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Motivation



What defect?
• I am going to talk about Wilson line in gauge theories.


• I want to see confinement in perturbation theory.

<latexit sha1_base64="dy5vmEbzQ77EVb8JTmPYXRPC/MQ=">AAACDHicbVDLSsNAFJ34rPVVdekmWARXJRGpLqtuXFawD0hCmUxv2qGTBzM3Ygn9ADf+ihsXirj1A9z5N07aLLT1wMDhnHOZe4+fCK7Qsr6NpeWV1bX10kZ5c2t7Z7eyt99WcSoZtFgsYtn1qQLBI2ghRwHdRAINfQEdf3Sd+517kIrH0R2OE/BCOoh4wBlFLfUqVTekOGRUZM2JCw+JKyBAh7s8QvPSlXwwRE+nrJo1hblI7IJUSYFmr/Ll9mOWhhAhE1Qpx7YS9DIqkTMBk7KbKkgoG9EBOJpGNATlZdNjJuaxVvpmEEv99BJT9fdERkOlxqGvk/nqat7Lxf88J8Xgwst4lKQIEZt9FKTCxNjMmzH7XAJDMdaEMsn1riYbUkkZ6v7KugR7/uRF0j6t2fVa/fas2rgq6iiRQ3JETohNzkmD3JAmaRFGHskzeSVvxpPxYrwbH7PoklHMHJA/MD5/AHmMm+U=</latexit>
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What defect?
• I am going to talk about Wilson line in gauge theories.


• I want to see confinement in perturbation theory.


• I also want to see conformal lines in a massive theory.

How?
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What defect?
• I am going to talk about Wilson line in gauge theories.


• I want to see confinement in perturbation theory.


• I also want to see conformal lines in a massive theory.


• One possible way is to put the gauge theory in AdS.

How?
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QCD in flat space

Effective field theory


Effective string theory


Lattice QCD

E<latexit sha1_base64="DlFGfg9z9e06/ziOoe6RtqlGjIA=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRKR6rJYFy5ctGAf0IQwmUzaoZMHMzfSEvIrblwo4tYfceffOG2z0NYDA4dzzuXeOV7CmQTT/NZKG5tb2zvl3cre/sHhkX5c7ck4FYR2ScxjMfCwpJxFtAsMOB0kguLQ47TvTVpzv/9EhWRx9AizhDohHkUsYASDkly9aj+osI9dG+gUsk7rLnf1mlk3FzDWiVWQGirQdvUv249JGtIICMdSDi0zASfDAhjhNK/YqaQJJhM8okNFIxxS6WSL23PjXCm+EcRCvQiMhfp7IsOhlLPQU8kQw1iuenPxP2+YQnDjZCxKUqARWS4KUm5AbMyLMHwmKAE+UwQTwdStBhljgQmouiqqBGv1y+ukd1m3GvVG56rWvC3qKKNTdIYukIWuURPdozbqIoKm6Bm9ojct1160d+1jGS1pxcwJ+gPt8wfakJRX</latexit>

!QCD
Gauge theory + matter

(weakly coupled)

q ↑
-
-i⑳---

2

2D
-⑱

S

Interpolation?

[Politzer; Gross, Wilczek ’73]

[MILC; BMW; HPQCD; RBC; UKQCD; FLAG reviews]

[Polchinski, Strominger ’91; Dubovsky, Flauger, Gorbenko ’12; 
Aharony, Komargodski ’13;…]

[Schwinger, Weinberg, Callan, Coleman, Wess, Zumino, Gasser, 
Leutwyler;… ]

[Wilson ’74; Creutz ’80;……]
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QFT in AdS



Euclidean Anti-de Space

<latexit sha1_base64="+Cn2Vv7h9QiM4PbrLjttQDQl4VM="></latexit>

ds2 = R2
[
cosh2 ω dε2 + dω2 + sinh2 ω d!d→1

]

(AdSd+1)

Isometry group
<latexit sha1_base64="hSU7YDsXWAZebeJMIqN9Yqq/TDs=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJUKiURqR6LXrxZwX5gG8tms2mXbjZhdyOU0H/hxYMiXv033vw3btsctPXBwOO9GWbmeTFnStv2t7W0vLK6tp7byG9ube/sFvb2mypKJKENEvFItj2sKGeCNjTTnLZjSXHocdryhtcTv/VEpWKRuNejmLoh7gsWMIK1kR5uH8sl59QvOye9QtGu2FOgReJkpAgZ6r3CV9ePSBJSoQnHSnUcO9ZuiqVmhNNxvpsoGmMyxH3aMVTgkCo3nV48RsdG8VEQSVNCo6n6eyLFoVKj0DOdIdYDNe9NxP+8TqKDSzdlIk40FWS2KEg40hGavI98JinRfGQIJpKZWxEZYImJNiHlTQjO/MuLpHlWcaqV6t15sXaVxZGDQziCEjhwATW4gTo0gICAZ3iFN0tZL9a79TFrXbKymQP4A+vzB/23jy8=</latexit>

O
+(1, d+ 1)

(from Wikipedia)



QFT in AdS

AdS is a good “box” for QFTs

CFT (UV)

7% Gut

·

CFT (IR)

↓ LaFT ↓
· > Rads

E

<latexit sha1_base64="oQZZVXZGrjzVbij1jLHwovUKc/4="></latexit>

SQFT = SCFT + ω

∫
dDx!!(x), [ω] = [ED→!]

For perturbation theory, the dimensionless parameter is
<latexit sha1_base64="MDs753TAweBI5dEdJD0WsKemOUo=">AAACHXicbVDJSgNBFOxxN25Rj14Gg6AHw4yIehHcDh7dokImhjc9L0ljz0L3GzEM8yNe/BUvHhTx4EX8GztxDm4FDUXVK16/8hMpNDnOhzUwODQ8Mjo2XpqYnJqeKc/Ones4VRxrPJaxuvRBoxQR1kiQxMtEIYS+xAv/er/nX9yg0iKOzqibYCOEdiRaggMZqVle9zpAmSdNIoB8uyAeiRD18knTI7ylbDc4zVeusoNV7wAlQd4sV5yq04f9l7gFqbACR83ymxfEPA0xIi5B67rrJNTIQJHgEvOSl2pMgF9DG+uGRmC2N7L+dbm9ZJTAbsXKvIjsvvo9kUGodTf0zWQI1NG/vZ74n1dPqbXVyESUpIQR/1rUSqVNsd2ryg6EQk6yawhwJcxfbd4BBZxMoSVTgvv75L/kfK3qblQ3jtcrO3tFHWNsgS2yZeayTbbDDtkRqzHO7tgDe2LP1r31aL1Yr1+jA1aRmWc/YL1/AkKYoqQ=</latexit>

ω̂ = ω→ (RAdS)
D→!

[Callan, Wilczek 90’]



QFT in AdS

CFT (UV)

7% Gut

·

CFT (IR)

↓ LaFT ↓
· > Rads

E
Weakly coupled QFT in flat space

<latexit sha1_base64="MDs753TAweBI5dEdJD0WsKemOUo=">AAACHXicbVDJSgNBFOxxN25Rj14Gg6AHw4yIehHcDh7dokImhjc9L0ljz0L3GzEM8yNe/BUvHhTx4EX8GztxDm4FDUXVK16/8hMpNDnOhzUwODQ8Mjo2XpqYnJqeKc/Ones4VRxrPJaxuvRBoxQR1kiQxMtEIYS+xAv/er/nX9yg0iKOzqibYCOEdiRaggMZqVle9zpAmSdNIoB8uyAeiRD18knTI7ylbDc4zVeusoNV7wAlQd4sV5yq04f9l7gFqbACR83ymxfEPA0xIi5B67rrJNTIQJHgEvOSl2pMgF9DG+uGRmC2N7L+dbm9ZJTAbsXKvIjsvvo9kUGodTf0zWQI1NG/vZ74n1dPqbXVyESUpIQR/1rUSqVNsd2ryg6EQk6yawhwJcxfbd4BBZxMoSVTgvv75L/kfK3qblQ3jtcrO3tFHWNsgS2yZeayTbbDDtkRqzHO7tgDe2LP1r31aL1Yr1+jA1aRmWc/YL1/AkKYoqQ=</latexit>

ω̂ = ω→ (RAdS)
D→!

<latexit sha1_base64="kJPtIlEtmo6+K82iKhiSfx/wBWc=">AAAB8XicbVBNS8NAEN34WetX1aOXYBHqpSQi1YOHoj14rGA/sA1ls520SzebsDsRSui/8OJBEa/+G2/+G7dtDtr6YODx3gwz8/xYcI2O822trK6tb2zmtvLbO7t7+4WDw6aOEsWgwSIRqbZPNQguoYEcBbRjBTT0BbT80e3Ubz2B0jySDziOwQvpQPKAM4pGeix1ayCQXtfOeoWiU3ZmsJeJm5EiyVDvFb66/YglIUhkgmrdcZ0YvZQq5EzAJN9NNMSUjegAOoZKGoL20tnFE/vUKH07iJQpifZM/T2R0lDrceibzpDiUC96U/E/r5NgcOWlXMYJgmTzRUEibIzs6ft2nytgKMaGUKa4udVmQ6ooQxNS3oTgLr68TJrnZbdSrtxfFKs3WRw5ckxOSIm45JJUyR2pkwZhRJJn8kreLG29WO/Wx7x1xcpmjsgfWJ8/PbqQAA==</latexit>

(! < D)



Yang-Mills in AdS



• Bulk: massive QFT (YM)


• Boundary condition: CFT (nonlocal)


• Weakly coupled at small AdS radius


• No dynamical gravity

Yang-Mills in AdS

<latexit sha1_base64="QAcZyrxNWVpTm3npp/ZNUwTjfiA="></latexit>

SYM[A] =
1

4Rd→3

∫

AdSd+1

dd+1x
→
gAdS Tr (FµωF

µω) ,

Fµω = ωµAω ↑ ωωAµ + igYMR(3→d)/2[Aµ, Aω ].

[Aharony, Berkooz, Tong, Yankielowicz 13’]



What’s different?
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!QCD

q ↑
-
-i⑳---

2

2D
-⑱

S
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1

RAdS

(IR cutoff)



Dirichlet boundary conditions
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<latexit sha1_base64="NhqRwuV6rx+gL7+10igmiNvh8eg=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkoiUl1W3bisjz6gCWEymbRDJw9mbsQSs/BX3LhQxK2/4c6/cdpmoa0HLhzOuZd77/ESziSY5rdWWlhcWl4pr1bW1jc2t/TtnbaMU0Foi8Q8Fl0PS8pZRFvAgNNuIigOPU473vBy7HfuqZAsju5glFAnxP2IBYxgUJKr79mBwCSz8uzGtYE+QHbu3+a5q1fNmjmBMU+sglRRgaarf9l+TNKQRkA4lrJnmQk4GRbACKd5xU4lTTAZ4j7tKRrhkEonm9yfG4dK8Y0gFqoiMCbq74kMh1KOQk91hhgGctYbi/95vRSCMydjUZICjch0UZByA2JjHIbhM0EJ8JEimAimbjXIAKtAQEVWUSFYsy/Pk/ZxzarX6tcn1cZFEUcZ7aMDdIQsdIoa6Ao1UQsR9Iie0St60560F+1d+5i2lrRiZhf9gfb5A306lm0=</latexit>

1

RAdS

Phase transition happens. [Aharony, Berkooz, Tong, Yankielowicz 13’]
[Recently: Copetti, Di Pietro, Ji, Komatsu, Ciccone, Serone, 
De Sesare, Kousvos, Meineri, Piazza, …]

<latexit sha1_base64="8IHDzElAIiSYi4oiU0N9fDKY6ss="></latexit>

Fij

∣∣∣
ω
= 0 (i, j parallel)

(No magnetic flux)



Neumann boundary conditions

E<latexit sha1_base64="DlFGfg9z9e06/ziOoe6RtqlGjIA=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRKR6rJYFy5ctGAf0IQwmUzaoZMHMzfSEvIrblwo4tYfceffOG2z0NYDA4dzzuXeOV7CmQTT/NZKG5tb2zvl3cre/sHhkX5c7ck4FYR2ScxjMfCwpJxFtAsMOB0kguLQ47TvTVpzv/9EhWRx9AizhDohHkUsYASDkly9aj+osI9dG+gUsk7rLnf1mlk3FzDWiVWQGirQdvUv249JGtIICMdSDi0zASfDAhjhNK/YqaQJJhM8okNFIxxS6WSL23PjXCm+EcRCvQiMhfp7IsOhlLPQU8kQw1iuenPxP2+YQnDjZCxKUqARWS4KUm5AbMyLMHwmKAE+UwQTwdStBhljgQmouiqqBGv1y+ukd1m3GvVG56rWvC3qKKNTdIYukIWuURPdozbqIoKm6Bm9ojct1160d+1jGS1pxcwJ+gPt8wfakJRX</latexit>

!QCD

q ↑
-
-i⑳---
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<latexit sha1_base64="NhqRwuV6rx+gL7+10igmiNvh8eg=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkoiUl1W3bisjz6gCWEymbRDJw9mbsQSs/BX3LhQxK2/4c6/cdpmoa0HLhzOuZd77/ESziSY5rdWWlhcWl4pr1bW1jc2t/TtnbaMU0Foi8Q8Fl0PS8pZRFvAgNNuIigOPU473vBy7HfuqZAsju5glFAnxP2IBYxgUJKr79mBwCSz8uzGtYE+QHbu3+a5q1fNmjmBMU+sglRRgaarf9l+TNKQRkA4lrJnmQk4GRbACKd5xU4lTTAZ4j7tKRrhkEonm9yfG4dK8Y0gFqoiMCbq74kMh1KOQk91hhgGctYbi/95vRSCMydjUZICjch0UZByA2JjHIbhM0EJ8JEimAimbjXIAKtAQEVWUSFYsy/Pk/ZxzarX6tcn1cZFEUcZ7aMDdIQsdIoa6Ao1UQsR9Iie0St60560F+1d+5i2lrRiZhf9gfb5A306lm0=</latexit>

1

RAdS

<latexit sha1_base64="+7ip1uiwDRDAbiTArtEWgQUlIow=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiQi1Y1QKojLCvYBTQiT6aQdOpmEmYlQYhZu/BU3LhRx60e482+ctFlo64ELh3Punbn3+DGjUlnWt1FaWV1b3yhvVra2d3b3zP2DrowSgUkHRywSfR9JwignHUUVI/1YEBT6jPT8yVXu9+6JkDTid2oaEzdEI04DipHSkmdWr72U08xp0VH6kHmpEyOhKGLZpQU9s2bVrRngMrELUgMF2p755QwjnISEK8yQlAPbipWb5i9iRrKKk0gSIzxBIzLQlKOQSDedHZHBY60MYRAJXVzBmfp7IkWhlNPQ150hUmO56OXif94gUcGFm1IeJ4pwPP8oSBhUEcwTgUMqCFZsqgnCgupdIR4jgbDSuVV0CPbiycuke1q3G/XG7Vmt2SriKIMqOAInwAbnoAluQBt0AAaP4Bm8gjfjyXgx3o2PeWvJKGYOwR8Ynz/s55hH</latexit>

Fni

∣∣∣
ω
= 0

(No electric flux)



Neumann boundary conditions

E<latexit sha1_base64="DlFGfg9z9e06/ziOoe6RtqlGjIA=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRKR6rJYFy5ctGAf0IQwmUzaoZMHMzfSEvIrblwo4tYfceffOG2z0NYDA4dzzuXeOV7CmQTT/NZKG5tb2zvl3cre/sHhkX5c7ck4FYR2ScxjMfCwpJxFtAsMOB0kguLQ47TvTVpzv/9EhWRx9AizhDohHkUsYASDkly9aj+osI9dG+gUsk7rLnf1mlk3FzDWiVWQGirQdvUv249JGtIICMdSDi0zASfDAhjhNK/YqaQJJhM8okNFIxxS6WSL23PjXCm+EcRCvQiMhfp7IsOhlLPQU8kQw1iuenPxP2+YQnDjZCxKUqARWS4KUm5AbMyLMHwmKAE+UwQTwdStBhljgQmouiqqBGv1y+ukd1m3GvVG56rWvC3qKKNTdIYukIWuURPdozbqIoKm6Bm9ojct1160d+1jGS1pxcwJ+gPt8wfakJRX</latexit>

!QCD

q ↑
-
-i⑳---

<latexit sha1_base64="NhqRwuV6rx+gL7+10igmiNvh8eg=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIrkoiUl1W3bisjz6gCWEymbRDJw9mbsQSs/BX3LhQxK2/4c6/cdpmoa0HLhzOuZd77/ESziSY5rdWWlhcWl4pr1bW1jc2t/TtnbaMU0Foi8Q8Fl0PS8pZRFvAgNNuIigOPU473vBy7HfuqZAsju5glFAnxP2IBYxgUJKr79mBwCSz8uzGtYE+QHbu3+a5q1fNmjmBMU+sglRRgaarf9l+TNKQRkA4lrJnmQk4GRbACKd5xU4lTTAZ4j7tKRrhkEonm9yfG4dK8Y0gFqoiMCbq74kMh1KOQk91hhgGctYbi/95vRSCMydjUZICjch0UZByA2JjHIbhM0EJ8JEimAimbjXIAKtAQEVWUSFYsy/Pk/ZxzarX6tcn1cZFEUcZ7aMDdIQsdIoa6Ao1UQsR9Iie0St60560F+1d+5i2lrRiZhf9gfb5A306lm0=</latexit>

1

RAdS
q ↑
-
-i⑳---

<latexit sha1_base64="+7ip1uiwDRDAbiTArtEWgQUlIow=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiQi1Y1QKojLCvYBTQiT6aQdOpmEmYlQYhZu/BU3LhRx60e482+ctFlo64ELh3Punbn3+DGjUlnWt1FaWV1b3yhvVra2d3b3zP2DrowSgUkHRywSfR9JwignHUUVI/1YEBT6jPT8yVXu9+6JkDTid2oaEzdEI04DipHSkmdWr72U08xp0VH6kHmpEyOhKGLZpQU9s2bVrRngMrELUgMF2p755QwjnISEK8yQlAPbipWb5i9iRrKKk0gSIzxBIzLQlKOQSDedHZHBY60MYRAJXVzBmfp7IkWhlNPQ150hUmO56OXif94gUcGFm1IeJ4pwPP8oSBhUEcwTgUMqCFZsqgnCgupdIR4jgbDSuVV0CPbiycuke1q3G/XG7Vmt2SriKIMqOAInwAbnoAluQBt0AAaP4Bm8gjfjyXgx3o2PeWvJKGYOwR8Ynz/s55hH</latexit>

Fni

∣∣∣
ω
= 0

(No electric flux)



Conjecture

For pure Yang-Mills in three- and four-dimensional 
AdS with Neumann b.c., there is no phase transition 
as the AdS radius goes from 0 to ∞.



• We focus on the Neumann boundary conditions.


• This allows us to put Wilson lines on the boundary.

<latexit sha1_base64="R+wQhiye9JN3IoB3F9gEQEnR8Xk=">AAACFnicbVDLTgIxFO34RHyhLt00EhOISmaMQZeoG3diIo+EmZA7pUBD52HbUR7hK9z4K25caIxb486/scAsFDzJTU7PuTe997ghZ1KZ5rcxN7+wuLScWEmurq1vbKa2tssyiAShJRLwQFRdkJQzn5YUU5xWQ0HBczmtuJ3LkV+5p0KywL9VvZA6HrR81mQElJbqqaPzOsv0D7tZWzIPg350swfXmX7WvouggTN9W7BWW4EQwYOZrafSZs4cA88SKyZpFKNYT33ZjYBEHvUV4SBlzTJD5QxAKEY4HSbtSNIQSAdatKapDx6VzmB81hDva6WBm4HQ5Ss8Vn9PDMCTsue5utMD1ZbT3kj8z6tFqnnmDJgfRor6ZPJRM+JYBXiUEW4wQYniPU2ACKZ3xaQNAojSSSZ1CNb0ybOkfJyz8rn8zUm6cBHHkUC7aA9lkIVOUQFdoSIqIYIe0TN6RW/Gk/FivBsfk9Y5I57ZQX9gfP4AadGdsw==</latexit>

Ai(z, x) → ai(x) +O(z) (z ↑ 0)

pd Wilson loop·
g

<latexit sha1_base64="SlULW6dEFIhPrPB4JLRIUMyyP/k=">AAACDHicbVDNSsNAGNzUv1r/qh69BIsgCCUJUr0IRS8eq9gfaJKy2WzapZtN2N0Ua8gDePFVvHhQxKsP4M23cdvmoK0DC7Mz87H7jRdTIqRhfGuFpeWV1bXiemljc2t7p7y71xJRwhFuoohGvONBgSlhuCmJpLgTcwxDj+K2N7ya+O0R5oJE7E6OY+yEsM9IQBCUSuqVK75wrYtb17IDDlHqP7jWiW+PMErvM9fKUnXPVMqoGlPoi8TMSQXkaPTKX7YfoSTETCIKheiaRiydFHJJEMVZyU4EjiEawj7uKspgiIWTTpfJ9COl+HoQcXWY1Kfq74kUhkKMQ08lQygHYt6biP953UQG505KWJxIzNDsoSChuoz0STO6TzhGko4VgYgT9VcdDaBqRar+SqoEc37lRdKyqmatWrs5rdQv8zqK4AAcgmNggjNQB9egAZoAgUfwDF7Bm/akvWjv2scsWtDymX3wB9rnDzrtmyM=</latexit>

ds2 = R2 dz
2 + dωx2

z2



Wilson loop



• Put a Wilson loop on the boundary

Wilson loop



• Conformal line defect for the boundary CFT


• Conformal symmetry breaking (superficial) 


• Displacement operator


• Protected dimension

Wilson loop
pd Wilson loop·

g

<latexit sha1_base64="SlULW6dEFIhPrPB4JLRIUMyyP/k=">AAACDHicbVDNSsNAGNzUv1r/qh69BIsgCCUJUr0IRS8eq9gfaJKy2WzapZtN2N0Ua8gDePFVvHhQxKsP4M23cdvmoK0DC7Mz87H7jRdTIqRhfGuFpeWV1bXiemljc2t7p7y71xJRwhFuoohGvONBgSlhuCmJpLgTcwxDj+K2N7ya+O0R5oJE7E6OY+yEsM9IQBCUSuqVK75wrYtb17IDDlHqP7jWiW+PMErvM9fKUnXPVMqoGlPoi8TMSQXkaPTKX7YfoSTETCIKheiaRiydFHJJEMVZyU4EjiEawj7uKspgiIWTTpfJ9COl+HoQcXWY1Kfq74kUhkKMQ08lQygHYt6biP953UQG505KWJxIzNDsoSChuoz0STO6TzhGko4VgYgT9VcdDaBqRar+SqoEc37lRdKyqmatWrs5rdQv8zqK4AAcgmNggjNQB9egAZoAgUfwDF7Bm/akvWjv2scsWtDymX3wB9rnDzrtmyM=</latexit>

ds2 = R2 dz
2 + dωx2

z2

<latexit sha1_base64="GvZZVN3Vp0PksJhrJklQ9DS/GNU=">AAACFXicbVDLSgNBEJz1GeNr1aOXwSAkqGFXRD0GvXhLRPOAJITZ2UkyZHZmmelVQshPePFXvHhQxKvgzb9x8jhotKChqOqmuyuIBTfgeV/O3PzC4tJyaiW9ura+selubVeMSjRlZaqE0rWAGCa4ZGXgIFgt1oxEgWDVoHc58qt3TBuu5C30Y9aMSEfyNqcErNRyD4tZ/zA88HMNoWRH804XiNbqHo/041wDeMQMvilmwyM/13IzXt4bA/8l/pRk0BSllvvZCBVNIiaBCmJM3fdiaA6IBk4FG6YbiWExoT3SYXVLJbHLmoPxV0O8b5UQt5W2JQGP1Z8TAxIZ048C2xkR6JpZbyT+59UTaJ83B1zGCTBJJ4vaicCg8CgiHHLNKIi+JYRqbm/FtEs0oWCDTNsQ/NmX/5LKcd4/zZ9en2QKF9M4UmgX7aEs8tEZKqArVEJlRNEDekIv6NV5dJ6dN+d90jrnTGd20C84H9/bd5wi</latexit>

O(1, d+ 1) →↑ O(1, 2)↓ SO(d→ 1)

<latexit sha1_base64="SFUy5JJzRW1I/DIrs5Kt268F8cA="></latexit>

ωW =

∫ +→

↑→
dε Tr

(
P
(
igFωi(ε) ωx

i(ε)
)
e↑ig

∫
ω A

)

→ Di “=” igFωi

<latexit sha1_base64="WdcgDEHpsi5sHChWLBW7eflK814=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eAkWwVNJilQvQtEePFawrdCEsNlu26WbTdjdCCXk4l/x4kERr/4Mb/4bN20O2vpg4PHeDDPzgphRqWz72yitrK6tb5Q3K1vbO7t75v5BV0aJwKSDIxaJhwBJwignHUUVIw+xICgMGOkFk5vc7z0SIWnE79U0Jl6IRpwOKUZKS7555LYIU8hP3RCpcRCkrcyn2VXdN6t2zZ7BWiZOQapQoO2bX+4gwklIuMIMSdl37Fh5KRKKYkayiptIEiM8QSPS15SjkEgvnT2QWadaGVjDSOjiypqpvydSFEo5DQPdmZ8pF71c/M/rJ2p46aWUx4kiHM8XDRNmqcjK07AGVBCs2FQThAXVt1p4jATCSmdW0SE4iy8vk2695jRqjbvzavO6iKMMx3ACZ+DABTThFtrQAQwZPMMrvBlPxovxbnzMW0tGMXMIf2B8/gCohpZ2</latexit>

!Di = 2



Wilson loop - operator content (3D)

(Low-lying operators)



Effective string theory



Wilson loop (large radius)

-

q ↑
-
-i⑳---

2

2D
-⑱

S

For a large Wilson loop, the long-range dynamics of the flux tube is 
described by the effective string theory.

[Luscher ’81; Polchinski, Strominger ’91; Luscher, Weisz ’04; Dubovsky, Flanger, 
Gorbenko ’12, Aharony, Komargodski ’13,…]

[Cuomo, Dubovsky, Hernandez-Chifflet, Monin, Zare ’24; Athenodorou, 
Dubovsky, Luo, Tepper ’24 x2;…]
[Miro, Guerrieri, Hebbar, Penedones, Vieira ’19; Miro, Guerrieri ’21; Gaikwad, 
Gorbenko, Guerrieri ’24; Guerrieri, Homrich, Vieira ’24;…]

(EST)

(S-matrix)



• Bulk: effective string theory (EST)

Wilson loop (large radius)

<latexit sha1_base64="nzVamPR2veno8tSbS18U/ykZ+mY="></latexit>

SEST =
1

ω2s

∫
d2ε

√
det (gµω(X) ϑεXµϑϑXω) + non-universal terms

(Nambu-Goto action)

embed



• Bulk: effective string theory (EST)


• Dirichlet boundary conditions (static quarks)


• Weakly coupled at large AdS radius

Wilson loop (large radius)

<latexit sha1_base64="nzVamPR2veno8tSbS18U/ykZ+mY="></latexit>

SEST =
1

ω2s

∫
d2ε

√
det (gµω(X) ϑεXµϑϑXω) + non-universal terms

(Nambu-Goto action)

[Nambu ’70; Goto ’71; Polchinski, Strominger ’91; 
Dubovsky et al ’12, …]



• Weakly coupled at large AdS radius


• Very similar story in flat space (e.g. Ising interface)

Wilson loop (large radius)

<latexit sha1_base64="7bGj5Y9WcwSjCpU8Q+AsNOazPQQ="></latexit>

S
(3D)
EST [z] =

∫
d
2
ω

→
h

[
ε
2 +

1

2
ϑωzϑ

ω
z + z

2 ↑ 1

8ε2
(ϑωzϑ

ω
z)2 +

1

3ε2
z
4

+
ϖ

ε6

(
(↓ω↓εz↓ω↓ε

z)2 ↑ 4(ϑωzϑ
ω
z)2 +

20

3
z
4 +O(z6)

)
+O(z6ε→4

, z
4
ε
→8)

]

Nambu-Goto

curvature term

[Gabai, Gorbenko, Offertaler 2602.16694]

<latexit sha1_base64="05nrG0R0etzMhj2LpMOTztvAZYE=">AAACGXicbVDLSsNAFJ34tr6iLt0Ei1A3JRFRN4KPjUtftUITwmRy0w6dPJi5EUvIb7jxV9y4UMSlrvwbp7ULbT0wcDjnHu7cE2SCK7TtL2Nicmp6ZnZuvrKwuLS8Yq6u3ag0lwwaLBWpvA2oAsETaCBHAbeZBBoHAppB97TvN+9AKp4m19jLwItpO+ERZxS15Ju2KyDCmit0JKSHbiQpKy59F+Eei+PwqiwLF4TwVelK3u7gtm9W7bo9gDVOnCGpkiHOffPDDVOWx5AgE1SplmNn6BVUImcCyoqbK8go69I2tDRNaAzKKwaXldaWVkIrSqV+CVoD9XeioLFSvTjQkzHFjhr1+uJ/XivH6MAreJLlCAn7WRTlwsLU6tdkhVwCQ9HThDLJ9V8t1qG6HNRlVnQJzujJ4+Rmp+7s1fcudqtHJ8M65sgG2SQ14pB9ckTOyDlpEEYeyBN5Ia/Go/FsvBnvP6MTxjCzTv7A+PwG0luhdw==</latexit>(
ω =

RAdS

εs

)



• Weakly coupled at large AdS radius


• Mass=2 (in AdS units)


• Very similar story in flat space (e.g. Ising interface)

Wilson loop (large radius)

<latexit sha1_base64="7bGj5Y9WcwSjCpU8Q+AsNOazPQQ="></latexit>

S
(3D)
EST [z] =

∫
d
2
ω

→
h

[
ε
2 +

1

2
ϑωzϑ

ω
z + z

2 ↑ 1

8ε2
(ϑωzϑ

ω
z)2 +

1

3ε2
z
4

+
ϖ

ε6

(
(↓ω↓εz↓ω↓ε

z)2 ↑ 4(ϑωzϑ
ω
z)2 +

20

3
z
4 +O(z6)

)
+O(z6ε→4

, z
4
ε
→8)

]

[Gabai, Gorbenko, Offertaler 2602.16694]

<latexit sha1_base64="1gheAXgxfcAf64UzuS70qIouUM8="></latexit>

→ !z = 2 (Dirichlet boundary conditions)

<latexit sha1_base64="05nrG0R0etzMhj2LpMOTztvAZYE=">AAACGXicbVDLSsNAFJ34tr6iLt0Ei1A3JRFRN4KPjUtftUITwmRy0w6dPJi5EUvIb7jxV9y4UMSlrvwbp7ULbT0wcDjnHu7cE2SCK7TtL2Nicmp6ZnZuvrKwuLS8Yq6u3ag0lwwaLBWpvA2oAsETaCBHAbeZBBoHAppB97TvN+9AKp4m19jLwItpO+ERZxS15Ju2KyDCmit0JKSHbiQpKy59F+Eei+PwqiwLF4TwVelK3u7gtm9W7bo9gDVOnCGpkiHOffPDDVOWx5AgE1SplmNn6BVUImcCyoqbK8go69I2tDRNaAzKKwaXldaWVkIrSqV+CVoD9XeioLFSvTjQkzHFjhr1+uJ/XivH6MAreJLlCAn7WRTlwsLU6tdkhVwCQ9HThDLJ9V8t1qG6HNRlVnQJzujJ4+Rmp+7s1fcudqtHJ8M65sgG2SQ14pB9ckTOyDlpEEYeyBN5Ia/Go/FsvBnvP6MTxjCzTv7A+PwG0luhdw==</latexit>(
ω =

RAdS

εs

)



• Bulk: effective string theory (EST)


• AdS isometry = global symmetry of EST


• Goldstone modes


• Protected dimension of boundary primaries

Wilson loop (large radius)

<latexit sha1_base64="nzVamPR2veno8tSbS18U/ykZ+mY="></latexit>

SEST =
1

ω2s

∫
d2ε

√
det (gµω(X) ϑεXµϑϑXω) + non-universal terms

<latexit sha1_base64="+FmOsZNDgT3EAPCzMDifMVxgO4U=">AAACG3icbVBLS0JBGJ1rL7OX1bLNkAQGIfdKWEupTYsUg3yAV+W746iDcx/MzC3k4v9o019p06KIVkGL/k2j3qC0AwOHc843M99xAs6kMs0vI7G0vLK6llxPbWxube+kd/dq0g8FoVXic180HJCUM49WFVOcNgJBwXU4rTvDy4lfv6NCMt+7VaOAtlzoe6zHCCgtddL5RruUtSXru3CMbcH6AwVC+PfYvtaXdKFdisadsn3SaJd/Yp10xsyZU+BFYsUkg2JUOukPu+uT0KWeIhykbFpmoFoRCMUIp+OUHUoaABlCnzY19cClshVNdxvjI610cc8X+ngKT9XfExG4Uo5cRyddUAM5703E/7xmqHrnrYh5QaioR2YP9UKOlY8nReEuE5QoPtIEiGD6r5gMQABRus6ULsGaX3mR1PI5q5Ar3JxmihdxHUl0gA5RFlnoDBXRFaqgKiLoAT2hF/RqPBrPxpvxPosmjHhmH/2B8fkNlPOghw==</latexit>

XM (ω) → !M
N XN (ω)

<latexit sha1_base64="GvZZVN3Vp0PksJhrJklQ9DS/GNU=">AAACFXicbVDLSgNBEJz1GeNr1aOXwSAkqGFXRD0GvXhLRPOAJITZ2UkyZHZmmelVQshPePFXvHhQxKvgzb9x8jhotKChqOqmuyuIBTfgeV/O3PzC4tJyaiW9ura+selubVeMSjRlZaqE0rWAGCa4ZGXgIFgt1oxEgWDVoHc58qt3TBuu5C30Y9aMSEfyNqcErNRyD4tZ/zA88HMNoWRH804XiNbqHo/041wDeMQMvilmwyM/13IzXt4bA/8l/pRk0BSllvvZCBVNIiaBCmJM3fdiaA6IBk4FG6YbiWExoT3SYXVLJbHLmoPxV0O8b5UQt5W2JQGP1Z8TAxIZ048C2xkR6JpZbyT+59UTaJ83B1zGCTBJJ4vaicCg8CgiHHLNKIi+JYRqbm/FtEs0oWCDTNsQ/NmX/5LKcd4/zZ9en2QKF9M4UmgX7aEs8tEZKqArVEJlRNEDekIv6NV5dJ6dN+d90jrnTGd20C84H9/bd5wi</latexit>

O(1, d+ 1) →↑ O(1, 2)↓ SO(d→ 1)
<latexit sha1_base64="77mWfCVaTj0vL2nuivyTrbEm8Po="></latexit>

SSB → (d↑ 1) Goldstone modes in AdS2
<latexit sha1_base64="Zc4b3FlyIjXX5ve4TxwfjTSlpuE=">AAAB73icbVDLSgNBEJz1GeMr6tHLYBA8hd0g0YsQ1IPHCOYByRJmJ73JkNnZdaZXCCE/4cWDIl79HW/+jZNkD5pY0FBUddPdFSRSGHTdb2dldW19YzO3ld/e2d3bLxwcNkycag51HstYtwJmQAoFdRQooZVoYFEgoRkMb6Z+8wm0EbF6wFECfsT6SoSCM7RSq3MLEtlVuVsouiV3BrpMvIwUSYZat/DV6cU8jUAhl8yYtucm6I+ZRsElTPKd1EDC+JD1oW2pYhEYfzy7d0JPrdKjYaxtKaQz9ffEmEXGjKLAdkYMB2bRm4r/ee0Uw0t/LFSSIig+XxSmkmJMp8/TntDAUY4sYVwLeyvlA6YZRxtR3obgLb68TBrlklcpVe7Pi9XrLI4cOSYn5Ix45IJUyR2pkTrhRJJn8krenEfnxXl3PuatK042c0T+wPn8AVsQj4o=</latexit>

! = 2



• Boundary CFT: conformal line defect implies d-1 displacement operators


• They are single gluon states at zero AdS radius


• Bulk EST: the spontaneously broken AdS isometry implies d-1 operators


• They correspond to Goldstone modes 


• Same protected dimension, same degeneracy

Wilson loop - summary

Therefore, as the AdS radius goes from zero to infinity, the lightest single gluon states


interpolates to Goldstone modes in the EST.



• In flat space, the effective string description breaks down at short distance.


• At small AdS radius, the flux tube may still be squeezed around the minimal 
surface since the gravity is strong.

Some comments



Non-linearly realized 
conformal symmetry



• For general CFT with conformal defects


• Symmetry breaking by a conformal line defect ?

Non-linearly realized conformal symmetry

conformal

<latexit sha1_base64="d2j2LmeUDIK+HwEUXfmHE+ow3vk=">AAACHHicbVDLSgNBEJz1GeMr6tHLYBAS1LAbJXoMevGmolEhG8Ps7GQzZHZmmelVQsiHePFXvHhQxIsHwb9x8jj4Kmgoqrrp7goSwQ247qczMTk1PTObmcvOLywuLedWVi+NSjVlNaqE0tcBMUxwyWrAQbDrRDMSB4JdBZ2jgX91y7ThSl5AN2GNmESStzglYKVmbvfkZqvgbYdbXtHHvlAy0jxqA9Fa3fl4ZJaLPvCYGXx+Ugh3vGIzl3dL7hD4L/HGJI/GOG3m3v1Q0TRmEqggxtQ9N4FGj2jgVLB+1k8NSwjtkIjVLZXELmv0hs/18aZVQtxS2pYEPFS/T/RIbEw3DmxnTKBtfnsD8T+vnkLroNHjMkmBSTpa1EoFBoUHSeGQa0ZBdC0hVHN7K6ZtogkFm2fWhuD9fvkvuSyXvEqpcraXrx6O48igdbSBCshD+6iKjtEpqiGK7tEjekYvzoPz5Lw6b6PWCWc8s4Z+wPn4AiVKnlI=</latexit>

O
+(1, d+ 1) →↑ O

+(1, 2)↓ SO(d→ 1)



• For general CFT with conformal defects


• Symmetry breaking by a conformal line defect ?


• Actually the symmetry is not broken !

Non-linearly realized conformal symmetry

conformal

How do we write down the Ward identities for the “broken symmetry”,


without changing the shape of the defect?

<latexit sha1_base64="d2j2LmeUDIK+HwEUXfmHE+ow3vk=">AAACHHicbVDLSgNBEJz1GeMr6tHLYBAS1LAbJXoMevGmolEhG8Ps7GQzZHZmmelVQsiHePFXvHhQxIsHwb9x8jj4Kmgoqrrp7goSwQ247qczMTk1PTObmcvOLywuLedWVi+NSjVlNaqE0tcBMUxwyWrAQbDrRDMSB4JdBZ2jgX91y7ThSl5AN2GNmESStzglYKVmbvfkZqvgbYdbXtHHvlAy0jxqA9Fa3fl4ZJaLPvCYGXx+Ugh3vGIzl3dL7hD4L/HGJI/GOG3m3v1Q0TRmEqggxtQ9N4FGj2jgVLB+1k8NSwjtkIjVLZXELmv0hs/18aZVQtxS2pYEPFS/T/RIbEw3DmxnTKBtfnsD8T+vnkLroNHjMkmBSTpa1EoFBoUHSeGQa0ZBdC0hVHN7K6ZtogkFm2fWhuD9fvkvuSyXvEqpcraXrx6O48igdbSBCshD+6iKjtEpqiGK7tEjekYvzoPz5Lw6b6PWCWc8s4Z+wPn4AiVKnlI=</latexit>

O
+(1, d+ 1) →↑ O

+(1, 2)↓ SO(d→ 1)



• There are two ways to change the shape of the defect


• A: conformal map


• B: using displacement operator


• The agreement between A and B leads to constraints


• In practice, the infinitesimal version is more useful.

Non-linearly realized conformal symmetry

conformal

<latexit sha1_base64="w1V8RWow+bUSZzM5F7yy6/XJFCk="></latexit>

ωvL =

∫ →

↑→
dtDi(ε)v

i(ε)L (infinitesimal)

[Gabai, Sever, Zhong ’24], [Girault, Paulos, van Vliet ’25] [Drukker, Kong, Kravchuk ’25]



• Define


• Homogeneous constraints


• Inhomogeneous constraints

Non-linearly realized conformal symmetry
<latexit sha1_base64="WI7gIdQ0Rjmo1lYcarXYWKjviNA="></latexit>

F
ODDO(t) →

↑O(ω1)D(ω2)D(ω3)O(ω4)↓W
↑D(ω2)D(ω3)↓W ↑O(ω1)O(ω4)↓W

↔ [GFF] ,

F
DODO(t) →

1

(1 + t)4
↑D(ω1)O(ω2)D(ω3)O(ω4)↓W

↑D(ω1)D(ω3)↓W ↑O(ω2)O(ω4)↓W
↔ [GFF] ,

t →
ω21 ω43
ω41 ω32

.

<latexit sha1_base64="1nePOfDISOq9F42w66Fy4pGp9d8="></latexit>∫
→

0
dt

[
t2 FDODO(t) +

(
1 + 2t+ 2t2

)
FODDO(t)

]
= 0 ,

∫
→

0
dt

[
→ tFDODO(t) + 2(t+ t2)FODDO(t)

]
= 0 .

<latexit sha1_base64="2dRh8yETwf4gIOAVd/MXc9XBeT4="></latexit>∫
→

0
dt

[
(t2 → 1) log tFDODO(t)→ 2(1 + 2t) log

(
t

1 + t

)
FODDO(t)

]
=

2!O

CD
.



• These constraints are satisfied by other CFTs.


• Free lunch: one-loop anomalous dimensions

Non-linearly realized conformal symmetry

<latexit sha1_base64="DK+eEvdmeZTtxMnOVaLos6z7qgE="></latexit>

C1,1,2Cn,n,2 =
5
(
n
2 + n+ 3

)

72n(2n→ 1)ω
ε+O(ε2) ,

C
2
1,n→1,n =

(
n
2 + 1

)2

4n(2n→ 1) (n2 → 1)ω
ε+O(ε) ,

ϑn =
1

2ω

(
2

n+ 1
+ 2(ϖ(n) + ϑ)→ 1

)
ε+O(ε2) ,

ε = g
2
YMNcR

1/2
, AdS3, largeNc .

(Tree-level OPE coefficients)

(1-loop anomalous dim)

[Gabai, JQ, Gorbenko 25’]

<latexit sha1_base64="akh6DjuYAImWR3NjDIOxkBXYDYs="></latexit>(
ω = g2YM Nc R

1/2
AdS

)



• Free lunch: one-loop anomalous dimensions

Non-linearly realized conformal symmetry

• Observation 1: Not satisfied in the free theory




• Free lunch: one-loop anomalous dimensions

Non-linearly realized conformal symmetry

• Observation 1: Not satisfied in the free theory


• Observation 2: anomalous dimensions and some OPE coefficients

<latexit sha1_base64="syMmBPRDI0S15XsfYy/iHHYb574=">AAACGnicbVDLSgMxFM3UV62vqks3wSK4kDJTpLosduOygn1Apw53Mmkbm8yMSUYoQ7/Djb/ixoUi7sSNf2P6WNTWA4HDOfdwc48fc6a0bf9YmZXVtfWN7GZua3tndy+/f9BQUSIJrZOIR7Llg6KchbSumea0FUsKwue06Q+qY7/5SKViUXirhzHtCOiFrMsIaCN5ecftgRDgMVcxgV1ukgHcldwz9yGBAFe9lN0PRvOmly/YRXsCvEycGSmgGWpe/ssNIpIIGmrCQam2Y8e6k4LUjHA6yrmJojGQAfRo29AQBFWddHLaCJ8YJcDdSJoXajxR5xMpCKWGwjeTAnRfLXpj8T+vnejuZSdlYZxoGpLpom7CsY7wuCccMEmJ5kNDgEhm/opJHyQQbdrMmRKcxZOXSaNUdMrF8s15oXI1qyOLjtAxOkUOukAVdI1qqI4IekIv6A29W8/Wq/VhfU5HM9Ysc4j+wPr+BQfMoOI=</latexit>

ωi → ε2 Cijk → ε



• Free lunch: one-loop anomalous dimensions

Non-linearly realized conformal symmetry

• Observation 1: Not satisfied in the free theory


• Observation 2: anomalous dimensions and some OPE coefficients


• Observation 3:


• Enhancement

<latexit sha1_base64="syMmBPRDI0S15XsfYy/iHHYb574=">AAACGnicbVDLSgMxFM3UV62vqks3wSK4kDJTpLosduOygn1Apw53Mmkbm8yMSUYoQ7/Djb/ixoUi7sSNf2P6WNTWA4HDOfdwc48fc6a0bf9YmZXVtfWN7GZua3tndy+/f9BQUSIJrZOIR7Llg6KchbSumea0FUsKwue06Q+qY7/5SKViUXirhzHtCOiFrMsIaCN5ecftgRDgMVcxgV1ukgHcldwz9yGBAFe9lN0PRvOmly/YRXsCvEycGSmgGWpe/ssNIpIIGmrCQam2Y8e6k4LUjHA6yrmJojGQAfRo29AQBFWddHLaCJ8YJcDdSJoXajxR5xMpCKWGwjeTAnRfLXpj8T+vnejuZSdlYZxoGpLpom7CsY7wuCccMEmJ5kNDgEhm/opJHyQQbdrMmRKcxZOXSaNUdMrF8s15oXI1qyOLjtAxOkUOukAVdI1qqI4IekIv6A29W8/Wq/VhfU5HM9Ysc4j+wPr+BQfMoOI=</latexit>

ωi → ε2 Cijk → ε

<latexit sha1_base64="wOVYIq96A7PE97F0hSBZ03X/GTQ=">AAACIHicbVDLSsNAFJ3Ud31FXboZLIIglkSkuhFEXbisYB/Q1DKZTOzQySTM3Igl5FPc+CtuXCiiO/0apw9EqwcuHM65l3vv8RPBNTjOh1WYmp6ZnZtfKC4uLa+s2mvrdR2nirIajUWsmj7RTHDJasBBsGaiGIl8wRp+72zgN26Z0jyWV9BPWDsiN5KHnBIwUsc+9LiETubk1xnJ8d115p0zAWRP7rl5cHfshYrQzM2/5XzXE0EMumOXnLIzBP5L3DEpoTGqHfvdC2KaRkwCFUTrlusk0M6IAk4Fy4teqllCaI/csJahkkRMt7PhgzneNkqAw1iZkoCH6s+JjERa9yPfdEYEunrSG4j/ea0UwqN2xmWSApN0tChMBYYYD9LCAVeMgugbQqji5lZMu8RkAibTognBnXz5L6nvl91KuXJ5UDo5HccxjzbRFtpBLjpEJ+gCVVENUXSPHtEzerEerCfr1XobtRas8cwG+gXr8wtHCaOu</latexit>∫ a

0
x!→n→1dx =

1

!→ n
+ . . .

<latexit sha1_base64="l6aqzwANG9ZMZrhNetx3VUDz0vY="></latexit>

constraint →
∑ C2

ijk

ωi
↑ const as ε ↑ 0



• These constraints are satisfied by other CFTs.


• Free lunch: one-loop anomalous dimensions

Non-linearly realized conformal symmetry

<latexit sha1_base64="DK+eEvdmeZTtxMnOVaLos6z7qgE="></latexit>

C1,1,2Cn,n,2 =
5
(
n
2 + n+ 3

)

72n(2n→ 1)ω
ε+O(ε2) ,

C
2
1,n→1,n =

(
n
2 + 1

)2

4n(2n→ 1) (n2 → 1)ω
ε+O(ε) ,

ϑn =
1

2ω

(
2

n+ 1
+ 2(ϖ(n) + ϑ)→ 1

)
ε+O(ε2) ,

ε = g
2
YMNcR

1/2
, AdS3, largeNc .

(Tree-level OPE coefficients)

(1-loop anomalous dim)



• These constraints are satisfied by other CFTs.


• Free lunch: one-loop anomalous dimensions

Non-linearly realized conformal symmetry

<latexit sha1_base64="DK+eEvdmeZTtxMnOVaLos6z7qgE="></latexit>

C1,1,2Cn,n,2 =
5
(
n
2 + n+ 3

)

72n(2n→ 1)ω
ε+O(ε2) ,

C
2
1,n→1,n =

(
n
2 + 1

)2

4n(2n→ 1) (n2 → 1)ω
ε+O(ε) ,

ϑn =
1

2ω

(
2

n+ 1
+ 2(ϖ(n) + ϑ)→ 1

)
ε+O(ε2) ,

ε = g
2
YMNcR

1/2
, AdS3, largeNc .

(Tree-level OPE coefficients)

(1-loop anomalous dim)

Verified in Feynman diagram calculation

Todo



Summary
• AdS is a good box for gauge theory and also other QFTs


• Wilson loop background: YM vs EST, displacement vs NGB 


• Non-linearly realized conformal symmetry

• More consistency checks in perturbation theory


• More non-perturbative arguments based on symmetries


• Numerical tools (conformal bootstrap, ODE, …)

Outlook



Dream goal



ありがとうございます!


