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Irreversibility of the renormalization group is a key property of 
nonperturbative QFT. 
Goal: find renormalization group charges that partially characterize 
conformal field theories, and that decrease under the RG.

‣Two directions where irreversibility has been developed:

1) Irreversibility theorems in unitary relativistic QFT have been 
established in d=2, 3 and 4 space-time dimensions (C, F,  A)

2) Irreversibility for defect RG flows, embedded in CFTs. Started 
with the g-theorem.

‣Framework for generalizing this:

• D-dimensional CFT coupled to d-dimensional planar static defect
• relevant interactions on defect trigger RG flow between UV and IR 
fixed points. Bulk remains conformal

• QFTs without defect: special case D=d



  Overview of irreversibility inequalities

So far, several proofs for different (D, d).  Those based on properties 
of energy-momentum tensor are:
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D=d=2: [Zamolodchikov]’s original C-thm;  D=d=4: [Komargodski, Schwimmer] (dilaton)
Later on: d=2, any D [Jensen, OBannon], d=4, any D:  [Wang]. Dilaton methods
d=1, D=2: [Friedan, Konechny].
And recently: d=1, any D: [Cuomo, Komargodski, Raviv-Moshe]. Generalized to d=2, any 
D by [Sachar, Sinha, Smolkin].



In parallel, irreversibility theorems have also been obtained using methods from 
quantum information theory:
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D=d=2 entropic C-thm by [Casini, Huerta];  
extended by [Casini, Huerta] to D=d=3 (not available via correlators/dilaton)
D=d=4 by [Casini, Teste, GT].  And unifies d=2,3,4 (Markov prop)
d=1, any D [Casini, Salazar, GT]; d=2, D=3 [Casini, Salazar, GT]

… This covers almost 40 years of developments! But a simple and 
general understanding is still lacking.

In this talk: we prove an inequality for second derivatives of the 
Relative Entropy. This establishes the remaining irreversibility thms, 
and unifies all known theorems for (D, d). [Casini, Salazar, GT, 2023]



A. Key ingredients

  QFT setup

D-dimensional CFT with a d-dimensional planar defect 

D-dim bulk
(CFT)

d-dim defect

xk
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- the defect is conformal in the UV
- turn on relevant deformations on the defect

- triggers an RG flow, which ends on a different 
IR conformal defect

- the bulk does not flow

S = SUV,CFT +

Z
ddx gO
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Particular case: d=D, no bulk. Gives QFT RG flow without defects
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<latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit><latexit sha1_base64="0mWsPF5SvefKUF93elLIWW/42x8=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEeqx6MVjC/YD2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSVvHqWLYYrGIVTegGgWX2DLcCOwmCmkUCOwEk7t5vfOESvNYPphpgn5ER5KHnFFjrWZ7UK64VXchsg5eDhXI1RiUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYsyhphNrPFovOyIV1hiSMlX3SkIX7eyKjkdbTKLCdETVjvVqbm//VeqkJb/yMyyQ1KNnyozAVxMRkfjUZcoXMiKkFyhS3uxI2pooyY7Mp2RC81ZPXoX1V9Sw3ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9yPn8AsrOM2g==</latexit>V̄

<latexit sha1_base64="tA0eVMv1pmZixnn5pFAhGsosU0g=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2r2Imrw17Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHcFCPnw==</latexit><latexit sha1_base64="tA0eVMv1pmZixnn5pFAhGsosU0g=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2r2Imrw17Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHcFCPnw==</latexit><latexit sha1_base64="tA0eVMv1pmZixnn5pFAhGsosU0g=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2r2Imrw17Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHcFCPnw==</latexit><latexit sha1_base64="tA0eVMv1pmZixnn5pFAhGsosU0g=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2r2Imrw17Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHcFCPnw==</latexit>

Can probe RG flow by

• Structure near a fixed point, first without defects (D=d):
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<latexit sha1_base64="yChxw2h5hIiBaj1OOcHAnQXnqDw="></latexit><latexit sha1_base64="yChxw2h5hIiBaj1OOcHAnQXnqDw="></latexit><latexit sha1_base64="yChxw2h5hIiBaj1OOcHAnQXnqDw="></latexit><latexit sha1_base64="yChxw2h5hIiBaj1OOcHAnQXnqDw="></latexit>

mr ⌧ 1 (UV) ) mr � 1 (IR)
<latexit sha1_base64="pEXcSxkniAlNDU9pxCxH+LOAdZY=">AAACIHicbVDLSgMxFM3UV62vqks3wSK0mzIjQoVuim50V4t9QGcomTQzDU0yQ5JRytBPceOvuHGhiO70a0wfoLYeCBzOOZebe/yYUaVt+9PKrKyurW9kN3Nb2zu7e/n9g5aKEolJE0cskh0fKcKoIE1NNSOdWBLEfUba/vBy4rfviFQ0Erd6FBOPo1DQgGKkjdTLV7iELmPQcaupKzksNlulsVt1GzQcaCRldO9WJ5Ew/IlcN0rjXr5gl+0p4DJx5qQA5qj38h9uP8IJJ0JjhpTqOnasvRRJTTEj45ybKBIjPEQh6RoqECfKS6cHjuGJUfowiKR5QsOp+nsiRVypEfdNkiM9UIveRPzP6yY6OPdSKuJEE4Fni4KEQR3BSVuwTyXBmo0MQVhS81eIB0girE2nOVOCs3jyMmmdlh3Db84KtYt5HVlwBI5BETigAmrgCtRBE2DwAJ7AC3i1Hq1n6816n0Uz1nzmEPyB9fUNZOqhPg==</latexit><latexit sha1_base64="pEXcSxkniAlNDU9pxCxH+LOAdZY=">AAACIHicbVDLSgMxFM3UV62vqks3wSK0mzIjQoVuim50V4t9QGcomTQzDU0yQ5JRytBPceOvuHGhiO70a0wfoLYeCBzOOZebe/yYUaVt+9PKrKyurW9kN3Nb2zu7e/n9g5aKEolJE0cskh0fKcKoIE1NNSOdWBLEfUba/vBy4rfviFQ0Erd6FBOPo1DQgGKkjdTLV7iELmPQcaupKzksNlulsVt1GzQcaCRldO9WJ5Ew/IlcN0rjXr5gl+0p4DJx5qQA5qj38h9uP8IJJ0JjhpTqOnasvRRJTTEj45ybKBIjPEQh6RoqECfKS6cHjuGJUfowiKR5QsOp+nsiRVypEfdNkiM9UIveRPzP6yY6OPdSKuJEE4Fni4KEQR3BSVuwTyXBmo0MQVhS81eIB0girE2nOVOCs3jyMmmdlh3Db84KtYt5HVlwBI5BETigAmrgCtRBE2DwAJ7AC3i1Hq1n6816n0Uz1nzmEPyB9fUNZOqhPg==</latexit><latexit sha1_base64="pEXcSxkniAlNDU9pxCxH+LOAdZY=">AAACIHicbVDLSgMxFM3UV62vqks3wSK0mzIjQoVuim50V4t9QGcomTQzDU0yQ5JRytBPceOvuHGhiO70a0wfoLYeCBzOOZebe/yYUaVt+9PKrKyurW9kN3Nb2zu7e/n9g5aKEolJE0cskh0fKcKoIE1NNSOdWBLEfUba/vBy4rfviFQ0Erd6FBOPo1DQgGKkjdTLV7iELmPQcaupKzksNlulsVt1GzQcaCRldO9WJ5Ew/IlcN0rjXr5gl+0p4DJx5qQA5qj38h9uP8IJJ0JjhpTqOnasvRRJTTEj45ybKBIjPEQh6RoqECfKS6cHjuGJUfowiKR5QsOp+nsiRVypEfdNkiM9UIveRPzP6yY6OPdSKuJEE4Fni4KEQR3BSVuwTyXBmo0MQVhS81eIB0girE2nOVOCs3jyMmmdlh3Db84KtYt5HVlwBI5BETigAmrgCtRBE2DwAJ7AC3i1Hq1n6816n0Uz1nzmEPyB9fUNZOqhPg==</latexit><latexit sha1_base64="pEXcSxkniAlNDU9pxCxH+LOAdZY=">AAACIHicbVDLSgMxFM3UV62vqks3wSK0mzIjQoVuim50V4t9QGcomTQzDU0yQ5JRytBPceOvuHGhiO70a0wfoLYeCBzOOZebe/yYUaVt+9PKrKyurW9kN3Nb2zu7e/n9g5aKEolJE0cskh0fKcKoIE1NNSOdWBLEfUba/vBy4rfviFQ0Erd6FBOPo1DQgGKkjdTLV7iELmPQcaupKzksNlulsVt1GzQcaCRldO9WJ5Ew/IlcN0rjXr5gl+0p4DJx5qQA5qj38h9uP8IJJ0JjhpTqOnasvRRJTTEj45ybKBIjPEQh6RoqECfKS6cHjuGJUfowiKR5QsOp+nsiRVypEfdNkiM9UIveRPzP6yY6OPdSKuJEE4Fni4KEQR3BSVuwTyXBmo0MQVhS81eIB0girE2nOVOCs3jyMmmdlh3Db84KtYt5HVlwBI5BETigAmrgCtRBE2DwAJ7AC3i1Hq1n6816n0Uz1nzmEPyB9fUNZOqhPg==</latexit>

S(r) = Slocal + Snon�local
<latexit sha1_base64="Rs+4UA1V2x1mACjlVFePWdmaPGU=">AAACCHicbZDLSgMxFIYz9VbrbdSlC4NFqIgyI4JuhKIbl5XaC7TDkEkzbWgmGZKMUIYu3fgqblwo4tZHcOfbmGlnoa0/BL785xyS8wcxo0o7zrdVWFhcWl4prpbW1jc2t+ztnaYSicSkgQUTsh0gRRjlpKGpZqQdS4KigJFWMLzJ6q0HIhUV/F6PYuJFqM9pSDHSxvLt/XpFHsErWPdTJjBi4+MMueAn06tvl51TZyI4D24OZZCr5ttf3Z7ASUS4xgwp1XGdWHspkppiRsalbqJIjPAQ9UnHIEcRUV46WWQMD43Tg6GQ5nANJ+7viRRFSo2iwHRGSA/UbC0z/6t1Eh1eeinlcaIJx9OHwoRBLWCWCuxRSbBmIwMIS2r+CvEASYS1ya5kQnBnV56H5tmpa/juvFy9zuMogj1wACrABRegCm5BDTQABo/gGbyCN+vJerHerY9pa8HKZ3bBH1mfP9/OmKE=</latexit><latexit sha1_base64="Rs+4UA1V2x1mACjlVFePWdmaPGU=">AAACCHicbZDLSgMxFIYz9VbrbdSlC4NFqIgyI4JuhKIbl5XaC7TDkEkzbWgmGZKMUIYu3fgqblwo4tZHcOfbmGlnoa0/BL785xyS8wcxo0o7zrdVWFhcWl4prpbW1jc2t+ztnaYSicSkgQUTsh0gRRjlpKGpZqQdS4KigJFWMLzJ6q0HIhUV/F6PYuJFqM9pSDHSxvLt/XpFHsErWPdTJjBi4+MMueAn06tvl51TZyI4D24OZZCr5ttf3Z7ASUS4xgwp1XGdWHspkppiRsalbqJIjPAQ9UnHIEcRUV46WWQMD43Tg6GQ5nANJ+7viRRFSo2iwHRGSA/UbC0z/6t1Eh1eeinlcaIJx9OHwoRBLWCWCuxRSbBmIwMIS2r+CvEASYS1ya5kQnBnV56H5tmpa/juvFy9zuMogj1wACrABRegCm5BDTQABo/gGbyCN+vJerHerY9pa8HKZ3bBH1mfP9/OmKE=</latexit><latexit sha1_base64="Rs+4UA1V2x1mACjlVFePWdmaPGU=">AAACCHicbZDLSgMxFIYz9VbrbdSlC4NFqIgyI4JuhKIbl5XaC7TDkEkzbWgmGZKMUIYu3fgqblwo4tZHcOfbmGlnoa0/BL785xyS8wcxo0o7zrdVWFhcWl4prpbW1jc2t+ztnaYSicSkgQUTsh0gRRjlpKGpZqQdS4KigJFWMLzJ6q0HIhUV/F6PYuJFqM9pSDHSxvLt/XpFHsErWPdTJjBi4+MMueAn06tvl51TZyI4D24OZZCr5ttf3Z7ASUS4xgwp1XGdWHspkppiRsalbqJIjPAQ9UnHIEcRUV46WWQMD43Tg6GQ5nANJ+7viRRFSo2iwHRGSA/UbC0z/6t1Eh1eeinlcaIJx9OHwoRBLWCWCuxRSbBmIwMIS2r+CvEASYS1ya5kQnBnV56H5tmpa/juvFy9zuMogj1wACrABRegCm5BDTQABo/gGbyCN+vJerHerY9pa8HKZ3bBH1mfP9/OmKE=</latexit><latexit sha1_base64="Rs+4UA1V2x1mACjlVFePWdmaPGU=">AAACCHicbZDLSgMxFIYz9VbrbdSlC4NFqIgyI4JuhKIbl5XaC7TDkEkzbWgmGZKMUIYu3fgqblwo4tZHcOfbmGlnoa0/BL785xyS8wcxo0o7zrdVWFhcWl4prpbW1jc2t+ztnaYSicSkgQUTsh0gRRjlpKGpZqQdS4KigJFWMLzJ6q0HIhUV/F6PYuJFqM9pSDHSxvLt/XpFHsErWPdTJjBi4+MMueAn06tvl51TZyI4D24OZZCr5ttf3Z7ASUS4xgwp1XGdWHspkppiRsalbqJIjPAQ9UnHIEcRUV46WWQMD43Tg6GQ5nANJ+7viRRFSo2iwHRGSA/UbC0z/6t1Eh1eeinlcaIJx9OHwoRBLWCWCuxRSbBmIwMIS2r+CvEASYS1ya5kQnBnV56H5tmpa/juvFy9zuMogj1wACrABRegCm5BDTQABo/gGbyCN+vJerHerY9pa8HKZ3bBH1mfP9/OmKE=</latexit>

Snon�local(r) =
<latexit sha1_base64="smPZrYmRCS+bXvLsHw+hZ2OSU8s=">AAAB+3icbZDLSgMxFIbP1Futt7Eu3QSLUBeWGRF0IxTduKxoL9AOJZOmbWgmGZKMWIZ5FTcuFHHri7jzbUwvC239IfDxn3M4J38Yc6aN5307uZXVtfWN/GZha3tnd8/dLza0TBShdSK5VK0Qa8qZoHXDDKetWFEchZw2w9HNpN58pEozKR7MOKZBhAeC9RnBxlpdt3jfTYUUp1wSzLOyOkFXXbfkVbyp0DL4cyjBXLWu+9XpSZJEVBjCsdZt34tNkGJlGOE0K3QSTWNMRnhA2xYFjqgO0untGTq2Tg/1pbJPGDR1f0+kONJ6HIW2M8JmqBdrE/O/Wjsx/csgZSJODBVktqifcGQkmgSBekxRYvjYAiaK2VsRGWKFibFxFWwI/uKXl6FxVvEt352XqtfzOPJwCEdQBh8uoAq3UIM6EHiCZ3iFNydzXpx352PWmnPmMwfwR87nD+Suk6w=</latexit><latexit sha1_base64="smPZrYmRCS+bXvLsHw+hZ2OSU8s=">AAAB+3icbZDLSgMxFIbP1Futt7Eu3QSLUBeWGRF0IxTduKxoL9AOJZOmbWgmGZKMWIZ5FTcuFHHri7jzbUwvC239IfDxn3M4J38Yc6aN5307uZXVtfWN/GZha3tnd8/dLza0TBShdSK5VK0Qa8qZoHXDDKetWFEchZw2w9HNpN58pEozKR7MOKZBhAeC9RnBxlpdt3jfTYUUp1wSzLOyOkFXXbfkVbyp0DL4cyjBXLWu+9XpSZJEVBjCsdZt34tNkGJlGOE0K3QSTWNMRnhA2xYFjqgO0untGTq2Tg/1pbJPGDR1f0+kONJ6HIW2M8JmqBdrE/O/Wjsx/csgZSJODBVktqifcGQkmgSBekxRYvjYAiaK2VsRGWKFibFxFWwI/uKXl6FxVvEt352XqtfzOPJwCEdQBh8uoAq3UIM6EHiCZ3iFNydzXpx352PWmnPmMwfwR87nD+Suk6w=</latexit><latexit sha1_base64="smPZrYmRCS+bXvLsHw+hZ2OSU8s=">AAAB+3icbZDLSgMxFIbP1Futt7Eu3QSLUBeWGRF0IxTduKxoL9AOJZOmbWgmGZKMWIZ5FTcuFHHri7jzbUwvC239IfDxn3M4J38Yc6aN5307uZXVtfWN/GZha3tnd8/dLza0TBShdSK5VK0Qa8qZoHXDDKetWFEchZw2w9HNpN58pEozKR7MOKZBhAeC9RnBxlpdt3jfTYUUp1wSzLOyOkFXXbfkVbyp0DL4cyjBXLWu+9XpSZJEVBjCsdZt34tNkGJlGOE0K3QSTWNMRnhA2xYFjqgO0untGTq2Tg/1pbJPGDR1f0+kONJ6HIW2M8JmqBdrE/O/Wjsx/csgZSJODBVktqifcGQkmgSBekxRYvjYAiaK2VsRGWKFibFxFWwI/uKXl6FxVvEt352XqtfzOPJwCEdQBh8uoAq3UIM6EHiCZ3iFNydzXpx352PWmnPmMwfwR87nD+Suk6w=</latexit><latexit sha1_base64="smPZrYmRCS+bXvLsHw+hZ2OSU8s=">AAAB+3icbZDLSgMxFIbP1Futt7Eu3QSLUBeWGRF0IxTduKxoL9AOJZOmbWgmGZKMWIZ5FTcuFHHri7jzbUwvC239IfDxn3M4J38Yc6aN5307uZXVtfWN/GZha3tnd8/dLza0TBShdSK5VK0Qa8qZoHXDDKetWFEchZw2w9HNpN58pEozKR7MOKZBhAeC9RnBxlpdt3jfTYUUp1wSzLOyOkFXXbfkVbyp0DL4cyjBXLWu+9XpSZJEVBjCsdZt34tNkGJlGOE0K3QSTWNMRnhA2xYFjqgO0untGTq2Tg/1pbJPGDR1f0+kONJ6HIW2M8JmqBdrE/O/Wjsx/csgZSJODBVktqifcGQkmgSBekxRYvjYAiaK2VsRGWKFibFxFWwI/uKXl6FxVvEt352XqtfzOPJwCEdQBh8uoAq3UIM6EHiCZ3iFNydzXpx352PWmnPmMwfwR87nD+Suk6w=</latexit>

d even
<latexit sha1_base64="dh/D6XHo4VGtLAoEvAvB4OChywM=">AAAB+XicbZDLSsNAFIYn9VbrLerSTbAIrkoigoKbohuXFewF2lAmk5N26GQSZk6KJfRN3LhQxK1v4s63cdpmoa1nGPj4/3OYM3+QCq7Rdb+t0tr6xuZWebuys7u3f2AfHrV0kikGTZaIRHUCqkFwCU3kKKCTKqBxIKAdjO5mfnsMSvNEPuIkBT+mA8kjzigaqW/bYe/GHIQnzGEMctq3q27NnZezCl4BVVJUo29/9cKEZTFIZIJq3fXcFP2cKuRMwLTSyzSklI3oALoGJY1B+/l886lzZpTQiRJlrkRnrv6eyGms9SQOTGdMcaiXvZn4n9fNMLr2cy7TDEGyxUNRJhxMnFkMTsgVMBQTA5QpbnZ12JAqytCEVTEheMtfXoXWRc0z/HBZrd8WcZTJCTkl58QjV6RO7kmDNAkjY/JMXsmblVsv1rv1sWgtWcXMMflT1ucPnhqTpA==</latexit><latexit sha1_base64="dh/D6XHo4VGtLAoEvAvB4OChywM=">AAAB+XicbZDLSsNAFIYn9VbrLerSTbAIrkoigoKbohuXFewF2lAmk5N26GQSZk6KJfRN3LhQxK1v4s63cdpmoa1nGPj4/3OYM3+QCq7Rdb+t0tr6xuZWebuys7u3f2AfHrV0kikGTZaIRHUCqkFwCU3kKKCTKqBxIKAdjO5mfnsMSvNEPuIkBT+mA8kjzigaqW/bYe/GHIQnzGEMctq3q27NnZezCl4BVVJUo29/9cKEZTFIZIJq3fXcFP2cKuRMwLTSyzSklI3oALoGJY1B+/l886lzZpTQiRJlrkRnrv6eyGms9SQOTGdMcaiXvZn4n9fNMLr2cy7TDEGyxUNRJhxMnFkMTsgVMBQTA5QpbnZ12JAqytCEVTEheMtfXoXWRc0z/HBZrd8WcZTJCTkl58QjV6RO7kmDNAkjY/JMXsmblVsv1rv1sWgtWcXMMflT1ucPnhqTpA==</latexit><latexit sha1_base64="dh/D6XHo4VGtLAoEvAvB4OChywM=">AAAB+XicbZDLSsNAFIYn9VbrLerSTbAIrkoigoKbohuXFewF2lAmk5N26GQSZk6KJfRN3LhQxK1v4s63cdpmoa1nGPj4/3OYM3+QCq7Rdb+t0tr6xuZWebuys7u3f2AfHrV0kikGTZaIRHUCqkFwCU3kKKCTKqBxIKAdjO5mfnsMSvNEPuIkBT+mA8kjzigaqW/bYe/GHIQnzGEMctq3q27NnZezCl4BVVJUo29/9cKEZTFIZIJq3fXcFP2cKuRMwLTSyzSklI3oALoGJY1B+/l886lzZpTQiRJlrkRnrv6eyGms9SQOTGdMcaiXvZn4n9fNMLr2cy7TDEGyxUNRJhxMnFkMTsgVMBQTA5QpbnZ12JAqytCEVTEheMtfXoXWRc0z/HBZrd8WcZTJCTkl58QjV6RO7kmDNAkjY/JMXsmblVsv1rv1sWgtWcXMMflT1ucPnhqTpA==</latexit><latexit sha1_base64="dh/D6XHo4VGtLAoEvAvB4OChywM=">AAAB+XicbZDLSsNAFIYn9VbrLerSTbAIrkoigoKbohuXFewF2lAmk5N26GQSZk6KJfRN3LhQxK1v4s63cdpmoa1nGPj4/3OYM3+QCq7Rdb+t0tr6xuZWebuys7u3f2AfHrV0kikGTZaIRHUCqkFwCU3kKKCTKqBxIKAdjO5mfnsMSvNEPuIkBT+mA8kjzigaqW/bYe/GHIQnzGEMctq3q27NnZezCl4BVVJUo29/9cKEZTFIZIJq3fXcFP2cKuRMwLTSyzSklI3oALoGJY1B+/l886lzZpTQiRJlrkRnrv6eyGms9SQOTGdMcaiXvZn4n9fNMLr2cy7TDEGyxUNRJhxMnFkMTsgVMBQTA5QpbnZ12JAqytCEVTEheMtfXoXWRc0z/HBZrd8WcZTJCTkl58QjV6RO7kmDNAkjY/JMXsmblVsv1rv1sWgtWcXMMflT1ucPnhqTpA==</latexit>

d odd
<latexit sha1_base64="mJtSGXpdMhYTEiYuAucZPpNCwis=">AAAB+HicbZDLSgMxFIYzXmu9dNSlm2ARXJUZERTcFN24rGAv0A4lk8m0oZlkSM6IdeiTuHGhiFsfxZ1vY9rOQltPCHz8/znk5A9TwQ143rezsrq2vrFZ2ipv7+zuVdz9g5ZRmaasSZVQuhMSwwSXrAkcBOukmpEkFKwdjm6mfvuBacOVvIdxyoKEDCSPOSVgpb5biXpX9gB7hFxF0aTvVr2aNyu8DH4BVVRUo+9+9SJFs4RJoIIY0/W9FIKcaOBUsEm5lxmWEjoiA9a1KEnCTJDPFp/gE6tEOFbaXgl4pv6eyElizDgJbWdCYGgWvan4n9fNIL4Mci7TDJik84fiTGBQeJoCjrhmFMTYAqGa210xHRJNKNisyjYEf/HLy9A6q/mW786r9esijhI6QsfoFPnoAtXRLWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP0p5/MHvq2TIw==</latexit><latexit sha1_base64="mJtSGXpdMhYTEiYuAucZPpNCwis=">AAAB+HicbZDLSgMxFIYzXmu9dNSlm2ARXJUZERTcFN24rGAv0A4lk8m0oZlkSM6IdeiTuHGhiFsfxZ1vY9rOQltPCHz8/znk5A9TwQ143rezsrq2vrFZ2ipv7+zuVdz9g5ZRmaasSZVQuhMSwwSXrAkcBOukmpEkFKwdjm6mfvuBacOVvIdxyoKEDCSPOSVgpb5biXpX9gB7hFxF0aTvVr2aNyu8DH4BVVRUo+9+9SJFs4RJoIIY0/W9FIKcaOBUsEm5lxmWEjoiA9a1KEnCTJDPFp/gE6tEOFbaXgl4pv6eyElizDgJbWdCYGgWvan4n9fNIL4Mci7TDJik84fiTGBQeJoCjrhmFMTYAqGa210xHRJNKNisyjYEf/HLy9A6q/mW786r9esijhI6QsfoFPnoAtXRLWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP0p5/MHvq2TIw==</latexit><latexit sha1_base64="mJtSGXpdMhYTEiYuAucZPpNCwis=">AAAB+HicbZDLSgMxFIYzXmu9dNSlm2ARXJUZERTcFN24rGAv0A4lk8m0oZlkSM6IdeiTuHGhiFsfxZ1vY9rOQltPCHz8/znk5A9TwQ143rezsrq2vrFZ2ipv7+zuVdz9g5ZRmaasSZVQuhMSwwSXrAkcBOukmpEkFKwdjm6mfvuBacOVvIdxyoKEDCSPOSVgpb5biXpX9gB7hFxF0aTvVr2aNyu8DH4BVVRUo+9+9SJFs4RJoIIY0/W9FIKcaOBUsEm5lxmWEjoiA9a1KEnCTJDPFp/gE6tEOFbaXgl4pv6eyElizDgJbWdCYGgWvan4n9fNIL4Mci7TDJik84fiTGBQeJoCjrhmFMTYAqGa210xHRJNKNisyjYEf/HLy9A6q/mW786r9esijhI6QsfoFPnoAtXRLWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP0p5/MHvq2TIw==</latexit><latexit sha1_base64="mJtSGXpdMhYTEiYuAucZPpNCwis=">AAAB+HicbZDLSgMxFIYzXmu9dNSlm2ARXJUZERTcFN24rGAv0A4lk8m0oZlkSM6IdeiTuHGhiFsfxZ1vY9rOQltPCHz8/znk5A9TwQ143rezsrq2vrFZ2ipv7+zuVdz9g5ZRmaasSZVQuhMSwwSXrAkcBOukmpEkFKwdjm6mfvuBacOVvIdxyoKEDCSPOSVgpb5biXpX9gB7hFxF0aTvVr2aNyu8DH4BVVRUo+9+9SJFs4RJoIIY0/W9FIKcaOBUsEm5lxmWEjoiA9a1KEnCTJDPFp/gE6tEOFbaXgl4pv6eyElizDgJbWdCYGgWvan4n9fNIL4Mci7TDJik84fiTGBQeJoCjrhmFMTYAqGa210xHRJNKNisyjYEf/HLy9A6q/mW786r9esijhI6QsfoFPnoAtXRLWqgJqIoQ8/oFb05T86L8+58zFtXnGLmEP0p5/MHvq2TIw==</latexit>

RG irreversibility: decrease of A or F; proved for d = 2, 3, 4

<latexit sha1_base64="701n+pe6Ju0/63EDEcUs1A7Un00=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7taIXoeDFYwVrC+1SstlsG5pklyQrlKU/wosHRbz6e7z5b0zbPWjrg4HHezPMzAsSzrRx3W+nsLa+sblV3C7t7O7tH5QPjx51nCpC2yTmseoGWFPOJG0bZjjtJopiEXDaCca3M7/zRJVmsXwwk4T6Ag8lixjBxkqd8KZevag2BuWKW3PnQKvEy0kFcrQG5a9+GJNUUGkIx1r3PDcxfoaVYYTTaamfappgMsZD2rNUYkG1n83PnaIzq4QoipUtadBc/T2RYaH1RAS2U2Az0sveTPzP66UmuvYzJpPUUEkWi6KUIxOj2e8oZIoSwyeWYKKYvRWREVaYGJtQyYbgLb+8Sh7rNa9Ru7xvVJrNPI4inMApnIMHV9CEO2hBGwiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AF2qY5Y</latexit>

Slocal(r) = µd�2r
d�2 + µd�4r

d�4 + . . .

<latexit sha1_base64="mNZLmnCGb3G+mGcwRb2SATP7gMo=">AAACI3icbZBNS8MwGMdTX+d8m3r0EhzCZDjaMVEEYeLF40T3AussaZptYWlTklQYpd/Fi1/FiwdlePHgdzHretDNB0L+/P7PQ/L83ZBRqUzzy1haXlldW89t5De3tnd2C3v7LckjgUkTc8ZFx0WSMBqQpqKKkU4oCPJdRtru6Gbqt5+IkJQHD2ockp6PBgHtU4yURk7h8t6JGceIJSVxAq+g7UdO7J1WEyge07uckVpGakkZ2szjSjqFolkx04KLwspEEWTVcAoT2+M48kmgMENSdi0zVL0YCUUxI0nejiQJER6hAelqGSCfyF6c7pjAY0082OdCn0DBlP6eiJEv5dh3daeP1FDOe1P4n9eNVP+iF9MgjBQJ8OyhfsSg4nAaGPSoIFixsRYIC6r/CvEQCYSVjjWvQ7DmV14UrWrFqlXO7mrF+nUWRw4cgiNQAhY4B3VwCxqgCTB4Bq/gHXwYL8abMTE+Z61LRjZzAP6U8f0DcSyi7Q==</latexit>



The universal terms can also be isolated from the partition 
function on the sphere (free energy in de Sitter),  or from the Weyl 
anomaly if d even.

‣For d-dim conformal defect in a D-dim CFT, there are additional terms:

S(r) = µD�2r
D�2 + µD�4r

D�4 + . . .+ µ̃d�2r
d�2 + µ̃d�4r

d�4 + . . .

<latexit sha1_base64="tT9FqodAx/tqqNhk8hag0IBjDWc=">AAACVHicbVHNS8MwHE3r99Q59eglOITJcLRS0Ysw0YPHiW4O1jrSNJth6QfJr8Io+yP1IPiXePFg1vagzgchj/d+jyQvfiK4Asv6MMyl5ZXVtfWNyubWdnWntrvXU3EqKevSWMSy7xPFBI9YFzgI1k8kI6Ev2KM/uZ77jy9MKh5HDzBNmBeSccRHnBLQ0rA2uW/IY3yJ3TAdZjcnpzMsn/K9WSpOqTizJnZFEINqusBFwIpIUE aCPPLLcEpDJ4vgsFa3WlYOvEjsktRRic6w9uYGMU1DFgEVRKmBbSXgZUQCp4LNKm6qWELohIzZQNOIhEx5WV7KDB9pJcCjWOoVAc7Vn4mMhEpNQ19PhgSe1V9vLv7nDVIYXXgZj5IUWESLg0apwBDjecM44JJREFNNCJVc3xXTZyIJBf0PFV2C/ffJi6R32rKd1tmdU29flXWsowN0iBrIRueojW5RB3URRa/o00CGYbwbX+aSuVKMmkaZ2Ue/YFa/Ab86sCM=</latexit>

+

(
(�1)

D�2
2 4A log r

✏ D even

(�1)
D�1

2 F D odd

<latexit sha1_base64="1Fg6PGdOfZN0CmrVdxn0uqXYJOc="></latexit>

+

(
(�1)

d�2
2 4Ã log r

✏ d even

(�1)
d�1
2 F̃ d odd

<latexit sha1_base64="TBlZklLkNiYLybv0Z5PdtttmLzw="></latexit>

For defect RG flows, quantities with tildes flow. One can try to prove 
irreversibility theorems for the universal         , but in general this does 
not work (exception: D=d+1).

F̃ , Ã

<latexit sha1_base64="nVDbIXq4duZ2bx5Vcr0tBRpwM84=">AAAB+3icbZDLSsNAFIYn9VbrLdalm8EiuJCSSEWXLYK4rGAv0IYymZy0QyeTMDMRS+iruHGhiFtfxJ1v47TNQlt/GPj4zzmcM7+fcKa043xbhbX1jc2t4nZpZ3dv/8A+LLdVnEoKLRrzWHZ9ooAzAS3NNIduIoFEPoeOP76Z1TuPIBWLxYOeJOBFZChYyCjRxhrY5b5mPAB8e45zagzsilN15sKr4OZQQbmaA/urH8Q0jUBoyolSPddJtJcRqRnlMC31UwUJoWMyhJ5BQSJQXja/fYpPjRPgMJbmCY3n7u+JjERKTSLfdEZEj9RybWb+V+ulOrz2MiaSVIOgi0VhyrGO8SwIHDAJVPOJAUIlM7diOiKSUG3iKpkQ3OUvr0L7ourWqpf3tUq9kcdRRMfoBJ0hF12hOrpDTdRCFD2hZ/SK3qyp9WK9Wx+L1oKVzxyhP7I+fwBSzJNV</latexit>

One reason: the defect contributes nonzero energy. The universal 
term in the EE no longer coincides with the one in the free energy. 
We should look at the quantum-information analog of free energy.

[Jensen, O’Bannon]
[Kobayashi, Nishioka, Sato, Watanabe]



  Relative entropy

For two density matrices    and    , the relative entropy is�

<latexit sha1_base64="Akb5YtiuSBx8UxOIWjPPAMPJ6gg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI8RLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWvXyvlap3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPnqqPKg==</latexit>

⇢

<latexit sha1_base64="xlTj66y8EkeofMLRuvC1u44rzMw=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoseIF48RzAOSJcxOZrND5rHMzAoh5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFKWfG+v63V1pb39jcKm9Xdnb39g+qh0dtozJNaIsornQ3woZyJmnLMstpN9UUi4jTTjS+y/3OE9WGKfloJykNBR5JFjOCbS71daIG1Zpf9+dAqyQoSA0KNAfVr/5QkUxQaQnHxvQCP7XhFGvLCKezSj8zNMVkjEe056jEgppwOr91hs6cMkSx0q6kRXP198QUC2MmInKdAtvELHu5+J/Xy2x8E06ZTDNLJVksijOOrEL542jINCWWTxzBRDN3KyIJ1phYF0/FhRAsv7xK2hf14LJ+9XBZa9wWcZThBE7hHAK4hgbcQxNaQCCBZ3iFN094L96797FoLXnFzDH8gff5AyH3jk4=</latexit>

Srel(⇢|�) = tr(⇢ log ⇢� ⇢ log �)

<latexit sha1_base64="6cwVgxEIEvz49kUZDz34eb9RG34=">AAACKXicbVDLSgMxFM34tr6qLt0Ei1AXlhmp6EaouHGpaFuhU0omvW1DM5MhuSOWsb/jxl9xo6CoW3/E9LGo1gOBk3POJbkniKUw6Lqfzszs3PzC4tJyZmV1bX0ju7lVMSrRHMpcSaVvA2ZAigjKKFDCbayBhYGEatA9H/jVO9BGqOgGezHUQ9aOREtwhlZqZEvXjVSD7Od93VEPvhHtkO3TUx/hHlPUI536UrXpgB1MXEfZRjbnFtwh6DTxxiRHxrhsZF/9puJJCBFyyYypeW6M9ZRpFFxCP+MnBmLGu6wNNUsjFoKpp8NN+3TPKk3aUtqeCOlQnZxIWWhMLwxsMmTYMX+9gfifV0uwdVJPRRQnCBEfPdRKJEVFB7XRptDAUfYsYVwL+1fKO0wzjrbcjC3B+7vyNKkcFrxi4eiqmCudjetYIjtkl+SJR45JiVyQS1ImnDySZ/JG3p0n58X5cL5G0RlnPLNNfsH5/gHPqKbw</latexit>

Introducing the modular Hamiltonian H = � log �

<latexit sha1_base64="Tuq92+NOZn1S25rJOZTBYJxdWVo=">AAAB9XicbVDLSsNAFJ3UV62vqks3g0VwY0mkohuh4qbLCvYBTSyT6SQdOo8wM1FK6H+4caGIW//FnX/jtM1CWw9cOJxzL/feEyaMauO6305hZXVtfaO4Wdra3tndK+8ftLVMFSYtLJlU3RBpwqggLUMNI91EEcRDRjrh6Hbqdx6J0lSKezNOSMBRLGhEMTJWemhcn/lMxtDXNOaoX664VXcGuEy8nFRAjma//OUPJE45EQYzpHXPcxMTZEgZihmZlPxUkwThEYpJz1KBONFBNrt6Ak+sMoCRVLaEgTP190SGuNZjHtpOjsxQL3pT8T+vl5roKsioSFJDBJ4vilIGjYTTCOCAKoING1uCsKL2VoiHSCFsbFAlG4K3+PIyaZ9XvVr14q5Wqd/kcRTBETgGp8ADl6AOGqAJWgADBZ7BK3hznpwX5935mLcWnHzmEPyB8/kDjz2R6g==</latexit>

Srel(⇢|�) = tr(⇢ log ⇢� ⇢ log � + � log � � � log �)

<latexit sha1_base64="6f0ZNPv4Gb3bQSdop0v6WOT4CRw="></latexit>

= hHi⇢ � hHi� � (S⇢ � S�)

<latexit sha1_base64="P6BtV9F8J7v0BMDE3ULvl+VC26k=">AAACLnicbVDLSgMxFM3UV62vUZdugkWoi5YZqehGqIjQZaX2AZ0yZNJ0GppkhiQjlNIvcuOv6EJQEbd+hmk7C209EDiccy439wQxo0o7zpuVWVldW9/Ibua2tnd29+z9g6aKEolJA0csku0AKcKoIA1NNSPtWBLEA0ZawfBm6rceiFQ0Evd6FJMuR6GgfYqRNpJv315BjyERMgKr0JMz5ntyEBX/kRUNOYJFWKjPI/VUOvXtvFNyZoDLxE1JHqSo+faL14twwonQmCGlOq4T6+4YSU0xI5OclygSIzxEIekYKhAnqjuenTuBJ0bpwX4kzRMaztTfE2PElRrxwCQ50gO16E3F/7xOovuX3TEVcaKJwPNF/YRBHcFpd7BHJcGajQxBWFLzV4gHSCKsTcM5U4K7ePIyaZ6V3HLp/K6cr1yndWTBETgGBeCCC1ABVVADDYDBI3gG7+DDerJerU/rax7NWOnMIfgD6/sHQbGndw==</latexit>

= �hHi ��S

<latexit sha1_base64="XWi1y1Dv8dINb6Qh8XzW06NA2lo=">AAACDnicbZDLSgMxFIYz9VbrbdSlm2ApuLHMSEU3QkUXXVa0F+gMJZOetqGZzJBkhDL0Cdz4Km5cKOLWtTvfxvQiaOuBwMf/n8PJ+YOYM6Ud58vKLC2vrK5l13Mbm1vbO/buXl1FiaRQoxGPZDMgCjgTUNNMc2jGEkgYcGgEg6ux37gHqVgk7vQwBj8kPcG6jBJtpLZduMDeNXBNsMeJ6HHAFezJKR3/WLdtO+8UnUnhRXBnkEezqrbtT68T0SQEoSknSrVcJ9Z+SqRmlMMo5yUKYkIHpActg4KEoPx0cs4IF4zSwd1Imic0nqi/J1ISKjUMA9MZEt1X895Y/M9rJbp77qdMxIkGQaeLugnHOsLjbHCHSaCaDw0QKpn5K6Z9IgnVJsGcCcGdP3kR6idFt1Q8vSnly5ezOLLoAB2iI+SiM1RGFVRFNUTRA3pCL+jVerSerTfrfdqasWYz++hPWR/fDcuaOQ==</latexit>

difference of  “free energies”

For irreversibility in QFT, we will compare two density matrices:

� =

<latexit sha1_base64="zs9Yw9tP+xbxxaBbRccrBr6NH0I=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoheh4sVjBfsB7VKyabYNTbJrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DpolTTVmDxiLW7ZAYJrhiDcutYO1EMyJDwVrh6Hbqt56YNjxWD3acsECSgeIRp8Q6qd01fCAJvu6VK17VmwEvEz8nFchR75W/uv2YppIpSwUxpuN7iQ0yoi2ngk1K3dSwhNARGbCOo4pIZoJsdu8Enzilj6NYu1IWz9TfExmRxoxl6DolsUOz6E3F/7xOaqOrIOMqSS1TdL4oSgW2MZ4+j/tcM2rF2BFCNXe3YjokmlDrIiq5EPzFl5dJ86zqn1cv7s8rtZs8jiIcwTGcgg+XUIM7qEMDKAh4hld4Q4/oBb2jj3lrAeUzh/AH6PMHeoWPmw==</latexit>

vacuum density matrix for UV fixed point

⇢ =

<latexit sha1_base64="4xCuoUphwXb4rutugsutn/WgnrE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoheh4sVjBdMW2lA22027dLMbdjdCCP0NXjwo4tUf5M1/47bNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp41NYyVYT6RHKpuiHWlDNBfcMMp91EURyHnHbCyd3M7zxRpZkUjyZLaBDjkWARI9hYye+rsbwZVGtu3Z0DrRKvIDUo0BpUv/pDSdKYCkM41rrnuYkJcqwMI5xOK/1U0wSTCR7RnqUCx1QH+fzYKTqzyhBFUtkSBs3V3xM5jrXO4tB2xtiM9bI3E//zeqmJroOciSQ1VJDFoijlyEg0+xwNmaLE8MwSTBSztyIyxgoTY/Op2BC85ZdXSfui7jXqlw+NWvO2iKMMJ3AK5+DBFTThHlrgAwEGz/AKb45wXpx352PRWnKKmWP4A+fzB6T6jpU=</latexit>

vacuum density matrix for QFT w/relevant deformations



The modular Hamiltonian for a CFT on a sphere is

H� =

Z

⌃
d
D�1

x ⌘
µ
⇠
⌫
Tµ⌫

<latexit sha1_base64="zRGyIcnTw+WwU8y4TMmn1qnjbNk="></latexit>

-conf. transf. of Rindler Hamiltonian
- valid also with conformal defects

⌘µ

<latexit sha1_base64="GPM/Nus67j3o1t9Grm/kzjTvcFY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPFi8cK9gOaWDbbTbt0N4m7E6GU/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmFldW19o7hZ2tre2d0r7x80TZJpxhsskYluh9RwKWLeQIGSt1PNqQolb4XDm6nfeuLaiCS+x1HKA0X7sYgEo2ilts+RPvgq65YrbtWdgSwTLycVyFHvlr/8XsIyxWNkkhrT8dwUgzHVKJjkk5KfGZ5SNqR93rE0poqbYDy7d0JOrNIjUaJtxUhm6u+JMVXGjFRoOxXFgVn0puJ/XifD6CoYizjNkMdsvijKJMGETJ8nPaE5QzmyhDIt7K2EDaimDG1EJRuCt/jyMmmeVb3z6sXdeaV2ncdRhCM4hlPw4BJqcAt1aAADCc/wCm/Oo/PivDsf89aCk88cwh84nz8YFZAD</latexit>

: unit normal to Cauchy surface ⌃

<latexit sha1_base64="bn1w8CIx7sfdiBaSAbdPygnYfFY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoseIF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3Xs2ELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNzqsXd+eV2nUeRxGO4BhOIYBLqMEt1KEBBB7hGV7hzVPei/fufcxbC14+cwh/4H3+AG2qjwo=</latexit>

⇠⌫ =
⇡

R
(R2 � (x0)2 � ~x2,�2x0xi)

<latexit sha1_base64="cjjscbgtlcii2fbhkVXsnXx2FME="></latexit>

Killing vector, R: radius of sphere

hHi⇢

<latexit sha1_base64="uolNxXC0Pm0lsZhy+FX6snl9vPY=">AAAB/3icbZDNSsNAFIUn9a/Wv6jgxs1gEVyVRCq6rLjpsoKthSaEyfS2HTqZhJmJUGIXvoobF4q49TXc+TZO0yy09cDAx7n3cu+cMOFMacf5tkorq2vrG+XNytb2zu6evX/QUXEqKbRpzGPZDYkCzgS0NdMcuokEEoUc7sPxzax+/wBSsVjc6UkCfkSGgg0YJdpYgX3kcSKGHHATezKnwJOjOLCrTs3JhZfBLaCKCrUC+8vrxzSNQGjKiVI910m0nxGpGeUwrXipgoTQMRlCz6AgESg/y++f4lPj9PEgluYJjXP390RGIqUmUWg6I6JHarE2M/+r9VI9uPIzJpJUg6DzRYOUYx3jWRi4zyRQzScGCJXM3IrpiEhCtYmsYkJwF7+8DJ3zmluvXdzWq43rIo4yOkYn6Ay56BI1UBO1UBtR9Iie0St6s56sF+vd+pi3lqxi5hD9kfX5A3D+lb4=</latexit>

Note:           depends on choice of Cauchy surface. Reason: states 
evolve with different action.

⌃

<latexit sha1_base64="bn1w8CIx7sfdiBaSAbdPygnYfFY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoseIF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3Xs2ELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNzqsXd+eV2nUeRxGO4BhOIYBLqMEt1KEBBB7hGV7hzVPei/fufcxbC14+cwh/4H3+AG2qjwo=</latexit>

• for space-like dominates relative entropy

• for null

, hHi⇢ ⇠ R
D

<latexit sha1_base64="O7RCQvyw1QdPT8GaAIcdWqS/TKc=">AAACC3icbZDLSsNAFIYn9VbrLerSzdAiuJCSSEXBTUUXXVaxF2himEwn7dDJJMxMhBK6d+OruHGhiFtfwJ1v4zTNQlt/GPj4zzmcOb8fMyqVZX0bhaXlldW14nppY3Nre8fc3WvLKBGYtHDEItH1kSSMctJSVDHSjQVBoc9Ixx9dTeudByIkjfidGsfEDdGA04BipLTlmeVj58JhiA8YgQ3oiIw8Rwwj6Egawtv7a8+sWFUrE1wEO4cKyNX0zC+nH+EkJFxhhqTs2Vas3BQJRTEjk5KTSBIjPEID0tPIUUikm2a3TOChdvowiIR+XMHM/T2RolDKcejrzhCpoZyvTc3/ar1EBeduSnmcKMLxbFGQMKgiOA0G9qkgWLGxBoQF1X+FeIgEwkrHV9Ih2PMnL0L7pGrXqqc3tUr9Mo+jCA5AGRwBG5yBOmiAJmgBDB7BM3gFb8aT8WK8Gx+z1oKRz+yDPzI+fwAV4JnS</latexit>

, hHi⇢ ⇠ R
D�2

<latexit sha1_base64="eVa5ySS1B8PMQ9q6FwlE4dxZ0ww=">AAACD3icbZC7TsMwFIadcivlFmBksahADFAlVRFILEUwdCyIXqQmRI7rtlYdJ7IdpCrqG7DwKiwMIMTKysbb4KYZoOWXLH36zzk6Pr8fMSqVZX0buYXFpeWV/GphbX1jc8vc3mnKMBaYNHDIQtH2kSSMctJQVDHSjgRBgc9Iyx9eTeqtByIkDfmdGkXEDVCf0x7FSGnLMw+PnQuHId5nBNagI1LyHDEIoSNpAG/vk+uT8tgzi1bJSgXnwc6gCDLVPfPL6YY4DghXmCEpO7YVKTdBQlHMyLjgxJJECA9Rn3Q0chQQ6SbpPWN4oJ0u7IVCP65g6v6eSFAg5SjwdWeA1EDO1ibmf7VOrHrnbkJ5FCvC8XRRL2ZQhXASDuxSQbBiIw0IC6r/CvEACYSVjrCgQ7BnT56HZrlkV0qnN5Vi9TKLIw/2wD44AjY4A1VQA3XQABg8gmfwCt6MJ+PFeDc+pq05I5vZBX9kfP4A5F6bUQ==</latexit>

⌃

<latexit sha1_base64="bn1w8CIx7sfdiBaSAbdPygnYfFY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoseIF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3Xs2ELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNzqsXd+eV2nUeRxGO4BhOIYBLqMEt1KEBBB7hGV7hzVPei/fufcxbC14+cwh/4H3+AG2qjwo=</latexit>

comparable to EE. We choose this limit.
It contributes a universal term, proportional to energy of defect. Then

� lim
R!1

Srel(R) = �µ0
d�2 R

d�2 +�µ0
d�4 R

d�4 + . . .+

(
(�)

d�2
2 4�A0 log(R/✏) d even

(�)
d�1
2 �F 0 d odd

<latexit sha1_base64="G7xGUytmbP1h1NTH6rgPhcihuDk="></latexit>



  Strong subadditivity and Markov property

Key property of unitary quantum mechanics: strong 
subadditivity of the EE [Lieb, Ruskai, 1973]

S(A) + S(B) � S(A [B) + S(A \B)
<latexit sha1_base64="b4hNaatg9dB+IbMPOLhZ3acRZgg=">AAACFHicbZA9TwJBEIb38Avx69TSZiMxgZCQO2OiJWBjiUGQhLuQvWWADXsf2d0zIRd+hI1/xcZCY2wt7Pw37sEVCk6yyTPvzGR2Xi/iTCrL+jZya+sbm1v57cLO7t7+gXl41JFhLCi0achD0fWIBM4CaCumOHQjAcT3ONx7k+u0fv8AQrIwuFPTCFyfjAI2ZJQoLfXNSqtUL+MKbpUaZeyMQEMdOzSOcAMvdJzmROflvlm0qtY88CrYGRRRFs2++eUMQhr7ECjKiZQ924qUmxChGOUwKzixhIjQCRlBT2NAfJBuMj9qhs+0MsDDUOgXKDxXf08kxJdy6nu60ydqLJdrqfhfrRer4ZWbsCCKFQR0sWgYc6xCnDqEB0wAVXyqgVDB9F8xHRNBqNI+FrQJ9vLJq9A5r9qaby+KtUZmRx6doFNUQja6RDV0g5qojSh6RM/oFb0ZT8aL8W58LFpzRjZzjP6E8fkDLWCYpA==</latexit><latexit sha1_base64="b4hNaatg9dB+IbMPOLhZ3acRZgg=">AAACFHicbZA9TwJBEIb38Avx69TSZiMxgZCQO2OiJWBjiUGQhLuQvWWADXsf2d0zIRd+hI1/xcZCY2wt7Pw37sEVCk6yyTPvzGR2Xi/iTCrL+jZya+sbm1v57cLO7t7+gXl41JFhLCi0achD0fWIBM4CaCumOHQjAcT3ONx7k+u0fv8AQrIwuFPTCFyfjAI2ZJQoLfXNSqtUL+MKbpUaZeyMQEMdOzSOcAMvdJzmROflvlm0qtY88CrYGRRRFs2++eUMQhr7ECjKiZQ924qUmxChGOUwKzixhIjQCRlBT2NAfJBuMj9qhs+0MsDDUOgXKDxXf08kxJdy6nu60ydqLJdrqfhfrRer4ZWbsCCKFQR0sWgYc6xCnDqEB0wAVXyqgVDB9F8xHRNBqNI+FrQJ9vLJq9A5r9qaby+KtUZmRx6doFNUQja6RDV0g5qojSh6RM/oFb0ZT8aL8W58LFpzRjZzjP6E8fkDLWCYpA==</latexit><latexit sha1_base64="b4hNaatg9dB+IbMPOLhZ3acRZgg=">AAACFHicbZA9TwJBEIb38Avx69TSZiMxgZCQO2OiJWBjiUGQhLuQvWWADXsf2d0zIRd+hI1/xcZCY2wt7Pw37sEVCk6yyTPvzGR2Xi/iTCrL+jZya+sbm1v57cLO7t7+gXl41JFhLCi0achD0fWIBM4CaCumOHQjAcT3ONx7k+u0fv8AQrIwuFPTCFyfjAI2ZJQoLfXNSqtUL+MKbpUaZeyMQEMdOzSOcAMvdJzmROflvlm0qtY88CrYGRRRFs2++eUMQhr7ECjKiZQ924qUmxChGOUwKzixhIjQCRlBT2NAfJBuMj9qhs+0MsDDUOgXKDxXf08kxJdy6nu60ydqLJdrqfhfrRer4ZWbsCCKFQR0sWgYc6xCnDqEB0wAVXyqgVDB9F8xHRNBqNI+FrQJ9vLJq9A5r9qaby+KtUZmRx6doFNUQja6RDV0g5qojSh6RM/oFb0ZT8aL8W58LFpzRjZzjP6E8fkDLWCYpA==</latexit><latexit sha1_base64="b4hNaatg9dB+IbMPOLhZ3acRZgg=">AAACFHicbZA9TwJBEIb38Avx69TSZiMxgZCQO2OiJWBjiUGQhLuQvWWADXsf2d0zIRd+hI1/xcZCY2wt7Pw37sEVCk6yyTPvzGR2Xi/iTCrL+jZya+sbm1v57cLO7t7+gXl41JFhLCi0achD0fWIBM4CaCumOHQjAcT3ONx7k+u0fv8AQrIwuFPTCFyfjAI2ZJQoLfXNSqtUL+MKbpUaZeyMQEMdOzSOcAMvdJzmROflvlm0qtY88CrYGRRRFs2++eUMQhr7ECjKiZQ924qUmxChGOUwKzixhIjQCRlBT2NAfJBuMj9qhs+0MsDDUOgXKDxXf08kxJdy6nu60ydqLJdrqfhfrRer4ZWbsCCKFQR0sWgYc6xCnDqEB0wAVXyqgVDB9F8xHRNBqNI+FrQJ9vLJq9A5r9qaby+KtUZmRx6doFNUQja6RDV0g5qojSh6RM/oFb0ZT8aL8W58LFpzRjZzjP6E8fkDLWCYpA==</latexit>

For a CFT and for regions with boundary in null cone, Markov property:

S(A [B) + S(A \B) = S(A) + S(B)

<latexit sha1_base64="1l83R/3KXGWI8/PBLidgh9uZ6Ds=">AAACDXicbZBNTwIxEIZn8Qvxa9Wjl0Y0gZCQXYPRiwnixSNGQRLYkG4p0ND9SNs1IRv+gBf/ihcPGuPVuzf/jV3Yg4KTNH36zkym87ohZ1JZ1reRWVpeWV3Lruc2Nre2d8zdvaYMIkFogwQ8EC0XS8qZTxuKKU5boaDYczm9d0dXSf7+gQrJAv9OjUPqeHjgsz4jWGmpax7dFi5Rh0QhqhVLM8YJXyD9KKKSvmrFrpm3ytY00CLYKeQhjXrX/Or0AhJ51FeEYynbthUqJ8ZCMcLpJNeJJA0xGeEBbWv0sUelE0+3maBjrfRQPxD6+ApN1d8dMfakHHuurvSwGsr5XCL+l2tHqn/uxMwPI0V9MhvUjzhSAUqsQT0mKFF8rAETwfRfERligYnSBua0Cfb8yovQPCnblfLpTSVfraV2ZOEADqEANpxBFa6hDg0g8AjP8ApvxpPxYrwbH7PSjJH27MOfMD5/AKW3lts=</latexit>

A ^B

A
<latexit sha1_base64="Y08mrPnlbs8KXxk7hO/k/YlQCBo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSERRPFS8eW7Af0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/N6u0nVJrH8sFMEvQjOpQ85IwaazVu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPkHeMvQ==</latexit><latexit sha1_base64="Y08mrPnlbs8KXxk7hO/k/YlQCBo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSERRPFS8eW7Af0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/N6u0nVJrH8sFMEvQjOpQ85IwaazVu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPkHeMvQ==</latexit><latexit sha1_base64="Y08mrPnlbs8KXxk7hO/k/YlQCBo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSERRPFS8eW7Af0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/N6u0nVJrH8sFMEvQjOpQ85IwaazVu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPkHeMvQ==</latexit><latexit sha1_base64="Y08mrPnlbs8KXxk7hO/k/YlQCBo=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSERRPFS8eW7Af0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/N6u0nVJrH8sFMEvQjOpQ85IwaazVu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPkHeMvQ==</latexit>

B<latexit sha1_base64="hIOC+JYojmVLxj2uTu5X2agdQNU=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSERRPRS8eW7Af0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/N6u0nVJrH8sFMEvQjOpQ85IwaazVu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPkfuMvg==</latexit><latexit sha1_base64="hIOC+JYojmVLxj2uTu5X2agdQNU=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSERRPRS8eW7Af0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/N6u0nVJrH8sFMEvQjOpQ85IwaazVu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPkfuMvg==</latexit><latexit sha1_base64="hIOC+JYojmVLxj2uTu5X2agdQNU=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSERRPRS8eW7Af0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/N6u0nVJrH8sFMEvQjOpQ85IwaazVu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPkfuMvg==</latexit><latexit sha1_base64="hIOC+JYojmVLxj2uTu5X2agdQNU=">AAAB6HicbZBNS8NAEIYn9avWr6pHL4tF8FQSERRPRS8eW7Af0Iay2U7atZtN2N0IJfQXePGgiFd/kjf/jds2B219YeHhnRl25g0SwbVx3W+nsLa+sblV3C7t7O7tH5QPj1o6ThXDJotFrDoB1Si4xKbhRmAnUUijQGA7GN/N6u0nVJrH8sFMEvQjOpQ85IwaazVu++WKW3XnIqvg5VCBXPV++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXYuSRqj9bL7olJxZZ0DCWNknDZm7vycyGmk9iQLbGVEz0su1mflfrZua8NrPuExSg5ItPgpTQUxMZleTAVfIjJhYoExxuythI6ooMzabkg3BWz55FVoXVc9y47JSu8njKMIJnMI5eHAFNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/BHzucPkfuMvg==</latexit> ✓This is called a quantum Markov state
✓mod Hamiltonian local on null surfaces
✓Tracing out a subsystem becomes a reversible process

, log ⇢A[B = log ⇢A + log ⇢B � log ⇢A\B

Combining SSA w/Markov, we obtain strong superadditivity

Srel(A) + Srel(B)  Srel(A [B) + Srel(A \B)

<latexit sha1_base64="K2XAk2EEGIqFrpCUgKtduLfa2gM=">AAACOHicbVDLSgMxFM34rPU16tJNsAiKUGakosu2btxZ0VahM5RMequhmQfJHbEM/Sw3foY7ceNCEbd+geljYasHAifnnEtyT5BIodFxXqyZ2bn5hcXcUn55ZXVt3d7YbOg4VRzqPJaxugmYBikiqKNACTeJAhYGEq6D7unAv74HpUUcXWEvAT9kt5HoCM7QSC37/LLlITxgpkD29yr7BxP36j71JNDJjMfThFankkZlA7VlF5yiMwT9S9wxKZAxai372WvHPA0hQi6Z1k3XSdDPmELBJfTzXqohYbzLbqFpaMRC0H42XLxPd43Spp1YmRMhHaq/JzIWat0LA5MMGd7paW8g/uc1U+yc+JmIkhQh4qOHOqmkGNNBi7QtFHCUPUMYV8L8lfI7phhH03XelOBOr/yXNA6Lbql4dFEqlCvjOnJkm+yQPeKSY1ImZ6RG6oSTR/JK3smH9WS9WZ/W1yg6Y41ntsgErO8fO4+sBA==</latexit>

[Casini, Testé, GT, 2017]



We will explain the proof for a d=2 defect, in D-dim CFT.
General case: [Casini, Salazar, GT, 2023] and talk at IFQ next week

  The entropic C-theorem [Casini, Huerta, ’04, ’12]

2�S(
p
rR) � �S(R) +�S(r)

<latexit sha1_base64="h81uzoeL8XtEC53m8XvKoXjzxwE=">AAACG3icbZDJSgNBEIZ7XGPcoh69NAbBIISZoOgxogePMZooZIbQ06mJjT2L3TVCGPIeXnwVLx4U8SR48G3sLLgXNHz8fxXV9fuJFBpt+92amJyanpnNzeXnFxaXlgsrq00dp4pDg8cyVhc+0yBFBA0UKOEiUcBCX8K5f3U48M9vQGkRR2fYS8ALWTcSgeAMjdQuVCrUPQKJjJ5uufpaYaZovV+ibhe+jHpp+5NVqV0o2mV7WPQvOGMoknHV2oVXtxPzNIQIuWRatxw7QS9jCgWX0M+7qYaE8SvWhZbBiIWgvWx4W59uGqVDg1iZFyEdqt8nMhZq3Qt90xkyvNS/vYH4n9dKMdj3MhElKULER4uCVFKM6SAo2hEKOMqeAcaVMH+l/JIpxtHEmTchOL9P/gvNStnZKe+e7BSrB+M4cmSdbJAt4pA9UiXHpEYahJNbck8eyZN1Zz1Yz9bLqHXCGs+skR9lvX0AQP+ebw==</latexit>

r ! R ) (R�S0(R))0  0

<latexit sha1_base64="oGs6/9u42d3yZYKYQ4qe/93F7gc=">AAACG3icbVDJSgNBEO2JW4xb1KOXxiBGkDATFAUvAT14jNEYIRNCT6cmadKz0F2jhCH/4cVf8eJBEU+CB//GznJwe1DweK+KqnpeLIVG2/60MjOzc/ML2cXc0vLK6lp+feNaR4niUOeRjNSNxzRIEUIdBUq4iRWwwJPQ8PqnI79xC0qLKLzCQQytgHVD4QvO0EjtfFlRFyNao+6JWxPdHjKlojv3hBaNtE/dM5DI6OVusba3t0tdCdRu5wt2yR6D/iXOlBTIFNV2/t3tRDwJIEQumdZNx46xlTKFgksY5txEQ8x4n3WhaWjIAtCtdPzbkO4YpUP9SJkKkY7V7xMpC7QeBJ7pDBj29G9vJP7nNRP0j1upCOMEIeSTRX4iqUljFBTtCAUc5cAQxpUwt1LeY4pxNHHmTAjO75f/kutyyTkoHV4cFCqVaRxZskW2SZE45IhUyDmpkjrh5J48kmfyYj1YT9ar9TZpzVjTmU3yA9bHF+cAnY0=</latexit>

implies the decrease of the central charge CIR < CUV

<latexit sha1_base64="R9KRlZJhD9MFdDThmxeQmoD8kF0=">AAAB9XicbVA9T8MwEL2Ur1K+CowsFhUSU5UgEAwMRV1gK4i0ldpQOa7TWnWcyHZAVZT/wcIAQqz8Fzb+DW6bAVqedLqn9+7k8/NjzpS27W+rsLS8srpWXC9tbG5t75R395oqSiShLol4JNs+VpQzQV3NNKftWFIc+py2/FF94rceqVQsEvd6HFMvxAPBAkawNtJDvZfe3GWXyHS3mfXKFbtqT4EWiZOTCuRo9Mpf3X5EkpAKTThWquPYsfZSLDUjnGalbqJojMkID2jHUIFDqrx0enWGjozSR0EkTQmNpurvjRSHSo1D30yGWA/VvDcR//M6iQ4uvJSJONFUkNlDQcKRjtAkAtRnkhLNx4ZgIpm5FZEhlphoE1TJhODMf3mRNE+qzmn17Pa0UrvK4yjCARzCMThwDjW4hga4QEDCM7zCm/VkvVjv1sdstGDlO/vwB9bnD4YbkeM=</latexit>

B. Proof of irreversibility inequality

SSA causality and
time evol.

X1

<latexit sha1_base64="Ltbbw0NNV1JdNrFp9DH3bPQ7j5A=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbB07LRVuut4MVjRfsB7VKyabYNzWaXJCuUUvAPePGgiFd/kTf/jem2goo+GHi8N8PMvCARXBvP+3ByS8srq2v59cLG5tb2TnF3r6njVFHWoLGIVTsgmgkuWcNwI1g7UYxEgWCtYHQ581t3TGkey1szTpgfkYHkIafEWOmm3cO9YslzKx6+OPOQ53oZMlLFpxjhhVKCBeq94nu3H9M0YtJQQbTuYC8x/oQow6lg00I31SwhdEQGrGOpJBHT/iQ7dYqOrNJHYaxsSYMy9fvEhERaj6PAdkbEDPVvbyb+5XVSE1b9CZdJapik80VhKpCJ0exv1OeKUSPGlhCquL0V0SFRhBqbTsGG8PUp+p80T1xcdivX5VKtdj+PIw8HcAjHgOEcanAFdWgAhQE8wBM8O8J5dF6c13lrzllEuA8/4Lx9AjRnjig=</latexit>

X2

<latexit sha1_base64="NDDb33oH3nzpQPiA6kwhU0dKtBQ=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ8+Q0eQW8OIxolkgGUJPpydp0rPQ3SOEIeAPePGgiFe/yJt/Y2cRVPRBweO9KqrqBangSmP8Ya2srq1vbBa2its7u3v7pYPDlkoySVmTJiKRnYAoJnjMmpprwTqpZCQKBGsH48uZ375jUvEkvtWTlPkRGcY85JRoI910+m6/VMY2dqtexUXYdj1cc2qGeNipnVeQY+M5yrBEo1967w0SmkUs1lQQpboOTrWfE6k5FWxa7GWKpYSOyZB1DY1JxJSfz0+dolOjDFCYSFOxRnP1+0ROIqUmUWA6I6JH6rc3E//yupkOq37O4zTTLKaLRWEmkE7Q7G804JJRLSaGECq5uRXREZGEapNO0YTw9Sn6n7Rc26nY3nWlXK/fL+IowDGcwBk4cAF1uIIGNIHCEB7gCZ4tYT1aL9bronXFWkZ4BD9gvX0CbGGOTw==</latexit>

X1 \X2

<latexit sha1_base64="ErOxbebzgXKYwpSETcNSm4Vewv8=">AAAB83icdVBNS8NAEN3Ur1q/qh69LBbBU8jWVit4KHjxWMG2gSaEzXbTLt1swu5GKKV/w4sHRbz6Z7z5b9ymEVT0wcDjvRlm5oUpZ0o7zodVWlldW98ob1a2tnd296r7Bz2VZJLQLkl4It0QK8qZoF3NNKduKimOQ0774eR64ffvqVQsEXd6mlI/xiPBIkawNpLnBgh6BKfQDepBtebYTQddnjvQsZ0cOWmhMwRRodRAgU5QffeGCcliKjThWKkBclLtz7DUjHA6r3iZoikmEzyiA0MFjqnyZ/nNc3hilCGMEmlKaJir3ydmOFZqGoemM8Z6rH57C/Evb5DpqOXPmEgzTQVZLooyDnUCFwHAIZOUaD41BBPJzK2QjLHERJuYKiaEr0/h/6RXt1HDbt42au2rIo4yOALH4BQgcAHa4AZ0QBcQkIIH8ASercx6tF6s12VrySpmDsEPWG+fjWSQtw==</latexit>

X1 [X2

<latexit sha1_base64="wrcGnuxl4/9XAtc+7gsCk4u3uL0=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSYh0RZcFNy4rGDbQBPCZDpph04ezEyEEvobblwo4tafceffOH0IKnrgwuGce7n3nijnTCqEPozK2vrG5lZ1u7azu7d/UD886smsEIR2ScYz4UVYUs5S2lVMcerlguIk4rQfTa7nfv+eCsmy9E5NcxokeJSymBGstOR7oQV9UuTQC+2w3kAmspuuY0Nk2i5qWS1NXGS1LhxomWiBBlihE9bf/WFGioSminAs5cBCuQpKLBQjnM5qfiFpjskEj+hA0xQnVAbl4uYZPNPKEMaZ0JUquFC/T5Q4kXKaRLozwWosf3tz8S9vUKi4GZQszQtFU7JcFBccqgzOA4BDJihRfKoJJoLpWyEZY4GJ0jHVdAhfn8L/Sc82Lcd0b51G+2oVRxWcgFNwDixwCdrgBnRAFxCQgwfwBJ6Nwng0XozXZWvFWM0cgx8w3j4B4o6Q8Q==</latexit>

R

<latexit sha1_base64="zuAZiqCpVRLvjyS3E35fg0xZ/Po=">AAAB6HicdVDLSsNAFJ34rPVVdelmsAiuwiQk2oKLghuXrdgHtKFMppN27GQSZiZCCf0CNy4UcesnufNvnD4EFT1w4XDOvdx7T5hypjRCH9bK6tr6xmZhq7i9s7u3Xzo4bKkkk4Q2ScIT2QmxopwJ2tRMc9pJJcVxyGk7HF/N/PY9lYol4lZPUhrEeChYxAjWRmrc9EtlZCO34nsuRLbro6pTNcRHTvXcg46N5iiDJer90ntvkJAspkITjpXqOijVQY6lZoTTabGXKZpiMsZD2jVU4JiqIJ8fOoWnRhnAKJGmhIZz9ftEjmOlJnFoOmOsR+q3NxP/8rqZjipBzkSaaSrIYlGUcagTOPsaDpikRPOJIZhIZm6FZIQlJtpkUzQhfH0K/yct13Y822945drlMo4COAYn4Aw44ALUwDWogyYggIIH8ASerTvr0XqxXhetK9Zy5gj8gPX2CRVpjSA=</latexit>

r

<latexit sha1_base64="cSSOQ/pRBt3h7Cuhrf7T/iE13E0=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZnVRCN4CHjxmIB5QLKE2UlvMjr7YGZWCEu+wIsHRbz6Sd78GyebFVS0oKGo6qa7y4sFV5qQD6uwtLyyulZcL21sbm3vlHf3OipKJIM2i0Qkex5VIHgIbc21gF4sgQaegK53dzX3u/cgFY/CGz2NwQ3oOOQ+Z1QbqSWH5Qqxa8S5OCOY2CRDRurOqYOdXKmgHM1h+X0wilgSQKiZoEr1HRJrN6VScyZgVhokCmLK7ugY+oaGNADlptmhM3xklBH2I2kq1DhTv0+kNFBqGnimM6B6on57c/Evr59ov+6mPIwTDSFbLPITgXWE51/jEZfAtJgaQpnk5lbMJlRSpk02JRPC16f4f9I5sZ2qXWtVK43LPI4iOkCH6Bg56Bw10DVqojZiCNADekLP1q31aL1Yr4vWgpXP7KMfsN4+AQ9zjRo=</latexit>

�S(X1) +�S(X2)

<latexit sha1_base64="9Y7LtXM0bZ624BWbz9bnwiRugkU=">AAACB3icbVDLSgMxFM34rPU16lKQYBFahDJTKros6MJlRfuAdhgyaaYNzTxI7ghl6M6Nv+LGhSJu/QV3/o1pO4K2Hrhwcs695N7jxYIrsKwvY2l5ZXVtPbeR39za3tk19/abKkokZQ0aiUi2PaKY4CFrAAfB2rFkJPAEa3nDy4nfumdS8Si8g1HMnID0Q+5zSkBLrnnUvWICCL7FxbZrl/Ap/hH0u1JyzYJVtqbAi8TOSAFlqLvmZ7cX0SRgIVBBlOrYVgxOSiRwKtg4300Uiwkdkj7raBqSgCknnd4xxida6WE/krpCwFP190RKAqVGgac7AwIDNe9NxP+8TgL+hZPyME6AhXT2kZ8IDBGehIJ7XDIKYqQJoZLrXTEdEEko6OjyOgR7/uRF0qyU7Wr57KZaqNWyOHLoEB2jIrLROaqha1RHDUTRA3pCL+jVeDSejTfjfda6ZGQzB+gPjI9vJm2WTQ==</latexit>

�

<latexit sha1_base64="LwMbMQYJLTHXD2lSA5t8QkYzJA0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPBi8eK9gPaUDbbSbp0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaToxzSSPOSMGis99CMcVGtu3Z2DrBKvIDUo0BxUv/rDhGUxSsME1brnuanxc6oMZwKnlX6mMaVsTCPsWSppjNrP56dOyZlVhiRMlC1pyFz9PZHTWOtJHNjOmJqRXvZm4n9eLzPhjZ9zmWYGJVssCjNBTEJmf5MhV8iMmFhCmeL2VsJGVFFmbDoVG4K3/PIqaV/Uvcv61f1lrdEo4ijDCZzCOXhwDQ24gya0gEEEz/AKb45wXpx352PRWnKKmWP4A+fzBz3+jcY=</latexit>

�S(X1 [X2) +�S(X1 \X2)

<latexit sha1_base64="60VGKo2jNr2hTw1SW6LaIQRAElw=">AAACF3icbZDLSsNAFIYn9VbrLerSzWARKkJJSkVxVdCFy4r2Ak0Ik+mkHTqZhJmJUELfwo2v4saFIm5159s4bYJo6w8DP985hzPn92NGpbKsL6OwtLyyulZcL21sbm3vmLt7bRklApMWjlgkuj6ShFFOWooqRrqxICj0Gen4o8tpvXNPhKQRv1PjmLghGnAaUIyURp5Zda4IUwjeVmDXs6GDk1ib2vHJD88wyrBnlq2qNRNcNHZuyiBX0zM/nX6Ek5BwhRmSsmdbsXJTJBTFjExKTiJJjPAIDUhPW45CIt10dtcEHmnSh0Ek9OMKzujviRSFUo5DX3eGSA3lfG0K/6v1EhWcuynlcaIIx9miIGFQRXAaEuxTQbBiY20QFlT/FeIhEggrHWVJh2DPn7xo2rWqXa+e3tTLjYs8jiI4AIegAmxwBhrgGjRBC2DwAJ7AC3g1Ho1n4814z1oLRj6zD/7I+PgGMmCcLA==</latexit>

= �S(R) +�S(r)

<latexit sha1_base64="rAjPPsOP4nXYSmGPql8vk3EZO68=">AAACBHicbVDLSgMxFM34rPU16rKbYBFahDIjFUUQCrpwWR99QDuUTHqnDc08SDJCGbpw46+4caGIWz/CnX9j2g6orQcunJxzL7n3uBFnUlnWl7GwuLS8sppZy65vbG5tmzu7dRnGgkKNhjwUTZdI4CyAmmKKQzMSQHyXQ8MdXIz9xj0IycLgTg0jcHzSC5jHKFFa6pi5c9y+BK4Ivi3cFPHhz0sUO2beKlkT4HlipySPUlQ75me7G9LYh0BRTqRs2VaknIQIxSiHUbYdS4gIHZAetDQNiA/SSSZHjPCBVrrYC4WuQOGJ+nsiIb6UQ9/VnT5RfTnrjcX/vFasvFMnYUEUKwjo9CMv5liFeJwI7jIBVPGhJoQKpnfFtE8EoUrnltUh2LMnz5P6Uckul46vy/nKWRpHBuXQPiogG52gCrpCVVRDFD2gJ/SCXo1H49l4M96nrQtGOrOH/sD4+AZd8pVZ</latexit>

Warm-up without defect, ie D=d=2

.  When



  d=2 defect

Let’s try the same for a d=2 defect, in a D-dim CFT bulk.
The problem is that now the spheres extend into the bulk, and their 
causal union and intersection no longer give causal diamonds of spheres.

➡New ingredient: use QNEC in the bulk (conformal), to bound the 
entropy of union and intersection by entropies of diamonds (spheres)

SSA QNEC

a) b) c)

As we will see, this requires the relative entropy:

Then we would get defect irreversibility, (RS0
rel(R))0 � 0

<latexit sha1_base64="bH3EdE4IxiCVUVNujLg/ELP8glI=">AAACBHicbVC7TkJBEN3rE/GFWtJsJAZoyL0GoyXGxhJRHgkQsncZYMPeR3bnGskNhY2/YmOhMbZ+hJ1/4/IoFDzJJCfnzGRmjhtKodG2v62V1bX1jc3EVnJ7Z3dvP3VwWNNBpDhUeSAD1XCZBil8qKJACY1QAfNcCXV3eDXx6/egtAj8OxyF0PZY3xc9wRkaqZNK5yr0ttNCeMBYgRxnc5V8PktbfaB2J5WxC/YUdJk4c5Ihc5Q7qa9WN+CRBz5yybRuOnaI7ZgpFFzCONmKNISMD1kfmob6zAPdjqdPjOmJUbq0FyhTPtKp+nsiZp7WI881nR7DgV70JuJ/XjPC3kU7Fn4YIfh8tqgXSYoBnSRCu0IBRzkyhHElzK2UD5hiHE1uSROCs/jyMqmdFpxi4eymmCldzuNIkDQ5JjnikHNSItekTKqEk0fyTF7Jm/VkvVjv1sesdcWazxyRP7A+fwCKsZYa</latexit>

???

Srel(X1) + Srel(X2)  Srel(X1 [X2) + Srel(X1 \X2)  Srel(R) + Srel(r)

<latexit sha1_base64="WbHZzsxXh1ipBimhQLDqMgaNytY="></latexit>

X1

<latexit sha1_base64="Ltbbw0NNV1JdNrFp9DH3bPQ7j5A=">AAAB6nicdVBNSwMxEJ2tX7V+VT16CRbB07LRVuut4MVjRfsB7VKyabYNzWaXJCuUUvAPePGgiFd/kTf/jem2goo+GHi8N8PMvCARXBvP+3ByS8srq2v59cLG5tb2TnF3r6njVFHWoLGIVTsgmgkuWcNwI1g7UYxEgWCtYHQ581t3TGkey1szTpgfkYHkIafEWOmm3cO9YslzKx6+OPOQ53oZMlLFpxjhhVKCBeq94nu3H9M0YtJQQbTuYC8x/oQow6lg00I31SwhdEQGrGOpJBHT/iQ7dYqOrNJHYaxsSYMy9fvEhERaj6PAdkbEDPVvbyb+5XVSE1b9CZdJapik80VhKpCJ0exv1OeKUSPGlhCquL0V0SFRhBqbTsGG8PUp+p80T1xcdivX5VKtdj+PIw8HcAjHgOEcanAFdWgAhQE8wBM8O8J5dF6c13lrzllEuA8/4Lx9AjRnjig=</latexit>

X2

<latexit sha1_base64="NDDb33oH3nzpQPiA6kwhU0dKtBQ=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ8+Q0eQW8OIxolkgGUJPpydp0rPQ3SOEIeAPePGgiFe/yJt/Y2cRVPRBweO9KqrqBangSmP8Ya2srq1vbBa2its7u3v7pYPDlkoySVmTJiKRnYAoJnjMmpprwTqpZCQKBGsH48uZ375jUvEkvtWTlPkRGcY85JRoI910+m6/VMY2dqtexUXYdj1cc2qGeNipnVeQY+M5yrBEo1967w0SmkUs1lQQpboOTrWfE6k5FWxa7GWKpYSOyZB1DY1JxJSfz0+dolOjDFCYSFOxRnP1+0ROIqUmUWA6I6JH6rc3E//yupkOq37O4zTTLKaLRWEmkE7Q7G804JJRLSaGECq5uRXREZGEapNO0YTw9Sn6n7Rc26nY3nWlXK/fL+IowDGcwBk4cAF1uIIGNIHCEB7gCZ4tYT1aL9bronXFWkZ4BD9gvX0CbGGOTw==</latexit>



  QNEC

Originated from quantum focusing conjecture, but is valid in general 
QFT. Simplest setup: deformations on null plane

One-parameter deformation of null boundary:

x+ = �s(x?) = �(x?) + a(x?)s

<latexit sha1_base64="fokA0N8KRpbvakDHyySuLXYcaJw=">AAACG3icbZDLSgMxFIYzXmu9jbp0EyxCpVBmSkU3QsGNywr2Ap1xyKSZNjSZGZKMtAx9Dze+ihsXirgSXPg2pu3gpfWHwJf/nENyfj9mVCrL+jSWlldW19ZzG/nNre2dXXNvvymjRGDSwBGLRNtHkjAakoaiipF2LAjiPiMtf3A5qbfuiJA0Cm/UKCYuR72QBhQjpS3PrAxvSxdOD3GOPFkcek5MRHySOd/30g9C6ZkFq2xNBRfBzqAAMtU9893pRjjhJFSYISk7thUrN0VCUczIOO8kksQID1CPdDSGiBPpptPdxvBYO10YREKfUMGp+3siRVzKEfd1J0eqL+drE/O/WidRwbmb0jBOFAnx7KEgYVBFcBIU7FJBsGIjDQgLqv8KcR8JhJWOM69DsOdXXoRmpWxXy6fX1UKtlsWRA4fgCBSBDc5ADVyBOmgADO7BI3gGL8aD8WS8Gm+z1iUjmzkAf2R8fAGUW6CA</latexit>

d2Srel(�s)

ds2
� 0

<latexit sha1_base64="1ZKHI/6logJFGEmNzJYPDpc0ihI=">AAACFnicbVBNS8NAEN34bf2qevSyWAQ9WJKi6LHgxWNFW4Wmhs1mUhd3k7A7EUvIr/DiX/HiQRGv4s1/47b24NeDgcd7M8zMCzMpDLruhzMxOTU9Mzs3X1lYXFpeqa6udUyaaw5tnspUX4TMgBQJtFGghItMA1OhhPPw+mjon9+ANiJNznCQQU+xfiJiwRlaKaju+rFmvIguG/Q08BFusdAgy22/z5Rigdkpi8hcNkrq94G6QbXm1t0R6F/ijUmNjNEKqu9+lPJcQYJcMmO6npthr2AaBZdQVvzcQMb4NetD19KEKTC9YvRWSbesEtE41bYSpCP1+0TBlDEDFdpOxfDK/PaG4n9eN8f4sFeIJMsREv61KM4lxZQOM6KR0MBRDixhXAt7K+VXzOaENsmKDcH7/fJf0mnUvb36/slerdkcxzFHNsgm2SYeOSBNckxapE04uSMP5Ik8O/fOo/PivH61TjjjmXXyA87bJ5hwnv4=</latexit>

(a(x?) � 0)

<latexit sha1_base64="OAtEnKsuO+EPh90WqrH6uUcQgsc=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSxCeymJVPQkBS8eK9haaELYbKft0k2y7G6kJfSvePGgiFf/iDf/jds2B219MPB4b4aZeaHgTGnH+bYKG5tb2zvF3dLe/sHhkX1c7qgklRTaNOGJ7IZEAWcxtDXTHLpCAolCDo/h+HbuPz6BVCyJH/RUgB+RYcwGjBJtpMAuV0l1EngCpKhhbwjYqQV2xak7C+B14uakgnK0AvvL6yc0jSDWlBOleq4jtJ8RqRnlMCt5qQJB6JgMoWdoTCJQfra4fYbPjdLHg0SaijVeqL8nMhIpNY1C0xkRPVKr3lz8z+ulenDtZywWqYaYLhcNUo51gudB4D6TQDWfGkKoZOZWTEdEEqpNXCUTgrv68jrpXNTdRv3yvlFp3uRxFNEpOkNV5KIr1ER3qIXaiKIJekav6M2aWS/Wu/WxbC1Y+cwJ+gPr8weuKZLo</latexit>

[Bousso, Fisher, Leichenauer, Wall]

Relative entropy between    (vacuum) and    
(excited state) is convex under null defs

�

<latexit sha1_base64="tdAhRhOelP6Ij2tqEmpRbztdVGM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKRE8S8OIxgnlAsoTZyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj25nffqLaMCUf7CShocBDyWJGsHVSq2fYUOB+ueJX/TnQKglyUoEcjX75qzdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm82un6MwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY2vw4zJJLVUksWiOOXIKjR7HQ2YpsTyiSOYaOZuRWSENSbWBVRyIQTLL6+S1kU1qFUv72uV+k0eRxFO4BTOIYArqMMdNKAJBB7hGV7hzVPei/fufSxaC14+cwx/4H3+AJ3Djyc=</latexit>

⇢

<latexit sha1_base64="ohdNiY64VALHSrSpHLJNRonKmmM=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoicJePEYwTwgWcLsZDY7ZB7LzKwQQn7BiwdFvPpD3vwbZ5M9aGJBQ1HVTXdXlHJmrO9/e6W19Y3NrfJ2ZWd3b/+genjUNirThLaI4kp3I2woZ5K2LLOcdlNNsYg47UTju9zvPFFtmJKPdpLSUOCRZDEj2OZSXydqUK35dX8OtEqCgtSgQHNQ/eoPFckElZZwbEwv8FMbTrG2jHA6q/QzQ1NMxnhEe45KLKgJp/NbZ+jMKUMUK+1KWjRXf09MsTBmIiLXKbBNzLKXi/95vczGN+GUyTSzVJLFojjjyCqUP46GTFNi+cQRTDRztyKSYI2JdfFUXAjB8surpH1RDy7rVw+XtcZtEUcZTuAUziGAa2jAPTShBQQSeIZXePOE9+K9ex+L1pJXzBzDH3ifPyEQjks=</latexit>

QNEC is also valid on light-cone if we have a CFT. It is valid in the 
CFT bulk of the theory with defect.

) [Srel(R)� Srel(X1 [X2)]� [Srel(X1 \X2)� Srel(r)] � 0

<latexit sha1_base64="QCHJsoD/Rb+QQ1eikLmMuW4v1cI="></latexit>

and this establishes the irrev. inequality for d=2 and all D.

[Balakrishnan, Faulkner, Khandker, Wang]
[Ceyhan, Faulkner]

x� = 0

<latexit sha1_base64="hTXULfWcq5uFcehd4T7T/wP5Yd4=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4sexKRQ8KBS8eK7htoV1LNs22oUl2SbJiWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XaWlldW19YLG8XNre2d3dLefkPHqSLUJzGPVSvEmnImqW+Y4bSVKIpFyGkzHN5M/OYjVZrF8t6MEhoI3JcsYgQbK/lPD6fXbrdUdivuFGiReDkpQ456t/TV6cUkFVQawrHWbc9NTJBhZRjhdFzspJommAxxn7YtlVhQHWTTY8fo2Co9FMXKljRoqv6eyLDQeiRC2ymwGeh5byL+57VTE10GGZNJaqgks0VRypGJ0eRz1GOKEsNHlmCimL0VkQFWmBibT9GG4M2/vEgaZxWvWjm/q5ZrV3kcBTiEIzgBDy6gBrdQBx8IMHiGV3hzpPPivDsfs9YlJ585gD9wPn8A9i6OHg==</latexit>



C. Conclusions

The result for general (d,D) is) RS00
rel(R)� (d� 3)S0

rel(R) � 0

<latexit sha1_base64="BkPUrd9T9TieLKoljTGue+w/KsQ="></latexit>

• The result is independent of D; depends only on defect dim. d
• The theory on defect is nonlocal (it interacts w/bulk). It’s 
remarkable that we get the same inequality as with no bulk (d=D)

• Relative entropy appears, required by QNEC.
• Implies irreversibility of defect RG flows for d=2,3,4 and all D.

Future directions:
1) Irreversibility for d>4? Requires new tools.
2) Theories with less symmetries? Interesting for condensed matter
3) Relation to non-entropic results?

[Casini, Salazar, GT, 2023]


