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“Physics is like a train which does not stop at the station.

One first must run fast to catch that train”



Some Examples:

• Boundaries (space-time ends on them) 

• Interfaces (for instance between different phases) 

• Line defects: for example Wilson lines  

• Topological Defects (non-invertible symmetries)

Local operators are not enough

• To distinguish groups with same algebra but different global structure 

• To characterise phase of matter 

• Strings and Branes

Defects



Extended objects that break part of the translational symmetry 
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• The stress energy tensor is no longer conserved:

• We mainly focus on conformal field theories
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SO(d+ 1, 1) �! SO(d+ 1� p, 1)⇥ SO(q)

= displacement operator

• New non-trivial correlators: one-point functions

• Localised contribution to anomalies: i.e. defect Weyl anomalies

Defects
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D̂⌫

protected dimension  p+1

• p=dimension of defect space-time, q=d-p is the codimension

• Localised on submanifolds of the spacetime



Correlators in defect CFTs

<latexit sha1_base64="EPis1Yo8z718FJbTzxHB+ubULt0="></latexit>

⌦
T ab

↵
= �h

(q � 1)�ab

|x?|d

<latexit sha1_base64="lsDWdfdhVFIpYE8u01/2ZcWGzGE="></latexit>

⌦
T ij

↵
= h

(d� q + 1)�ij � d
xi
?xj

?
|x?|2

|x?|d

Bulk correlators:

Bulk-defect correlators:

Defect correlators:
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i, j, k, · · · = orthogonal

a, b, c, · · · = parallel

[Billò, Gonçalves, Lauria, Meineri, 2016]
[Herzog, Shrestha, 2020]



(Bulk) Weyl Anomaly
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• Suppose the action invariant under Weyl rescaling (classical)
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• Effective action is not invariant: Weyl anomaly (quantum effect)
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• Local quantity of dimension 
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d

• Bulk anomalies absent in odd dimensions

curvature invariantsanomaly coefficients

“central charges”

• QFT on curved space-time
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2 dimensions:

4 dimensions:

6 dimensions:
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(Bulk) Weyl Anomaly

[Cardy, 1988]
[Komargodski, Schwimmer, 2011]

[Zamolodchikov, 1986]
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• In the presence of a p-dimensional defect:

<latexit sha1_base64="2zVxkFCbQ6WjbpINfDfeEXZ2Cf0="></latexit>

Tµ
µ = Tµ

µ

��
Md

+ �(q)(x?)T
µ
µ

��
⌃p

<latexit sha1_base64="Je05bahfM5vGzmSIrKWHv+eEaeY="></latexit>

DµT
µi = �(q)(x?)Di

• Defect-localised contribution to Weyl anomaly 
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• For two-dimensional defects
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Defect Weyl Anomaly
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• Full Weyl anomaly for p=4 dimensional defects and codimension q>1

Related to two-point function of displacement operator Related to one-point function of the stress tensor

• 2 “non-trivial” invariants

4d Defect Weyl Anomaly
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Defect Weyl Anomalies and Correlators
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• Insertions of the displacement operator generate perturbation of the defect’s shape 

• This produces a variation in the effective action (at the second order)
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Defect Anomalies and Correlators
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• Insertions of the stress-tensor produce (bulk) metric perturbation 

• This also implies variation in the anomaly contribution

• At first order only one term contributes 

• Averaged null-energy condition                                     implies a constraint
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[Jensen, O’Bannon, Robinson, Rodgers, 2018]
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Defect Anomalies and Entanglement Entropy
• Contribution to EE of a spherical region with a centred defect 

• In CFT for spherical regions we can use the CHM map 

• Two contributions: 

1) Free-energy 
 
2) Killing Energy

[Kobayashi, Nishioka, Sato, Watanabe, 2018]
[Jensen, O’Bannon, Robinson, Rodgers, 2018]

[Chalabi, O’Bannon, Herzog, Robinson, JS; JHEP 2022]



5-dimensional probe branes in AdS

• Holographic result from the generalised Willmore Energy (probe brane) 

• For q>1
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Monodromy defects

• Co-dimension 2 operator which implements a flavour symmetry rotation 

• In a Lagrangian theory it can be achieved by “gauging” the global 
symmetry by coupling to an external potential 

x• Simplest case: U(1) rotation
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<latexit sha1_base64="4BBgmAvhbIRBWIzijHj3QyjfwKA=">AAACGnicbVDLSgMxFM34rPVVdekmWARBKTNS1GXVjbiq1D6g05ZMJjMNzSRDklHL0O9w46+4caGIO3Hj35g+Ftp6IORwzr3ce48XM6q0bX9bc/MLi0vLmZXs6tr6xmZua7umRCIxqWLBhGx4SBFGOalqqhlpxJKgyGOk7vUuh379jkhFBb/V/Zi0IhRyGlCMtJE6OacCXSZ4KGnY1UhKcQ8r8BC6lGvot/0H6B7B67YbJfC8k5pvADu5vF2wR4CzxJmQPJig3Ml9ur7ASUS4xgwp1XTsWLdSJDXFjAyybqJIjHAPhaRpKEcRUa10dNoA7hvFh4GQ5pmVRurvjhRFSvUjz1RGSHfVtDcU//OaiQ7OWinlcaIJx+NBQcKgFnCYE/SpJFizviEIS2p2hbiLJMLapJk1ITjTJ8+S2nHBOSkUb4r50sUkjgzYBXvgADjgFJTAFSiDKsDgETyDV/BmPVkv1rv1MS6dsyY9O+APrK8fueqfbQ==</latexit>

S �! S +

Z
ddxJµAµ

• This is a pure gauge everywhere but at the origin
<latexit sha1_base64="MIsbPuMD+/DrdkYWro/9bH/VLbc=">AAACFnicbZDLSsNAFIYnXmu9RV26GSxCC7UkpagboSiIywr2Ak0MJ9NpO3RyYWYiDaFP4cZXceNCEbfizrcxvSy09YeBj/+cw5nzuyFnUhnGt7a0vLK6tp7ZyG5ube/s6nv7DRlEgtA6CXggWi5IyplP64opTluhoOC5nDbdwdW43nygQrLAv1NxSG0Pej7rMgIqtRz95NpJhvEIX+CyFTJsFbEFPOzDhDqUK7hP8uXCKD8sxoWso+eMkjERXgRzBjk0U83Rv6xOQCKP+opwkLJtGqGyExCKEU5HWSuSNAQygB5tp+iDR6WdTM4a4ePU6eBuINLnKzxxf08k4EkZe27a6YHqy/na2Pyv1o5U99xOmB9GivpkuqgbcawCPM4Id5igRPE4BSCCpX/FpA8CiEqTHIdgzp+8CI1yyTwtVW4ruerlLI4MOkRHKI9MdIaq6AbVUB0R9Iie0St60560F+1d+5i2LmmzmQP0R9rnD7FZnJE=</latexit>

Fxy = 2⇡ ↵ �(2)(x, y)

Anomaly coefficients for the free scalar:

<latexit sha1_base64="uHpGQn7aLjDemYrLgrNu2d/tXSU=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJexKUI9BLx4jmAckS5idTJIhs7PrTK8YlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXEEth0HW/nZXVtfWNzdxWfntnd2+/cHDYMFGiGa+zSEa6FVDDpVC8jgIlb8Wa0zCQvBmMbqZ+85FrIyJ1j+OY+yEdKNEXjKKVWp2aEaWnM9ItFN2yOwNZJl5GipCh1i18dXoRS0KukElqTNtzY/RTqlEwySf5TmJ4TNmIDnjbUkVDbvx0du+EnFqlR/qRtqWQzNTfEykNjRmHge0MKQ7NojcV//PaCfav/FSoOEGu2HxRP5EEIzJ9nvSE5gzl2BLKtLC3EjakmjK0EeVtCN7iy8ukcV72LsqVu0qxep3FkYNjOIESeHAJVbiFGtSBgYRneIU358F5cd6dj3nripPNHMEfOJ8/8wWPRA==</latexit>

 (x)

<latexit sha1_base64="wEI8JztgPf6N92x6CusVkC/0LZg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oUy2m3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZKrR6KZIT9csWtunOQVeLlpAI5Gv3yV28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COcci6lkqMmPaz+bVTcmaVAQljZUsaMld/T2QYaT2JAtsZoRnpZW8m/ud1UxNe+xmXSWqYpItFYSqIicnsdTLgilEjJpYgVdzeSugIFVJjAyrZELzll1dJ66LqXVZr97VK/SaPowgncArn4MEV1OEOGtAECo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+AI5vjyE=</latexit>↵
<latexit sha1_base64="16APY6rZ8sZNDJ9jDS8ZsbxXTMM=">AAACHHicbVDLSsNAFJ34rPEVdelmsAh1YUmqqMuiG5cV7AOaWG6mk2bo5MHMRC2hH+LGX3HjQhE3LgT/xqStoK0HBg7nnMude9yYM6lM80ubm19YXFourOira+sbm8bWdkNGiSC0TiIeiZYLknIW0rpiitNWLCgELqdNt3+R+81bKiSLwms1iKkTQC9kHiOgMqljHOl2TTJcuj/AtmA9X4EQ0R2mN+khrtgxwwxjG3jsw/AnqHeMolk2R8CzxJqQIpqg1jE+7G5EkoCGinCQsm2ZsXJSEIoRToe6nUgaA+lDj7YzGkJApZOOjhvi/UzpYi8S2QsVHqm/J1IIpBwEbpYMQPly2svF/7x2orwzJ2VhnCgakvEiL+FYRThvCneZoETxQUaACJb9FRMfBBCV9ZmXYE2fPEsalbJ1UraujovV80kdBbSL9lAJWegUVdElqqE6IugBPaEX9Ko9as/am/Y+js5pk5kd9Afa5zd+358k</latexit>

 (x) ! e�2⇡i↵ (x)

[Bianchi, Chalabi, Prochazka, Robinson, JS; JHEP 2021]

<latexit sha1_base64="5BxMLeDsozEfr+H47b1YmSVG7pc="></latexit>

d1 = d2 =
3

2

⇥
(1� ↵)2↵2 + 4⇠↵3

⇤

<latexit sha1_base64="2jLsjuDAno+xq3WOnF2jBOQDv80=">AAACIHicbZDLSsNAFIYn9VbrLerSzWARKmJJarFuhKIblxXsBZq2TKaTduhkEmYmYgl5FDe+ihsXiuhOn8Zpm4W2/jDw8Z9zOHN+N2RUKsv6MjJLyyura9n13Mbm1vaOubvXkEEkMKnjgAWi5SJJGOWkrqhipBUKgnyXkaY7up7Um/dESBrwOzUOScdHA049ipHSVs+suPASQscTCMewYJ86iIVDdNwtwRlBTSewDJ0HmjrdsyQuJT0zbxWtqeAi2CnkQapaz/x0+gGOfMIVZkjKtm2FqhMjoShmJMk5kSQhwiM0IG2NHPlEduLpgQk80k4feoHQjys4dX9PxMiXcuy7utNHaijnaxPzv1o7Ut5FJ6Y8jBTheLbIixhUAZykBftUEKzYWAPCguq/QjxEOiylM83pEOz5kxehUSra58XybTlfvUrjyIIDcAgKwAYVUAU3oAbqAINH8AxewZvxZLwY78bHrDVjpDP74I+M7x8sTp/1</latexit>

b =
(1� ↵)2↵2 + 4⇠↵3

2

<latexit sha1_base64="8ljMEL60ks2hGq8hUnDVABB0YBQ="></latexit>

a⌃ =
↵2

720
(1� ↵)2(3 + ↵� ↵2) +

↵3

360
(5� 3↵2)⇠

<latexit sha1_base64="9HEXjeR1PeLVnQUnNJhe29ha3H4="></latexit>

d1 = 2d2 = �↵(1� ↵2)(2� ↵)

36

h
↵(1� ↵) +

6↵2⇠

2� ↵

id=4: d=6:

<latexit sha1_base64="DdgM1fm3EPofgItHHR31dt20LNo=">AAACDnicbVA9SwNBEN3zM8avqKXNYghYhTsRFUQQbbSLYlTIhbC3N5cs7u2du3OScOQX2PhXbCwUsbW289+4iSk0+mDg8d4MM/OCVAqDrvvpTExOTc/MFuaK8wuLS8ulldVLk2SaQ50nMtHXATMghYI6CpRwnWpgcSDhKrg5HvhXd6CNSNQF9lJoxqytRCQ4Qyu1ShW/K+iBS/19//Y2YyH1EbqYn57TSHQhpGkiFPZbpbJbdYegf4k3ImUyQq1V+vDDhGcxKOSSGdPw3BSbOdMouIR+0c8MpIzfsDY0LFUsBtPMh+/0acUqIY0SbUshHao/J3IWG9OLA9sZM+yYcW8g/uc1Moz2mrlQaYag+PeiKJMUEzrIhoZCA0fZs4RxLeytlHeYZhxtgkUbgjf+8l9yuVX1dqre2Xb58GgUR4Gskw2ySTyySw7JCamROuHknjySZ/LiPDhPzqvz9t064Yxm1sgvOO9f5DCbag==</latexit>

⇠ = 0 IR fixed point
<latexit sha1_base64="w+6yhPwSv/cpiOxlL4nBu3IikLY=">AAACDnicbVDLSgNBEJz1GeMr6tHLYBA8hV0RFUQIevEYwUQhG8LsbK8ZMju7memVhCVf4MVf8eJBEa+evfk3Th4HXwUNRVU33V1BKoVB1/10Zmbn5hcWC0vF5ZXVtfXSxmbDJJnmUOeJTPRNwAxIoaCOAiXcpBpYHEi4DrrnI//6DrQRibrCQQqtmN0qEQnO0Ert0q7fF/TUo/6J3+tlLKQ+Qh/zeoNGog8hTROhcNguld2KOwb9S7wpKZMpau3Shx8mPItBIZfMmKbnptjKmUbBJQyLfmYgZbzLbqFpqWIxmFY+fmdId60S0ijRthTSsfp9ImexMYM4sJ0xw4757Y3E/7xmhtFxKxcqzRAUnyyKMkkxoaNsaCg0cJQDSxjXwt5KeYdpxtEmWLQheL9f/ksa+xXvsOJdHpSrZ9M4CmSb7JA94pEjUiUXpEbqhJN78kieyYvz4Dw5r87bpHXGmc5skR9w3r8A/u+bew==</latexit>

⇠ = 1 UV fixed point

<latexit sha1_base64="R/DQmI9j3H4HA0p1/gOGBAVUMhk=">AAACG3icbVDLSgNBEJz1GeMr6tHLYBAUJOyKqMegF48KRoVsCLOzHTM4j3WmVwxL/sOLv+LFgyKeBA/+jZOYg6+ChqKqm+6uJJPCYRh+BGPjE5NT06WZ8uzc/MJiZWn5zJnccmhwI429SJgDKTQ0UKCEi8wCU4mE8+TqcOCf34B1wuhT7GXQUuxSi47gDL3UrmzHTGZdRmOh6Ua4FW3S+Po6ZymNEW6xUEab1BrVoxmzTAGC7bcr1bAWDkH/kmhEqmSE43blLU4NzxVo5JI514zCDFsFsyi4hH45zh1kjF+xS2h6qv0e1yqGv/XpuldS2jHWl0Y6VL9PFEw511OJ71QMu+63NxD/85o5dvZbhdBZjqD516JOLikaOgiKpsICR9nzhHEr/K2Ud30I3Gfgyj6E6PfLf8nZdi3arUUnO9X6wSiOElkla2SDRGSP1MkROSYNwskdeSBP5Dm4Dx6Dl+D1q3UsGM2skB8I3j8BIdOg7g==</latexit>

↵ 2 (0, 1) monodromy parameter

see also [Giombi et all, 2021]



• The two choices are connected by an RG flow:
<latexit sha1_base64="gQ3D+Q9ktmmNSl2i+ZOqJpyIs+E=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0FIFXZDUBshaGNhEcE8ILuGu7OTZMjsg5lZISz5BRt/xcZCEVs7O//GyWYLTTwwcDjnXO7c48WcSWVZ30ZhZXVtfaO4Wdra3tndM/cP2jJKBKEtEvFIdD2QlLOQthRTnHZjQSHwOO1446uZ33mgQrIovFOTmLoBDEM2YASUlvpmxeE67AO+wM5Nxu7TmgM8HsEUOx4InAf6ZtmqWhnwMrFzUkY5mn3zy/EjkgQ0VISDlD3bipWbglCMcDotOYmkMZAxDGlP0xACKt00u2iKT7Ti40Ek9AsVztTfEykEUk4CTycDUCO56M3E/7xeogbnbsrCOFE0JPNFg4RjFeFZPdhnghLFJ5oAEUz/FZMRCCBKl1jSJdiLJy+Tdq1qn1brt/Vy4zKvo4iO0DGqIBudoQa6Rk3UQgQ9omf0it6MJ+PFeDc+5tGCkc8coj8wPn8AFl2ckw==</latexit>

� = ⇤2↵�̄ relevant deformation
<latexit sha1_base64="XPEdwFW22wl0+c8ha4B1uqkT6Mo="></latexit>

Sdef = �

Z
d
d�2

� Ô�↵(�)Ô
†
�↵(�)

<latexit sha1_base64="8ljMEL60ks2hGq8hUnDVABB0YBQ="></latexit>

a⌃ =
↵2

720
(1� ↵)2(3 + ↵� ↵2) +

↵3

360
(5� 3↵2)⇠

<latexit sha1_base64="xAi38QduWhigYKrHsjbe2cDZifI="></latexit>h
Ô�↵(�)

i
=

d� 2

2
� ↵

<latexit sha1_base64="MGSEmt6sdRZd/lx2ZLsogwUU+Fs=">AAACJ3icbVDLSgMxFM3UV62vqks3wSLUTZkRUVdSdKM7X61Cp5ZMetsGM5khuSOWoX/jxl9xI6iILv0T01pQWw8EDuecy809QSyFQdf9cDITk1PTM9nZ3Nz8wuJSfnmlaqJEc6jwSEb6KmAGpFBQQYESrmINLAwkXAY3h33/8ha0EZG6wG4M9ZC1lWgJztBKjfw+u06LPsIdpj4K1aWVam+z1/DPRTtk1G8DpaOJ47OfRCNfcEvuAHSceENSIEOcNPLPfjPiSQgKuWTG1Dw3xnrKNAouoZfzEwMx4zesDTVLFQvB1NPBnT26YZUmbUXaPoV0oP6eSFloTDcMbDJk2DGjXl/8z6sl2Nqrp0LFCYLi34taiaQY0X5ptCk0cJRdSxjXwv6V8g7TjKOtNmdL8EZPHifVrZK3U9o+3S6UD4Z1ZMkaWSdF4pFdUiZH5IRUCCf35JG8kFfnwXly3pz372jGGc6skj9wPr8AAgGmCA==</latexit>

a(UV)
⌃ � a(IR)⌃

<latexit sha1_base64="Pr+8+jym+WaF/uHHYzxed14KXyA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtIu3WzC7kYsoT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791iMqzWP5YMYJ+hEdSB5yRo2VWt0nTq6J1ytX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOyEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5O+lwhM2JsCWWK21sJG1JFmbEJlWwI3uLLy6R5VvUuquf355XaTR5HEY7gGE7Bg0uowR3UoQEMRvAMr/DmJM6L8+58zFsLTj5zCH/gfP4AAEOOtA==</latexit>

⇠ = 1
<latexit sha1_base64="+JSeoTpEy/v+DJl3P9wWuQ63MJE=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTNdtIu3WzC7kYsoT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791iMqzWP5YMYJ+hEdSB5yRo2VWt0nTq6J2ytX3Ko7A1kmXk4qkKPeK391+zFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOyEnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhFd+xmWSGpRsvihMBTExmf5O+lwhM2JsCWWK21sJG1JFmbEJlWwI3uLLy6R5VvUuquf355XaTR5HEY7gGE7Bg0uowR3UoQEMRvAMr/DmJM6L8+58zFsLTj5zCH/gfP4A/rCOsw==</latexit>

⇠ = 0
x

• The Euler anomaly decreases

<latexit sha1_base64="FkokbrlxkcCQYWCFaPzH1jY/a3E="></latexit>h
Ô↵(�)

i
=

d� 2

2
+ ↵

<latexit sha1_base64="+d2/13Si1/yVymcyY0fK56Y7j8Q=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIqMuiG5cV7AOaUCbTSTp0HmFmotRQ/BU3LhRx63+482+ctllo64ELh3Pu5d57opRRbTzv2yktLa+srpXXKxubW9s77u5eS8tMYdLEkknViZAmjArSNNQw0kkVQTxipB0Nryd++54oTaW4M6OUhBwlgsYUI2OlnnsQaJpwBANFk4FBSskH6PXcqlfzpoCLxC9IFRRo9NyvoC9xxokwmCGtu76XmjBHylDMyLgSZJqkCA9RQrqWCsSJDvPp9WN4bJU+jKWyJQycqr8ncsS1HvHIdnJkBnrem4j/ed3MxJdhTkWaGSLwbFGcMWgknEQB+1QRbNjIEoQVtbdCPEAKYWMDq9gQ/PmXF0nrtOaf1/zbs2r9qoijDA7BETgBPrgAdXADGqAJMHgEz+AVvDlPzovz7nzMWktOMbMP/sD5/AEUbpT7</latexit>

� ! 0

<latexit sha1_base64="iSEY61ULo98JqTxmX3AHCJuE6G4=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoNgFXZF1DJoYxnBPCAbwuxkNhkyM7vM3FXCJoWNv2JjoYitH2Hn3zh5FJp44MLhnHu5954wEdyA5307uZXVtfWN/GZha3tnd8/dP6ibONWU1WgsYt0MiWGCK1YDDoI1E82IDAVrhIPrid+4Z9rwWN3BMGFtSXqKR5wSsFLHLY4Cw3uSjHCgea8PROv4AQdcRTDsuCWv7E2Bl4k/JyU0R7XjfgXdmKaSKaCCGNPyvQTaGdHAqWDjQpAalhA6ID3WslQRyUw7mz4xxsdW6eIo1rYU4Kn6eyIj0pihDG2nJNA3i95E/M9rpRBdtjOukhSYorNFUSowxHiSCO5yzSiIoSWEam5vxbRPNKFgcyvYEPzFl5dJ/bTsn5f927NS5WoeRx4V0RE6QT66QBV0g6qohih6RM/oFb05T86L8+58zFpzznzmEP2B8/kDXhaYjw==</latexit>

|�| ! 1

<latexit sha1_base64="4qQrhcu+7WZZjjhEJ0/m2qrZmoQ=">AAAB73icbVBNSwMxEJ34WetX1aOXYBE8lV0R9Vj04rGC/YB2Kdk024Ym2TXJCmXbP+HFgyJe/Tve/Dem7R609cHA470ZZuaFieDGet43WlldW9/YLGwVt3d29/ZLB4cNE6easjqNRaxbITFMcMXqllvBWolmRIaCNcPh7dRvPjFteKwe7ChhgSR9xSNOiXVSa9wxvC/JuFsqexVvBrxM/JyUIUetW/rq9GKaSqYsFcSYtu8lNsiItpwKNil2UsMSQoekz9qOKiKZCbLZvRN86pQejmLtSlk8U39PZEQaM5Kh65TEDsyiNxX/89qpja6DjKsktUzR+aIoFdjGePo87nHNqBUjRwjV3N2K6YBoQq2LqOhC8BdfXiaN84p/WfHvL8rVmzyOAhzDCZyBD1dQhTuoQR0oCHiGV3hDj+gFvaOPeesKymeO4A/Q5w9mBJA1</latexit>

|�|

<latexit sha1_base64="Tt7ntKCAfEPhJjID84iW7KfxEyc="></latexit>

�|�|
d

d|�|
log

D
ÔÔ

E

�

<latexit sha1_base64="AEbHVtxjm+sE4TvBCnnBGg5VDFU=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBS0tSRD0WvXisYGshDWWy2bRLN7thdyOU0J/hxYMiXv013vw3btsctPXBwOO9GWbmhSln2rjut1NaW9/Y3CpvV3Z29/YPqodHXS0zRWiHSC5VLwRNORO0Y5jhtJcqCknI6WM4vp35j09UaSbFg5mkNEhgKFjMCBgr+VG9WW/2gacjGFRrbsOdA68SryA1VKA9qH71I0myhApDOGjte25qghyUYYTTaaWfaZoCGcOQ+pYKSKgO8vnJU3xmlQjHUtkSBs/V3xM5JFpPktB2JmBGetmbif95fmbi6yBnIs0MFWSxKM44NhLP/scRU5QYPrEEiGL2VkxGoIAYm1LFhuAtv7xKus2Gd9nw7i9qrZsijjI6QafoHHnoCrXQHWqjDiJIomf0it4c47w4787HorXkFDPH6A+czx8HXJBy</latexit>

d� 2� 2↵

<latexit sha1_base64="u2eZu2ycPE7h36UZpCTqZdVF1Lc=">AAAB8nicbVBNS8NAEN34WetX1aOXxSIIYkmKqMeiF48V7AekoWw2m3bpZjfsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBXcgOt+Oyura+sbm6Wt8vbO7t5+5eCwbVSmKWtRJZTuhsQwwSVrAQfBuqlmJAkF64Sju6nfeWLacCUfYZyyICEDyWNOCVjJjy7q5/UeEemQ9CtVt+bOgJeJV5AqKtDsV756kaJZwiRQQYzxPTeFICcaOBVsUu5lhqWEjsiA+ZZKkjAT5LOTJ/jUKhGOlbYlAc/U3xM5SYwZJ6HtTAgMzaI3Ff/z/AzimyDnMs2ASTpfFGcCg8LT/3HENaMgxpYQqrm9FdMh0YSCTalsQ/AWX14m7XrNu6p5D5fVxm0RRwkdoxN0hjx0jRroHjVRC1Gk0DN6RW8OOC/Ou/Mxb11xipkj9AfO5w8ERpBw</latexit>

d� 2 + 2↵

50 100 150 200
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2.5

<latexit sha1_base64="IVT5ej1Su+4t9YIeJlLb6Tgs4W8="></latexit>D
Ô�↵(�)Ô�↵(0)

E

�
�!

1

|�|d�2�2↵

<latexit sha1_base64="31e/vuoJU0RmRiavxkMDFPGd2g8="></latexit>D
Ô�↵(�)Ô�↵(0)

E

�
�!

⇤�4↵

|�|d�2+2↵

defect a-theorem
[Wang, 2021]

Monodromy defects

<latexit sha1_base64="DdgM1fm3EPofgItHHR31dt20LNo=">AAACDnicbVA9SwNBEN3zM8avqKXNYghYhTsRFUQQbbSLYlTIhbC3N5cs7u2du3OScOQX2PhXbCwUsbW289+4iSk0+mDg8d4MM/OCVAqDrvvpTExOTc/MFuaK8wuLS8ulldVLk2SaQ50nMtHXATMghYI6CpRwnWpgcSDhKrg5HvhXd6CNSNQF9lJoxqytRCQ4Qyu1ShW/K+iBS/19//Y2YyH1EbqYn57TSHQhpGkiFPZbpbJbdYegf4k3ImUyQq1V+vDDhGcxKOSSGdPw3BSbOdMouIR+0c8MpIzfsDY0LFUsBtPMh+/0acUqIY0SbUshHao/J3IWG9OLA9sZM+yYcW8g/uc1Moz2mrlQaYag+PeiKJMUEzrIhoZCA0fZs4RxLeytlHeYZhxtgkUbgjf+8l9yuVX1dqre2Xb58GgUR4Gskw2ySTyySw7JCamROuHknjySZ/LiPDhPzqvz9t064Yxm1sgvOO9f5DCbag==</latexit>

⇠ = 0 IR fixed point

<latexit sha1_base64="w+6yhPwSv/cpiOxlL4nBu3IikLY=">AAACDnicbVDLSgNBEJz1GeMr6tHLYBA8hV0RFUQIevEYwUQhG8LsbK8ZMju7memVhCVf4MVf8eJBEa+evfk3Th4HXwUNRVU33V1BKoVB1/10Zmbn5hcWC0vF5ZXVtfXSxmbDJJnmUOeJTPRNwAxIoaCOAiXcpBpYHEi4DrrnI//6DrQRibrCQQqtmN0qEQnO0Ert0q7fF/TUo/6J3+tlLKQ+Qh/zeoNGog8hTROhcNguld2KOwb9S7wpKZMpau3Shx8mPItBIZfMmKbnptjKmUbBJQyLfmYgZbzLbqFpqWIxmFY+fmdId60S0ijRthTSsfp9ImexMYM4sJ0xw4757Y3E/7xmhtFxKxcqzRAUnyyKMkkxoaNsaCg0cJQDSxjXwt5KeYdpxtEmWLQheL9f/ksa+xXvsOJdHpSrZ9M4CmSb7JA94pEjUiUXpEbqhJN78kieyYvz4Dw5r87bpHXGmc5skR9w3r8A/u+bew==</latexit>

⇠ = 1 UV fixed point

• Analogous discussion for fermions



“Research in Physics is hard, so

you need to feel you are doing something epic”



Thank you for your attention!

and Happy Birthday Andrea!



<latexit sha1_base64="IUSlK2A40wpb1otamU7av9LbTgg=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmakqBuh1I3LivYBnWnJZDJtaCYZkoy0DP0AN/6KGxeKuPUD3Pk3pu0stPVA4HDOueTe48eMKm3b39bS8srq2npuI7+5tb2zW9jbbyiRSEzqWDAhWz5ShFFO6ppqRlqxJCjyGWn6g+uJ33wgUlHB7/UoJl6EepyGFCNtpG6heAevoEu5hkEngEPonkI37lPoVsWwM5hxk7JL9hRwkTgZKYIMtW7hyw0ETiLCNWZIqbZjx9pLkdQUMzLOu4kiMcID1CNtQzmKiPLS6TFjeGyUAIZCmmfWmqq/J1IUKTWKfJOMkO6reW8i/ue1Ex1eeinlcaIJx7OPwoRBLeCkGRhQSbBmI0MQltTsCnEfSYS16S9vSnDmT14kjbOSc14q35aLlWpWRw4cgiNwAhxwASrgBtRAHWDwCJ7BK3iznqwX6936mEWXrGzmAPyB9fkDATuZFw==</latexit>

S =

Z
ddx�⇤k�

• Theories with an higher number of derivatives such as:

• Dimension of the fields is lower Many relevant boundary deformations

<latexit sha1_base64="0Gb/86bCAsSAv/V1ynv/pxUkFKo=">AAACBXicbVDLSsNAFL3xWesr6lIXg0VwY0mKqBuhqAuXFewDmhAm00k7dPJgZiKUkI0bf8WNC0Xc+g/u/BunbRbaeuDC4Zx7ufceP+FMKsv6NhYWl5ZXVktr5fWNza1tc2e3JeNUENokMY9Fx8eSchbRpmKK004iKA59Ttv+8Hrstx+okCyO7tUooW6I+xELGMFKS5554NxQrrDnJAOGLpETCEyy3kltmGe13DMrVtWaAM0TuyAVKNDwzC+nF5M0pJEiHEvZta1EuRkWihFO87KTSppgMsR92tU0wiGVbjb5IkdHWumhIBa6IoUm6u+JDIdSjkJfd4ZYDeSsNxb/87qpCi7cjEVJqmhEpouClCMVo3EkqMcEJYqPNMFEMH0rIgOsg1A6uLIOwZ59eZ60alX7rGrfnVbqV0UcJdiHQzgGG86hDrfQgCYQeIRneIU348l4Md6Nj2nrglHM7MEfGJ8/TPOX0A==</latexit>

�� =
d� 2k

2

• Violation of the unitarity bound
<latexit sha1_base64="4/hWbLSEbKvfl0RSXwu+uI2xJuk=">AAACG3icbVC7TsNAEDzzJrwClDQnIiQaIjtCQImAghIkAkhxFK3P63Di/MjdGhFZ/g8afoWGAoSokCj4Gy4hBa+pRjO72p0JMiUNue6HMzY+MTk1PTNbmZtfWFyqLq+cmzTXApsiVam+DMCgkgk2SZLCy0wjxIHCi+D6cOBf3KA2Mk3OqJ9hO4ZuIiMpgKzUqTb8I1QE3O8i9yMNogi3GmXRKLnf6+UQcp/wlooo1dwIUKBN2anW3Lo7BP9LvBGpsRFOOtU3P0xFHmNCQoExLc/NqF2AJikUlhU/N5iBuIYutixNIEbTLobZSr5hlZAP7kdpQnyoft8oIDamHwd2Mga6Mr+9gfif18op2msXMslywkR8HYpyxSnlg6J4KDUKUn1LQGhpf+XiCmxDZOus2BK835H/kvNG3dupe6fbtf2DUR0zbI2ts03msV22z47ZCWsywe7YA3tiz8698+i8OK9fo2POaGeV/YDz/gnOO6FR</latexit>

� � d� 2

2
for scalars

Higher-Derivative Theories with Boundaries 
[Chalabi, Herzog, Ray, Robinson, JS, Stergiou; JHEP 2023]

• We need to compute the “single-trace” boundary primaries 
<latexit sha1_base64="et70xtLWEvx8Jfo9cPMDMyd+Rm4="></latexit>

����(k,q)
E
=

b q
2 cX

j=0

↵(k,q)
j P 2j

k P q�2j
n |�i

<latexit sha1_base64="ZR8vHeK8M9uzNj7xi6DHEj0KwJM="></latexit>

Ka

����(k,q)
E
= 0 a = parallel directions

Boundary Primaries:
<latexit sha1_base64="Flmo0PKLkp3PQgC0GBgr5Jw+TQM="></latexit>

D |OIi = i� |OIi ,
Mab |OIi = (Mab)I

J |OJi ,
Ka |OIi = 0

<latexit sha1_base64="wUy1y9xISXEHANsKbhVt+JHyF4s=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwISURUTdC0Y3LCvYBbSiT6U07dDIJMxOxhK7d+CtuXCji1i9w5984abPQ1gMDh3PO5c49fsyZ0o7zbRUWFpeWV4qrpbX1jc0te3unoaJEUqjTiEey5RMFnAmoa6Y5tGIJJPQ5NP3hdeY370EqFok7PYrBC0lfsIBRoo3UtffJMfbxJe5oeNBpTCThHDjuMQk0S6hx1y47FWcCPE/cnJRRjlrX/ur0IpqEIDTlRKm268TaS4nUjHIYlzqJgpjQIelD21BBQlBeOjlljA+N0sNBJM0TGk/U3xMpCZUahb5JhkQP1KyXif957UQHF17KRJxoEHS6KEg41hHOeskv5iNDCJXM/BXTgamDatNeyZTgzp48TxonFfes4t6elqtXeR1FtIcO0BFy0TmqohtUQ3VE0SN6Rq/ozXqyXqx362MaLVj5zC76A+vzB5tDmkE=</latexit>

a, b = parallel directions



• The first few boundary primaries are
<latexit sha1_base64="M9fVe8SQKghY/38MqHebeemwOJ0="></latexit>

�(k,0) = �, �(k,1) = @n�, �(k,2) =

✓
@2
n � 1

2k � 3
⇤k

◆
�, �(k,3) =

✓
@3
n � 3

2k � 5
@n⇤k

◆
�

• For               only 2 primaries:

<latexit sha1_base64="ixfgTt+qD6vbQq8T0Db8mufmIpI="></latexit>

�S(k=2)
�,⇤ =

1

2

Z
dd�1xk(�

(2,0)��(2,3) � �(2,1)��(2,2) + �(2,2)��(2,1) � �(2,3)��(2,0))

<latexit sha1_base64="yevT4UdNEVNVBI5ZIEOVZoTLdaI="></latexit>

�S(k=1)
�,⇤ =

1

2

Z
dd�1xk(�

(1,0)��(1,1) � �(1,1)��(1,0))

• For               we find 4 primaries:

Neumann (N)

Dirichlet (D)
<latexit sha1_base64="Sy/N+GBqq/cJZIec4rfOFSKy/8I=">AAACFXicbVDLSsNAFJ3UV62vqEs3wSJUKCWRom4KRTcuK9gHNLFMJrft0MkkzEyEEvoTbvwVNy4UcSu482+ctllo64GBwzn3cuYeP2ZUKtv+NnIrq2vrG/nNwtb2zu6euX/QklEiCDRJxCLR8bEERjk0FVUMOrEAHPoM2v7oeuq3H0BIGvE7NY7BC/GA0z4lWGmpZ5ZdHwaUp1KHqUnBbQzpfVoale3TSc2Nh7Rmu8CDzO6ZRbtiz2AtEycjRZSh0TO/3CAiSQhcEYal7Dp2rLwUC0UJAx2XSIgxGeEBdDXlOATppbOrJtaJVgKrHwn9uLJm6u+NFIdSjkNfT4ZYDeWiNxX/87qJ6l96KeVxooCTeVA/YZaKrGlFVkAFEMXGmmAiqP6rRYZYYKJ0kQVdgrN48jJpnVWc80r1tlqsX2V15NEROkYl5KALVEc3qIGaiKBH9Ixe0ZvxZLwY78bHfDRnZDuH6A+Mzx9ARJ7k</latexit>

�(k,0) = � = 0

<latexit sha1_base64="nZPp3OyxXsEuizfpv+GeorG+cY4=">AAACIXicbVDLSgMxFM3UV62vUZdugkWoIGVGinZTKLpxWcE+oFNLJr1tQzOZIckIZeivuPFX3LhQpDvxZ0zbWWjrgcDhnHs5ucePOFPacb6szNr6xuZWdju3s7u3f2AfHjVUGEsKdRryULZ8ooAzAXXNNIdWJIEEPoemP7qd+c0nkIqF4kGPI+gEZCBYn1GijdS1y54PAyYSZcL0JOfVhuwxKYwu3PNJxYuI1IzwrvCiIas4OOeB6KWjXTvvFJ058CpxU5JHKWpde+r1QhoHIDTlRKm260S6k8wiKAcTHSuICB2RAbQNFSQA1UnmF07wmVF6uB9K84TGc/X3RkICpcaBbyYDoodq2ZuJ/3ntWPfLnYSJKNYg6CKoH3OsQzyrC/eYBKr52BBCJTN/xXRIJKHalJozJbjLJ6+SxmXRvSqW7kv56k1aRxadoFNUQC66RlV0h2qojih6Rq/oHX1YL9ab9WlNF6MZK905Rn9gff8ATqijnQ==</latexit>

�(k,1) = @n� = 0

<latexit sha1_base64="cHaK3SB6iQbJrUVLuFuxpKxhUgY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHkbXXq9ccavuDGSZeDmpQI56r/zV7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx26oScWKVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7IheIsvL5PmWdW7qJ7fn1dqN3kcRTiCYzgFDy6hBndQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwBxxeNeg==</latexit>

k = 1

<latexit sha1_base64="pDIGokNWTgsI25GOLKfHKCLhJHs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoF6EoBePEc0DkiXMTmaTIbOzy0yvEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9uZ33ri2ohYPeI44X5EB0qEglG00sPoutIrltyyOwdZJV5GSpCh3it+dfsxSyOukElqTMdzE/QnVKNgkk8L3dTwhLIRHfCOpYpG3PiT+alTcmaVPgljbUshmau/JyY0MmYcBbYzojg0y95M/M/rpBhe+ROhkhS5YotFYSoJxmT2N+kLzRnKsSWUaWFvJWxINWVo0ynYELzll1dJs1L2LsrV+2qpdpPFkYcTOIVz8OASanAHdWgAgwE8wyu8OdJ5cd6dj0VrzslmjuEPnM8fyJuNew==</latexit>

k = 2

<latexit sha1_base64="SM9MIVLLulJ18kitLwi2bISbYws="></latexit>

�(2,2) =
�
@2
n �⇤k

�
� = 0

�(2,3) =
�
@3
n + 3@n⇤k

�
� = 0

<latexit sha1_base64="HRsJbmNZvDv13tJx1zugoLTJuPI="></latexit>

�(2,0) = � = 0

�(2,2) = @2
n� = 0

<latexit sha1_base64="HDlvX7OexCoQAfygPL8tRF3lskg="></latexit>

�(2,1) = @n� = 0

�(2,3) = @3
n� = 0

<latexit sha1_base64="Xktov0OXujzgBuL5rSEEQev75WM="></latexit>

�(2,0) = � = 0

�(2,1) = @n� = 0

• NN • ND • DN • DD

Higher-Derivative Theories with Boundaries 
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Boundary RG flows

• In d=5
<latexit sha1_base64="o84hsrVZjnMn2liUrcwua/L+7Zc="></latexit>

�a⌃(N ! D) =
17

5760

<latexit sha1_base64="W07yfqeDOIMl4DFrisD2Z6lnW8w="></latexit>

�a⌃(NN ! DN) =
21

640
<latexit sha1_base64="5sSlRLi3zHDxKQT3atadq9qWbjA="></latexit>

�a⌃(NN ! ND) = � 17

5760
<latexit sha1_base64="rni5Hv6ChPE5SKnvuCh4Yy1EETs="></latexit>

�a⌃(DN ! DD) = � 17

5760
<latexit sha1_base64="CsOMk0QS+/i0UJn038YvD8H8DX0="></latexit>

�a⌃(ND ! DD) =
21

640

<latexit sha1_base64="iUjLtiBF5PRKnjQ2AxGQfWUS9/Y=">AAACF3icbVDJSgNBEO2JW4xb1KOXxiDES5iJifEiBPXgMaJZIBNDTacnadKz0N0jhGH+wou/4sWDIl715t/YWQ6a+KDg8V4VVfWckDOpTPPbSC0tr6yupdczG5tb2zvZ3b2GDCJBaJ0EPBAtByTlzKd1xRSnrVBQ8BxOm87wcuw3H6iQLPDv1CikHQ/6PnMZAaWlbrZgX1GuIIaufcv6HiQ4b4cDdl88xufYdgWQ2DqplJPYssrFBHezObNgToAXiTUjOTRDrZv9snsBiTzqK8JByrZlhqoTg1CMcJpk7EjSEMgQ+rStqQ8elZ148leCj7TSw24gdPkKT9TfEzF4Uo48R3d6oAZy3huL/3ntSLlnnZj5YaSoT6aL3IhjFeBxSLjHBCWKjzQBIpi+FZMB6DCUjjKjQ7DmX14kjWLBOi2Ubkq56sUsjjQ6QIcojyxUQVV0jWqojgh6RM/oFb0ZT8aL8W58TFtTxmxmH/2B8fkDZJWdhw==</latexit>

�a⌃(�
2) =

1375

1152
<latexit sha1_base64="lWNy73tF76ryWFSgHiixdWOo91o="></latexit>

�a⌃
�
(@n�)

2
�
=

21

640
<latexit sha1_base64="7Df4BoFaHiCxzUtbVAMKB8dbPLA="></latexit>

�a⌃
�
(@2

n�+ . . . )2
�
= � 17

5760

• In d=5• In d=5

<latexit sha1_base64="HjNgycKrOqkPWcXRI83bDEksP1Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9DC69nrlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/NTp2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjlZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7IheIsvL5PmWdW7qHr355XaTR5HEY7gGE7Bg0uowR3UoQEMBvAMr/DmSOfFeXc+5q0FJ585hD9wPn8AxiGNdw==</latexit>

k = 1
<latexit sha1_base64="3ltVEVttEqcWB05q5KX/QHVeU90=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9SIUvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8NOME/YgOJA85o8ZKD6Praq9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26oScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7QheIsvL5NmteJdVLz783LtJo+jAMdwAmfgwSXU4A7q0AAGA3iGV3hzhPPivDsf89YVJ585gj9wPn8Ax6WNeA==</latexit>

k = 2
<latexit sha1_base64="vihgo2ASuOL5oxkDut9LK2IOxRk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1ItQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aPXBwOO9GWbmBYkUBl33yyksLa+srhXXSxubW9s75d29polTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDP1W49cGxGrBxwn3I/oQIlQMIpWuh9dnfbKFbfqzkD+Ei8nFchR75U/u/2YpRFXyCQ1puO5CfoZ1SiY5JNSNzU8oWxEB7xjqaIRN342O3VCjqzSJ2GsbSkkM/XnREYjY8ZRYDsjikOz6E3F/7xOiuGlnwmVpMgVmy8KU0kwJtO/SV9ozlCOLaFMC3srYUOqKUObTsmG4C2+/Jc0T6reedW7O6vUrvM4inAAh3AMHlxADW6hDg1gMIAneIFXRzrPzpvzPm8tOPnMPvyC8/ENySmNeQ==</latexit>

k = 3



Conclusion and Outlook

• We discussed the defect Weyl anomalies up to 4-dimensional defects 

• Some of the anomaly coefficients are related to simple correlators in flat space-time  

• Examples and computation of anomaly coefficients in free and holographic theories 

• Characterisation of boundary condition for free-higher derivative theories 
 

• To relate additional anomaly coefficient to more complicated correlators 

• Bounds on other anomaly coefficients  

• Bulk theories coupled to lower dimensional one like minimal models for p=2 

• Interacting higher-derivative theories with boundaries and defects?

Outlook

Summary



Algorithm for finding the Weyl Anomalies
The algorithm (p=2, q=1 example):

• Find a basis of terms for the anomaly <latexit sha1_base64="drHCxTnRXRJjOGwpbZZ6yt3pl3E=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoioh6LXjxWsB/QhLDZTNqlu0nY3Qg19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YcaZ0o7zbVXW1jc2t6rbtZ3dvf26fXDYVWkuKXRoylPZD4kCzhLoaKY59DMJRIQceuH4dub3HkEqliYPepKBL8gwYTGjRBspsOteBFyTwEsFDAnuBXbDaTpz4FXilqSBSrQD+8uLUpoLSDTlRKmB62TaL4jUjHKY1rxcQUbomAxhYGhCBCi/mB8+xadGiXCcSlOJxnP190RBhFITEZpOQfRILXsz8T9vkOv42i9YkuUaErpYFOcc6xTPUsARk0A1nxhCqGTmVkxHRBKqTVY1E4K7/PIq6Z433cvmxf1Fo3VTxlFFx+gEnSEXXaEWukNt1EEU5egZvaI368l6sd6tj0VrxSpnjtAfWJ8/YiKS6w==</latexit>

�!W
<latexit sha1_base64="XXshD0XFbUNRLfmCARgReXvq8RE="></latexit>

B1 �! = R̄ �! , B2 �! = R �! , B3 �! = K2 �!
<latexit sha1_base64="q3JtSa7SYAIzKdIkAbRK0yJ2Wq0="></latexit>

B̃1 �! = K̊abK̊
ab �!

<latexit sha1_base64="WKTFealKPMi5o4HY7U4OA66mVBM=">AAACJXicbVDLSsNAFJ34rPVVdelmsCgupCQi6kKhqAvBjYLVQhPCzeS2Dp08mJkIJfRn3PgrblxYRHDlrzhts9DqgYHDOfdy55wgFVxp2/60pqZnZufmSwvlxaXlldXK2vqdSjLJsMESkchmAAoFj7GhuRbYTCVCFAi8D7rnQ//+EaXiSXyreyl6EXRi3uYMtJH8yokbgX5gIPKLvu9Qd4+6IQoN1E0i7ADdOaVX9MJ3U5RpYY0dM7nnV6p2zR6B/iVOQaqkwLVfGbhhwrIIY80EKNVy7FR7OUjNmcB+2c0UpsC60MGWoTFEqLx8lLJPt40S0nYizYs1Hak/N3KIlOpFgZkcZlKT3lD8z2tlun3s5TxOM40xGx9qZ4LqhA4royGXyLToGQJMcvNXyh5AAtOm2LIpwZmM/Jfc7decw5pzc1CtnxV1lMgm2SK7xCFHpE4uyTVpEEaeyAt5IwPr2Xq13q2P8eiUVexskF+wvr4BRWWjQQ==</latexit>

D1 �! = KD?�! ,
<latexit sha1_base64="jw3l7mGqN8bFSTemmeTLiT+k28M=">AAACJHicbVDLSsNAFJ34rPVVdelmsCgupCRFVBBBtAuXFawVmhhuJrd1cPJgZiKU0I9x46+4ceEDF278FqdtFr4ODBzOuZc75wSp4Erb9oc1MTk1PTNbmivPLywuLVdWVi9VkkmGLZaIRF4FoFDwGFuaa4FXqUSIAoHt4PZ06LfvUCqexBe6n6IXQS/mXc5AG8mvHNIt6kagbxiIvDHw69TdoW6IQgN1kwh7QI8obfhuijK9rhfW2PErVbtmj0D/EqcgVVKg6Vde3TBhWYSxZgKU6jh2qr0cpOZM4KDsZgpTYLfQw46hMUSovHwUckA3jRLSbiLNizUdqd83coiU6keBmRzmUb+9ofif18l098DLeZxmGmM2PtTNBNUJHTZGQy6RadE3BJjk5q+U3YAEpk2vZVOC8zvyX3JZrzl7Ned8t3p8UtRRIutkg2wTh+yTY3JGmqRFGLknj+SZvFgP1pP1Zr2PRyesYmeN/ID1+QV1bKLp</latexit>

D2 �! = D2
?�!

<latexit sha1_base64="fLfs8Jbx7FTn9JSmUgt23jUrVCk="></latexit>

�!W =

Z p
ḡ
h
b1B1 + b2B2 + b3B3+

+ b̃1B̃1 + d1D1 + d2D2

i
�!



The algorithm (p=2, q=1 example):

• Impose Wess-Zumino consistency <latexit sha1_base64="ikbItGy6s8WZsRrNxgQo8HJpls0=">AAACI3icbVBNS8NAEN34bf2qevSyWAQPUhIpKoIgevFYwdpCEsJmM2kXNx/sToQS+l+8+Fe8eFCKFw/+F7e1B219MPB4b4aZeWEuhUbb/rTm5hcWl5ZXVitr6xubW9XtnXudFYpDi2cyU52QaZAihRYKlNDJFbAklNAOH65HfvsRlBZZeof9HPyEdVMRC87QSEH13JMQo0u9CCSyoPSyBLoscAb0aFo7HlBPiW4PfdqmF9QOqjW7bo9BZ4kzITUyQTOoDr0o40UCKXLJtHYdO0e/ZAoFlzCoeIWGnPEH1gXX0JQloP1y/OOAHhglonGmTKVIx+rviZIlWveT0HQmDHt62huJ/3lugfGZX4o0LxBS/rMoLiTFjI4Co5FQwFH2DWFcCXMr5T2mGEcTa8WE4Ey/PEvuj+vOSb1x26hdXk3iWCF7ZJ8cEoeckktyQ5qkRTh5Ii/kjbxbz9arNbQ+flrnrMnMLvkD6+sbTpyjZg==</latexit>

[�!1 , �!2 ]W = 0
<latexit sha1_base64="tkcS7qJDWEDLaFjR2omOOlswCeY="></latexit>

(
p
ḡ)�1�1(

p
ḡ B1�!2)� (1 $ 2) = 0

(
p
ḡ)�1�1(

p
ḡ B2�!2)� (1 $ 2) /

⇥
�!1D

2
?�!2 � (1 $ 2)

⇤

(
p
ḡ)�1�1(

p
ḡ B3�!2)� (1 $ 2) / K [�!1D?�!2 � (1 $ 2)]

<latexit sha1_base64="CB4e8l2mclXYRrK//f7MIVx90s0="></latexit>

(
p
ḡ)�1�1(

p
ḡ B̃1�!2)� (1 $ 2) = 0

(
p
�)�1�1(

p
ḡD1�!2)� (1 $ 2) = 0

(
p
ḡ)�1�1(

p
ḡD2�!2)� (1 $ 2) = 0

Algorithm for finding the Weyl Anomalies

• Find a basis of terms for the anomaly <latexit sha1_base64="drHCxTnRXRJjOGwpbZZ6yt3pl3E=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoioh6LXjxWsB/QhLDZTNqlu0nY3Qg19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YcaZ0o7zbVXW1jc2t6rbtZ3dvf26fXDYVWkuKXRoylPZD4kCzhLoaKY59DMJRIQceuH4dub3HkEqliYPepKBL8gwYTGjRBspsOteBFyTwEsFDAnuBXbDaTpz4FXilqSBSrQD+8uLUpoLSDTlRKmB62TaL4jUjHKY1rxcQUbomAxhYGhCBCi/mB8+xadGiXCcSlOJxnP190RBhFITEZpOQfRILXsz8T9vkOv42i9YkuUaErpYFOcc6xTPUsARk0A1nxhCqGTmVkxHRBKqTVY1E4K7/PIq6Z433cvmxf1Fo3VTxlFFx+gEnSEXXaEWukNt1EEU5egZvaI368l6sd6tj0VrxSpnjtAfWJ8/YiKS6w==</latexit>

�!W
<latexit sha1_base64="XXshD0XFbUNRLfmCARgReXvq8RE="></latexit>

B1 �! = R̄ �! , B2 �! = R �! , B3 �! = K2 �!
<latexit sha1_base64="q3JtSa7SYAIzKdIkAbRK0yJ2Wq0="></latexit>

B̃1 �! = K̊abK̊
ab �!

<latexit sha1_base64="WKTFealKPMi5o4HY7U4OA66mVBM=">AAACJXicbVDLSsNAFJ34rPVVdelmsCgupCQi6kKhqAvBjYLVQhPCzeS2Dp08mJkIJfRn3PgrblxYRHDlrzhts9DqgYHDOfdy55wgFVxp2/60pqZnZufmSwvlxaXlldXK2vqdSjLJsMESkchmAAoFj7GhuRbYTCVCFAi8D7rnQ//+EaXiSXyreyl6EXRi3uYMtJH8yokbgX5gIPKLvu9Qd4+6IQoN1E0i7ADdOaVX9MJ3U5RpYY0dM7nnV6p2zR6B/iVOQaqkwLVfGbhhwrIIY80EKNVy7FR7OUjNmcB+2c0UpsC60MGWoTFEqLx8lLJPt40S0nYizYs1Hak/N3KIlOpFgZkcZlKT3lD8z2tlun3s5TxOM40xGx9qZ4LqhA4royGXyLToGQJMcvNXyh5AAtOm2LIpwZmM/Jfc7decw5pzc1CtnxV1lMgm2SK7xCFHpE4uyTVpEEaeyAt5IwPr2Xq13q2P8eiUVexskF+wvr4BRWWjQQ==</latexit>

D1 �! = KD?�! ,
<latexit sha1_base64="jw3l7mGqN8bFSTemmeTLiT+k28M=">AAACJHicbVDLSsNAFJ34rPVVdelmsCgupCRFVBBBtAuXFawVmhhuJrd1cPJgZiKU0I9x46+4ceEDF278FqdtFr4ODBzOuZc75wSp4Erb9oc1MTk1PTNbmivPLywuLVdWVi9VkkmGLZaIRF4FoFDwGFuaa4FXqUSIAoHt4PZ06LfvUCqexBe6n6IXQS/mXc5AG8mvHNIt6kagbxiIvDHw69TdoW6IQgN1kwh7QI8obfhuijK9rhfW2PErVbtmj0D/EqcgVVKg6Vde3TBhWYSxZgKU6jh2qr0cpOZM4KDsZgpTYLfQw46hMUSovHwUckA3jRLSbiLNizUdqd83coiU6keBmRzmUb+9ofif18l098DLeZxmGmM2PtTNBNUJHTZGQy6RadE3BJjk5q+U3YAEpk2vZVOC8zvyX3JZrzl7Ned8t3p8UtRRIutkg2wTh+yTY3JGmqRFGLknj+SZvFgP1pP1Zr2PRyesYmeN/ID1+QV1bKLp</latexit>

D2 �! = D2
?�!

<latexit sha1_base64="fLfs8Jbx7FTn9JSmUgt23jUrVCk="></latexit>

�!W =

Z p
ḡ
h
b1B1 + b2B2 + b3B3+

+ b̃1B̃1 + d1D1 + d2D2

i
�!



The algorithm (p=2, q=1 example):

• Impose Wess-Zumino consistency <latexit sha1_base64="ikbItGy6s8WZsRrNxgQo8HJpls0=">AAACI3icbVBNS8NAEN34bf2qevSyWAQPUhIpKoIgevFYwdpCEsJmM2kXNx/sToQS+l+8+Fe8eFCKFw/+F7e1B219MPB4b4aZeWEuhUbb/rTm5hcWl5ZXVitr6xubW9XtnXudFYpDi2cyU52QaZAihRYKlNDJFbAklNAOH65HfvsRlBZZeof9HPyEdVMRC87QSEH13JMQo0u9CCSyoPSyBLoscAb0aFo7HlBPiW4PfdqmF9QOqjW7bo9BZ4kzITUyQTOoDr0o40UCKXLJtHYdO0e/ZAoFlzCoeIWGnPEH1gXX0JQloP1y/OOAHhglonGmTKVIx+rviZIlWveT0HQmDHt62huJ/3lugfGZX4o0LxBS/rMoLiTFjI4Co5FQwFH2DWFcCXMr5T2mGEcTa8WE4Ey/PEvuj+vOSb1x26hdXk3iWCF7ZJ8cEoeckktyQ5qkRTh5Ii/kjbxbz9arNbQ+flrnrMnMLvkD6+sbTpyjZg==</latexit>

[�!1 , �!2 ]W = 0
<latexit sha1_base64="tkcS7qJDWEDLaFjR2omOOlswCeY="></latexit>

(
p
ḡ)�1�1(

p
ḡ B1�!2)� (1 $ 2) = 0

(
p
ḡ)�1�1(

p
ḡ B2�!2)� (1 $ 2) /

⇥
�!1D

2
?�!2 � (1 $ 2)

⇤

(
p
ḡ)�1�1(

p
ḡ B3�!2)� (1 $ 2) / K [�!1D?�!2 � (1 $ 2)]

<latexit sha1_base64="CB4e8l2mclXYRrK//f7MIVx90s0="></latexit>

(
p
ḡ)�1�1(

p
ḡ B̃1�!2)� (1 $ 2) = 0

(
p
�)�1�1(

p
ḡD1�!2)� (1 $ 2) = 0

(
p
ḡ)�1�1(

p
ḡD2�!2)� (1 $ 2) = 0

Algorithm for finding the Weyl Anomalies

• Find a basis of terms for the anomaly <latexit sha1_base64="drHCxTnRXRJjOGwpbZZ6yt3pl3E=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoioh6LXjxWsB/QhLDZTNqlu0nY3Qg19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YcaZ0o7zbVXW1jc2t6rbtZ3dvf26fXDYVWkuKXRoylPZD4kCzhLoaKY59DMJRIQceuH4dub3HkEqliYPepKBL8gwYTGjRBspsOteBFyTwEsFDAnuBXbDaTpz4FXilqSBSrQD+8uLUpoLSDTlRKmB62TaL4jUjHKY1rxcQUbomAxhYGhCBCi/mB8+xadGiXCcSlOJxnP190RBhFITEZpOQfRILXsz8T9vkOv42i9YkuUaErpYFOcc6xTPUsARk0A1nxhCqGTmVkxHRBKqTVY1E4K7/PIq6Z433cvmxf1Fo3VTxlFFx+gEnSEXXaEWukNt1EEU5egZvaI368l6sd6tj0VrxSpnjtAfWJ8/YiKS6w==</latexit>

�!W
<latexit sha1_base64="XXshD0XFbUNRLfmCARgReXvq8RE="></latexit>

B1 �! = R̄ �! , B2 �! = R �! , B3 �! = K2 �!
<latexit sha1_base64="q3JtSa7SYAIzKdIkAbRK0yJ2Wq0="></latexit>

B̃1 �! = K̊abK̊
ab �!

<latexit sha1_base64="WKTFealKPMi5o4HY7U4OA66mVBM=">AAACJXicbVDLSsNAFJ34rPVVdelmsCgupCQi6kKhqAvBjYLVQhPCzeS2Dp08mJkIJfRn3PgrblxYRHDlrzhts9DqgYHDOfdy55wgFVxp2/60pqZnZufmSwvlxaXlldXK2vqdSjLJsMESkchmAAoFj7GhuRbYTCVCFAi8D7rnQ//+EaXiSXyreyl6EXRi3uYMtJH8yokbgX5gIPKLvu9Qd4+6IQoN1E0i7ADdOaVX9MJ3U5RpYY0dM7nnV6p2zR6B/iVOQaqkwLVfGbhhwrIIY80EKNVy7FR7OUjNmcB+2c0UpsC60MGWoTFEqLx8lLJPt40S0nYizYs1Hak/N3KIlOpFgZkcZlKT3lD8z2tlun3s5TxOM40xGx9qZ4LqhA4royGXyLToGQJMcvNXyh5AAtOm2LIpwZmM/Jfc7decw5pzc1CtnxV1lMgm2SK7xCFHpE4uyTVpEEaeyAt5IwPr2Xq13q2P8eiUVexskF+wvr4BRWWjQQ==</latexit>

D1 �! = KD?�! ,
<latexit sha1_base64="jw3l7mGqN8bFSTemmeTLiT+k28M=">AAACJHicbVDLSsNAFJ34rPVVdelmsCgupCRFVBBBtAuXFawVmhhuJrd1cPJgZiKU0I9x46+4ceEDF278FqdtFr4ODBzOuZc75wSp4Erb9oc1MTk1PTNbmivPLywuLVdWVi9VkkmGLZaIRF4FoFDwGFuaa4FXqUSIAoHt4PZ06LfvUCqexBe6n6IXQS/mXc5AG8mvHNIt6kagbxiIvDHw69TdoW6IQgN1kwh7QI8obfhuijK9rhfW2PErVbtmj0D/EqcgVVKg6Vde3TBhWYSxZgKU6jh2qr0cpOZM4KDsZgpTYLfQw46hMUSovHwUckA3jRLSbiLNizUdqd83coiU6keBmRzmUb+9ofif18l098DLeZxmGmM2PtTNBNUJHTZGQy6RadE3BJjk5q+U3YAEpk2vZVOC8zvyX3JZrzl7Ned8t3p8UtRRIutkg2wTh+yTY3JGmqRFGLknj+SZvFgP1pP1Zr2PRyesYmeN/ID1+QV1bKLp</latexit>

D2 �! = D2
?�!

<latexit sha1_base64="fLfs8Jbx7FTn9JSmUgt23jUrVCk="></latexit>

�!W =

Z p
ḡ
h
b1B1 + b2B2 + b3B3+

+ b̃1B̃1 + d1D1 + d2D2

i
�!



The algorithm (p=2, q=1 example):

• Add all the possible counter-terms

<latexit sha1_base64="m2+qplSePD0+keGOLldI3+ZIe2U="></latexit>

WCT =
3X

i=1

Z
p
� ciBi

<latexit sha1_base64="vtVO+u2VS3qMxawyojgq67xCvFM="></latexit>

�!(
p
ḡ B2) / D2

?�!

<latexit sha1_base64="T4MOiwf+f9L9L5Sw51mVAzh8SA4=">AAACGXicbVDLSgNBEJz1bXxFPXoZDIKChF0R9SKIXjxGMDGQDUvvpJMMmX040yuEJb/hxV/x4kERj3ryb5zEHDRa0FBUddPdFaZKGnLdT2dqemZ2bn5hsbC0vLK6VlzfqJkk0wKrIlGJrodgUMkYqyRJYT3VCFGo8CbsXQz9mzvURibxNfVTbEbQiWVbCiArBUXXb6EiCPwkwg7wXd/casr9EDTvDPx9PwLqClD5+SDw9jg/dYNiyS27I/C/xBuTEhujEhTf/VYisghjEgqMaXhuSs0cNEmhcFDwM4MpiB50sGFpDBGaZj76bMB3rNLi7UTbiomP1J8TOUTG9KPQdg4vNZPeUPzPa2TUPmnmMk4zwlh8L2pnilPChzHxltQoSPUtAaGlvZWLLmgQZMMs2BC8yZf/ktpB2TsqH14dls7Ox3EssC22zXaZx47ZGbtkFVZlgt2zR/bMXpwH58l5dd6+W6ec8cwm+wXn4wv1gZ+a</latexit>

�!(
p
ḡ B1) = 0

<latexit sha1_base64="SK4RaJBBHI2scQjeDARAyq8SBow="></latexit>

�!(
p
ḡ B3) / KD?�!

Algorithm for finding the Weyl Anomalies

• Find a basis of terms for the anomaly <latexit sha1_base64="drHCxTnRXRJjOGwpbZZ6yt3pl3E=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoioh6LXjxWsB/QhLDZTNqlu0nY3Qg19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YcaZ0o7zbVXW1jc2t6rbtZ3dvf26fXDYVWkuKXRoylPZD4kCzhLoaKY59DMJRIQceuH4dub3HkEqliYPepKBL8gwYTGjRBspsOteBFyTwEsFDAnuBXbDaTpz4FXilqSBSrQD+8uLUpoLSDTlRKmB62TaL4jUjHKY1rxcQUbomAxhYGhCBCi/mB8+xadGiXCcSlOJxnP190RBhFITEZpOQfRILXsz8T9vkOv42i9YkuUaErpYFOcc6xTPUsARk0A1nxhCqGTmVkxHRBKqTVY1E4K7/PIq6Z433cvmxf1Fo3VTxlFFx+gEnSEXXaEWukNt1EEU5egZvaI368l6sd6tj0VrxSpnjtAfWJ8/YiKS6w==</latexit>

�!W
<latexit sha1_base64="XXshD0XFbUNRLfmCARgReXvq8RE="></latexit>

B1 �! = R̄ �! , B2 �! = R �! , B3 �! = K2 �!
<latexit sha1_base64="q3JtSa7SYAIzKdIkAbRK0yJ2Wq0="></latexit>

B̃1 �! = K̊abK̊
ab �!

<latexit sha1_base64="WKTFealKPMi5o4HY7U4OA66mVBM=">AAACJXicbVDLSsNAFJ34rPVVdelmsCgupCQi6kKhqAvBjYLVQhPCzeS2Dp08mJkIJfRn3PgrblxYRHDlrzhts9DqgYHDOfdy55wgFVxp2/60pqZnZufmSwvlxaXlldXK2vqdSjLJsMESkchmAAoFj7GhuRbYTCVCFAi8D7rnQ//+EaXiSXyreyl6EXRi3uYMtJH8yokbgX5gIPKLvu9Qd4+6IQoN1E0i7ADdOaVX9MJ3U5RpYY0dM7nnV6p2zR6B/iVOQaqkwLVfGbhhwrIIY80EKNVy7FR7OUjNmcB+2c0UpsC60MGWoTFEqLx8lLJPt40S0nYizYs1Hak/N3KIlOpFgZkcZlKT3lD8z2tlun3s5TxOM40xGx9qZ4LqhA4royGXyLToGQJMcvNXyh5AAtOm2LIpwZmM/Jfc7decw5pzc1CtnxV1lMgm2SK7xCFHpE4uyTVpEEaeyAt5IwPr2Xq13q2P8eiUVexskF+wvr4BRWWjQQ==</latexit>

D1 �! = KD?�! ,
<latexit sha1_base64="jw3l7mGqN8bFSTemmeTLiT+k28M=">AAACJHicbVDLSsNAFJ34rPVVdelmsCgupCRFVBBBtAuXFawVmhhuJrd1cPJgZiKU0I9x46+4ceEDF278FqdtFr4ODBzOuZc75wSp4Erb9oc1MTk1PTNbmivPLywuLVdWVi9VkkmGLZaIRF4FoFDwGFuaa4FXqUSIAoHt4PZ06LfvUCqexBe6n6IXQS/mXc5AG8mvHNIt6kagbxiIvDHw69TdoW6IQgN1kwh7QI8obfhuijK9rhfW2PErVbtmj0D/EqcgVVKg6Vde3TBhWYSxZgKU6jh2qr0cpOZM4KDsZgpTYLfQw46hMUSovHwUckA3jRLSbiLNizUdqd83coiU6keBmRzmUb+9ofif18l098DLeZxmGmM2PtTNBNUJHTZGQy6RadE3BJjk5q+U3YAEpk2vZVOC8zvyX3JZrzl7Ned8t3p8UtRRIutkg2wTh+yTY3JGmqRFGLknj+SZvFgP1pP1Zr2PRyesYmeN/ID1+QV1bKLp</latexit>

D2 �! = D2
?�!

<latexit sha1_base64="fLfs8Jbx7FTn9JSmUgt23jUrVCk="></latexit>

�!W =

Z p
ḡ
h
b1B1 + b2B2 + b3B3+

+ b̃1B̃1 + d1D1 + d2D2

i
�!



The algorithm (p=2, q=1 example):

• Add all the possible counter-terms

<latexit sha1_base64="m2+qplSePD0+keGOLldI3+ZIe2U="></latexit>

WCT =
3X

i=1

Z
p
� ciBi

<latexit sha1_base64="vtVO+u2VS3qMxawyojgq67xCvFM="></latexit>

�!(
p
ḡ B2) / D2

?�!

<latexit sha1_base64="T4MOiwf+f9L9L5Sw51mVAzh8SA4=">AAACGXicbVDLSgNBEJz1bXxFPXoZDIKChF0R9SKIXjxGMDGQDUvvpJMMmX040yuEJb/hxV/x4kERj3ryb5zEHDRa0FBUddPdFaZKGnLdT2dqemZ2bn5hsbC0vLK6VlzfqJkk0wKrIlGJrodgUMkYqyRJYT3VCFGo8CbsXQz9mzvURibxNfVTbEbQiWVbCiArBUXXb6EiCPwkwg7wXd/casr9EDTvDPx9PwLqClD5+SDw9jg/dYNiyS27I/C/xBuTEhujEhTf/VYisghjEgqMaXhuSs0cNEmhcFDwM4MpiB50sGFpDBGaZj76bMB3rNLi7UTbiomP1J8TOUTG9KPQdg4vNZPeUPzPa2TUPmnmMk4zwlh8L2pnilPChzHxltQoSPUtAaGlvZWLLmgQZMMs2BC8yZf/ktpB2TsqH14dls7Ox3EssC22zXaZx47ZGbtkFVZlgt2zR/bMXpwH58l5dd6+W6ec8cwm+wXn4wv1gZ+a</latexit>

�!(
p
ḡ B1) = 0

<latexit sha1_base64="SK4RaJBBHI2scQjeDARAyq8SBow="></latexit>

�!(
p
ḡ B3) / KD?�!

Algorithm for finding the Weyl Anomalies

• Find a basis of terms for the anomaly <latexit sha1_base64="drHCxTnRXRJjOGwpbZZ6yt3pl3E=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoioh6LXjxWsB/QhLDZTNqlu0nY3Qg19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YcaZ0o7zbVXW1jc2t6rbtZ3dvf26fXDYVWkuKXRoylPZD4kCzhLoaKY59DMJRIQceuH4dub3HkEqliYPepKBL8gwYTGjRBspsOteBFyTwEsFDAnuBXbDaTpz4FXilqSBSrQD+8uLUpoLSDTlRKmB62TaL4jUjHKY1rxcQUbomAxhYGhCBCi/mB8+xadGiXCcSlOJxnP190RBhFITEZpOQfRILXsz8T9vkOv42i9YkuUaErpYFOcc6xTPUsARk0A1nxhCqGTmVkxHRBKqTVY1E4K7/PIq6Z433cvmxf1Fo3VTxlFFx+gEnSEXXaEWukNt1EEU5egZvaI368l6sd6tj0VrxSpnjtAfWJ8/YiKS6w==</latexit>

�!W
<latexit sha1_base64="XXshD0XFbUNRLfmCARgReXvq8RE="></latexit>

B1 �! = R̄ �! , B2 �! = R �! , B3 �! = K2 �!
<latexit sha1_base64="q3JtSa7SYAIzKdIkAbRK0yJ2Wq0="></latexit>

B̃1 �! = K̊abK̊
ab �!

<latexit sha1_base64="WKTFealKPMi5o4HY7U4OA66mVBM=">AAACJXicbVDLSsNAFJ34rPVVdelmsCgupCQi6kKhqAvBjYLVQhPCzeS2Dp08mJkIJfRn3PgrblxYRHDlrzhts9DqgYHDOfdy55wgFVxp2/60pqZnZufmSwvlxaXlldXK2vqdSjLJsMESkchmAAoFj7GhuRbYTCVCFAi8D7rnQ//+EaXiSXyreyl6EXRi3uYMtJH8yokbgX5gIPKLvu9Qd4+6IQoN1E0i7ADdOaVX9MJ3U5RpYY0dM7nnV6p2zR6B/iVOQaqkwLVfGbhhwrIIY80EKNVy7FR7OUjNmcB+2c0UpsC60MGWoTFEqLx8lLJPt40S0nYizYs1Hak/N3KIlOpFgZkcZlKT3lD8z2tlun3s5TxOM40xGx9qZ4LqhA4royGXyLToGQJMcvNXyh5AAtOm2LIpwZmM/Jfc7decw5pzc1CtnxV1lMgm2SK7xCFHpE4uyTVpEEaeyAt5IwPr2Xq13q2P8eiUVexskF+wvr4BRWWjQQ==</latexit>

D1 �! = KD?�! ,
<latexit sha1_base64="jw3l7mGqN8bFSTemmeTLiT+k28M=">AAACJHicbVDLSsNAFJ34rPVVdelmsCgupCRFVBBBtAuXFawVmhhuJrd1cPJgZiKU0I9x46+4ceEDF278FqdtFr4ODBzOuZc75wSp4Erb9oc1MTk1PTNbmivPLywuLVdWVi9VkkmGLZaIRF4FoFDwGFuaa4FXqUSIAoHt4PZ06LfvUCqexBe6n6IXQS/mXc5AG8mvHNIt6kagbxiIvDHw69TdoW6IQgN1kwh7QI8obfhuijK9rhfW2PErVbtmj0D/EqcgVVKg6Vde3TBhWYSxZgKU6jh2qr0cpOZM4KDsZgpTYLfQw46hMUSovHwUckA3jRLSbiLNizUdqd83coiU6keBmRzmUb+9ofif18l098DLeZxmGmM2PtTNBNUJHTZGQy6RadE3BJjk5q+U3YAEpk2vZVOC8zvyX3JZrzl7Ned8t3p8UtRRIutkg2wTh+yTY3JGmqRFGLknj+SZvFgP1pP1Zr2PRyesYmeN/ID1+QV1bKLp</latexit>

D2 �! = D2
?�!

<latexit sha1_base64="fLfs8Jbx7FTn9JSmUgt23jUrVCk="></latexit>

�!W =

Z p
ḡ
h
b1B1 + b2B2 + b3B3+

+ b̃1B̃1 + d1D1 + d2D2

i
�!



The algorithm (p=2, q=1 example):

• Add all the possible counter-terms

<latexit sha1_base64="m2+qplSePD0+keGOLldI3+ZIe2U="></latexit>

WCT =
3X

i=1

Z
p
� ciBi

<latexit sha1_base64="vtVO+u2VS3qMxawyojgq67xCvFM="></latexit>

�!(
p
ḡ B2) / D2

?�!

<latexit sha1_base64="T4MOiwf+f9L9L5Sw51mVAzh8SA4=">AAACGXicbVDLSgNBEJz1bXxFPXoZDIKChF0R9SKIXjxGMDGQDUvvpJMMmX040yuEJb/hxV/x4kERj3ryb5zEHDRa0FBUddPdFaZKGnLdT2dqemZ2bn5hsbC0vLK6VlzfqJkk0wKrIlGJrodgUMkYqyRJYT3VCFGo8CbsXQz9mzvURibxNfVTbEbQiWVbCiArBUXXb6EiCPwkwg7wXd/casr9EDTvDPx9PwLqClD5+SDw9jg/dYNiyS27I/C/xBuTEhujEhTf/VYisghjEgqMaXhuSs0cNEmhcFDwM4MpiB50sGFpDBGaZj76bMB3rNLi7UTbiomP1J8TOUTG9KPQdg4vNZPeUPzPa2TUPmnmMk4zwlh8L2pnilPChzHxltQoSPUtAaGlvZWLLmgQZMMs2BC8yZf/ktpB2TsqH14dls7Ox3EssC22zXaZx47ZGbtkFVZlgt2zR/bMXpwH58l5dd6+W6ec8cwm+wXn4wv1gZ+a</latexit>

�!(
p
ḡ B1) = 0

<latexit sha1_base64="SK4RaJBBHI2scQjeDARAyq8SBow="></latexit>

�!(
p
ḡ B3) / KD?�!

<latexit sha1_base64="PTCjQmgzVaZijo+3S8/WjITsMTY="></latexit>

A =

Z
p
�
h
�bR̄+ K̊abK̊

ab
i

Algorithm for finding the Weyl Anomalies

• Find a basis of terms for the anomaly <latexit sha1_base64="drHCxTnRXRJjOGwpbZZ6yt3pl3E=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoioh6LXjxWsB/QhLDZTNqlu0nY3Qg19Jd48aCIV3+KN/+N2zYHbX0w8Hhvhpl5YcaZ0o7zbVXW1jc2t6rbtZ3dvf26fXDYVWkuKXRoylPZD4kCzhLoaKY59DMJRIQceuH4dub3HkEqliYPepKBL8gwYTGjRBspsOteBFyTwEsFDAnuBXbDaTpz4FXilqSBSrQD+8uLUpoLSDTlRKmB62TaL4jUjHKY1rxcQUbomAxhYGhCBCi/mB8+xadGiXCcSlOJxnP190RBhFITEZpOQfRILXsz8T9vkOv42i9YkuUaErpYFOcc6xTPUsARk0A1nxhCqGTmVkxHRBKqTVY1E4K7/PIq6Z433cvmxf1Fo3VTxlFFx+gEnSEXXaEWukNt1EEU5egZvaI368l6sd6tj0VrxSpnjtAfWJ8/YiKS6w==</latexit>

�!W
<latexit sha1_base64="XXshD0XFbUNRLfmCARgReXvq8RE="></latexit>

B1 �! = R̄ �! , B2 �! = R �! , B3 �! = K2 �!
<latexit sha1_base64="q3JtSa7SYAIzKdIkAbRK0yJ2Wq0="></latexit>

B̃1 �! = K̊abK̊
ab �!

<latexit sha1_base64="WKTFealKPMi5o4HY7U4OA66mVBM=">AAACJXicbVDLSsNAFJ34rPVVdelmsCgupCQi6kKhqAvBjYLVQhPCzeS2Dp08mJkIJfRn3PgrblxYRHDlrzhts9DqgYHDOfdy55wgFVxp2/60pqZnZufmSwvlxaXlldXK2vqdSjLJsMESkchmAAoFj7GhuRbYTCVCFAi8D7rnQ//+EaXiSXyreyl6EXRi3uYMtJH8yokbgX5gIPKLvu9Qd4+6IQoN1E0i7ADdOaVX9MJ3U5RpYY0dM7nnV6p2zR6B/iVOQaqkwLVfGbhhwrIIY80EKNVy7FR7OUjNmcB+2c0UpsC60MGWoTFEqLx8lLJPt40S0nYizYs1Hak/N3KIlOpFgZkcZlKT3lD8z2tlun3s5TxOM40xGx9qZ4LqhA4royGXyLToGQJMcvNXyh5AAtOm2LIpwZmM/Jfc7decw5pzc1CtnxV1lMgm2SK7xCFHpE4uyTVpEEaeyAt5IwPr2Xq13q2P8eiUVexskF+wvr4BRWWjQQ==</latexit>

D1 �! = KD?�! ,
<latexit sha1_base64="jw3l7mGqN8bFSTemmeTLiT+k28M=">AAACJHicbVDLSsNAFJ34rPVVdelmsCgupCRFVBBBtAuXFawVmhhuJrd1cPJgZiKU0I9x46+4ceEDF278FqdtFr4ODBzOuZc75wSp4Erb9oc1MTk1PTNbmivPLywuLVdWVi9VkkmGLZaIRF4FoFDwGFuaa4FXqUSIAoHt4PZ06LfvUCqexBe6n6IXQS/mXc5AG8mvHNIt6kagbxiIvDHw69TdoW6IQgN1kwh7QI8obfhuijK9rhfW2PErVbtmj0D/EqcgVVKg6Vde3TBhWYSxZgKU6jh2qr0cpOZM4KDsZgpTYLfQw46hMUSovHwUckA3jRLSbiLNizUdqd83coiU6keBmRzmUb+9ofif18l098DLeZxmGmM2PtTNBNUJHTZGQy6RadE3BJjk5q+U3YAEpk2vZVOC8zvyX3JZrzl7Ned8t3p8UtRRIutkg2wTh+yTY3JGmqRFGLknj+SZvFgP1pP1Zr2PRyesYmeN/ID1+QV1bKLp</latexit>

D2 �! = D2
?�!

<latexit sha1_base64="fLfs8Jbx7FTn9JSmUgt23jUrVCk="></latexit>

�!W =

Z p
ḡ
h
b1B1 + b2B2 + b3B3+

+ b̃1B̃1 + d1D1 + d2D2

i
�!



<latexit sha1_base64="0ie58QM7TlPWw2dWpnJBDwvO/+c="></latexit>

Tµ
µ|⌃4

=
1

(4⇡)2

⇣
� a⌃E4 + b1I + b2(Tr K̊

2)2 + b3Tr K̊
4 + b4WabcdW

abcd + b5WanbnW
a
n
b
n

+ b6WabcdK̊
acK̊bd + b7WanbnK̊

a
cK̊

cb + b8WnabcWn
abc

⌘

Boundary Weyl Anomaly (q=1)

• We can specify our general result to q=1. We recover [Astaneh, Solodukhin, 2021]

<latexit sha1_base64="rZQs3A/C3A0kc1miuhaG/KXL0iE="></latexit>

I = �2

3
RabK̊

a
cK̊

cb +
1

4
R Tr K̊2 � 1

3
RnnTr K̊

2 +
1

2
WanbnKK̊ab +

1

16
K2 Tr K̊2

+ K̊abDnWanbn � 1

2
K Tr K̊3 +

2

9
D

a
K̊abDcK̊

bc

• Also in this case, the term      is related to the displacement two-point function   
<latexit sha1_base64="Pj7evuyJAWKSF7JiJdel8q+Eal8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFN7qrYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz+5ng2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu6d1lvPDRqzZuijjKcwCmcgwdX0IQ7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/f2SRaA==</latexit>I

• Boundary anomaly coefficients for 5d probe branes 

<latexit sha1_base64="MZej83YfQ41eozrUi8Fj0xBjJeA=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEhyhL3NXLJkd+/Y3RNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTDBssEYluRdSg4AoblluBrVQjlZHAh2h4M/UfnlAbnqh7O0oxlLSveMwZtU56jLoB6Qgkfrdc8av+DGSZBDmpQI56t/zV6SUsk6gsE9SYduCnNhxTbTkTOCl1MoMpZUPax7ajiko04Xh28IScOKVH4kS7UpbM1N8TYyqNGcnIdUpqB2bRm4r/ee3MxlfhmKs0s6jYfFGcCWITMv2e9LhGZsXIEco0d7cSNqCaMusyKrkQgsWXl0nzrBpcVIO780rtOo+jCEdwDKcQwCXU4Bbq0AAGEp7hFd487b14797HvLXg5TOH8Afe5w9FvY9p</latexit>

b1  0



AdS/BCFT

<latexit sha1_base64="al53OaC19MCT3mYnlx9lzdZtc2E="></latexit>

Sgrav = � 1

16⇡GN

Z

N

p
g (R� 2⇤)� 1

8⇡GN

Z

Q

p
ḡ (K � T )� 1

8⇡GN

Z

Md

p
ḡK

<latexit sha1_base64="5A9O/t/km1V/YqT96gZtA6UOHXQ="></latexit>

RMN � 1

2
R gMN + ⇤gMN = 0

<latexit sha1_base64="ilAq6HY8JRc7BS1HevFZJdawLkA="></latexit>

KMN = (K � T ) ḡMN

<latexit sha1_base64="90wgEXbeH3/AQEgnDzdSFgzuvVw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgpiWRom6EohsXLir0ITShTCaTdujkwcyNUEJ3bvwVNy4UcesvuPNvnLZZaOuBC4dz7uXee7xEcAWW9W0UlpZXVteK66WNza3tHXN3r63iVFLWorGI5b1HFBM8Yi3gINh9IhkJPcE63vB64ncemFQ8jpowSpgbkn7EA04JaKlnHjbxZQU7gSQ08yv2OLsdY4fGCjswYEB6ZtmqWlPgRWLnpIxyNHrml+PHNA1ZBFQQpbq2lYCbEQmcCjYuOaliCaFD0mddTSMSMuVm0z/G+FgrPg5iqSsCPFV/T2QkVGoUerozJDBQ895E/M/rphBcuBmPkhRYRGeLglRgiPEkFOxzySiIkSaESq5vxXRAdCagoyvpEOz5lxdJ+7Rqn1Vrd7Vy/SqPo4gO0BE6QTY6R3V0gxqohSh6RM/oFb0ZT8aL8W58zFoLRj6zj/7A+PwB/N6YJw==</latexit>

T = �d� 1

L
cos ✓

<latexit sha1_base64="j7KSON3g97YMmNzzD54bdlbWHfw="></latexit>

ds2 =
L2

z2
�
dz2 + dy2 + dx2

?
�

<latexit sha1_base64="Bd6sJXbIyK0sZwfNE0muTr88B/I=">AAACBXicbVDJSgNBEO2JW4zbqEc9NAYhgoQZCepFCHrxGMEskAmhp1NJmvQsdNeIMeTixV/x4kERr/6DN//GznLQxAcFj/eqqKrnx1JodJxvK7WwuLS8kl7NrK1vbG7Z2zsVHSWKQ5lHMlI1n2mQIoQyCpRQixWwwJdQ9XtXI796B0qLKLzFfgyNgHVC0RacoZGa9v5904tBxfSC5jweIfWwC8iOqHdMH5p21sk7Y9B54k5JlkxRatpfXiviSQAhcsm0rrtOjI0BUyi4hGHGSzTEjPdYB+qGhiwA3RiMvxjSQ6O0aDtSpkKkY/X3xIAFWvcD33QGDLt61huJ/3n1BNvnjYEI4wQh5JNF7URSjOgoEtoSCjjKviGMK2FupbzLFONogsuYENzZl+dJ5STvnuYLN4Vs8XIaR5rskQOSIy45I0VyTUqkTDh5JM/klbxZT9aL9W59TFpT1nRml/yB9fkDAJCW+g==</latexit>

x? = (cot ✓) z

<latexit sha1_base64="j7KSON3g97YMmNzzD54bdlbWHfw="></latexit>

ds2 =
L2

z2
�
dz2 + dy2 + dx2

?
�

<latexit sha1_base64="JbCir7N33k+6dDuKXfHC//n9j0A="></latexit>

⇢Q(z) ⌘
r

L2

sin2 ✓
� (z + L cot ✓)2

• Holographic description: boundary in the space-time

• Conformal solutions

Einstein equations + (Neumann) boundary condition 

[Takayanagi, 2011]
[Fujita, Takayanagi, Tonni, 2011]



<latexit sha1_base64="pMDrD2/II9LmH/3moQ07xjIZ8KY="></latexit>

Sgrav =
⇡L4

6GN


�1 + 2 sin2 ✓

sin2 ✓
cot ✓ log

✓
L

✏

◆
+ . . .

�

<latexit sha1_base64="SkQsCUUqyHLWkjtYboJDc3dlh50="></latexit>

a⌃ = � ⇡L4

24GN

1 + 2 sin2 ✓

sin2 ✓
cot ✓

• (Half-)sphere free energy 

x <latexit sha1_base64="aAiBRFY8E05QoqaZuR265x6tpLE=">AAACH3icbVBNSwMxEM3W7/q16tFLsAieyq4U9Sh60ZuK/YBuKdl02oZms0syK5al/8SLf8WLB0XEm//GtO5B2z6Y4fHeDMm8MJHCoOd9O4WFxaXlldW14vrG5ta2u7NbM3GqOVR5LGPdCJkBKRRUUaCERqKBRaGEeji4HPv1B9BGxOoehwm0ItZTois4Qyu13ZMA+4CsnQUIj2i7UENarY1GNOgBnWde31mz7Za8sjcBnSV+Tkokx03b/Qo6MU8jUMglM6bpewm2MqZRcAmjYpAaSBgfsB40LVUsAtPKJveN6KFVOrQba1sK6UT9u5GxyJhhFNrJiGHfTHtjcZ7XTLF71sqESlIExX8f6qaSYkzHYdGO0MBRDi1hXAv7V8r7TDOONtKiDcGfPnmW1I7L/km5clspnV/kcaySfXJAjohPTsk5uSI3pEo4eSIv5I28O8/Oq/PhfP6OFpx8Z4/8g/P9A4hRo+I=</latexit>

✓UV � ✓IRBoundary RG flow 
<latexit sha1_base64="4rbdXVZ5uECdslYjzzELS4jLXu8=">AAACJnicdVDLSgMxFM3UV62vqks3wSLopsxIUTdC0Y3u6qNV6NSSSW/b0ExmSO6IZejXuPFX3LioiLjzU0xrFz4PBA7nnMvNPUEshUHXfXMyU9Mzs3PZ+dzC4tLySn51rWaiRHOo8khG+jpgBqRQUEWBEq5jDSwMJFwFveORf3UL2ohIXWI/hkbIOkq0BWdopWb+kDX9C9EJ2U267SPcYeqjUH1arQ12BtTvAP0ncHpuA818wS26Y9DfxJuQApmg0swP/VbEkxAUcsmMqXtujI2UaRRcwiDnJwZixnusA3VLFQvBNNLxmQO6ZZUWbUfaPoV0rH6dSFloTD8MbDJk2DU/vZH4l1dPsH3QSIWKEwTFPxe1E0kxoqPOaEto4Cj7ljCuhf0r5V2mGUfbbM6W4P08+Tep7Ra9vWLprFQoH03qyJINskm2iUf2SZmckAqpEk7uySMZkmfnwXlyXpzXz2jGmcysk29w3j8AnE2l3g==</latexit>

a(UV)
⌃ � a(IR)⌃

• Metric perturbation about AdS (back-reaction)

• Embedding for 
<latexit sha1_base64="t2nXHfZoP3HLBLUekRg0oDHOfUQ=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFNy5bsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6WNza3tnfJuZW//4PCoenzS1TJVhHaI5FL1Q6wpZ4J2DDOc9hNFcRxy2gun97nfe6JKMykezSyhQYzHgkWMYGMlfxBjMyGYZ+35sFpz6+4CaJ14BalBgdaw+jUYSZLGVBjCsda+5yYmyLAyjHA6rwxSTRNMpnhMfUsFjqkOskXkObqwyghFUtknDFqovzcyHGs9i0M7mUfUq14u/uf5qYlug4yJJDVUkOVHUcqRkSi/H42YosTwmSWYKGazIjLBChNjW6rYErzVk9dJ96ruXdcb7UateVfUUYYzOIdL8OAGmvAALegAAQnP8ApvjnFenHfnYzlacoqdU/gD5/MHi4yRcA==</latexit>

Q

• We can solve the system of equation order by order in

<latexit sha1_base64="dpd4vpmQTezAsrUvWeaKsHOukls="></latexit>

uQ(x) = tan ✓ + ✏B(1)x? + ✏2B(2)x2
? + ✏3B(3)x3

? +O(✏4)

<latexit sha1_base64="zq2UXxAUZxdwGFfJSHuAITJ2Qto="></latexit>
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L2

AdS

z2

h
dz2 +

⇣
1 + ✏2x2

?G
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?G
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⌘
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(1)
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?F
(2)
ab (u) + ✏3x3

?F
(3)
ab (u)

⌘
dyadyb

i
+O(✏4)

<latexit sha1_base64="sdwJeg4exZDda3h4UMqwekfIdBY=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkqMuiG5cV7AOaEibTm3bo5OHMpFhDwI2/4saFIm79CXf+jdM2C209cOFwzr3ce48XcyaVZX0bhaXlldW14nppY3Nre8fc3WvKKBEUGjTikWh7RAJnITQUUxzasQASeBxa3vBq4rdGICSLwls1jqEbkH7IfEaJ0pJrHiTYgbuEjbDjC0LThyy9d50YRJy5ZtmqWFPgRWLnpIxy1F3zy+lFNAkgVJQTKTu2FatuSoRilENWchIJMaFD0oeOpiEJQHbT6Q8ZPtZKD/uR0BUqPFV/T6QkkHIceLozIGog572J+J/XSZR/0U1ZGCcKQjpb5CccqwhPAsE9JoAqPtaEUMH0rZgOiM5C6dhKOgR7/uVF0jyt2GeV6k21XLvM4yiiQ3SETpCNzlENXaM6aiCKHtEzekVvxpPxYrwbH7PWgpHP7KM/MD5/ALwWmD8=</latexit>

u ⌘ z

x?

<latexit sha1_base64="pwvSSUb8VQ70udZzmYDF8Wegr7g=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEByhL3NXLJkb/fc3RNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9oGpVphg2mhNKtiBoUXGLDciuwlWqkSSTwIRreTP2HJ9SGK3lvRymGCe1LHnNGrZNaHUwNF0p2yxW/6s9AlkmQkwrkqHfLX52eYlmC0jJBjWkHfmrDMdWWM4GTUiczmFI2pH1sOyppgiYcz+6dkBOn9EistCtpyUz9PTGmiTGjJHKdCbUDs+hNxf+8dmbjq3DMZZpZlGy+KM4EsYpMnyc9rpFZMXKEMs3drYQNqKbMuohKLoRg8eVl0jyrBhfV4O68UrvO4yjCERzDKQRwCTW4hTo0gIGAZ3iFN+/Re/HevY95a8HLZw7hD7zPH07JkCY=</latexit>✏

AdS/BCFT [Chalabi, Herzog, O’Bannon, Robinson, JS, 2021]



<latexit sha1_base64="si9gML7pkp2DvqlG55nAxr8/bfc="></latexit>

b1 = �1

3

1

✓ � sin ✓ cos ✓

⇡L4

GN

2b4 + b5 =
1

4

1

tan ✓ � ✓

⇡L4

GN

b6 + b7 =
1

24

13 sin ✓ � 3 sin(3✓)� 4✓ cos ✓

(✓ � sin ✓ cos ✓) (sin ✓ � ✓ cos ✓)

⇡L4

GN

<latexit sha1_base64="uSI5igVwXOi9ObF4C0uyF0GHyHw="></latexit>

b2 +
7

12
b3 =

1

93312

1

(sin(2✓)� 2✓)4(✓ cos ✓ � sin ✓)
⇥

⇥
h
12

�
7963 + 16996✓2 � 6144✓4

�
cos ✓ � 24(5023 + 36✓2) cos(3✓)

+ 8(3719 + 4644✓2) cos(5✓)� 4699 cos(7✓)� 57 cos(9✓)

+ 24✓(�13933 + 1488✓2) sin ✓ + 144✓(600✓2 � 421) sin(3✓)

+ 21968✓ sin(5✓)� 11131✓ sin(7✓) + 429✓ sin(9✓))
i⇡L4

AdS

GN

<latexit sha1_base64="ryU/ko7DAkOUC1qlQNXB6+J4KVU="></latexit>

b3
2

� 2b4 + b6 =
1

48

13� 3 cos(2✓)� 10✓ cot ✓

(1� ✓ cot ✓) (✓ � sin ✓ cos ✓)

⇡L4
AdS

GN

• Solution up to third order in metric perturbation 

• Values of the anomaly coefficients EXACT in 
<latexit sha1_base64="pYM132qgRhMHaU/a61ywLFbdrWg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9HHGm/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGz+bVTcmaVAQljbUshmau/JzIaGTOJAtsZURyZZW8m/ud1Uwyv/UyoJEWu2GJRmEqCMZm9TgZCc4ZyYgllWthbCRtRTRnagEo2BG/55VXSuqh6l9Xafa1Sv8njKMIJnMI5eHAFdbiDBjSBwSM8wyu8ObHz4rw7H4vWgpPPHMMfOJ8/puWPMQ==</latexit>

✓

x
<latexit sha1_base64="MZej83YfQ41eozrUi8Fj0xBjJeA=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1DJoYxnBxEhyhL3NXLJkd+/Y3RNCyK+wsVDE1p9j579xk1yhiQ8GHu/NMDMvSgU31ve/vcLK6tr6RnGztLW9s7tX3j9omiTTDBssEYluRdSg4AoblluBrVQjlZHAh2h4M/UfnlAbnqh7O0oxlLSveMwZtU56jLoB6Qgkfrdc8av+DGSZBDmpQI56t/zV6SUsk6gsE9SYduCnNhxTbTkTOCl1MoMpZUPax7ajiko04Xh28IScOKVH4kS7UpbM1N8TYyqNGcnIdUpqB2bRm4r/ee3MxlfhmKs0s6jYfFGcCWITMv2e9LhGZsXIEco0d7cSNqCaMusyKrkQgsWXl0nzrBpcVIO780rtOo+jCEdwDKcQwCXU4Bbq0AAGEp7hFd487b14797HvLXg5TOH8Afe5w9FvY9p</latexit>

b1  0

AdS/BCFT [Chalabi, Herzog, O’Bannon, Robinson, JS, 2021]



Scale vs Conformal Invariance

<latexit sha1_base64="FrYxce13Ey8ubT6eBjRO3QBMn6Y="></latexit>

dP a

dt
=

Z

t,z=0
dd�2x

⇥
T za + @t⌧

at
⇤

dD

dt
=

Z

t,z=0
dd�2x

⇥
xaT

az + @t(xa⌧
at)

⇤

dKa

dt
=

Z

t,z=0
dd�2x

⇥
(2xaxb � x2�ab )T

bz + @t(2x
txb � x2�tb)⌧

bt
⇤

• Example of scale (and Lorentz invariant) but not conformal boundary conditions 

<latexit sha1_base64="rEVXz1G8hEY4smTHfMj/HlLOSQE="></latexit>

�̃(2,2) ⌘ (@2
n + �⇤k)�, �̃(2,3) ⌘ (@3

n + (2� �)@n⇤k)�

• If we take the free and not supported bc in plate theory we have to set to zero the following

• This gives

• Boundary scale invariance requires
<latexit sha1_base64="lB1ZfP/Rpi+39XJ97B8psvIs1pw=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyURUTdC0Y3LCvYBTRpuppN2dPJgZiKUUNz4K25cKOLWr3Dn3zhps9DWAxcO59w7c+/xE86ksqxvo7SwuLS8Ul6trK1vbG6Z2zstGaeC0CaJeSw6PkjKWUSbiilOO4mgEPqctv37q9xvP1AhWRzdqlFC3RAGEQsYAaUlz9xzFKQ98ABfYCcBoRjwHuA7DzyzatWsCfA8sQtSRQUanvnl9GOShjRShIOUXdtKlJvlbxJOxxUnlTQBcg8D2tU0gpBKN5ucMMaHWunjIBa6IoUn6u+JDEIpR6GvO0NQQznr5eJ/XjdVwbmbsShJFY3I9KMg5VjFOM8D95mgRPGRJkAE07tiMgQBROnUKjoEe/bkedI6rtmnNfvmpFq/LOIoo310gI6Qjc5QHV2jBmoigh7RM3pFb8aT8WK8Gx/T1pJRzOyiPzA+fwAhnZaf</latexit>

⌧aa = @aja

• It is achieved by deforming the boundary action with

<latexit sha1_base64="U3S58clgoUSJTOBzYZicRCQXf3o=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4sWxE1ItQ9OKxgv2QdinZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzwkRwY33/21taXlldWy9sFDe3tnd2S3v7DROnmrI6jUWsWyExTHDF6pZbwVqJZkSGgjXD4e3Ebz4xbXisHuwoYYEkfcUjTol10mPH8L4k16e4Wyr7FX8KtEhwTsqQo9YtfXV6MU0lU5YKYkwb+4kNMqItp4KNi53UsITQIemztqOKSGaCbHrwGB07pYeiWLtSFk3V3xMZkcaMZOg6JbEDM+9NxP+8dmqjqyDjKkktU3S2KEoFsjGafI96XDNqxcgRQjV3tyI6IJpQ6zIquhDw/MuLpHFWwRcVfH9ert7kcRTgEI7gBDBcQhXuoAZ1oCDhGV7hzdPei/fufcxal7x85gD+wPv8AQAfj+I=</latexit>

� = �1
<latexit sha1_base64="LVN21v2/RRK+oHPN7GTV0sAP2QQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv2ANpTJdtOu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFWUNGotYtQPUTHDJGoYbwdqJYhgFgrWC0e3Ubz0xpXksH8w4YX6EA8lDTtFYqfXYQ3JN3F654lbdGcgy8XJSgRz1Xvmr249pGjFpqECtO56bGD9DZTgVbFLqppolSEc4YB1LJUZM+9ns3Ak5sUqfhLGyJQ2Zqb8nMoy0HkeB7YzQDPWiNxX/8zqpCa/8jMskNUzS+aIwFcTEZPo76XPFqBFjS5Aqbm8ldIgKqbEJlWwI3uLLy6R5VvUuqt79eaV2k8dRhCM4hlPw4BJqcAd1aACFETzDK7w5ifPivDsf89aCk88cwh84nz/gpY6d</latexit>

ja = 0
<latexit sha1_base64="UYJ+A17TrG90Bn9a24z05nbEA+Q=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9kPaUDbbSbt2swm7G6GE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/VbT6g0j+W9GSfoR3QgecgZNVZ6eOxR0pVI3F654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns4Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR70ucKmRFjSyhT3N5K2JAqyozNqGRD8BZfXibNs6p3UfXuziu16zyOIhzBMZyCB5dQg1uoQwMYRPAMr/DmKOfFeXc+5q0FJ585hD9wPn8AnwuPow==</latexit>

ja 6= 0
<latexit sha1_base64="VkodFyDjYBK2FcYfBrahJGwLG8w=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVUY9BLx4jmAckS5idTJIh81hmeoNhyZ948aCIV//Em3/jJNmDJhY0FFXddHfFieAWguDbK6ytb2xuFbdLO7t7+wf+4VHD6tRQVqdaaNOKiWWCK1YHDoK1EsOIjAVrxqO7md8cM2O5Vo8wSVgkyUDxPqcEnNT1/Q6wJ8ioVn1tJBHTrl8OKsEceJWEOSmjHLWu/9XpaZpKpoAKYm07DBKIMmKAU8GmpU5qWULoiAxY21FFJLNRNr98is+c0sNutSsFeK7+nsiItHYiY9cpCQztsjcT//PaKfRvooyrJAWm6GJRPxUYNJ7FgHvcMApi4gihhrtbMR0SQyi4sEouhHD55VXSuKiEV5Xw4bJcvc3jKKITdIrOUYiuURXdoxqqI4rG6Bm9ojcv8168d+9j0Vrw8plj9Afe5w9qhpQr</latexit>

conformal
<latexit sha1_base64="rCVitIHe2qkWgTfGk5jkwh9E4Yc=">AAAB/XicbVDLSgNBEJyNrxhf6+PmZTAInsKuiHoMevEYwTwgWcLsZDYZMjuzzPSKcQn+ihcPinj1P7z5N06SPWhiQUNR1U13V5gIbsDzvp3C0vLK6lpxvbSxubW94+7uNYxKNWV1qoTSrZAYJrhkdeAgWCvRjMShYM1weD3xm/dMG67kHYwSFsSkL3nEKQErdd2DDrAHyKSSmCoZKR0TMe66Za/iTYEXiZ+TMspR67pfnZ6iacwkUEGMafteAkFGNHAq2LjUSQ1LCB2SPmtbKknMTJBNrx/jY6v0sF1tSwKeqr8nMhIbM4pD2xkTGJh5byL+57VTiC6DjMskBSbpbFGUCgwKT6LAPa4ZBTGyhFDN7a2YDogmFGxgJRuCP//yImmcVvzzin97Vq5e5XEU0SE6QifIRxeoim5QDdURRY/oGb2iN+fJeXHenY9Za8HJZ/bRHzifP0Cjlb4=</latexit>

non conformal

<latexit sha1_base64="kFmYCg6ienkgLDSthH8ze4hE9nY=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4sSQi6rHoxWMF+wFNKJvtpF262cTdTaGU/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/nZXVtfWNzcJWcXtnd2+/dHDY0EmmGNZZIhLVCqlGwSXWDTcCW6lCGocCm+Hgbuo3h6g0T+SjGaUYxLQnecQZNVYKfM17MSW+RHLudUplt+LOQJaJl5My5Kh1Sl9+N2FZjNIwQbVue25qgjFVhjOBk6KfaUwpG9Aeti2VNEYdjGdHT8ipVbokSpQtachM/T0xprHWozi0nTE1fb3oTcX/vHZmoptgzGWaGZRsvijKBDEJmSZAulwhM2JkCWWK21sJ61NFmbE5FW0I3uLLy6RxUfGuKt7DZbl6m8dRgGM4gTPw4BqqcA81qAODJ3iGV3hzhs6L8+58zFtXnHzmCP7A+fwBcs6RPA==</latexit>

� 6= �1

<latexit sha1_base64="10Dj16Y75k84RBSbYnoleepiBeY="></latexit>

Smarg = �

Z
dd�1x�@2

||@?�

<latexit sha1_base64="7+Gwjlg00kcMEvP2kib+GM5I+NY=">AAACC3icbVC7SgNBFJ31GeMramkzJARsDLsiaiMEbSwj5AXZdbk7mSRDZmeXmVkhLult/BUbC0Vs/QE7/8ZJsoUmHrhwOOfemXtPEHOmtG1/W0vLK6tr67mN/ObW9s5uYW+/qaJEEtogEY9kOwBFORO0oZnmtB1LCmHAaSsYXk/81j2VikWirkcx9ULoC9ZjBLSR/EKxfpfCw/jy2I1BagbcD7CrITFqMMauoNj2CyW7Yk+BF4mTkRLKUPMLX243IklIhSYclOo4dqy9dPI+4XScdxNFYyBD6NOOoQJCqrx0essYl43Sxb1ImhIaT9XfEymESo1Cs1w5BD1Q895E/M/rJLp34aVMxImmgsw+6iUc6whPgsFdJinRfGQIEMnMrpgMQALRJr68CcGZP3mRNE8qzlnFuT0tVa+yOHLoEBXREXLQOaqiG1RDDUTQI3pGr+jNerJerHfrY9a6ZGUzB+gPrM8fLTeafA==</latexit>

T az = �@b⌧
ab 6= 0


