="XzmRIk0/uosxBs1ziQJAi5XmtYo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR5LvainCvZD2rVk02wbmmSXJCuUpf4JLx4U8erP8ea/MW33oNUHA4/3ZpiZF8ScaeO6X05uaXlldS2/XtjY3NreKe7uNXWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRhdTv/VAlWaRvDXjmPoCDyQLGcHGSneo1ru6Tx+vJ71iyS27M6C/xMtICTLUe8XPbj8iiaDSEI617nhubPwUK8MIp5NCN9E0xmSEB7RjqcSCaj+dHTxBR1bpozBStqRBM/XnRIqF1mMR2E6BzVAvelPxP6+TmPDcT5mME0MlmS8KE45MhKbfoz5TlBg+tgQTxeytiAyxwsTYjAo2BG/x5b+keVL2KuXKzWmpWsviyMMBHMIxeHAGVbiEOjSAgIAneIFXRznPzpvzPm/NOdnMPvyC8/ENLuGQBw==</latexit>

B J
I : flavor-matrix parameter of the bc

Near-boundary expansion for massless fermions
<latexit sha1_base64="bAwGNoAbRI1Gxsx02DGApLJVf/o="></latexit>

!I(z, ωx) →
z→0

z
d
2 !̂I(ωx)

!̄I(z, ωx) →
z→0

z
d
2 ̂̄!I(ωx)

with
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(                        )
<latexit sha1_base64="pekl3l++Wa0f6hGmF8b98ZoWanQ=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6kYodaPtpoJ9QBvDZDJph04ezEyEEuLSjb/ixoUibv0Dd/6N0zQLbT1wuYdz7mXmHidiVEjD+NYKS8srq2vF9dLG5tb2jr671xFhzDFp45CFvOcgQRgNSFtSyUgv4gT5DiNdZ3w59bv3hAsaBrdyEhHLR8OAehQjqSRbh3X7+i55aKR1u6F6M4UXcOASJlGmN1NbLxsVIwNcJGZOyiBHy9a/Bm6IY58EEjMkRN80ImkliEuKGUlLg1iQCOExGpK+ogHyibCS7JIUHinFhV7IVQUSZurvjQT5Qkx8R036SI7EvDcV//P6sfTOrYQGUSxJgGcPeTGDMoTTWKBLOcGSTRRBmFP1V4hHiCMsVXglFYI5f/Ii6ZxUzGqlenNartXzOIrgAByCY2CCM1ADV6AF2gCDR/AMXsGb9qS9aO/ax2y0oOU7++APtM8fpTKZsg==</latexit>

B J
I B K

J = ω K
I

<latexit sha1_base64="cuT3qn9PYOjMUwuEAfCq/isCJbg="></latexit>

B J
I ωz!̂J(εx) = !̂I(εx)

̂̄!I(εx)ωzB
J

I = → ̂̄!J(εx)



<latexit sha1_base64="XzmRIk0/uosxBs1ziQJAi5XmtYo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR5LvainCvZD2rVk02wbmmSXJCuUpf4JLx4U8erP8ea/MW33oNUHA4/3ZpiZF8ScaeO6X05uaXlldS2/XtjY3NreKe7uNXWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRhdTv/VAlWaRvDXjmPoCDyQLGcHGSneo1ru6Tx+vJ71iyS27M6C/xMtICTLUe8XPbj8iiaDSEI617nhubPwUK8MIp5NCN9E0xmSEB7RjqcSCaj+dHTxBR1bpozBStqRBM/XnRIqF1mMR2E6BzVAvelPxP6+TmPDcT5mME0MlmS8KE45MhKbfoz5TlBg+tgQTxeytiAyxwsTYjAo2BG/x5b+keVL2KuXKzWmpWsviyMMBHMIxeHAGVbiEOjSAgIAneIFXRznPzpvzPm/NOdnMPvyC8/ENLuGQBw==</latexit>

B J
I

Spontaneous breaking of
<latexit sha1_base64="z+D6b8gNYj9yM923SkucQnOSso0=">AAACA3icbVDLSgNBEJyNrxhfUW96GQxCvIRdkegx6MWDh/jYJJAsy+xkNhkyO7vM9AohBLz4K148KOLVn/Dm3zh5CJpY0FBUddPdFSSCa7DtLyuzsLi0vJJdza2tb2xu5bd3ajpOFWUujUWsGgHRTHDJXOAgWCNRjESBYPWgdzHy6/dMaR7LO+gnzItIR/KQUwJG8vN7t25R+uGRf4VbwCOm8Y9w4+cLdskeA88TZ0oKaIqqn/9stWOaRkwCFUTrpmMn4A2IAk4FG+ZaqWYJoT3SYU1DJTHrvMH4hyE+NEobh7EyJQGP1d8TAxJp3Y8C0xkR6OpZbyT+5zVTCM+8AZdJCkzSyaIwFRhiPAoEt7liFETfEEIVN7di2iWKUDCx5UwIzuzL86R2XHLKpfL1SaFyPo0ji/bRASoiB52iCrpEVeQiih7QE3pBr9aj9Wy9We+T1ow1ndlFf2B9fAOAgZYs</latexit>

SU(nf )L → SU(nf )R
to the subgroup commuting with

<latexit sha1_base64="eTru+Ccjs1Kbvt+CjnVm3Sd4mlc="></latexit>

→!̄J
ω!

ω
I ↑ = ↓B J

I
nc

4ω2L3
(1 + #g2 +#g4 + . . . )

aligned one-point function already at tree-level
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<latexit sha1_base64="XzmRIk0/uosxBs1ziQJAi5XmtYo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR5LvainCvZD2rVk02wbmmSXJCuUpf4JLx4U8erP8ea/MW33oNUHA4/3ZpiZF8ScaeO6X05uaXlldS2/XtjY3NreKe7uNXWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRhdTv/VAlWaRvDXjmPoCDyQLGcHGSneo1ru6Tx+vJ71iyS27M6C/xMtICTLUe8XPbj8iiaDSEI617nhubPwUK8MIp5NCN9E0xmSEB7RjqcSCaj+dHTxBR1bpozBStqRBM/XnRIqF1mMR2E6BzVAvelPxP6+TmPDcT5mME0MlmS8KE45MhKbfoz5TlBg+tgQTxeytiAyxwsTYjAo2BG/x5b+keVL2KuXKzWmpWsviyMMBHMIxeHAGVbiEOjSAgIAneIFXRznPzpvzPm/NOdnMPvyC8/ENLuGQBw==</latexit>

B J
I

Spontaneous breaking of
<latexit sha1_base64="z+D6b8gNYj9yM923SkucQnOSso0=">AAACA3icbVDLSgNBEJyNrxhfUW96GQxCvIRdkegx6MWDh/jYJJAsy+xkNhkyO7vM9AohBLz4K148KOLVn/Dm3zh5CJpY0FBUddPdFSSCa7DtLyuzsLi0vJJdza2tb2xu5bd3ajpOFWUujUWsGgHRTHDJXOAgWCNRjESBYPWgdzHy6/dMaR7LO+gnzItIR/KQUwJG8vN7t25R+uGRf4VbwCOm8Y9w4+cLdskeA88TZ0oKaIqqn/9stWOaRkwCFUTrpmMn4A2IAk4FG+ZaqWYJoT3SYU1DJTHrvMH4hyE+NEobh7EyJQGP1d8TAxJp3Y8C0xkR6OpZbyT+5zVTCM+8AZdJCkzSyaIwFRhiPAoEt7liFETfEEIVN7di2iWKUDCx5UwIzuzL86R2XHLKpfL1SaFyPo0ji/bRASoiB52iCrpEVeQiih7QE3pBr9aj9Wy9We+T1ow1ndlFf2B9fAOAgZYs</latexit>

SU(nf )L → SU(nf )R
to the subgroup commuting with

<latexit sha1_base64="eTru+Ccjs1Kbvt+CjnVm3Sd4mlc="></latexit>

→!̄J
ω!

ω
I ↑ = ↓B J

I
nc

4ω2L3
(1 + #g2 +#g4 + . . . )

aligned one-point function already at tree-level

AdS analogue of pions: “tilt” operators
<latexit sha1_base64="+Ksf65i6We4mW186w684esWt214="></latexit>

JA
z →

z→0
zd↑1 ̂̄!I [B, TA] J

I !̂J

J5A
z →

z→0
zd↑1 ̂̄!I{B, TA} J

I ω5!̂J

marginal operators 
that move between 
vacua
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<latexit sha1_base64="XzmRIk0/uosxBs1ziQJAi5XmtYo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR5LvainCvZD2rVk02wbmmSXJCuUpf4JLx4U8erP8ea/MW33oNUHA4/3ZpiZF8ScaeO6X05uaXlldS2/XtjY3NreKe7uNXWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRhdTv/VAlWaRvDXjmPoCDyQLGcHGSneo1ru6Tx+vJ71iyS27M6C/xMtICTLUe8XPbj8iiaDSEI617nhubPwUK8MIp5NCN9E0xmSEB7RjqcSCaj+dHTxBR1bpozBStqRBM/XnRIqF1mMR2E6BzVAvelPxP6+TmPDcT5mME0MlmS8KE45MhKbfoz5TlBg+tgQTxeytiAyxwsTYjAo2BG/x5b+keVL2KuXKzWmpWsviyMMBHMIxeHAGVbiEOjSAgIAneIFXRznPzpvzPm/NOdnMPvyC8/ENLuGQBw==</latexit>

B J
I

<latexit sha1_base64="z+D6b8gNYj9yM923SkucQnOSso0=">AAACA3icbVDLSgNBEJyNrxhfUW96GQxCvIRdkegx6MWDh/jYJJAsy+xkNhkyO7vM9AohBLz4K148KOLVn/Dm3zh5CJpY0FBUddPdFSSCa7DtLyuzsLi0vJJdza2tb2xu5bd3ajpOFWUujUWsGgHRTHDJXOAgWCNRjESBYPWgdzHy6/dMaR7LO+gnzItIR/KQUwJG8vN7t25R+uGRf4VbwCOm8Y9w4+cLdskeA88TZ0oKaIqqn/9stWOaRkwCFUTrpmMn4A2IAk4FG+ZaqWYJoT3SYU1DJTHrvMH4hyE+NEobh7EyJQGP1d8TAxJp3Y8C0xkR6OpZbyT+5zVTCM+8AZdJCkzSyaIwFRhiPAoEt7liFETfEEIVN7di2iWKUDCx5UwIzuzL86R2XHLKpfL1SaFyPo0ji/bRASoiB52iCrpEVeQiih7QE3pBr9aj9Wy9We+T1ow1ndlFf2B9fAOAgZYs</latexit>

SU(nf )L → SU(nf )RMany possible breaking patterns of  
for small AdS, given by choices of 

However only one pattern survives in flat space 
<latexit sha1_base64="0Eb8qEA12D4xseEPzRBU02AW9T0=">AAACAXicbVC7SgNBFJ2NrxhfqzaCzWAQrMKuSLQRQmzUKoJ5QLIus7M3yZDZBzOzQliSxl+xsVDE1r+w82+cJFto4oELZ865l7n3eDFnUlnWt5FbWl5ZXcuvFzY2t7Z3zN29howSQaFOIx6JlkckcBZCXTHFoRULIIHHoekNriZ+8xGEZFF4r4YxOAHphazLKFFacs2DqnvzkI5vR/gSd3zgimRv1yxaJWsKvEjsjBRRhpprfnX8iCYBhIpyImXbtmLlpEQoRjmMCp1EQkzogPSgrWlIApBOOr1ghI+14uNuJHSFCk/V3xMpCaQcBp7uDIjqy3lvIv7ntRPVvXBSFsaJgpDOPuomHKsIT+LAPhNAFR9qQqhgeldM+0QQqnRoBR2CPX/yImmcluxyqXx3VqxUszjy6BAdoRNko3NUQdeohuqIojF6Rq/ozXgyXox342PWmjOymX30B8bnD4vhllc=</latexit>

B J
I = ω J

I [Vafa, Witten (1984)]
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<latexit sha1_base64="XzmRIk0/uosxBs1ziQJAi5XmtYo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR5LvainCvZD2rVk02wbmmSXJCuUpf4JLx4U8erP8ea/MW33oNUHA4/3ZpiZF8ScaeO6X05uaXlldS2/XtjY3NreKe7uNXWUKEIbJOKRagdYU84kbRhmOG3HimIRcNoKRhdTv/VAlWaRvDXjmPoCDyQLGcHGSneo1ru6Tx+vJ71iyS27M6C/xMtICTLUe8XPbj8iiaDSEI617nhubPwUK8MIp5NCN9E0xmSEB7RjqcSCaj+dHTxBR1bpozBStqRBM/XnRIqF1mMR2E6BzVAvelPxP6+TmPDcT5mME0MlmS8KE45MhKbfoz5TlBg+tgQTxeytiAyxwsTYjAo2BG/x5b+keVL2KuXKzWmpWsviyMMBHMIxeHAGVbiEOjSAgIAneIFXRznPzpvzPm/NOdnMPvyC8/ENLuGQBw==</latexit>

B J
I

<latexit sha1_base64="z+D6b8gNYj9yM923SkucQnOSso0=">AAACA3icbVDLSgNBEJyNrxhfUW96GQxCvIRdkegx6MWDh/jYJJAsy+xkNhkyO7vM9AohBLz4K148KOLVn/Dm3zh5CJpY0FBUddPdFSSCa7DtLyuzsLi0vJJdza2tb2xu5bd3ajpOFWUujUWsGgHRTHDJXOAgWCNRjESBYPWgdzHy6/dMaR7LO+gnzItIR/KQUwJG8vN7t25R+uGRf4VbwCOm8Y9w4+cLdskeA88TZ0oKaIqqn/9stWOaRkwCFUTrpmMn4A2IAk4FG+ZaqWYJoT3SYU1DJTHrvMH4hyE+NEobh7EyJQGP1d8TAxJp3Y8C0xkR6OpZbyT+5zVTCM+8AZdJCkzSyaIwFRhiPAoEt7liFETfEEIVN7di2iWKUDCx5UwIzuzL86R2XHLKpfL1SaFyPo0ji/bRASoiB52iCrpEVeQiih7QE3pBr9aj9Wy9We+T1ow1ndlFf2B9fAOAgZYs</latexit>

SU(nf )L → SU(nf )RMany possible breaking patterns of  
for small AdS, given by choices of 

However only one pattern survives in flat space 
<latexit sha1_base64="0Eb8qEA12D4xseEPzRBU02AW9T0=">AAACAXicbVC7SgNBFJ2NrxhfqzaCzWAQrMKuSLQRQmzUKoJ5QLIus7M3yZDZBzOzQliSxl+xsVDE1r+w82+cJFto4oELZ865l7n3eDFnUlnWt5FbWl5ZXcuvFzY2t7Z3zN29howSQaFOIx6JlkckcBZCXTHFoRULIIHHoekNriZ+8xGEZFF4r4YxOAHphazLKFFacs2DqnvzkI5vR/gSd3zgimRv1yxaJWsKvEjsjBRRhpprfnX8iCYBhIpyImXbtmLlpEQoRjmMCp1EQkzogPSgrWlIApBOOr1ghI+14uNuJHSFCk/V3xMpCaQcBp7uDIjqy3lvIv7ntRPVvXBSFsaJgpDOPuomHKsIT+LAPhNAFR9qQqhgeldM+0QQqnRoBR2CPX/yImmcluxyqXx3VqxUszjy6BAdoRNko3NUQdeohuqIojF6Rq/ozXgyXox342PWmjOymX30B8bnD4vhllc=</latexit>

B J
I = ω J

I [Vafa, Witten (1984)]

N for gauge fields, no confinement/deconfinement 
discontinuity

       other fermionic bc should all disappear
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Questions for the future

• Connection between perturbative AdS condensate 
and non-perturbative flat space one?

• Pion amplitudes from tilt correlators?

• Axial ABJ anomaly?

• Conformal window in 3d QCD/QED?

32

• Disappearance of “wrong” fermionic bc’s?



Thank You
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Broken Conformal Ward Identity

UV: direct sum of decoupled CFTs
<latexit sha1_base64="G2T3+1Pz8xDuUZxYqPZSc9cicHY=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxWOEvCC7htnJJBkyM7vMQwhLfsOLB0W8+jPe/BsnyR40saChqOqmuytOOdPG97+9tfWNza3twk5xd2//4LB0dNzSiVWENknCE9WJsaacSdo0zHDaSRXFIua0HY/vZn77iSrNEtkwk5RGAg8lGzCCjZPCxiPrZaGwobTTXqnsV/w50CoJclKGHPVe6SvsJ8QKKg3hWOtu4KcmyrAyjHA6LYZW0xSTMR7SrqMSC6qjbH7zFJ07pY8GiXIlDZqrvycyLLSeiNh1CmxGetmbif95XWsGN1HGZGoNlWSxaGA5MgmaBYD6TFFi+MQRTBRztyIywgoT42IquhCC5ZdXSeuyElQr1Yercu02j6MAp3AGFxDANdTgHurQBAIpPMMrvHnWe/HevY9F65qXz5zAH3ifP164kew=</latexit>

T i
µω

Displacement operators
<latexit sha1_base64="XjUOIhHnezEEAz42gF36tenxx3s="></latexit>

→T i
AB(X)Dj(P )↑ = ωijCT iDi

HAB(X,P )

(↓2P ·X)d+1

<latexit sha1_base64="cC1jU3Xqx/fclFIwTyJeUfj2aMY="></latexit>

T i
zz →

z→0
CT iDi

zd↑1Di

<latexit sha1_base64="twhhCndt/AuPjZj/yZwjl64sK/A="></latexit>

HAB =
GAC(X)GBD(X)PC

P
D

(→2P ·X)2
→ GAB(X)

4(d+ 1)

GAB(X) = ωAB +XAXB

Fixed by conservation and tracelessness
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Deformation that couples the CFT’s
<latexit sha1_base64="N04GV3BYc/BTGiGHPbrAUE66kCw="></latexit>

S =
n∑

i=1

SCFTi + Sint , Sint =
m∑

p=1

ωp

∫
dxOp(x)

<latexit sha1_base64="nWpcYiyUIjcHDqIBUUV4wa4UFEA="></latexit>

Di = Q(ω)ijDjMixing
<latexit sha1_base64="Xp9ut9WQrgi1n4y1edr4QttgH8Q="></latexit>

→Di(ωx1)Dj(ωx2)↑ =
εij

(ωx 2
12)

!i(ω)
, !i(ω) = d+ 1 + ϑi(ω)

<latexit sha1_base64="GO/yX95iEIdzPJjv/awrzhDR6wg="></latexit>

→TAB(X)Di(P )↑

=
CTDi

(ω)

(↓2P ·X)!i(ω)

(
HAB(X,P )↓ (!i(ω)↓ d↓ 1)d

4(d+ 1)!i(ω)
GAB(X)

)

Removing traceless constraint:

35



<latexit sha1_base64="CNV+ajZ4PK+YjgPGCAXUiYTXOco="></latexit>

G
AB

TAB(X) =
∑

p

ωωp(ω)Op(X)

Broken conformal symmetry in the bulk

Plugging this operator equation in
<latexit sha1_base64="9hdAQC6pHccrLWLFE9VXlrRz18s=">AAACB3icbVBNS8NAEN3Ur1q/oh4FWSyCp5KIVI9FPXis0C9oQplsN+3SzSbsboQSevPiX/HiQRGv/gVv/hs3bQ/a+mDg8d4MM/OChDOlHefbKqysrq1vFDdLW9s7u3v2/kFLxakktEliHstOAIpyJmhTM81pJ5EUooDTdjC6yf32A5WKxaKhxwn1IxgIFjIC2kg9+xh7HMSAU9zAXgR6SIBntxPsyanas8tOxZkCLxN3TspojnrP/vL6MUkjKjThoFTXdRLtZyA1I5xOSl6qaAJkBAPaNVRARJWfTf+Y4FOj9HEYS1NC46n6eyKDSKlxFJjO/FS16OXif1431eGVnzGRpJoKMlsUphzrGOeh4D6TlGg+NgSIZOZWTIYggWgTXcmE4C6+vExa5xW3WqneX5Rr1/M4iugInaAz5KJLVEN3qI6aiKBH9Ixe0Zv1ZL1Y79bHrLVgzWcO0R9Ynz8ChZjM</latexit>

→TD↑
<latexit sha1_base64="FUAf8+9bmSSNdYjxoEJDMyppUhw="></latexit>

→d(!i(ω)→ d→ 1)

4!i(ω)
C

TDi
(ω) =

m∑

p=1

ωωp(ω)COpDi
(ω)

<latexit sha1_base64="M21r9fVDSCDY+UL6hjOMg7X5+r4="></latexit>

→Op(X)Di(P )↑ =
C

OpDi
(ω)

(↓2P ·X)!i (ω)
where

<latexit sha1_base64="eJJAn6Yyvec+/2g6/VlfWU7mAwM="></latexit>

→ d

4(d+ 1)
ωiCTDi

= ε0CODi

one coupling, 
leading order:
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We do not know a priori the basis       
<latexit sha1_base64="SpPmd9Wt5dzfyxWxYi4ug0lE0e4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi1WVRFy4r2Ac0IUymk3boZCbMTIQQ6q+4caGIWz/EnX/jpM1CWw8MHM65h3vnhAmjSjvOt1VZW9/Y3Kpu13Z29/YP7MOjnhKpxKSLBRNyECJFGOWkq6lmZJBIguKQkX44vSn8/iORigr+oLOE+DEacxpRjLSRArvuCWMX6dzDiMHbWUADu+E0nTngKnFL0gAlOoH95Y0ETmPCNWZIqaHrJNrPkdQUMzKreakiCcJTNCZDQzmKifLz+fEzeGqUEYyENI9rOFd/J3IUK5XFoZmMkZ6oZa8Q//OGqY6u/JzyJNWE48WiKGVQC1g0AUdUEqxZZgjCkppbIZ4gibA2fdVMCe7yl1dJ77zptpqt+4tG+7qsowqOwQk4Ay64BG1wBzqgCzDIwDN4BW/Wk/VivVsfi9GKVWbq4A+szx/RSZTk</latexit>

Di

Arbitrary basis:      
<latexit sha1_base64="+XBjn5v7sZ4bUmg0YB4035GnrFk="></latexit>

→Di(ωx1)Dj(ωx2)↑

=
1

(ωx 2
12)

d+1

(
εij + ϑMij ↓ ϑ!ij log(ωx

2
12) +O(ϑ2)

)
eigenvalues <latexit sha1_base64="8VRf/MvVq9s+ZF2bAysZvfHIL8k=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUCbbTbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqCG2SmMeqE6KmnEnaNMxw2kkURRFy2g7HtzO//USVZrF8MJOEBgKHkkWMoLFSpzdEIbDP+uWKV/XmcFeJn5MK5Gj0y1+9QUxSQaUhHLXu+l5iggyVYYTTaamXapogGeOQdi2VKKgOsvm9U/fMKgM3ipUtady5+nsiQ6H1RIS2U6AZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKXRO7s+fdAVOUGD6xBIli9laXjFAhMTaikg3BX355lbQuqn6tWru/rNRv8jiKcAKncA4+XEEd7qABTSDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wcIto/8</latexit>ωi

<latexit sha1_base64="9kaLy7AwyrCO2S3gSrsyqeTkbx4="></latexit>

→ d

4(d+ 1)
!ijCTDj = ω0CODi

tree level
In QCD: 2 constraints for 3 entries. However one 
entry coincides with pure YM. 
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