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Swampland and bootstrap

“In quantum gravity, not every low-energy EFT is allowed!”

• Two famous examples:

No free parameter conjecture (absence of (-1)-form symmetry): 
All “parameters" in quantum gravity  VEV of some fields: = g ∼ ⟨φ⟩

In string theory, 

No global symmetry conjecture :
No global symmetry in quantum gravity: either gauged or broken in UV.
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No free parameter conjecture (absence of (-1)-form symmetry): 

In string theory, 
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gs = eh�i

No global symmetry conjecture :
No global symmetry in quantum gravity: either gauged or broken in UV.

• More quantitative conjectures with possible implications to BSM
Weak gravity conjecture, infinite distance conjecture,…

cf. [SK, Kusuki, Meineri, Ooguri, to appear]

All “parameters" in quantum gravity  VEV of some fields: = g ∼ ⟨φ⟩

• Swampland Program: Quantum gravity has imprints on IR EFT



No global symmetry in quantum gravity
• One of the most (supposedly) solid swampland conjectures.

[Banks, Seiberg 11] + others
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No global symmetry in quantum gravity
• One of the most (supposedly) solid swampland conjectures.

[Banks, Seiberg 11] + others

• Many indirect arguments:  
    perturbative string theory, black hole entropy, etc….

• More direct argument based on AdS/CFT
[Harlow, Ooguri 19], [Heckman, Hubner, Murdia ’24]

Global symmetry in AdS QG is incompatible with entanglement 
wedge reconstruction (EWR).

• But….. EWR works only in the semiclassical gravity regime, 
expected to be modified by stringy / QG corrections.

• Can we prove no global symmetry conjecture in full QG regime 
by translating it to a CFT statement using AdS/CFT?
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• Well-known fact about AdS/CFT: 
Gauge symmetry in AdS QG  Conserved current on CFT↔



• Well-known fact about AdS/CFT: 
Gauge symmetry in AdS QG  Conserved current on CFT↔

• Global symmetry in AdS QG:
Global symmetry in CFT without conserved current
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but no Jµ

No global symmetry in AdS = ?? in CFT



• Well-known fact about AdS/CFT: 
Gauge symmetry in AdS QG  Conserved current on CFT↔

• CFT counterpart of the non-global symmetry conjecture:
CFTs with stress tensor  and global symmetry  but 
no conserved current  must be inconsistent.

Tμν G
Jμ

Global symmetry in CFT without conserved current
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• But proving this turns out to be difficult….

• Well-known fact about AdS/CFT: 
Gauge symmetry in AdS QG  Conserved current on CFT↔

• CFT counterpart of the non-global symmetry conjecture:
CFTs with stress tensor  and global symmetry  but 
no conserved current  must be inconsistent.

Tμν G
Jμ

Global symmetry in CFT without conserved current
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Difficulty of proving no global symmetry
CFTs with stress tensor  and global symmetry  but 
no conserved current  must be inconsistent.

Tμν G
Jμ

Assume CFT with global symmetry without conserved current and 
show inconsistency.

• One strategy may be to use proof by contradiction.



Difficulty of proving no global symmetry
CFTs with stress tensor  and global symmetry  but 
no conserved current  must be inconsistent.

Tμν G
Jμ

• One strategy may be to use proof by contradiction.
Assume CFT with global symmetry without conserved current and 
show inconsistency.

• In the bootstrap analysis, we only look at a few correlators. 
 difficult to distinguish it from “accidental selection rule”→
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• We don’t know (yet) how to prove it in general. But there is 
actually one setup in which we can make progress.

Shift symmetry in AdS (or more generally, spontaneously broken symmetry)



Shift symmetry is easier
• Shift symmetry: theory is invariant under ϕ → ϕ + c

• Clear distinction between gauged and global symmetries.
Global shift symmetry: massless scalar 
Gauged shift symmetry: Higgs mechanism, massive scalar, no symmetry



Shift symmetry is easier
• Shift symmetry: theory is invariant under ϕ → ϕ + c

• Clear distinction between gauged and global symmetries.
Global shift symmetry: massless scalar 
Gauged shift symmetry: Higgs mechanism, massive scalar, no symmetry

CFT counterpart of shift symmetry in AdS

• Shift symmetry also changes the boundary value of : ϕ ϕbdy → ϕbdy + c
• In AdS/CFT,  is exactly marginal coupling constant in CFT.ϕbdy
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• So shift symmetry in AdS corresponds to

CFT with a “trivial conformal manifold” (parametrized by ), 
on which no CFT data changes

ϕbdy



CFT counterpart of no shift in AdS

CFTs with a “trivial conformal manifold” (parametrized by ), 
on which no CFT data changes are inconsistent.

ϕbdy

CFT “No Shift” conjecture



CFT counterpart of no shift in AdS

CFT “No Shift” conjecture

* It is important to consider CFT with stress tensor. Without stress 
tensor, there are examples of trivial conformal manifold.  

   (More on next slide)

CFTs with a “trivial conformal manifold” (parametrized by ), 
on which no CFT data changes are inconsistent.

ϕbdy



Examples of trivial conformal mfd without Tμν
• Example 1: CFT with symmetry  and conformal defect 

breaks it down to .
G

H
 Defect conformal manifold  , every point on the manifold is equivalent.→ G/H

Defect Symmetry operator 
( )ϕ → ϕ + c

Drukker, Kong, Sakkas, ….

Tilt operator, , marginalΔ = p
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• Example 1: CFT with symmetry  and conformal defect 

breaks it down to .
G

H
 Defect conformal manifold  , every point on the manifold is equivalent.→ G/H

Drukker, Kong, Sakkas, ….

Tilt operator, , marginalΔ = p

<latexit sha1_base64="f/GuCoruRPvE+73Jq/CV0wFziC4="></latexit>

@µJ
µ = ⌧(xk)�

d�p(x?)

Example: Maldacena Wilson loop in  SYM 𝒩 = 4
<latexit sha1_base64="Nx3sAZajcNJz8JEoPWWy8jamVR0="></latexit>

Tr


Pexp

✓Z
dt iAµẋ

µ + �6|ẋ|
◆�

 Trivial conformal manifold SO(6)/SO(5)→



Examples of trivial conformal mfd without Tμν
• Example 1: CFT with symmetry  and conformal defect 

breaks it down to .
G

H
 Defect conformal manifold  , every point on the manifold is equivalent.→ G/H

• Example 2: Free shift symmetric scalar in AdS without gravity.
 obviously UV complete, generalized free field CFT, no stress tensor.→

Drukker, Kong, Sakkas, ….

Tilt operator, , marginalΔ = p

<latexit sha1_base64="f/GuCoruRPvE+73Jq/CV0wFziC4="></latexit>

@µJ
µ = ⌧(xk)�

d�p(x?)

Or more generally SSB in AdS cf. [Carmi, Di Pietro, SK]

Example: Maldacena Wilson loop in  SYM 𝒩 = 4
<latexit sha1_base64="Nx3sAZajcNJz8JEoPWWy8jamVR0="></latexit>

Tr


Pexp

✓Z
dt iAµẋ

µ + �6|ẋ|
◆�

 Trivial conformal manifold SO(6)/SO(5)→



Plan

1.Argument for no shift symmetry in CFT 

2.Generalization to higher form 

3.Conclusion



Plan

1.Argument for no shift symmetry in CFT 

2.Generalization to higher form 

3.Conclusion



General strategy

• A proof by contradiction in two steps:

• Step 1: Use a CFT bootstrap argument to show one can construct 
“identity conformal interface” for any two points on a trivial 
conformal manifold.

• Step 2: Show that the existence of the identity conformal interface 
between nearby CFTs contradicts conformal perturbation theory

• Step 0: Assume CFT with a trivial conformal manifold∃



Step 1: Trivial conformal mfd implies identity interface



Trivial conformal mfd implies identity interface
• Conformal interface SO(d + 1,1) → SO(d,1)

<latexit sha1_base64="4DeOrZ7jCk0QOSPgoPULSbpvGV4=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI/Fgnis0G0L7VKyabYNzWaXJCuUpb/BiwdFvPqDvPlvTNs9aOuDgcd7M8zMCxLBtXGcb1TY2Nza3inulvb2Dw6PyscnbR2nijKPxiJW3YBoJrhknuFGsG6iGIkCwTrBpDH3O09MaR7LlpkmzI/ISPKQU2Ks5DXuWwN3UK44VWcBvE7cnFQgR3NQ/uoPY5pGTBoqiNY910mMnxFlOBVsVuqnmiWETsiI9SyVJGLazxbHzvCFVYY4jJUtafBC/T2RkUjraRTYzoiYsV715uJ/Xi814a2fcZmkhkm6XBSmApsYzz/HQ64YNWJqCaGK21sxHRNFqLH5lGwI7urL66R9VXVr1drjdaV+l8dRhDM4h0tw4Qbq8ABN8IACh2d4hTck0Qt6Rx/L1gLKZ07hD9DnD/O+jiQ=</latexit>

CFT1
<latexit sha1_base64="Q1ryM5u0VIiDef2Ntof3V9IG1Lc=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFqsdiQTxW6LaFdinZNNuGZpMlyQpl6W/w4kERr/4gb/4b03YP2vpg4PHeDDPzwoQzbVz329nY3Nre2S3sFfcPDo+OSyenbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSecNOZ+54kqzaRomWlCgxiPBIsYwcZKfuO+NagOSmW34i6A1omXkzLkaA5KX/2hJGlMhSEca93z3MQEGVaGEU5nxX6qaYLJBI9oz1KBY6qDbHHsDF1aZYgiqWwJgxbq74kMx1pP49B2xtiM9ao3F//zeqmJboOMiSQ1VJDloijlyEg0/xwNmaLE8KklmChmb0VkjBUmxuZTtCF4qy+vk3a14tUqtcfrcv0uj6MA53ABV+DBDdThAZrgAwEGz/AKb45wXpx352PZuuHkM2fwB87nD/VCjiU=</latexit>

CFT2

• Needs to satisfy various bulk-interface crossing eq
<latexit sha1_base64="deb4EaZYOjLS0IEK5pw+Di9bn90=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFN+6sYB/QDiWTZtrQTDImmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzO/PaFKMykezTSmfoSHgoWMYGMlvxdhMyKYp/ezvtcvV9yqOwdaJV5OKpCj0S9/9QaSJBEVhnCsdddzY+OnWBlGOJ2VeommMSZjPKRdSwWOqPbTeegZOrPKAIVS2ScMmqu/N1IcaT2NAjuZhdTLXib+53UTE177KRNxYqggi0NhwpGRKGsADZiixPCpJZgoZrMiMsIKE2N7KtkSvOUvr5LWRdWrVWsPl5X6TV5HEU7gFM7Bgyuowx00oAkEnuAZXuHNmTgvzrvzsRgtOPnOMfyB8/kDtsCSFA==</latexit>

O1

<latexit sha1_base64="GrxsUQBGr4Uxuqe/LnUz72b7uOA=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuykyR6rLoxp0V7APaoWTSTBuayYxJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uSfHjwXXxnG+0dr6xubWdmGnuLu3f3BYOjpu6ShRlDVpJCLV8YlmgkvWNNwI1okVI6EvWNsf32Z+e8KU5pF8NNOYeSEZSh5wSoyVvF5IzIgSkd7P+tV+qexUnDnwKnFzUoYcjX7pqzeIaBIyaaggWnddJzZeSpThVLBZsZdoFhM6JkPWtVSSkGkvnYee4XOrDHAQKfukwXP190ZKQq2noW8ns5B62cvE/7xuYoJrL+UyTgyTdHEoSAQ2Ec4awAOuGDViagmhitusmI6IItTYnoq2BHf5y6ukVa24tUrt4bJcv8nrKMApnMEFuHAFdbiDBjSBwhM8wyu8oQl6Qe/oYzG6hvKdE/gD9PkDuESSFQ==</latexit>

O2

<latexit sha1_base64="2Qipr48FwFdLMGD27rx/LFKNiBM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbSbt0swm7E6GU/ggvHhTx6u/x5r9x2+ag1QcDj/dmmJkXplIY8rwvp7C2vrG5Vdwu7ezu7R+UD49aJsk0xyZPZKI7ITMohcImCZLYSTWyOJTYDse3c7/9iNqIRD3QJMUgZkMlIsEZWandCzMpkfrlilf1FnD/Ej8nFcjR6Jc/e4OEZzEq4pIZ0/W9lIIp0yS4xFmplxlMGR+zIXYtVSxGE0wX587cM6sM3CjRthS5C/XnxJTFxkzi0HbGjEZm1ZuL/3ndjKLrYCpUmhEqvlwUZdKlxJ3/7g6ERk5yYgnjWthbXT5imnGyCZVsCP7qy39J66Lq16q1+8tK/SaPowgncArn4MMV1OEOGtAEDmN4ghd4dVLn2Xlz3petBSefOYZfcD6+AXujj68=</latexit>•

<latexit sha1_base64="2Qipr48FwFdLMGD27rx/LFKNiBM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbSbt0swm7E6GU/ggvHhTx6u/x5r9x2+ag1QcDj/dmmJkXplIY8rwvp7C2vrG5Vdwu7ezu7R+UD49aJsk0xyZPZKI7ITMohcImCZLYSTWyOJTYDse3c7/9iNqIRD3QJMUgZkMlIsEZWandCzMpkfrlilf1FnD/Ej8nFcjR6Jc/e4OEZzEq4pIZ0/W9lIIp0yS4xFmplxlMGR+zIXYtVSxGE0wX587cM6sM3CjRthS5C/XnxJTFxkzi0HbGjEZm1ZuL/3ndjKLrYCpUmhEqvlwUZdKlxJ3/7g6ERk5yYgnjWthbXT5imnGyCZVsCP7qy39J66Lq16q1+8tK/SaPowgncArn4MMV1OEOGtAEDmN4ghd4dVLn2Xlz3petBSefOYZfcD6+AXujj68=</latexit>•

<latexit sha1_base64="deb4EaZYOjLS0IEK5pw+Di9bn90=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFN+6sYB/QDiWTZtrQTDImmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzO/PaFKMykezTSmfoSHgoWMYGMlvxdhMyKYp/ezvtcvV9yqOwdaJV5OKpCj0S9/9QaSJBEVhnCsdddzY+OnWBlGOJ2VeommMSZjPKRdSwWOqPbTeegZOrPKAIVS2ScMmqu/N1IcaT2NAjuZhdTLXib+53UTE177KRNxYqggi0NhwpGRKGsADZiixPCpJZgoZrMiMsIKE2N7KtkSvOUvr5LWRdWrVWsPl5X6TV5HEU7gFM7Bgyuowx00oAkEnuAZXuHNmTgvzrvzsRgtOPnOMfyB8/kDtsCSFA==</latexit>

O1

<latexit sha1_base64="GrxsUQBGr4Uxuqe/LnUz72b7uOA=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuykyR6rLoxp0V7APaoWTSTBuayYxJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uSfHjwXXxnG+0dr6xubWdmGnuLu3f3BYOjpu6ShRlDVpJCLV8YlmgkvWNNwI1okVI6EvWNsf32Z+e8KU5pF8NNOYeSEZSh5wSoyVvF5IzIgSkd7P+tV+qexUnDnwKnFzUoYcjX7pqzeIaBIyaaggWnddJzZeSpThVLBZsZdoFhM6JkPWtVSSkGkvnYee4XOrDHAQKfukwXP190ZKQq2noW8ns5B62cvE/7xuYoJrL+UyTgyTdHEoSAQ2Ec4awAOuGDViagmhitusmI6IItTYnoq2BHf5y6ukVa24tUrt4bJcv8nrKMApnMEFuHAFdbiDBjSBwhM8wyu8oQl6Qe/oYzG6hvKdE/gD9PkDuESSFQ==</latexit>

O2

<latexit sha1_base64="2Qipr48FwFdLMGD27rx/LFKNiBM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbSbt0swm7E6GU/ggvHhTx6u/x5r9x2+ag1QcDj/dmmJkXplIY8rwvp7C2vrG5Vdwu7ezu7R+UD49aJsk0xyZPZKI7ITMohcImCZLYSTWyOJTYDse3c7/9iNqIRD3QJMUgZkMlIsEZWandCzMpkfrlilf1FnD/Ej8nFcjR6Jc/e4OEZzEq4pIZ0/W9lIIp0yS4xFmplxlMGR+zIXYtVSxGE0wX587cM6sM3CjRthS5C/XnxJTFxkzi0HbGjEZm1ZuL/3ndjKLrYCpUmhEqvlwUZdKlxJ3/7g6ERk5yYgnjWthbXT5imnGyCZVsCP7qy39J66Lq16q1+8tK/SaPowgncArn4MMV1OEOGtAEDmN4ghd4dVLn2Xlz3petBSefOYZfcD6+AXujj68=</latexit>•

<latexit sha1_base64="2Qipr48FwFdLMGD27rx/LFKNiBM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbSbt0swm7E6GU/ggvHhTx6u/x5r9x2+ag1QcDj/dmmJkXplIY8rwvp7C2vrG5Vdwu7ezu7R+UD49aJsk0xyZPZKI7ITMohcImCZLYSTWyOJTYDse3c7/9iNqIRD3QJMUgZkMlIsEZWandCzMpkfrlilf1FnD/Ej8nFcjR6Jc/e4OEZzEq4pIZ0/W9lIIp0yS4xFmplxlMGR+zIXYtVSxGE0wX587cM6sM3CjRthS5C/XnxJTFxkzi0HbGjEZm1ZuL/3ndjKLrYCpUmhEqvlwUZdKlxJ3/7g6ERk5yYgnjWthbXT5imnGyCZVsCP7qy39J66Lq16q1+8tK/SaPowgncArn4MMV1OEOGtAEDmN4ghd4dVLn2Xlz3petBSefOYZfcD6+AXujj68=</latexit>•

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=

• Interface crossing eq:  Bulk CFT data  Interface CFT data⇒



Trivial conformal mfd implies identity interface
• Conformal interface SO(d + 1,1) → SO(d,1)

<latexit sha1_base64="4DeOrZ7jCk0QOSPgoPULSbpvGV4=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI/Fgnis0G0L7VKyabYNzWaXJCuUpb/BiwdFvPqDvPlvTNs9aOuDgcd7M8zMCxLBtXGcb1TY2Nza3inulvb2Dw6PyscnbR2nijKPxiJW3YBoJrhknuFGsG6iGIkCwTrBpDH3O09MaR7LlpkmzI/ISPKQU2Ks5DXuWwN3UK44VWcBvE7cnFQgR3NQ/uoPY5pGTBoqiNY910mMnxFlOBVsVuqnmiWETsiI9SyVJGLazxbHzvCFVYY4jJUtafBC/T2RkUjraRTYzoiYsV715uJ/Xi814a2fcZmkhkm6XBSmApsYzz/HQ64YNWJqCaGK21sxHRNFqLH5lGwI7urL66R9VXVr1drjdaV+l8dRhDM4h0tw4Qbq8ABN8IACh2d4hTck0Qt6Rx/L1gLKZ07hD9DnD/O+jiQ=</latexit>

CFT1
<latexit sha1_base64="Q1ryM5u0VIiDef2Ntof3V9IG1Lc=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFqsdiQTxW6LaFdinZNNuGZpMlyQpl6W/w4kERr/4gb/4b03YP2vpg4PHeDDPzwoQzbVz329nY3Nre2S3sFfcPDo+OSyenbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSecNOZ+54kqzaRomWlCgxiPBIsYwcZKfuO+NagOSmW34i6A1omXkzLkaA5KX/2hJGlMhSEca93z3MQEGVaGEU5nxX6qaYLJBI9oz1KBY6qDbHHsDF1aZYgiqWwJgxbq74kMx1pP49B2xtiM9ao3F//zeqmJboOMiSQ1VJDloijlyEg0/xwNmaLE8KklmChmb0VkjBUmxuZTtCF4qy+vk3a14tUqtcfrcv0uj6MA53ABV+DBDdThAZrgAwEGz/AKb45wXpx352PZuuHkM2fwB87nD/VCjiU=</latexit>

CFT2

• Needs to satisfy various bulk-interface crossing eq
<latexit sha1_base64="deb4EaZYOjLS0IEK5pw+Di9bn90=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFN+6sYB/QDiWTZtrQTDImmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzO/PaFKMykezTSmfoSHgoWMYGMlvxdhMyKYp/ezvtcvV9yqOwdaJV5OKpCj0S9/9QaSJBEVhnCsdddzY+OnWBlGOJ2VeommMSZjPKRdSwWOqPbTeegZOrPKAIVS2ScMmqu/N1IcaT2NAjuZhdTLXib+53UTE177KRNxYqggi0NhwpGRKGsADZiixPCpJZgoZrMiMsIKE2N7KtkSvOUvr5LWRdWrVWsPl5X6TV5HEU7gFM7Bgyuowx00oAkEnuAZXuHNmTgvzrvzsRgtOPnOMfyB8/kDtsCSFA==</latexit>

O1

<latexit sha1_base64="GrxsUQBGr4Uxuqe/LnUz72b7uOA=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuykyR6rLoxp0V7APaoWTSTBuayYxJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uSfHjwXXxnG+0dr6xubWdmGnuLu3f3BYOjpu6ShRlDVpJCLV8YlmgkvWNNwI1okVI6EvWNsf32Z+e8KU5pF8NNOYeSEZSh5wSoyVvF5IzIgSkd7P+tV+qexUnDnwKnFzUoYcjX7pqzeIaBIyaaggWnddJzZeSpThVLBZsZdoFhM6JkPWtVSSkGkvnYee4XOrDHAQKfukwXP190ZKQq2noW8ns5B62cvE/7xuYoJrL+UyTgyTdHEoSAQ2Ec4awAOuGDViagmhitusmI6IItTYnoq2BHf5y6ukVa24tUrt4bJcv8nrKMApnMEFuHAFdbiDBjSBwhM8wyu8oQl6Qe/oYzG6hvKdE/gD9PkDuESSFQ==</latexit>

O2

<latexit sha1_base64="2Qipr48FwFdLMGD27rx/LFKNiBM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbSbt0swm7E6GU/ggvHhTx6u/x5r9x2+ag1QcDj/dmmJkXplIY8rwvp7C2vrG5Vdwu7ezu7R+UD49aJsk0xyZPZKI7ITMohcImCZLYSTWyOJTYDse3c7/9iNqIRD3QJMUgZkMlIsEZWandCzMpkfrlilf1FnD/Ej8nFcjR6Jc/e4OEZzEq4pIZ0/W9lIIp0yS4xFmplxlMGR+zIXYtVSxGE0wX587cM6sM3CjRthS5C/XnxJTFxkzi0HbGjEZm1ZuL/3ndjKLrYCpUmhEqvlwUZdKlxJ3/7g6ERk5yYgnjWthbXT5imnGyCZVsCP7qy39J66Lq16q1+8tK/SaPowgncArn4MMV1OEOGtAEDmN4ghd4dVLn2Xlz3petBSefOYZfcD6+AXujj68=</latexit>•

<latexit sha1_base64="2Qipr48FwFdLMGD27rx/LFKNiBM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbSbt0swm7E6GU/ggvHhTx6u/x5r9x2+ag1QcDj/dmmJkXplIY8rwvp7C2vrG5Vdwu7ezu7R+UD49aJsk0xyZPZKI7ITMohcImCZLYSTWyOJTYDse3c7/9iNqIRD3QJMUgZkMlIsEZWandCzMpkfrlilf1FnD/Ej8nFcjR6Jc/e4OEZzEq4pIZ0/W9lIIp0yS4xFmplxlMGR+zIXYtVSxGE0wX587cM6sM3CjRthS5C/XnxJTFxkzi0HbGjEZm1ZuL/3ndjKLrYCpUmhEqvlwUZdKlxJ3/7g6ERk5yYgnjWthbXT5imnGyCZVsCP7qy39J66Lq16q1+8tK/SaPowgncArn4MMV1OEOGtAEDmN4ghd4dVLn2Xlz3petBSefOYZfcD6+AXujj68=</latexit>•

<latexit sha1_base64="deb4EaZYOjLS0IEK5pw+Di9bn90=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFN+6sYB/QDiWTZtrQTDImmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzO/PaFKMykezTSmfoSHgoWMYGMlvxdhMyKYp/ezvtcvV9yqOwdaJV5OKpCj0S9/9QaSJBEVhnCsdddzY+OnWBlGOJ2VeommMSZjPKRdSwWOqPbTeegZOrPKAIVS2ScMmqu/N1IcaT2NAjuZhdTLXib+53UTE177KRNxYqggi0NhwpGRKGsADZiixPCpJZgoZrMiMsIKE2N7KtkSvOUvr5LWRdWrVWsPl5X6TV5HEU7gFM7Bgyuowx00oAkEnuAZXuHNmTgvzrvzsRgtOPnOMfyB8/kDtsCSFA==</latexit>

O1

<latexit sha1_base64="GrxsUQBGr4Uxuqe/LnUz72b7uOA=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuykyR6rLoxp0V7APaoWTSTBuayYxJplCGfocbF4q49WPc+Tdm2llo64HA4Zx7uSfHjwXXxnG+0dr6xubWdmGnuLu3f3BYOjpu6ShRlDVpJCLV8YlmgkvWNNwI1okVI6EvWNsf32Z+e8KU5pF8NNOYeSEZSh5wSoyVvF5IzIgSkd7P+tV+qexUnDnwKnFzUoYcjX7pqzeIaBIyaaggWnddJzZeSpThVLBZsZdoFhM6JkPWtVSSkGkvnYee4XOrDHAQKfukwXP190ZKQq2noW8ns5B62cvE/7xuYoJrL+UyTgyTdHEoSAQ2Ec4awAOuGDViagmhitusmI6IItTYnoq2BHf5y6ukVa24tUrt4bJcv8nrKMApnMEFuHAFdbiDBjSBwhM8wyu8oQl6Qe/oYzG6hvKdE/gD9PkDuESSFQ==</latexit>

O2

<latexit sha1_base64="2Qipr48FwFdLMGD27rx/LFKNiBM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbSbt0swm7E6GU/ggvHhTx6u/x5r9x2+ag1QcDj/dmmJkXplIY8rwvp7C2vrG5Vdwu7ezu7R+UD49aJsk0xyZPZKI7ITMohcImCZLYSTWyOJTYDse3c7/9iNqIRD3QJMUgZkMlIsEZWandCzMpkfrlilf1FnD/Ej8nFcjR6Jc/e4OEZzEq4pIZ0/W9lIIp0yS4xFmplxlMGR+zIXYtVSxGE0wX587cM6sM3CjRthS5C/XnxJTFxkzi0HbGjEZm1ZuL/3ndjKLrYCpUmhEqvlwUZdKlxJ3/7g6ERk5yYgnjWthbXT5imnGyCZVsCP7qy39J66Lq16q1+8tK/SaPowgncArn4MMV1OEOGtAEDmN4ghd4dVLn2Xlz3petBSefOYZfcD6+AXujj68=</latexit>•

<latexit sha1_base64="2Qipr48FwFdLMGD27rx/LFKNiBM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbSbt0swm7E6GU/ggvHhTx6u/x5r9x2+ag1QcDj/dmmJkXplIY8rwvp7C2vrG5Vdwu7ezu7R+UD49aJsk0xyZPZKI7ITMohcImCZLYSTWyOJTYDse3c7/9iNqIRD3QJMUgZkMlIsEZWandCzMpkfrlilf1FnD/Ej8nFcjR6Jc/e4OEZzEq4pIZ0/W9lIIp0yS4xFmplxlMGR+zIXYtVSxGE0wX587cM6sM3CjRthS5C/XnxJTFxkzi0HbGjEZm1ZuL/3ndjKLrYCpUmhEqvlwUZdKlxJ3/7g6ERk5yYgnjWthbXT5imnGyCZVsCP7qy39J66Lq16q1+8tK/SaPowgncArn4MMV1OEOGtAEDmN4ghd4dVLn2Xlz3petBSefOYZfcD6+AXujj68=</latexit>•

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=

• Interface crossing eq:  Bulk CFT data  Interface CFT data⇒

• In the modern bootstrap, sol’s to crossing = conformal interface

• Traditionally constructed by imposing bc to bulk fields, coupling 
to localized dof….



Trivial conformal mfd implies identity interface
• On trivial conformal manifold,  and  share the 

same bulk CFT data by assumption.
CFT1 CFT2

• Interface crossing eq:  Bulk CFT data  Interface CFT data⇒



Trivial conformal mfd implies identity interface
• On trivial conformal manifold,  and  share the 

same bulk CFT data by assumption.
CFT1 CFT2

• 1-to-1 correspondence between interfaces within  and 
interfaces connecting  and 

CFT1
CFT1 CFT2

<latexit sha1_base64="4DeOrZ7jCk0QOSPgoPULSbpvGV4=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI/Fgnis0G0L7VKyabYNzWaXJCuUpb/BiwdFvPqDvPlvTNs9aOuDgcd7M8zMCxLBtXGcb1TY2Nza3inulvb2Dw6PyscnbR2nijKPxiJW3YBoJrhknuFGsG6iGIkCwTrBpDH3O09MaR7LlpkmzI/ISPKQU2Ks5DXuWwN3UK44VWcBvE7cnFQgR3NQ/uoPY5pGTBoqiNY910mMnxFlOBVsVuqnmiWETsiI9SyVJGLazxbHzvCFVYY4jJUtafBC/T2RkUjraRTYzoiYsV715uJ/Xi814a2fcZmkhkm6XBSmApsYzz/HQ64YNWJqCaGK21sxHRNFqLH5lGwI7urL66R9VXVr1drjdaV+l8dRhDM4h0tw4Qbq8ABN8IACh2d4hTck0Qt6Rx/L1gLKZ07hD9DnD/O+jiQ=</latexit>

CFT1
<latexit sha1_base64="Q1ryM5u0VIiDef2Ntof3V9IG1Lc=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFqsdiQTxW6LaFdinZNNuGZpMlyQpl6W/w4kERr/4gb/4b03YP2vpg4PHeDDPzwoQzbVz329nY3Nre2S3sFfcPDo+OSyenbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSecNOZ+54kqzaRomWlCgxiPBIsYwcZKfuO+NagOSmW34i6A1omXkzLkaA5KX/2hJGlMhSEca93z3MQEGVaGEU5nxX6qaYLJBI9oz1KBY6qDbHHsDF1aZYgiqWwJgxbq74kMx1pP49B2xtiM9ao3F//zeqmJboOMiSQ1VJDloijlyEg0/xwNmaLE8KklmChmb0VkjBUmxuZTtCF4qy+vk3a14tUqtcfrcv0uj6MA53ABV+DBDdThAZrgAwEGz/AKb45wXpx352PZuuHkM2fwB87nD/VCjiU=</latexit>

CFT2

<latexit sha1_base64="4DeOrZ7jCk0QOSPgoPULSbpvGV4=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI/Fgnis0G0L7VKyabYNzWaXJCuUpb/BiwdFvPqDvPlvTNs9aOuDgcd7M8zMCxLBtXGcb1TY2Nza3inulvb2Dw6PyscnbR2nijKPxiJW3YBoJrhknuFGsG6iGIkCwTrBpDH3O09MaR7LlpkmzI/ISPKQU2Ks5DXuWwN3UK44VWcBvE7cnFQgR3NQ/uoPY5pGTBoqiNY910mMnxFlOBVsVuqnmiWETsiI9SyVJGLazxbHzvCFVYY4jJUtafBC/T2RkUjraRTYzoiYsV715uJ/Xi814a2fcZmkhkm6XBSmApsYzz/HQ64YNWJqCaGK21sxHRNFqLH5lGwI7urL66R9VXVr1drjdaV+l8dRhDM4h0tw4Qbq8ABN8IACh2d4hTck0Qt6Rx/L1gLKZ07hD9DnD/O+jiQ=</latexit>

CFT1
<latexit sha1_base64="4DeOrZ7jCk0QOSPgoPULSbpvGV4=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI/Fgnis0G0L7VKyabYNzWaXJCuUpb/BiwdFvPqDvPlvTNs9aOuDgcd7M8zMCxLBtXGcb1TY2Nza3inulvb2Dw6PyscnbR2nijKPxiJW3YBoJrhknuFGsG6iGIkCwTrBpDH3O09MaR7LlpkmzI/ISPKQU2Ks5DXuWwN3UK44VWcBvE7cnFQgR3NQ/uoPY5pGTBoqiNY910mMnxFlOBVsVuqnmiWETsiI9SyVJGLazxbHzvCFVYY4jJUtafBC/T2RkUjraRTYzoiYsV715uJ/Xi814a2fcZmkhkm6XBSmApsYzz/HQ64YNWJqCaGK21sxHRNFqLH5lGwI7urL66R9VXVr1drjdaV+l8dRhDM4h0tw4Qbq8ABN8IACh2d4hTck0Qt6Rx/L1gLKZ07hD9DnD/O+jiQ=</latexit>

CFT1
<latexit sha1_base64="0iAyq5V5B6kCXWfuZh2A5OYR7l8=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME84BkCbOT3mTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqZ+q0n0IYpeW/HCYSCDCSLGSXWSc2uYQIee6WyX/FnwMskyEkZ5aj3Sl/dvqKpAGkpJ8Z0Aj+xYUa0ZZTDpNhNDSSEjsgAOo5KIsCE2ezaCT51Sh/HSruSFs/U3xMZEcaMReQ6BbFDs+hNxf+8TmrjqzBjMkktSDpfFKccW4Wnr+M+00AtHztCqGbuVkyHRBNqXUBFF0Kw+PIyaZ5XgmqlendRrl3ncRTQMTpBZyhAl6iGblEdNRBFD+gZvaI3T3kv3rv3MW9d8fKZI/QH3ucPtS2PPA==</latexit>'

• Interface crossing eq:  Bulk CFT data  Interface CFT data⇒

• In particular, it implies the “identity interface” between 
that corresponds to inserting nothing in 

CFT1,2
CFT1

<latexit sha1_base64="4DeOrZ7jCk0QOSPgoPULSbpvGV4=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI/Fgnis0G0L7VKyabYNzWaXJCuUpb/BiwdFvPqDvPlvTNs9aOuDgcd7M8zMCxLBtXGcb1TY2Nza3inulvb2Dw6PyscnbR2nijKPxiJW3YBoJrhknuFGsG6iGIkCwTrBpDH3O09MaR7LlpkmzI/ISPKQU2Ks5DXuWwN3UK44VWcBvE7cnFQgR3NQ/uoPY5pGTBoqiNY910mMnxFlOBVsVuqnmiWETsiI9SyVJGLazxbHzvCFVYY4jJUtafBC/T2RkUjraRTYzoiYsV715uJ/Xi814a2fcZmkhkm6XBSmApsYzz/HQ64YNWJqCaGK21sxHRNFqLH5lGwI7urL66R9VXVr1drjdaV+l8dRhDM4h0tw4Qbq8ABN8IACh2d4hTck0Qt6Rx/L1gLKZ07hD9DnD/O+jiQ=</latexit>

CFT1
<latexit sha1_base64="Q1ryM5u0VIiDef2Ntof3V9IG1Lc=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFqsdiQTxW6LaFdinZNNuGZpMlyQpl6W/w4kERr/4gb/4b03YP2vpg4PHeDDPzwoQzbVz329nY3Nre2S3sFfcPDo+OSyenbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSecNOZ+54kqzaRomWlCgxiPBIsYwcZKfuO+NagOSmW34i6A1omXkzLkaA5KX/2hJGlMhSEca93z3MQEGVaGEU5nxX6qaYLJBI9oz1KBY6qDbHHsDF1aZYgiqWwJgxbq74kMx1pP49B2xtiM9ao3F//zeqmJboOMiSQ1VJDloijlyEg0/xwNmaLE8KklmChmb0VkjBUmxuZTtCF4qy+vk3a14tUqtcfrcv0uj6MA53ABV+DBDdThAZrgAwEGz/AKb45wXpx352PZuuHkM2fwB87nD/VCjiU=</latexit>

CFT2

<latexit sha1_base64="4DeOrZ7jCk0QOSPgoPULSbpvGV4=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI/Fgnis0G0L7VKyabYNzWaXJCuUpb/BiwdFvPqDvPlvTNs9aOuDgcd7M8zMCxLBtXGcb1TY2Nza3inulvb2Dw6PyscnbR2nijKPxiJW3YBoJrhknuFGsG6iGIkCwTrBpDH3O09MaR7LlpkmzI/ISPKQU2Ks5DXuWwN3UK44VWcBvE7cnFQgR3NQ/uoPY5pGTBoqiNY910mMnxFlOBVsVuqnmiWETsiI9SyVJGLazxbHzvCFVYY4jJUtafBC/T2RkUjraRTYzoiYsV715uJ/Xi814a2fcZmkhkm6XBSmApsYzz/HQ64YNWJqCaGK21sxHRNFqLH5lGwI7urL66R9VXVr1drjdaV+l8dRhDM4h0tw4Qbq8ABN8IACh2d4hTck0Qt6Rx/L1gLKZ07hD9DnD/O+jiQ=</latexit>

CFT1
<latexit sha1_base64="4DeOrZ7jCk0QOSPgoPULSbpvGV4=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI/Fgnis0G0L7VKyabYNzWaXJCuUpb/BiwdFvPqDvPlvTNs9aOuDgcd7M8zMCxLBtXGcb1TY2Nza3inulvb2Dw6PyscnbR2nijKPxiJW3YBoJrhknuFGsG6iGIkCwTrBpDH3O09MaR7LlpkmzI/ISPKQU2Ks5DXuWwN3UK44VWcBvE7cnFQgR3NQ/uoPY5pGTBoqiNY910mMnxFlOBVsVuqnmiWETsiI9SyVJGLazxbHzvCFVYY4jJUtafBC/T2RkUjraRTYzoiYsV715uJ/Xi814a2fcZmkhkm6XBSmApsYzz/HQ64YNWJqCaGK21sxHRNFqLH5lGwI7urL66R9VXVr1drjdaV+l8dRhDM4h0tw4Qbq8ABN8IACh2d4hTck0Qt6Rx/L1gLKZ07hD9DnD/O+jiQ=</latexit>

CFT1
<latexit sha1_base64="0iAyq5V5B6kCXWfuZh2A5OYR7l8=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME84BkCbOT3mTMPNaZWSEs+QcvHhTx6v9482+cJHvQxIKGoqqb7q4o4cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqFRTaFDFlW5HxABnEhqWWQ7tRAMREYdWNLqZ+q0n0IYpeW/HCYSCDCSLGSXWSc2uYQIee6WyX/FnwMskyEkZ5aj3Sl/dvqKpAGkpJ8Z0Aj+xYUa0ZZTDpNhNDSSEjsgAOo5KIsCE2ezaCT51Sh/HSruSFs/U3xMZEcaMReQ6BbFDs+hNxf+8TmrjqzBjMkktSDpfFKccW4Wnr+M+00AtHztCqGbuVkyHRBNqXUBFF0Kw+PIyaZ5XgmqlendRrl3ncRTQMTpBZyhAl6iGblEdNRBFD+gZvaI3T3kv3rv3MW9d8fKZI/QH3ucPtS2PPA==</latexit>'



Step 2: Identity interface contradicts conformal 
perturbation theory



Identity interface is incompatible

• Let’s analyze the “identity interface” between nearby CFTs.

<latexit sha1_base64="4DeOrZ7jCk0QOSPgoPULSbpvGV4=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI/Fgnis0G0L7VKyabYNzWaXJCuUpb/BiwdFvPqDvPlvTNs9aOuDgcd7M8zMCxLBtXGcb1TY2Nza3inulvb2Dw6PyscnbR2nijKPxiJW3YBoJrhknuFGsG6iGIkCwTrBpDH3O09MaR7LlpkmzI/ISPKQU2Ks5DXuWwN3UK44VWcBvE7cnFQgR3NQ/uoPY5pGTBoqiNY910mMnxFlOBVsVuqnmiWETsiI9SyVJGLazxbHzvCFVYY4jJUtafBC/T2RkUjraRTYzoiYsV715uJ/Xi814a2fcZmkhkm6XBSmApsYzz/HQ64YNWJqCaGK21sxHRNFqLH5lGwI7urL66R9VXVr1drjdaV+l8dRhDM4h0tw4Qbq8ABN8IACh2d4hTck0Qt6Rx/L1gLKZ07hD9DnD/O+jiQ=</latexit>

CFT1
<latexit sha1_base64="Q1ryM5u0VIiDef2Ntof3V9IG1Lc=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFqsdiQTxW6LaFdinZNNuGZpMlyQpl6W/w4kERr/4gb/4b03YP2vpg4PHeDDPzwoQzbVz329nY3Nre2S3sFfcPDo+OSyenbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSecNOZ+54kqzaRomWlCgxiPBIsYwcZKfuO+NagOSmW34i6A1omXkzLkaA5KX/2hJGlMhSEca93z3MQEGVaGEU5nxX6qaYLJBI9oz1KBY6qDbHHsDF1aZYgiqWwJgxbq74kMx1pP49B2xtiM9ao3F//zeqmJboOMiSQ1VJDloijlyEg0/xwNmaLE8KklmChmb0VkjBUmxuZTtCF4qy+vk3a14tUqtcfrcv0uj6MA53ABV+DBDdThAZrgAwEGz/AKb45wXpx352PZuuHkM2fwB87nD/VCjiU=</latexit>

CFT2

• In addition, it may involve deformation localized at the interface

<latexit sha1_base64="IQsVPt9BHLFwxv1LEqMor1fW3mU=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIIghF2R6EnEgHgzglEhG5bZSccMzs4OM71iWPY7vPgrXjwo4k28+DdOYg6+ChqKqm66u2IthUXf//DGxicmp6ZnZktz8wuLS+XllXObZoZDk6cyNZcxsyCFgiYKlHCpDbAklnARX9cH/sUNGCtSdYZ9De2EXSnRFZyhk6JyUD86iwK6FXZAIqOh7gkaCoVRfhvloQaji32/oGHCsMeZzE+KqFzxq/4Q9C8JRqRCRmhE5bewk/IsAYVcMmtbga+xnTODgksoSmFmQTN+za6g5ahiCdh2PnytoBtO6dBualwppEP1+0TOEmv7Sew6Byfa395A/M9rZdjda+dC6QxB8a9F3UxSTOkgJ9oRBjjKviOMG+FupbzHDOPo0iy5EILfL/8l59vVoFatne5UDg5HccyQNbJONklAdskBOSYN0iSc3JEH8kSevXvv0XvxXr9ax7zRzCr5Ae/9E1t9oIY=</latexit>

CFT1 + ��

Z

x?>0
O

<latexit sha1_base64="7HMZaFmsom3mlykrXOi8OdmzwPs=">AAACGnicbVBNS8NAEN34WetX1KOXxSJ4KomIehFEL96sYKvQxLDZTu3iZhN2J2IJ+R1e/CtePCjiTbz4b9x+HPx6MPB4b4aZeXEmhUHP+3QmJqemZ2Yrc9X5hcWlZXdltWXSXHNo8lSm+jJmBqRQ0ESBEi4zDSyJJVzEN8cD/+IWtBGpOsd+BmHCrpXoCs7QSpHrBx2QyGige2kgFEbFXVQEGeisPPDKIGHY40wWp+WVVbVIoIzcmlf3hqB/iT8mNTJGI3Lfg07K8wQUcsmMaftehmHBNAouoawGuYGM8Rt2DW1LFUvAhMXwtZJuWqVDu6m2pZAO1e8TBUuM6Sex7Rzcan57A/E/r51jdz8shMpyBMVHi7q5pJjSQU60IzRwlH1LGNfC3kp5j2nG0aZZtSH4v1/+S1rbdX+3vnu2Uzs8GsdRIetkg2wRn+yRQ3JCGqRJOLknj+SZvDgPzpPz6ryNWiec8cwa+QHn4wtswqJk</latexit>

�⇢

Z

x?=0
O

0e.g.
<latexit sha1_base64="DQzHgZ3pTNTCo9FXvrTXBtFtnlg=">AAACCnicbVDLSsNAFJ34rPUVdekmWgQ3lkSkuhGKunBnBfuAJobJ5LYdOnkwMxFKyNqNv+LGhSJu/QJ3/o2TNgttPXDhcM693HuPFzMqpGl+a3PzC4tLy6WV8ura+samvrXdElHCCTRJxCLe8bAARkNoSioZdGIOOPAYtL3hZe63H4ALGoV3chSDE+B+SHuUYKkkV9+zr4BJ7KZ2gOWAYJbe3Kd2zGkAWZad+0eWq1fMqjmGMUusglRQgYarf9l+RJIAQkkYFqJrmbF0UswlJQyysp0IiDEZ4j50FQ1xAMJJx69kxoFSfKMXcVWhNMbq74kUB0KMAk915geLaS8X//O6ieydOSkN40RCSCaLegkzZGTkuRg+5UAkGymCCafqVoMMMMdEqvTKKgRr+uVZ0jquWrVq7fakUr8o4iihXbSPDpGFTlEdXaMGaiKCHtEzekVv2pP2or1rH5PWOa2Y2UF/oH3+ALGGmug=</latexit>

�O0 = d� 1



Identity interface is incompatible

• Let’s analyze the “identity interface” between nearby CFTs.

<latexit sha1_base64="4DeOrZ7jCk0QOSPgoPULSbpvGV4=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI/Fgnis0G0L7VKyabYNzWaXJCuUpb/BiwdFvPqDvPlvTNs9aOuDgcd7M8zMCxLBtXGcb1TY2Nza3inulvb2Dw6PyscnbR2nijKPxiJW3YBoJrhknuFGsG6iGIkCwTrBpDH3O09MaR7LlpkmzI/ISPKQU2Ks5DXuWwN3UK44VWcBvE7cnFQgR3NQ/uoPY5pGTBoqiNY910mMnxFlOBVsVuqnmiWETsiI9SyVJGLazxbHzvCFVYY4jJUtafBC/T2RkUjraRTYzoiYsV715uJ/Xi814a2fcZmkhkm6XBSmApsYzz/HQ64YNWJqCaGK21sxHRNFqLH5lGwI7urL66R9VXVr1drjdaV+l8dRhDM4h0tw4Qbq8ABN8IACh2d4hTck0Qt6Rx/L1gLKZ07hD9DnD/O+jiQ=</latexit>

CFT1
<latexit sha1_base64="Q1ryM5u0VIiDef2Ntof3V9IG1Lc=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFqsdiQTxW6LaFdinZNNuGZpMlyQpl6W/w4kERr/4gb/4b03YP2vpg4PHeDDPzwoQzbVz329nY3Nre2S3sFfcPDo+OSyenbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSecNOZ+54kqzaRomWlCgxiPBIsYwcZKfuO+NagOSmW34i6A1omXkzLkaA5KX/2hJGlMhSEca93z3MQEGVaGEU5nxX6qaYLJBI9oz1KBY6qDbHHsDF1aZYgiqWwJgxbq74kMx1pP49B2xtiM9ao3F//zeqmJboOMiSQ1VJDloijlyEg0/xwNmaLE8KklmChmb0VkjBUmxuZTtCF4qy+vk3a14tUqtcfrcv0uj6MA53ABV+DBDdThAZrgAwEGz/AKb45wXpx352PZuuHkM2fwB87nD/VCjiU=</latexit>

CFT2

• In addition, it may involve deformation localized at the interface

<latexit sha1_base64="IQsVPt9BHLFwxv1LEqMor1fW3mU=">AAACGnicbVDLSgNBEJz1bXxFPXoZDIIghF2R6EnEgHgzglEhG5bZSccMzs4OM71iWPY7vPgrXjwo4k28+DdOYg6+ChqKqm66u2IthUXf//DGxicmp6ZnZktz8wuLS+XllXObZoZDk6cyNZcxsyCFgiYKlHCpDbAklnARX9cH/sUNGCtSdYZ9De2EXSnRFZyhk6JyUD86iwK6FXZAIqOh7gkaCoVRfhvloQaji32/oGHCsMeZzE+KqFzxq/4Q9C8JRqRCRmhE5bewk/IsAYVcMmtbga+xnTODgksoSmFmQTN+za6g5ahiCdh2PnytoBtO6dBualwppEP1+0TOEmv7Sew6Byfa395A/M9rZdjda+dC6QxB8a9F3UxSTOkgJ9oRBjjKviOMG+FupbzHDOPo0iy5EILfL/8l59vVoFatne5UDg5HccyQNbJONklAdskBOSYN0iSc3JEH8kSevXvv0XvxXr9ax7zRzCr5Ae/9E1t9oIY=</latexit>

CFT1 + ��

Z

x?>0
O

<latexit sha1_base64="7HMZaFmsom3mlykrXOi8OdmzwPs=">AAACGnicbVBNS8NAEN34WetX1KOXxSJ4KomIehFEL96sYKvQxLDZTu3iZhN2J2IJ+R1e/CtePCjiTbz4b9x+HPx6MPB4b4aZeXEmhUHP+3QmJqemZ2Yrc9X5hcWlZXdltWXSXHNo8lSm+jJmBqRQ0ESBEi4zDSyJJVzEN8cD/+IWtBGpOsd+BmHCrpXoCs7QSpHrBx2QyGige2kgFEbFXVQEGeisPPDKIGHY40wWp+WVVbVIoIzcmlf3hqB/iT8mNTJGI3Lfg07K8wQUcsmMaftehmHBNAouoawGuYGM8Rt2DW1LFUvAhMXwtZJuWqVDu6m2pZAO1e8TBUuM6Sex7Rzcan57A/E/r51jdz8shMpyBMVHi7q5pJjSQU60IzRwlH1LGNfC3kp5j2nG0aZZtSH4v1/+S1rbdX+3vnu2Uzs8GsdRIetkg2wRn+yRQ3JCGqRJOLknj+SZvDgPzpPz6ryNWiec8cwa+QHn4wtswqJk</latexit>

�⇢

Z

x?=0
O

0e.g.
<latexit sha1_base64="DQzHgZ3pTNTCo9FXvrTXBtFtnlg=">AAACCnicbVDLSsNAFJ34rPUVdekmWgQ3lkSkuhGKunBnBfuAJobJ5LYdOnkwMxFKyNqNv+LGhSJu/QJ3/o2TNgttPXDhcM693HuPFzMqpGl+a3PzC4tLy6WV8ura+samvrXdElHCCTRJxCLe8bAARkNoSioZdGIOOPAYtL3hZe63H4ALGoV3chSDE+B+SHuUYKkkV9+zr4BJ7KZ2gOWAYJbe3Kd2zGkAWZad+0eWq1fMqjmGMUusglRQgYarf9l+RJIAQkkYFqJrmbF0UswlJQyysp0IiDEZ4j50FQ1xAMJJx69kxoFSfKMXcVWhNMbq74kUB0KMAk915geLaS8X//O6ieydOSkN40RCSCaLegkzZGTkuRg+5UAkGymCCafqVoMMMMdEqvTKKgRr+uVZ0jquWrVq7fakUr8o4iihXbSPDpGFTlEdXaMGaiKCHtEzekVv2pP2or1rH5PWOa2Y2UF/oH3+ALGGmug=</latexit>

�O0 = d� 1

• No other deformation away from the interface is allowed since it 
will violate the stress tensor conservation in the bulk.

<latexit sha1_base64="4mdmLdVCRkSAISi9Fk6Pae7cNLQ=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclUSkuiy6cVmhL2himEwn7dDJJM5DKCE7N/6KGxeKuPUX3Pk3TtoutPXAMIdz7uXee8KUUakc59taWl5ZXVsvbZQ3t7Z3du29/bZMtMCkhROWiG6IJGGUk5aiipFuKgiKQ0Y64ei68DsPREia8KYap8SP0YDTiGKkjBTYR16KhKKIBZkX67x5V3we17nHyT10ArviVJ0J4CJxZ6QCZmgE9pfXT7COCVeYISl7rpMqPytmYEbysqclSREeoQHpGcpRTKSfTe7I4YlR+jBKhHlcwYn6uyNDsZTjODSVMVJDOe8V4n9eT6vo0s8oT7UiHE8HRZpBlcAiFNingmDFxoYgLKjZFeIhEggrE13ZhODOn7xI2mdVt1at3Z5X6lezOErgEByDU+CCC1AHN6ABWgCDR/AMXsGb9WS9WO/Wx7R0yZr1HIA/sD5/ALKgmdc=</latexit>

@µT
µ⌫ 6= 0



Identity interface is incompatible

• Half-space deformation turns on one-point function of 𝒪
<latexit sha1_base64="3e90Opi+2LVgvwsbJM89k3g+fnc="></latexit>

hO(x)iI = ��

Z

y?>0
ddyhO(x)O(y)iI =

⇡d/2��

2d�(d+ 1)

1

|x?|d

<latexit sha1_base64="4DeOrZ7jCk0QOSPgoPULSbpvGV4=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI/Fgnis0G0L7VKyabYNzWaXJCuUpb/BiwdFvPqDvPlvTNs9aOuDgcd7M8zMCxLBtXGcb1TY2Nza3inulvb2Dw6PyscnbR2nijKPxiJW3YBoJrhknuFGsG6iGIkCwTrBpDH3O09MaR7LlpkmzI/ISPKQU2Ks5DXuWwN3UK44VWcBvE7cnFQgR3NQ/uoPY5pGTBoqiNY910mMnxFlOBVsVuqnmiWETsiI9SyVJGLazxbHzvCFVYY4jJUtafBC/T2RkUjraRTYzoiYsV715uJ/Xi814a2fcZmkhkm6XBSmApsYzz/HQ64YNWJqCaGK21sxHRNFqLH5lGwI7urL66R9VXVr1drjdaV+l8dRhDM4h0tw4Qbq8ABN8IACh2d4hTck0Qt6Rx/L1gLKZ07hD9DnD/O+jiQ=</latexit>

CFT1
<latexit sha1_base64="Q1ryM5u0VIiDef2Ntof3V9IG1Lc=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFqsdiQTxW6LaFdinZNNuGZpMlyQpl6W/w4kERr/4gb/4b03YP2vpg4PHeDDPzwoQzbVz329nY3Nre2S3sFfcPDo+OSyenbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSecNOZ+54kqzaRomWlCgxiPBIsYwcZKfuO+NagOSmW34i6A1omXkzLkaA5KX/2hJGlMhSEca93z3MQEGVaGEU5nxX6qaYLJBI9oz1KBY6qDbHHsDF1aZYgiqWwJgxbq74kMx1pP49B2xtiM9ao3F//zeqmJboOMiSQ1VJDloijlyEg0/xwNmaLE8KklmChmb0VkjBUmxuZTtCF4qy+vk3a14tUqtcfrcv0uj6MA53ABV+DBDdThAZrgAwEGz/AKb45wXpx352PZuuHkM2fwB87nD/VCjiU=</latexit>

CFT2

<latexit sha1_base64="kjvaN+rBaeCrOHa7zUqD1BRTMJc="></latexit>

CFT1 + ��

Z

x?>0
O

✓
+�⇢

Z

x?=0
O

0
◆

• However in identity interface, no bulk operator gets VEV.
Contradiction with the identity interface.



Identity interface is incompatible

• Half-space deformation turns on one-point function of 𝒪
<latexit sha1_base64="3e90Opi+2LVgvwsbJM89k3g+fnc="></latexit>

hO(x)iI = ��

Z

y?>0
ddyhO(x)O(y)iI =

⇡d/2��

2d�(d+ 1)

1

|x?|d

<latexit sha1_base64="4DeOrZ7jCk0QOSPgoPULSbpvGV4=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI/Fgnis0G0L7VKyabYNzWaXJCuUpb/BiwdFvPqDvPlvTNs9aOuDgcd7M8zMCxLBtXGcb1TY2Nza3inulvb2Dw6PyscnbR2nijKPxiJW3YBoJrhknuFGsG6iGIkCwTrBpDH3O09MaR7LlpkmzI/ISPKQU2Ks5DXuWwN3UK44VWcBvE7cnFQgR3NQ/uoPY5pGTBoqiNY910mMnxFlOBVsVuqnmiWETsiI9SyVJGLazxbHzvCFVYY4jJUtafBC/T2RkUjraRTYzoiYsV715uJ/Xi814a2fcZmkhkm6XBSmApsYzz/HQ64YNWJqCaGK21sxHRNFqLH5lGwI7urL66R9VXVr1drjdaV+l8dRhDM4h0tw4Qbq8ABN8IACh2d4hTck0Qt6Rx/L1gLKZ07hD9DnD/O+jiQ=</latexit>

CFT1
<latexit sha1_base64="Q1ryM5u0VIiDef2Ntof3V9IG1Lc=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFqsdiQTxW6LaFdinZNNuGZpMlyQpl6W/w4kERr/4gb/4b03YP2vpg4PHeDDPzwoQzbVz329nY3Nre2S3sFfcPDo+OSyenbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSecNOZ+54kqzaRomWlCgxiPBIsYwcZKfuO+NagOSmW34i6A1omXkzLkaA5KX/2hJGlMhSEca93z3MQEGVaGEU5nxX6qaYLJBI9oz1KBY6qDbHHsDF1aZYgiqWwJgxbq74kMx1pP49B2xtiM9ao3F//zeqmJboOMiSQ1VJDloijlyEg0/xwNmaLE8KklmChmb0VkjBUmxuZTtCF4qy+vk3a14tUqtcfrcv0uj6MA53ABV+DBDdThAZrgAwEGz/AKb45wXpx352PZuuHkM2fwB87nD/VCjiU=</latexit>

CFT2

• First order deformation by  cannot save us.δρ
<latexit sha1_base64="OkuAT/5DmnZz5Bz5hK5zEAcnL0k=">AAACGnicbVDLSgMxFM34rPU16tJNsAiuyoxIdSMU3bizgn1Ap5ZMeqcNTTJDkhHK0O9w46+4caGIO3Hj35g+FrX1QOBwzrnk3hMmnGnjeT/O0vLK6tp6biO/ubW9s+vu7dd0nCoKVRrzWDVCooEzCVXDDIdGooCIkEM97F+P/PojKM1ieW8GCbQE6UoWMUqMldquH3AiuxxwIIjpUcKz2+Esf8iCRDEBw0CNc5de2y14RW8MvEj8KSmgKSpt9yvoxDQVIA3lROum7yWmlRFlGOUwzAephoTQPulC01JJBOhWNj5tiI+t0sFRrOyTBo/V2YmMCK0HIrTJ0dJ63huJ/3nN1EQXrYzJJDUg6eSjKOXYxHjUE+4wBdTwgSWEKmZ3xbRHFKHGtpm3JfjzJy+S2mnRLxVLd2eF8tW0jhw6REfoBPnoHJXRDaqgKqLoCb2gN/TuPDuvzofzOYkuOdOZA/QHzvcvYvuhug==</latexit>

hOO
0
i = 0

<latexit sha1_base64="kjvaN+rBaeCrOHa7zUqD1BRTMJc="></latexit>

CFT1 + ��

Z

x?>0
O

✓
+�⇢

Z

x?=0
O

0
◆

• However in identity interface, no bulk operator gets VEV.
Contradiction with the identity interface.



Identity interface is incompatible

• Half-space deformation turns on one-point function of 𝒪
<latexit sha1_base64="3e90Opi+2LVgvwsbJM89k3g+fnc="></latexit>

hO(x)iI = ��

Z

y?>0
ddyhO(x)O(y)iI =

⇡d/2��

2d�(d+ 1)

1

|x?|d

<latexit sha1_base64="4DeOrZ7jCk0QOSPgoPULSbpvGV4=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI/Fgnis0G0L7VKyabYNzWaXJCuUpb/BiwdFvPqDvPlvTNs9aOuDgcd7M8zMCxLBtXGcb1TY2Nza3inulvb2Dw6PyscnbR2nijKPxiJW3YBoJrhknuFGsG6iGIkCwTrBpDH3O09MaR7LlpkmzI/ISPKQU2Ks5DXuWwN3UK44VWcBvE7cnFQgR3NQ/uoPY5pGTBoqiNY910mMnxFlOBVsVuqnmiWETsiI9SyVJGLazxbHzvCFVYY4jJUtafBC/T2RkUjraRTYzoiYsV715uJ/Xi814a2fcZmkhkm6XBSmApsYzz/HQ64YNWJqCaGK21sxHRNFqLH5lGwI7urL66R9VXVr1drjdaV+l8dRhDM4h0tw4Qbq8ABN8IACh2d4hTck0Qt6Rx/L1gLKZ07hD9DnD/O+jiQ=</latexit>

CFT1
<latexit sha1_base64="Q1ryM5u0VIiDef2Ntof3V9IG1Lc=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFqsdiQTxW6LaFdinZNNuGZpMlyQpl6W/w4kERr/4gb/4b03YP2vpg4PHeDDPzwoQzbVz329nY3Nre2S3sFfcPDo+OSyenbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSecNOZ+54kqzaRomWlCgxiPBIsYwcZKfuO+NagOSmW34i6A1omXkzLkaA5KX/2hJGlMhSEca93z3MQEGVaGEU5nxX6qaYLJBI9oz1KBY6qDbHHsDF1aZYgiqWwJgxbq74kMx1pP49B2xtiM9ao3F//zeqmJboOMiSQ1VJDloijlyEg0/xwNmaLE8KklmChmb0VkjBUmxuZTtCF4qy+vk3a14tUqtcfrcv0uj6MA53ABV+DBDdThAZrgAwEGz/AKb45wXpx352PZuuHkM2fwB87nD/VCjiU=</latexit>

CFT2

• First order deformation by  cannot save us.δρ
<latexit sha1_base64="OkuAT/5DmnZz5Bz5hK5zEAcnL0k=">AAACGnicbVDLSgMxFM34rPU16tJNsAiuyoxIdSMU3bizgn1Ap5ZMeqcNTTJDkhHK0O9w46+4caGIO3Hj35g+FrX1QOBwzrnk3hMmnGnjeT/O0vLK6tp6biO/ubW9s+vu7dd0nCoKVRrzWDVCooEzCVXDDIdGooCIkEM97F+P/PojKM1ieW8GCbQE6UoWMUqMldquH3AiuxxwIIjpUcKz2+Esf8iCRDEBw0CNc5de2y14RW8MvEj8KSmgKSpt9yvoxDQVIA3lROum7yWmlRFlGOUwzAephoTQPulC01JJBOhWNj5tiI+t0sFRrOyTBo/V2YmMCK0HIrTJ0dJ63huJ/3nN1EQXrYzJJDUg6eSjKOXYxHjUE+4wBdTwgSWEKmZ3xbRHFKHGtpm3JfjzJy+S2mnRLxVLd2eF8tW0jhw6REfoBPnoHJXRDaqgKqLoCb2gN/TuPDuvzofzOYkuOdOZA/QHzvcvYvuhug==</latexit>

hOO
0
i = 0

• Higher-order terms in  may help if  , but 
this implies . Thus one-point function of  now 
becomes non-zero.

δρ δϕ ∼ (δρ)n (n > 1)
δρ ≫ δϕ 𝒪′ 

Again contradiction with the identity interface

<latexit sha1_base64="kjvaN+rBaeCrOHa7zUqD1BRTMJc="></latexit>

CFT1 + ��

Z

x?>0
O

✓
+�⇢

Z

x?=0
O

0
◆

• However in identity interface, no bulk operator gets VEV.
Contradiction with the identity interface.



Identity interface is incompatible

• Half-space deformation turns on one-point function of 𝒪
<latexit sha1_base64="3e90Opi+2LVgvwsbJM89k3g+fnc="></latexit>

hO(x)iI = ��

Z

y?>0
ddyhO(x)O(y)iI =

⇡d/2��

2d�(d+ 1)

1

|x?|d

<latexit sha1_base64="4DeOrZ7jCk0QOSPgoPULSbpvGV4=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI/Fgnis0G0L7VKyabYNzWaXJCuUpb/BiwdFvPqDvPlvTNs9aOuDgcd7M8zMCxLBtXGcb1TY2Nza3inulvb2Dw6PyscnbR2nijKPxiJW3YBoJrhknuFGsG6iGIkCwTrBpDH3O09MaR7LlpkmzI/ISPKQU2Ks5DXuWwN3UK44VWcBvE7cnFQgR3NQ/uoPY5pGTBoqiNY910mMnxFlOBVsVuqnmiWETsiI9SyVJGLazxbHzvCFVYY4jJUtafBC/T2RkUjraRTYzoiYsV715uJ/Xi814a2fcZmkhkm6XBSmApsYzz/HQ64YNWJqCaGK21sxHRNFqLH5lGwI7urL66R9VXVr1drjdaV+l8dRhDM4h0tw4Qbq8ABN8IACh2d4hTck0Qt6Rx/L1gLKZ07hD9DnD/O+jiQ=</latexit>

CFT1
<latexit sha1_base64="Q1ryM5u0VIiDef2Ntof3V9IG1Lc=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFqsdiQTxW6LaFdinZNNuGZpMlyQpl6W/w4kERr/4gb/4b03YP2vpg4PHeDDPzwoQzbVz329nY3Nre2S3sFfcPDo+OSyenbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSecNOZ+54kqzaRomWlCgxiPBIsYwcZKfuO+NagOSmW34i6A1omXkzLkaA5KX/2hJGlMhSEca93z3MQEGVaGEU5nxX6qaYLJBI9oz1KBY6qDbHHsDF1aZYgiqWwJgxbq74kMx1pP49B2xtiM9ao3F//zeqmJboOMiSQ1VJDloijlyEg0/xwNmaLE8KklmChmb0VkjBUmxuZTtCF4qy+vk3a14tUqtcfrcv0uj6MA53ABV+DBDdThAZrgAwEGz/AKb45wXpx352PZuuHkM2fwB87nD/VCjiU=</latexit>

CFT2

• First order deformation by  cannot save us.δρ
<latexit sha1_base64="OkuAT/5DmnZz5Bz5hK5zEAcnL0k=">AAACGnicbVDLSgMxFM34rPU16tJNsAiuyoxIdSMU3bizgn1Ap5ZMeqcNTTJDkhHK0O9w46+4caGIO3Hj35g+FrX1QOBwzrnk3hMmnGnjeT/O0vLK6tp6biO/ubW9s+vu7dd0nCoKVRrzWDVCooEzCVXDDIdGooCIkEM97F+P/PojKM1ieW8GCbQE6UoWMUqMldquH3AiuxxwIIjpUcKz2+Esf8iCRDEBw0CNc5de2y14RW8MvEj8KSmgKSpt9yvoxDQVIA3lROum7yWmlRFlGOUwzAephoTQPulC01JJBOhWNj5tiI+t0sFRrOyTBo/V2YmMCK0HIrTJ0dJ63huJ/3nN1EQXrYzJJDUg6eSjKOXYxHjUE+4wBdTwgSWEKmZ3xbRHFKHGtpm3JfjzJy+S2mnRLxVLd2eF8tW0jhw6REfoBPnoHJXRDaqgKqLoCb2gN/TuPDuvzofzOYkuOdOZA/QHzvcvYvuhug==</latexit>

hOO
0
i = 0

• Higher-order terms in  may help if  , but 
this implies . Thus one-point function of  now 
becomes non-zero.

δρ δϕ ∼ (δρ)n (n > 1)
δρ ≫ δϕ 𝒪′ 

Again contradiction with the identity interface

• One can argue that other possible deformations at the interface 
(including non-local def) cannot resolve the issue. 

Thus, the identity interface is incompatible with conformal perturbation

<latexit sha1_base64="kjvaN+rBaeCrOHa7zUqD1BRTMJc="></latexit>

CFT1 + ��

Z

x?>0
O

✓
+�⇢

Z

x?=0
O

0
◆

• However in identity interface, no bulk operator gets VEV.
Contradiction with the identity interface.



Sketch of more systematic argument

• One can make the argument slightly more systematic using 
displacement operator .D

<latexit sha1_base64="09b5tjshetlnevDH0Agijl3o/6k="></latexit>

@µT
µ? = D(xk)�

d�1(x?)

• In identity interface, .D = 0

• Half-space deformation gives .D ∝ 𝒪

• Any other interface-localized deformation induces other 
operator for .D

<latexit sha1_base64="4DeOrZ7jCk0QOSPgoPULSbpvGV4=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI/Fgnis0G0L7VKyabYNzWaXJCuUpb/BiwdFvPqDvPlvTNs9aOuDgcd7M8zMCxLBtXGcb1TY2Nza3inulvb2Dw6PyscnbR2nijKPxiJW3YBoJrhknuFGsG6iGIkCwTrBpDH3O09MaR7LlpkmzI/ISPKQU2Ks5DXuWwN3UK44VWcBvE7cnFQgR3NQ/uoPY5pGTBoqiNY910mMnxFlOBVsVuqnmiWETsiI9SyVJGLazxbHzvCFVYY4jJUtafBC/T2RkUjraRTYzoiYsV715uJ/Xi814a2fcZmkhkm6XBSmApsYzz/HQ64YNWJqCaGK21sxHRNFqLH5lGwI7urL66R9VXVr1drjdaV+l8dRhDM4h0tw4Qbq8ABN8IACh2d4hTck0Qt6Rx/L1gLKZ07hD9DnD/O+jiQ=</latexit>

CFT1
<latexit sha1_base64="Q1ryM5u0VIiDef2Ntof3V9IG1Lc=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrtFqsdiQTxW6LaFdinZNNuGZpMlyQpl6W/w4kERr/4gb/4b03YP2vpg4PHeDDPzwoQzbVz329nY3Nre2S3sFfcPDo+OSyenbS1TRahPJJeqG2JNORPUN8xw2k0UxXHIaSecNOZ+54kqzaRomWlCgxiPBIsYwcZKfuO+NagOSmW34i6A1omXkzLkaA5KX/2hJGlMhSEca93z3MQEGVaGEU5nxX6qaYLJBI9oz1KBY6qDbHHsDF1aZYgiqWwJgxbq74kMx1pP49B2xtiM9ao3F//zeqmJboOMiSQ1VJDloijlyEg0/xwNmaLE8KklmChmb0VkjBUmxuZTtCF4qy+vk3a14tUqtcfrcv0uj6MA53ABV+DBDdThAZrgAwEGz/AKb45wXpx352PZuuHkM2fwB87nD/VCjiU=</latexit>

CFT2



Recap

• A proof by contradiction in two steps:

• Step 1: Use a CFT bootstrap argument to show one can construct 
“identity conformal interface” for any two points on a trivial 
conformal manifold.

• Step 2: Show that the existence of the identity conformal interface 
between nearby CFTs contradicts conformal perturbation theory

• Step 0: Assume CFT with a trivial conformal manifold∃



Plan

1.Argument for no shift symmetry in CFT 

2.Generalization to higher form 

3.Conclusion



Generalization to higher form symmetry
• 1-form symmetries of Maxwell theory.

<latexit sha1_base64="ZAGf8NsQtcoPkZPaM1NYVwH1jrA=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FBKIlK9CEVBPFawrdCEMtls2qWbD3c3Qin14l/x4kERr/4Lb/4bN20O2vpg4PHeDDPzvIQzqSzr2ygsLC4trxRXS2vrG5tb5vZOS8apILRJYh6LOw8k5SyiTcUUp3eJoBB6nLa9wWXmtx+okCyObtUwoW4IvYgFjIDSUtfc8/HVueVUKti5T8HHvgNSZVLXLFtVawI8T+yclFGORtf8cvyYpCGNFOEgZce2EuWOQChGOB2XnFTSBMgAerSjaQQhle5o8sEYH2rFx0EsdEUKT9TfEyMIpRyGnu4MQfXlrJeJ/3mdVAVn7ohFSapoRKaLgpRjFeMsDuwzQYniQ02ACKZvxaQPAojSoZV0CPbsy/OkdVy1a9XazUm5fpHHUUT76AAdIRudojq6Rg3URAQ9omf0it6MJ+PFeDc+pq0FI5/ZRX9gfP4A/huUsw==</latexit>

dF = 0 , d ⇤ F = 0

• In QG, they are expected to be violated by the presence of 
charged particles.

• Can we show the absence of 1-form symmetries of Maxwell 
theory in AdS QG?

Related to charge completeness conjecture



Generalization to higher form symmetry
• If there was (electric) 1-form symmetry, one can construct the 

codim-2 topological interface in AdS.

<latexit sha1_base64="c5YBnu3KwwJ0q/uF9oNG5bUKFPU=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIFcYCC2MR9CE1UeU4TmvVdiLbQVRRfoWFAYRY+RE2/ganzQCFI13p6Jx77XtPkDCqtON8WZWV1bX1jepmbWt7Z3fP3q/3VJxKTLo4ZrEcBEgRRgXpaqoZGSSSIB4w0g+m14XffyBS0Vjc61lCfI7GgkYUI22kkV33EiQ1RQxmnuTwMrzLR3bDaTpzwL/ELUkDlOiM7E8vjHHKidCYIaWGrpNoPyvexYzkNS9VJEF4isZkaKhAnCg/m++ew2OjhDCKpSmh4Vz9OZEhrtSMB6aTIz1Ry14h/ucNUx1d+BkVSaqJwIuPopRBHcMiCBhSSbBmM0MQltTsCvEESYS1iatmQnCXT/5LeqdNt9Vs3Z412ldlHFVwCI7ACXDBOWiDG9ABXYDBI3gCL+DVyq1n6816X7RWrHLmAPyC9fENhKWUHg==</latexit>

@AdS

<latexit sha1_base64="BEeRV7uizRdx2NCwiFitVnRUmBk=">AAACDXicbVA9SwNBEN3z2/gVtbRZjII24U5ELUVBLBWMCeRCmNvMJYt7e8funBiCf8DGv2JjoYitvZ3/xs1HodEHA4/3ZpiZF2VKWvL9L29icmp6ZnZuvrCwuLS8Ulxdu7ZpbgRWRKpSU4vAopIaKyRJYS0zCEmksBrdnPb96i0aK1N9Rd0MGwm0tYylAHJSs7gV4l3GQ4Ux7cgQVNYBHkpNIVjiZ6GR7Q7tNoslv+wPwP+SYERKbISLZvEzbKUiT1CTUGBtPfAzavTAkBQK7wthbjEDcQNtrDuqIUHb6A2+uefbTmnxODWuNPGB+nOiB4m13SRynQlQx457ffE/r55TfNToSZ3lhFoMF8W54pTyfjS8JQ0KUl1HQBjpbuWiAwYEuQALLoRg/OW/5HqvHByUDy73S8cnozjm2AbbZDssYIfsmJ2zC1Zhgj2wJ/bCXr1H79l7896HrRPeaGad/YL38Q2vtJtV</latexit>

exp

✓
i↵

Z
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◆

• By pushing them to boundary, one gets a monodromy defect  
    (co-dimension 2 + codimension 1)

<latexit sha1_base64="c5YBnu3KwwJ0q/uF9oNG5bUKFPU=">AAAB+3icbVC7TsMwFHXKq5RXKCOLRYXEVCUIFcYCC2MR9CE1UeU4TmvVdiLbQVRRfoWFAYRY+RE2/ganzQCFI13p6Jx77XtPkDCqtON8WZWV1bX1jepmbWt7Z3fP3q/3VJxKTLo4ZrEcBEgRRgXpaqoZGSSSIB4w0g+m14XffyBS0Vjc61lCfI7GgkYUI22kkV33EiQ1RQxmnuTwMrzLR3bDaTpzwL/ELUkDlOiM7E8vjHHKidCYIaWGrpNoPyvexYzkNS9VJEF4isZkaKhAnCg/m++ew2OjhDCKpSmh4Vz9OZEhrtSMB6aTIz1Ry14h/ucNUx1d+BkVSaqJwIuPopRBHcMiCBhSSbBmM0MQltTsCvEESYS1iatmQnCXT/5LeqdNt9Vs3Z412ldlHFVwCI7ACXDBOWiDG9ABXYDBI3gCL+DVyq1n6816X7RWrHLmAPyC9fENhKWUHg==</latexit>

@AdS

<latexit sha1_base64="dfa12l/r87/D93uS51ywGerJGEM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP5BfjMw=</latexit>=
<latexit sha1_base64="yziE6aco6MjBocAmQPPjwF94m9c=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVaT0WC+KxQr+kXUo2zbahSXZJskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dnIbm1vbO/ndwt7+weFR8fikraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wqc/9zhNVmkWyaaYx9QUeSRYygo2VHtO+Eqh+15wNiiW37C6A1omXkRJkaAyKX/1hRBJBpSEca93z3Nj4KVaGEU5nhX6iaYzJBI9oz1KJBdV+ujh4hi6sMkRhpGxJgxbq74kUC62nIrCdApuxXvXm4n9eLzHhjZ8yGSeGSrJcFCYcmQjNv0dDpigxfGoJJorZWxEZY4WJsRkVbAje6svrpH1V9irlysN1qXabxZGHMziHS/CgCjW4hwa0gICAZ3iFN0c5L86787FszTnZzCn8gfP5Az2vkA8=</latexit>

CFT

<latexit sha1_base64="Bj41Cp2709hre33B2IVQKdTPvHc=">AAACDnicbVA9SwNBEN3zM8avqKXNYgjEJtyJREvRxjKCiUIuhLnNXLK698HunBiCv8DGv2JjoYittZ3/xk1yhV8PBh7vzTAzL0iVNOS6n87M7Nz8wmJhqbi8srq2XtrYbJkk0wKbIlGJvgzAoJIxNkmSwstUI0SBwovg+mTsX9ygNjKJz2mYYieCfixDKYCs1C1VfLxNua8wpCqXPqh0AL6MiftgiF/5WvYHtNstld2aOwH/S7yclFmORrf04fcSkUUYk1BgTNtzU+qMQJMUCu+KfmYwBXENfWxbGkOEpjOavHPHK1bp8TDRtuwlE/X7xAgiY4ZRYDsjoIH57Y3F/7x2RuFhZyTjNCOMxXRRmClOCR9nw3tSoyA1tASElvZWLgagQZBNsGhD8H6//Je09mpevVY/2y8fHedxFNg222FV5rEDdsROWYM1mWD37JE9sxfnwXlyXp23aeuMk89ssR9w3r8ARVebow==</latexit>

exp
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• 1-form symmetry in the bulk predicts that the monodromy defect is 
topological.

Codimension 2



CFT counterpart of no 1-form symmetry in AdS

In CFT with stress tensor, monodromy defects cannot be 
topological.

CFT “No 1-form” conjecture

<latexit sha1_base64="yziE6aco6MjBocAmQPPjwF94m9c=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVaT0WC+KxQr+kXUo2zbahSXZJskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dnIbm1vbO/ndwt7+weFR8fikraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wqc/9zhNVmkWyaaYx9QUeSRYygo2VHtO+Eqh+15wNiiW37C6A1omXkRJkaAyKX/1hRBJBpSEca93z3Nj4KVaGEU5nhX6iaYzJBI9oz1KJBdV+ujh4hi6sMkRhpGxJgxbq74kUC62nIrCdApuxXvXm4n9eLzHhjZ8yGSeGSrJcFCYcmQjNv0dDpigxfGoJJorZWxEZY4WJsRkVbAje6svrpH1V9irlysN1qXabxZGHMziHS/CgCjW4hwa0gICAZ3iFN0c5L86787FszTnZzCn8gfP5Az2vkA8=</latexit>

CFT

<latexit sha1_base64="Bj41Cp2709hre33B2IVQKdTPvHc=">AAACDnicbVA9SwNBEN3zM8avqKXNYgjEJtyJREvRxjKCiUIuhLnNXLK698HunBiCv8DGv2JjoYittZ3/xk1yhV8PBh7vzTAzL0iVNOS6n87M7Nz8wmJhqbi8srq2XtrYbJkk0wKbIlGJvgzAoJIxNkmSwstUI0SBwovg+mTsX9ygNjKJz2mYYieCfixDKYCs1C1VfLxNua8wpCqXPqh0AL6MiftgiF/5WvYHtNstld2aOwH/S7yclFmORrf04fcSkUUYk1BgTNtzU+qMQJMUCu+KfmYwBXENfWxbGkOEpjOavHPHK1bp8TDRtuwlE/X7xAgiY4ZRYDsjoIH57Y3F/7x2RuFhZyTjNCOMxXRRmClOCR9nw3tSoyA1tASElvZWLgagQZBNsGhD8H6//Je09mpevVY/2y8fHedxFNg222FV5rEDdsROWYM1mWD37JE9sxfnwXlyXp23aeuMk89ssR9w3r8ARVebow==</latexit>

exp
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• Working in  regime, one can show that the monodromy 
defect turns on one-point function of  .

α ≪ 1
jμ

Generalization to higher form symmetry

<latexit sha1_base64="yziE6aco6MjBocAmQPPjwF94m9c=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVaT0WC+KxQr+kXUo2zbahSXZJskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dnIbm1vbO/ndwt7+weFR8fikraNEEdoiEY9UN8CaciZpyzDDaTdWFIuA004wqc/9zhNVmkWyaaYx9QUeSRYygo2VHtO+Eqh+15wNiiW37C6A1omXkRJkaAyKX/1hRBJBpSEca93z3Nj4KVaGEU5nhX6iaYzJBI9oz1KJBdV+ujh4hi6sMkRhpGxJgxbq74kUC62nIrCdApuxXvXm4n9eLzHhjZ8yGSeGSrJcFCYcmQjNv0dDpigxfGoJJorZWxEZY4WJsRkVbAje6svrpH1V9irlysN1qXabxZGHMziHS/CgCjW4hwa0gICAZ3iFN0c5L86787FszTnZzCn8gfP5Az2vkA8=</latexit>

CFT

<latexit sha1_base64="Bj41Cp2709hre33B2IVQKdTPvHc=">AAACDnicbVA9SwNBEN3zM8avqKXNYgjEJtyJREvRxjKCiUIuhLnNXLK698HunBiCv8DGv2JjoYittZ3/xk1yhV8PBh7vzTAzL0iVNOS6n87M7Nz8wmJhqbi8srq2XtrYbJkk0wKbIlGJvgzAoJIxNkmSwstUI0SBwovg+mTsX9ygNjKJz2mYYieCfixDKYCs1C1VfLxNua8wpCqXPqh0AL6MiftgiF/5WvYHtNstld2aOwH/S7yclFmORrf04fcSkUUYk1BgTNtzU+qMQJMUCu+KfmYwBXENfWxbGkOEpjOavHPHK1bp8TDRtuwlE/X7xAgiY4ZRYDsjoIH57Y3F/7x2RuFhZyTjNCOMxXRRmClOCR9nw3tSoyA1tASElvZWLgagQZBNsGhD8H6//Je09mpevVY/2y8fHedxFNg222FV5rEDdsROWYM1mWD37JE9sxfnwXlyXp23aeuMk89ssR9w3r8ARVebow==</latexit>

exp

✓
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<latexit sha1_base64="rpmh6zySeP9rmYkPQy28NLJ1+Co=">AAACF3icbVBNS8NAEN34WetX1KOXxSLUS0lEqseiF48V7Ac0JWy203bbzSbubsQS+i+8+Fe8eFDEq978N27bHLT1wcDjvRlm5gUxZ0o7zre1tLyyurae28hvbm3v7Np7+3UVJZJCjUY8ks2AKOBMQE0zzaEZSyBhwKERDK8mfuMepGKRuNWjGNoh6QnWZZRoI/l2yeNE9DjggZ96YTLGxYcT7DGhsUeUxgPsyZnvCbjDjm8XnJIzBV4kbkYKKEPVt7+8TkSTEISmnCjVcp1Yt1MiNaMcxnkvURATOiQ9aBkqSAiqnU7/GuNjo3RwN5KmzEVT9fdESkKlRmFgOkOi+2rem4j/ea1Edy/aKRNxokHQ2aJuwrGO8CQk3GESqOYjQwiVzNyKaZ9IQrWJMm9CcOdfXiT105JbLpVvzgqVyyyOHDpER6iIXHSOKugaVVENUfSIntErerOerBfr3fqYtS5Z2cwB+gPr8wfPj55z</latexit>

hjµ(x)
Z

⇤ji 6= 0

Contradiction to topologicalness.

• One can also argue that any local deformation at the defect (edge 
of the circle) cannot remedy this.

Thus, the topological monodromy defect cannot arise in CFT.
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Conclusion

• CFT-based argument for no shift symmetry in AdS QG.

• Works beyond the semi-classical gravity regime. 
• But works only for shift symmetry + spontaneously broken symmetries. 



Conclusion

• CFT-based argument for no shift symmetry in AdS QG.

• Non-spontaneously broken symmetries?

• Other related swampland conjectures? Infinite distance conjecture? 
No free parameter conjecture? [SK, Kusuki, Meineri, Ooguri, to appear]

• Our argument is based on proof by contradiction. No quantitative 
prediction on the amount of violation of symmetry.  

     Bootstrap bound on the amount of violation?⇒

• Works beyond the semi-classical gravity regime. 
• But works only for shift symmetry + spontaneously broken symmetries. 

• Monodromy defects seem important for studying Swampland 
conjectures in AdS.  

     A systematic bootstrap analysis of monodromy defect?  
         Application to weak gravity conjecture?

⇒





Caveat

• Strictly speaking, the argument for higher-form only shows the 
absence of topological symmetry operator in AdS.

• In QFT, symmetry = topological operators
[Gaiotto, Kapustin, Seiberg, Willet 14]

• It was argued recently that there is an obstruction for constructing 
topological symmetry operators in gravitational EFT.

[Bah, Jefferson, Roumpedakis, Waddleton 24] [Calvo, Mignosa, Rodriguez-Gomez 25]
<latexit sha1_base64="XXFvgJu5W3RQ6GPTJuS5blce6fY="></latexit>
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<latexit sha1_base64="sunoQv17T8A6sOaxxXmSoxc/HIs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Mv65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qXq1au7+s1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB58WjXA=</latexit> {Need to regularize
We need to introduce a thickness / regulator , and later take  limitδ δ → 0

Gravity backreaction becomes strong in the  limitδ → 0



Caveat

• Strictly speaking, the argument for higher-form only shows the 
absence of topological symmetry operator in AdS.

• In QFT, symmetry = topological operators
[Gaiotto, Kapustin, Seiberg, Willet 14]

• It was argued recently that there is an obstruction for constructing 
topological symmetry operators in gravitational EFT.

[Bah, Jefferson, Roumpedakis, Waddleton 24] [Calvo, Mignosa, Rodriguez-Gomez 25]
<latexit sha1_base64="XXFvgJu5W3RQ6GPTJuS5blce6fY="></latexit>
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<latexit sha1_base64="sunoQv17T8A6sOaxxXmSoxc/HIs=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Mv65Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80un5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazt8mAK2RGTCyhTHF7K2EjqigzNpySDcFbfnmVtC6qXq1au7+s1G/yOIpwAqdwDh5cQR3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB58WjXA=</latexit> {Need to regularize
We need to introduce a thickness / regulator , and later take  limitδ δ → 0

Gravity backreaction becomes strong in the  limitδ → 0
The argument does not exclude having other notions of symmetry like 
Ward identity etc.


