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Problem: 

no non-perturbative boundary description of 
interior operators

<latexit sha1_base64="bo10NlW8r56dL0JuTxpTse10Gjc="></latexit>

�bdy(x) = lim
z!1

z��blk(z, x)

ho
rizo

n



2

Problem: 

no non-perturbative boundary description of 
interior operators

<latexit sha1_base64="bo10NlW8r56dL0JuTxpTse10Gjc="></latexit>

�bdy(x) = lim
z!1

z��blk(z, x)

Solution: 
Put the holographic screen at 

finite z
 deformationTT

ho
rizo

n



Problem #2: 

TT pushes the boundary until the horizon…
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Prescription: 

Generalized deformation 
TT + Λ2
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• Generalized  deformation (2d bdy/3d bulk)


• Metric signature change when crossing the BH horizon

TT

But how exactly?
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T T̄
<latexit sha1_base64="PZDKYk3zV7O1K5/qoxyepkWE7Ik=">AAACD3icbVDLSsNAFJ3UV62vWJdugkUQhJIUqS6Lbly4qNAXNCHcTKbt0MkkzEzEEvoR/oBb/QN34tZP8Af8DqdtFtp64MLhnHu4lxMkjEpl219GYW19Y3OruF3a2d3bPzAPyx0ZpwKTNo5ZLHoBSMIoJ21FFSO9RBCIAka6wfhm5ncfiJA05i01SYgXwZDTAcWgtOSb5ZYbgMha03P3TqdC8Gu+WbGr9hzWKnFyUkE5mr757YYxTiPCFWYgZd+xE+VlIBTFjExLbipJAngMQ9LXlENEpJfNf59ap1oJrUEs9HBlzdXfiQwiKSdRoDcjUCO57M3Ef71AwJiopetqcOVllCepIhwvjg9SZqnYmpVjhVQQrNhEE8CC6v8tPAIBWOkKS7oYZ7mGVdKpVZ16tX5/UWlc5xUV0TE6QWfIQZeogW5RE7URRo/oGb2gV+PJeDPejY/FasHIM0foD4zPH+qYnFw=</latexit>

T T̄ + ⇤2
<latexit sha1_base64="PZJgweWF4QpMCzv70R+7oNvD0kI=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4KjMi1Y1QdOOygn1IO5RMJtOGJpkhuSOUoVt/wK3+gTtx63/4A36HaTsLbT1w4XDOudzLCRLBDbjul1NYWV1b3yhulra2d3b3yvsHLROnmrImjUWsOwExTHDFmsBBsE6iGZGBYO1gdDP1249MGx6rexgnzJdkoHjEKQErPfSEjYbkyu2XK27VnQEvEy8nFZSj0S9/98KYppIpoIIY0/XcBPyMaOBUsEmplxqWEDoiA9a1VBHJjJ/NHp7gE6uEOIq1HQV4pv7eyIg0ZiwDm5QEhmbRm4r/eoEmIwYL1yG69DOukhSYovPjUSowxHjaCA65ZhTE2BJCNbf/YzokmlCwvZVsMd5iDcukdVb1atXa3Xmlfp1XVERH6BidIg9doDq6RQ3URBRJ9Ixe0Kvz5Lw5787HPFpw8p1D9AfO5w+V8Jhx</latexit>
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<latexit sha1_base64="RpQ8opxo7wjOWoNMN8JC3Mkpa08=">AAACAnicbVDLSgMxFM3UV62vqks3wSK4KjMi1WWxIC4r9AXtUDJppg2TZIbkjlCG7vwBt/oH7sStP+IP+B2m7Sy0euDC4Zx7OZcTJIIbcN1Pp7C2vrG5Vdwu7ezu7R+UD486Jk41ZW0ai1j3AmKY4Iq1gYNgvUQzIgPBukHUmPvdB6YNj1ULpgnzJRkrHnJKwErdgZa4cdsalitu1V0A/yVeTiooR3NY/hqMYppKpoAKYkzfcxPwM6KBU8FmpUFqWEJoRMasb6kikhk/W7w7w2dWGeEw1nYU4IX68yIj0pipDOymJDAxq95c/NcLNIkYrKRDeO1nXCUpMEWX4WEqMMR43gcecc0oiKklhGpu/8d0QjShYFsr2WK81Rr+ks5F1atVa/eXlfpNXlERnaBTdI48dIXq6A41URtRFKEn9IxenEfn1Xlz3perBSe/OUa/4Hx8A8Nsl2s=</latexit>
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<latexit sha1_base64="pYT3ofBHfx9lW6GofTzKXeJ9yTc=">AAACDHicbZDNSgMxFIUz9a/Wn466dBMsgqsyI1JdFt24rGBroR1KJs20oUlmSO4Iw9BX8AXc6hu4E7e+gy/gc5i2s9DWA4HDOfdywxcmghvwvC+ntLa+sblV3q7s7O7tV92Dw46JU01Zm8Yi1t2QGCa4Ym3gIFg30YzIULCHcHIz6x8emTY8VveQJSyQZKR4xCkBGw3cal9LbLgapYJoDtnArXl1by68avzC1FCh1sD97g9jmkqmgApiTM/3EghyooFTwaaVfmpYQuiEjFjPWkUkM0E+//gUn9pkiKNY26cAz9PfGzmRxmQytJOSwNgsd7Pw3y7UZMJg6TpEV0HOVZICU3RxPEoFhhjPyOAh14yCyKwh1LLgFNMx0YSC5VexYPxlDKumc173G/XG3UWteV0gKqNjdILOkI8uURPdohZqI4pS9Ixe0Kvz5Lw5787HYrTkFDtH6I+czx+xo5vK</latexit>

singularity
<latexit sha1_base64="x9grcY7qlMShL1+jMxgwTUzX1aE=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6kYounFZwT6gCWUymbRDJ5Mwc1MIpd/gD7jVP3Anbv0Gf8DvcNpmoa0HLhzOOZd7OUEquAbH+bJKa+sbm1vl7crO7t7+gX141NZJpihr0UQkqhsQzQSXrAUcBOumipE4EKwTjO5mfmfMlOaJfIQ8ZX5MBpJHnBIwUt+2PWHCIcE32OMygrxvV52aMwdeJW5BqqhAs29/e2FCs5hJoIJo3XOdFPwJUcCpYNOKl2mWEjoiA9YzVJKYaX8y/3yKz4wS4ihRZiTgufp7Y0JirfM4MMmYwFAvezPxXy9QZMRg6TpE1/6EyzQDJunieJQJDAmeVYNDrhgFkRtCqOLmf0yHRBEKpsCKKcZdrmGVtC9qbr1Wf7isNm6LisroBJ2ic+SiK9RA96iJWoiiMXpGL+jVerLerHfrYxEtWcXOMfoD6/MHT0+bfg==</latexit>
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<latexit sha1_base64="duTglkmbTsYmuaiOJpLF2MmEqPU=">AAACB3icbVBLSgNBFOzxG+Mv6tJNYxBchRmR6DLoxmUE84FkCD2dN0mT/gzdPWIYcgAv4FZv4E7cegwv4DnsJLPQxIIHRdV71KOihDNjff/LW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6rceQBum5L0dJxAKMpAsZpRYJ3W7WmB4tKCZ0r1S2a/4M+BlEuSkjHLUe6Xvbl/RVIC0lBNjOoGf2DAj2jLKYVLspgYSQkdkAB1HJRFgwmz28wSfOqWPY6XdSItn6u+LjAhjxiJym4LYoVn0puK/XqTJCOxCuo2vwozJJLUg6Tw8Tjm2Ck9LwX2mgVo+doRQzdz/mA6JJtQ1Y4qumGCxhmXSPK8E1Ur17qJcu84rKqBjdILOUIAuUQ3dojpqIIoS9Ixe0Kv35L15797HfHXFy2+O0B94nz+sVJoy</latexit>

exterior
<latexit sha1_base64="IrP4Iu6zesi628OWXtEmEcCr9SA=">AAACB3icbVBLSgNBFOyJvxh/UZduGoPgKsyIRJdBNy4jmA9khtDTeZM06c/Q3SOEkAN4Abd6A3fi1mN4Ac9hJ5mFJhY8KKreox4Vp5wZ6/tfXmFtfWNzq7hd2tnd2z8oHx61jMo0hSZVXOlOTAxwJqFpmeXQSTUQEXNox6Pbmd9+BG2Ykg92nEIkyECyhFFinRSGWmAmLWimdK9c8av+HHiVBDmpoByNXvk77CuaCZCWcmJMN/BTG02ItoxymJbCzEBK6IgMoOuoJAJMNJn/PMVnTunjRGk30uK5+vtiQoQxYxG7TUHs0Cx7M/FfL9ZkBHYp3SbX0YTJNLMg6SI8yTi2Cs9KwX2mgVo+doRQzdz/mA6JJtQ1Y0qumGC5hlXSuqgGtWrt/rJSv8krKqITdIrOUYCuUB3doQZqIopS9Ixe0Kv35L15797HYrXg5TfH6A+8zx+ipJos</latexit>

interior
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1. Review of  


‣ derivation from bulk [Hartman-Kruthoff-Shaghoulian-Tajdini]


‣ “operator formalism” (energy flow) [McGough-Mezei-Verlinde]


‣ “variational formalism” (metric flow) [Guica-Monten]


2. 


‣ derivation from bulk (motivation of  term)


‣ operator formalism (energy matching) 


‣ variational formalism (metric signature change)


3. Gravitational path integral for the interior


‣ what boundary condition to put at finite cutoff?

TT

TT + Λ2

Λ2

What I will (actually) talk about
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• How to setup a finite cutoff?

 and finite cutoff holography [Hartman-Kruthoff-Shaghoulian-Tajdini]TT

6

bulk AdS3

boundary CFT2  

cutoff  boundary QFT?

• (radial) Hamiltonian constraint


•  can be related to the Brown-York (BY) stress tensorK
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• Assuming radial decomp


• Need to renormalize the metric

 and finite cutoff holography [Hartman-Kruthoff-Shaghoulian-Tajdini]TT
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bulk AdS3

boundary CFT2  

cutoff  boundary QFT?

• Hamiltonian constraint  “trace flow equation”  


• Relate this to the deformation of the CFT action

⟶

 is the only scale λ ⇒
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• 1-parameter family of 2d QFT defined by


• TT operator

 deformation [Zamolochikov-Smirnov]TT
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• 1-parameter family of 2d QFT defined by


• TT operator
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- From the definition of the deformation


- Factorization property

• Despite being an irrelevant factorization, the energy levels of the 
deformed theory is exactly solvable 

• To see this:

Operator flow formalism [McGough-Mezei-Verlinde]

9
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• The “flow equation”:


• Solutions:


• Match to the quasi-local energy in the bulk (BTZ BHs)
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Operator flow formalism [McGough-Mezei-Verlinde]
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• The operator method tells us how energy changes along the flow


- It however masks how the metric gets modified


• Variational method [Guica-Monten] keeps track of deformation of 
metric during the flow

Variational (metric flow) formalism [Guica-Monten]

11
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• Starting from the defining relation 


• Vary both sides w.r.t.  we get


• Note that we now assume  changes along the flow (c.f. the 
operator formalism where it is held fixed )

γab

γab
γab = ηab
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• Evaluating the variation gives rise to “metric flow equations”


• Generic solutions 


- quadratic in  


- : initial conditions. Chosen to match asym CFT data

λ

γ0
ab, ̂T0

ab

Variational (metric flow) formalism [Guica-Monten]
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• match the BTZ solution in Fefferman-Graham gauge


• Einstein eq fix 


• Identification

Variational (metric flow) formalism [Guica-Monten]
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• Additional evidences:

- Entanglement entropies [Donnelly-Shyam, Chen-Chen-Hao, Kraus-Liu-Marolf, …]

- Correlation functions [He-Song-Yin, Li-Zhou, Cardy, Aharony-Barel, …]


- Other approaches (as WdW wave functions, as coupling to JT gravity, 
as random geometry, equivalent gravitational path integral, …)                   
[Cardy, Dubovsky-Gorbenko-(Hernandez-Chifflet), Iliesiu-Kruthoff-Turiaci-Verlinde, …]

Story so far…

TT deformed CFT  at finite cutoff
AdS3

deformation parameter λ cutoff radius r2
c = λ−1
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• Funny behaviors when we try to push the deformation through 
BH horizon


• complexification of energy:

Limitations

15
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• Not sure how to deal with them…


- throw complex energies away?


- BH interior non-Hermitian?


- interior constant r surfaces are space-
like (c.f. Kotaro’s talk)
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• Similarly, from the variational formalism:


• The metric degenerates at horizon and is complex in the interior!

Limitations
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• Fortunately we already knew how to derive the deformation from 
the bulk


• Hamiltonian constraint


• Also need to be careful about defining 


•  sources an extra term in the constraint: we get

Tab

nana

TT + Λ2
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<latexit sha1_base64="0KyS2LslhiYFH/M1CEYAUMwNIAk=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BLx4jJDGQLKF3MpsMmZ1dZnqFsOToD3jVP/AmXv0Qf8DvcJLsQRMLGoqqbqqpIJHCoOt+OYW19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E4DhUijeQoGSdxLNIQokfwjGtzP/4ZFrI2LVxEnC/QiGSoSCAVqp0+wFoLPmtF+uuFV3DrpKvJxUSI5Gv/zdG8QsjbhCJsGYrucm6GegUTDJp6VeangCbAxD3rVUQcSNn83/ndIzqwxoGGs7Culc/X2RQWTMJArsZgQ4MsveTPzXCzSMOS6lY3jtZ0IlKXLFFuFhKinGdFYIHQjNGcqJJcC0sP9TNgINDG1tJVuMt1zDKmlfVL1atXZ/Wanf5BUVyQk5JefEI1ekTu5Ig7QII5I8kxfy6jw5b86787FYLTj5zTH5A+fzB3immG4=</latexit>

T T̄
<latexit sha1_base64="PZDKYk3zV7O1K5/qoxyepkWE7Ik=">AAACD3icbVDLSsNAFJ3UV62vWJdugkUQhJIUqS6Lbly4qNAXNCHcTKbt0MkkzEzEEvoR/oBb/QN34tZP8Af8DqdtFtp64MLhnHu4lxMkjEpl219GYW19Y3OruF3a2d3bPzAPyx0ZpwKTNo5ZLHoBSMIoJ21FFSO9RBCIAka6wfhm5ncfiJA05i01SYgXwZDTAcWgtOSb5ZYbgMha03P3TqdC8Gu+WbGr9hzWKnFyUkE5mr757YYxTiPCFWYgZd+xE+VlIBTFjExLbipJAngMQ9LXlENEpJfNf59ap1oJrUEs9HBlzdXfiQwiKSdRoDcjUCO57M3Ef71AwJiopetqcOVllCepIhwvjg9SZqnYmpVjhVQQrNhEE8CC6v8tPAIBWOkKS7oYZ7mGVdKpVZ16tX5/UWlc5xUV0TE6QWfIQZeogW5RE7URRo/oGb2gV+PJeDPejY/FasHIM0foD4zPH+qYnFw=</latexit>

T T̄ + ⇤2

<latexit sha1_base64="PZJgweWF4QpMCzv70R+7oNvD0kI=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4KjMi1Y1QdOOygn1IO5RMJtOGJpkhuSOUoVt/wK3+gTtx63/4A36HaTsLbT1w4XDOudzLCRLBDbjul1NYWV1b3yhulra2d3b3yvsHLROnmrImjUWsOwExTHDFmsBBsE6iGZGBYO1gdDP1249MGx6rexgnzJdkoHjEKQErPfSEjYbkyu2XK27VnQEvEy8nFZSj0S9/98KYppIpoIIY0/XcBPyMaOBUsEmplxqWEDoiA9a1VBHJjJ/NHp7gE6uEOIq1HQV4pv7eyIg0ZiwDm5QEhmbRm4r/eoEmIwYL1yG69DOukhSYovPjUSowxHjaCA65ZhTE2BJCNbf/YzokmlCwvZVsMd5iDcukdVb1atXa3Xmlfp1XVERH6BidIg9doDq6RQ3URBRJ9Ixe0Kvz5Lw5787HPFpw8p1D9AfO5w+V8Jhx</latexit>

� = 0

<latexit sha1_base64="RpQ8opxo7wjOWoNMN8JC3Mkpa08=">AAACAnicbVDLSgMxFM3UV62vqks3wSK4KjMi1WWxIC4r9AXtUDJppg2TZIbkjlCG7vwBt/oH7sStP+IP+B2m7Sy0euDC4Zx7OZcTJIIbcN1Pp7C2vrG5Vdwu7ezu7R+UD486Jk41ZW0ai1j3AmKY4Iq1gYNgvUQzIgPBukHUmPvdB6YNj1ULpgnzJRkrHnJKwErdgZa4cdsalitu1V0A/yVeTiooR3NY/hqMYppKpoAKYkzfcxPwM6KBU8FmpUFqWEJoRMasb6kikhk/W7w7w2dWGeEw1nYU4IX68yIj0pipDOymJDAxq95c/NcLNIkYrKRDeO1nXCUpMEWX4WEqMMR43gcecc0oiKklhGpu/8d0QjShYFsr2WK81Rr+ks5F1atVa/eXlfpNXlERnaBTdI48dIXq6A41URtRFKEn9IxenEfn1Xlz3perBSe/OUa/4Hx8A8Nsl2s=</latexit>

CFT

<latexit sha1_base64="0KyS2LslhiYFH/M1CEYAUMwNIAk=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BLx4jJDGQLKF3MpsMmZ1dZnqFsOToD3jVP/AmXv0Qf8DvcJLsQRMLGoqqbqqpIJHCoOt+OYW19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E4DhUijeQoGSdxLNIQokfwjGtzP/4ZFrI2LVxEnC/QiGSoSCAVqp0+wFoLPmtF+uuFV3DrpKvJxUSI5Gv/zdG8QsjbhCJsGYrucm6GegUTDJp6VeangCbAxD3rVUQcSNn83/ndIzqwxoGGs7Culc/X2RQWTMJArsZgQ4MsveTPzXCzSMOS6lY3jtZ0IlKXLFFuFhKinGdFYIHQjNGcqJJcC0sP9TNgINDG1tJVuMt1zDKmlfVL1atXZ/Wanf5BUVyQk5JefEI1ekTu5Ig7QII5I8kxfy6jw5b86787FYLTj5zTH5A+fzB3immG4=</latexit>

T T̄

<latexit sha1_base64="pYT3ofBHfx9lW6GofTzKXeJ9yTc=">AAACDHicbZDNSgMxFIUz9a/Wn466dBMsgqsyI1JdFt24rGBroR1KJs20oUlmSO4Iw9BX8AXc6hu4E7e+gy/gc5i2s9DWA4HDOfdywxcmghvwvC+ntLa+sblV3q7s7O7tV92Dw46JU01Zm8Yi1t2QGCa4Ym3gIFg30YzIULCHcHIz6x8emTY8VveQJSyQZKR4xCkBGw3cal9LbLgapYJoDtnArXl1by68avzC1FCh1sD97g9jmkqmgApiTM/3EghyooFTwaaVfmpYQuiEjFjPWkUkM0E+//gUn9pkiKNY26cAz9PfGzmRxmQytJOSwNgsd7Pw3y7UZMJg6TpEV0HOVZICU3RxPEoFhhjPyOAh14yCyKwh1LLgFNMx0YSC5VexYPxlDKumc173G/XG3UWteV0gKqNjdILOkI8uURPdohZqI4pS9Ixe0Kvz5Lw5787HYrTkFDtH6I+czx+xo5vK</latexit>

singularity
<latexit sha1_base64="x9grcY7qlMShL1+jMxgwTUzX1aE=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6kYounFZwT6gCWUymbRDJ5Mwc1MIpd/gD7jVP3Anbv0Gf8DvcNpmoa0HLhzOOZd7OUEquAbH+bJKa+sbm1vl7crO7t7+gX141NZJpihr0UQkqhsQzQSXrAUcBOumipE4EKwTjO5mfmfMlOaJfIQ8ZX5MBpJHnBIwUt+2PWHCIcE32OMygrxvV52aMwdeJW5BqqhAs29/e2FCs5hJoIJo3XOdFPwJUcCpYNOKl2mWEjoiA9YzVJKYaX8y/3yKz4wS4ihRZiTgufp7Y0JirfM4MMmYwFAvezPxXy9QZMRg6TpE1/6EyzQDJunieJQJDAmeVYNDrhgFkRtCqOLmf0yHRBEKpsCKKcZdrmGVtC9qbr1Wf7isNm6LisroBJ2ic+SiK9RA96iJWoiiMXpGL+jVerLerHfrYxEtWcXOMfoD6/MHT0+bfg==</latexit>

� = 1
<latexit sha1_base64="duTglkmbTsYmuaiOJpLF2MmEqPU=">AAACB3icbVBLSgNBFOzxG+Mv6tJNYxBchRmR6DLoxmUE84FkCD2dN0mT/gzdPWIYcgAv4FZv4E7cegwv4DnsJLPQxIIHRdV71KOihDNjff/LW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6rceQBum5L0dJxAKMpAsZpRYJ3W7WmB4tKCZ0r1S2a/4M+BlEuSkjHLUe6Xvbl/RVIC0lBNjOoGf2DAj2jLKYVLspgYSQkdkAB1HJRFgwmz28wSfOqWPY6XdSItn6u+LjAhjxiJym4LYoVn0puK/XqTJCOxCuo2vwozJJLUg6Tw8Tjm2Ck9LwX2mgVo+doRQzdz/mA6JJtQ1Y4qumGCxhmXSPK8E1Ur17qJcu84rKqBjdILOUIAuUQ3dojpqIIoS9Ixe0Kv35L15797HfHXFy2+O0B94nz+sVJoy</latexit>
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<latexit sha1_base64="IrP4Iu6zesi628OWXtEmEcCr9SA=">AAACB3icbVBLSgNBFOyJvxh/UZduGoPgKsyIRJdBNy4jmA9khtDTeZM06c/Q3SOEkAN4Abd6A3fi1mN4Ac9hJ5mFJhY8KKreox4Vp5wZ6/tfXmFtfWNzq7hd2tnd2z8oHx61jMo0hSZVXOlOTAxwJqFpmeXQSTUQEXNox6Pbmd9+BG2Ykg92nEIkyECyhFFinRSGWmAmLWimdK9c8av+HHiVBDmpoByNXvk77CuaCZCWcmJMN/BTG02ItoxymJbCzEBK6IgMoOuoJAJMNJn/PMVnTunjRGk30uK5+vtiQoQxYxG7TUHs0Cx7M/FfL9ZkBHYp3SbX0YTJNLMg6SI8yTi2Cs9KwX2mgVo+doRQzdz/mA6JJtQ1Y0qumGC5hlXSuqgGtWrt/rJSv8krKqITdIrOUYCuUB3doQZqIopS9Ixe0Kv35L15797HYrXg5TfH6A+8zx+ipJos</latexit>
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<latexit sha1_base64="/WKoWsONfIYVpRVN/tbhWwSxrkE=">AAACBXicbVDLSsNAFJ34rPVVdelmsAiuSiJSXRbduKxgH9iGMpnctENnJmFmIpTQtT/gVv/Anbj1O/wBv8NJm4W2HrhwOOdezuUECWfauO6Xs7K6tr6xWdoqb+/s7u1XDg7bOk4VhRaNeay6AdHAmYSWYYZDN1FARMChE4xvcr/zCEqzWN6bSQK+IEPJIkaJsdJDXwkcAiS4PKhU3Zo7A14mXkGqqEBzUPnuhzFNBUhDOdG657mJ8TOiDKMcpuV+qiEhdEyG0LNUEgHaz2YfT/GpVUIcxcqONHim/r7IiNB6IgK7KYgZ6UUvF//1AkXGYBbSTXTlZ0wmqQFJ5+FRyrGJcV4JDpkCavjEEkIVs/9jOiKKUGOLy4vxFmtYJu3zmlev1e8uqo3roqISOkYn6Ax56BI10C1qohaiSKJn9IJenSfnzXl3PuarK05xc4T+wPn8AbIgmHQ=</latexit>

deep
<latexit sha1_base64="IrP4Iu6zesi628OWXtEmEcCr9SA=">AAACB3icbVBLSgNBFOyJvxh/UZduGoPgKsyIRJdBNy4jmA9khtDTeZM06c/Q3SOEkAN4Abd6A3fi1mN4Ac9hJ5mFJhY8KKreox4Vp5wZ6/tfXmFtfWNzq7hd2tnd2z8oHx61jMo0hSZVXOlOTAxwJqFpmeXQSTUQEXNox6Pbmd9+BG2Ykg92nEIkyECyhFFinRSGWmAmLWimdK9c8av+HHiVBDmpoByNXvk77CuaCZCWcmJMN/BTG02ItoxymJbCzEBK6IgMoOuoJAJMNJn/PMVnTunjRGk30uK5+vtiQoQxYxG7TUHs0Cx7M/FfL9ZkBHYp3SbX0YTJNLMg6SI8yTi2Cs9KwX2mgVo+doRQzdz/mA6JJtQ1Y0qumGC5hlXSuqgGtWrt/rJSv8krKqITdIrOUYCuUB3doQZqIopS9Ixe0Kv35L15797HYrXg5TfH6A+8zx+ipJos</latexit>
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<latexit sha1_base64="N/0eWmGP793M5pyeNyWAOlB5y4I=">AAACBHicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME85BkCbOznWTIzO4y0yuEJVd/wKv+gTfx6n/4A36Hk2QPmljQUFRV000FiRQGXffLWVldW9/YLGwVt3d29/ZLB4dNE6eaQ4PHMtbtgBmQIoIGCpTQTjQwFUhoBaObqd96BG1EHN3jOAFfsUEk+oIztNJDV9poyHper1R2K+4MdJl4OSmTHPVe6bsbxjxVECGXzJiO5yboZ0yj4BImxW5qIGF8xAbQsTRiCoyfzR6e0FOrhLQfazsR0pn6eyNjypixCmxSMRyaRW8q/usFmo0AF65j/8rPRJSkCBGfH++nkmJMp43QUGjgKMeWMK6F/Z/yIdOMo+2taIvxFmtYJs3ziletVO8uyrXrvKICOSYn5Ix45JLUyC2pkwbhRJFn8kJenSfnzXl3PubRFSffOSJ/4Hz+AM3amJQ=</latexit>
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<latexit sha1_base64="rzLgc+uSo605UyqUDaFGse/2YW4=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4KjNFqsuiG5cV7EPaodzJZNrQJDMkGaEM3foDbvUP3Ilb/8Mf8DtM21lo64ELh3PO5V5OkHCmjet+OYW19Y3NreJ2aWd3b/+gfHjU1nGqCG2RmMeqG4CmnEnaMsxw2k0UBRFw2gnGNzO/80iVZrG8N5OE+gKGkkWMgLHSQ5/baAiD2qBccavuHHiVeDmpoBzNQfm7H8YkFVQawkHrnucmxs9AGUY4nZb6qaYJkDEMac9SCYJqP5s/PMVnVglxFCs70uC5+nsjA6H1RAQ2KcCM9LI3E//1AgVjapaum+jKz5hMUkMlWRyPUo5NjGeN4JApSgyfWAJEMfs/JiNQQIztrWSL8ZZrWCXtWtWrV+t3F5XGdV5REZ2gU3SOPHSJGugWNVELESTQM3pBr86T8+a8Ox+LaMHJd47RHzifP89ymJU=</latexit>

�2<latexit sha1_base64="VZw95nVUNGlXyiWCUW3VvxOHtYg=">AAACB3icbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4AmlMnkph06mQkzEyGUfoA/4Fb/wJ249TP8Ab/DaZuFth64cDjnXs7lhCln2rjul1NaW9/Y3CpvV3Z29/YPqodHHS0zRaFNJZeqFxINnAloG2Y49FIFJAk5dMPx7czvPoLSTIoHk6cQJGQoWMwoMVbyfZXgUGYiIiofVGtu3Z0DrxKvIDVUoDWofvuRpFkCwlBOtO57bmqCCVGGUQ7Tip9pSAkdkyH0LRUkAR1M5j9P8ZlVIhxLZUcYPFd/X0xIonWehHYzIWakl72Z+K8XKjIGs5Ru4utgwkSaGRB0ER5nHBuJZ6XgiCmghueWEKqY/R/TEVGEGltdxRbjLdewSjoXda9Rb9xf1po3RUVldIJO0Tny0BVqojvUQm1EUYqe0Qt6dZ6cN+fd+Vislpzi5hj9gfP5A5WrmiQ=</latexit>

boundary

• Claim: This sequence of flow matches the correct


- bulk quasi-local energy (via operator formalism)


- bulk induced metric in FG gauge (via variational formalism) 


• Due to time constraint I will focus on the intermediate flow in this talk



• In spite of the newly added term the deformed energy levels still 
remain exactly solvable


• Using the factorization property:

: operator formalismTT + Λ2
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<latexit sha1_base64="pZO41G2mSbxM8ofTAI2pIDJDqSY=">AAACG3icbVDLSsNAFL3xWeur6tJNsAiuSiJSXRbdiLioYB/QhDKZ3rRDJ5MwMxFK6G+4E/0Xd+LWhb/iymmbhW09MHA4517umRMknCntON/Wyura+sZmYau4vbO7t186OGyqOJUUGzTmsWwHRCFnAhuaaY7tRCKJAo6tYHgz8VtPKBWLxaMeJehHpC9YyCjRRvK8UBKasbtxdj/ulspOxZnCXiZuTsqQo94t/Xi9mKYRCk05UarjOon2MyI1oxzHRS9VmBA6JH3sGCpIhMrPppnH9qlRenYYS/OEtqfq342MREqNosBMRkQP1KI3Ef/1AkmGqOeuZ5QIinwhkQ6v/IyJJNUo6CxQmHJbx/akKLvHJFLNR4YQKpn5k00HxNSlTZ1FU5a7WM0yaZ5X3Gql+nBRrl3ntRXgGE7gDFy4hBrcQh0aQCGBZ3iFN+vFerc+rM/Z6IqV7xzBHKyvX+13oqE=</latexit>

iJ

L

<latexit sha1_base64="/3yaaxEqwRlEmkUqtr8JgL36ezc=">AAACG3icbVDLSsNAFL3xWeur6tJNsAiuSiJSXRZFcOGign1AE8pketMOnUzCzEQoob/hTvRf3IlbF/6KK6dtFrb1wMDhnHu5Z06QcKa043xbK6tr6xubha3i9s7u3n7p4LCp4lRSbNCYx7IdEIWcCWxopjm2E4kkCji2guHNxG89oVQsFo96lKAfkb5gIaNEG8nzQkloxm7H2f24Wyo7FWcKe5m4OSlDjnq39OP1YppGKDTlRKmO6yTaz4jUjHIcF71UYULokPSxY6ggESo/m2Ye26dG6dlhLM0T2p6qfzcyEik1igIzGRE9UIveRPzXCyQZop67nlEiKPKFRDq88jMmklSjoLNAYcptHduTouwek0g1HxlCqGTmTzYdEFOXNnUWTVnuYjXLpHlecauV6sNFuXad11aAYziBM3DhEmpwB3VoAIUEnuEV3qwX6936sD5noytWvnMEc7C+fgHlB6Kc</latexit>

iE

L

<latexit sha1_base64="cCpKkOIxOjM2OhQXhkK65q7HL9A=">AAACL3icbVDLSgNBEJz1GeMr6lGQwSB4Crsi0WNQBA8eIpgHJCH0TnrjkNnZZWZWCEtufo030X8RL+LVX/Dk5IGYxIKBoqq7p7v8WHBtXPfdWVhcWl5Zzaxl1zc2t7ZzO7tVHSWKYYVFIlJ1HzQKLrFiuBFYjxVC6Aus+b3LoV97QKV5JO9MP8ZWCF3JA87AWKmdO2gGCljKmzEow0HQq0H6y28G7VzeLbgj0HniTUieTFBu576bnYglIUrDBGjd8NzYtNLhQCZwkG0mGmNgPehiw1IJIepWOrpjQI+s0qFBpOyTho7Uvx0phFr3Q99WhmDu9aw3FP/1fAU9NFO/pwwkQzGzkQnOWymXcWJQsvFCQSKoiegwPNrhCpkRfUuAKW5vouwebIDGRpy1YXmz0cyT6knBKxaKt6f50sUktgzZJ4fkmHjkjJTINSmTCmHkkTyRF/LqPDtvzofzOS5dcCY9e2QKztcP+3OqUw==</latexit>

i@E

@L



• Energy flow equation for the interior:


• Solutions:


• Agree with bulk calculations

: operator formalismTT + Λ2

20

<latexit sha1_base64="+MEhz+ZdTMiaYD1bqBhmCM+HaR0="></latexit>

1

2
@�E = �E

@E

@L
+

J2

L
� L

8�2

<latexit sha1_base64="l2fOHF1YvDwdoT0zdEpn5bS6Z9w="></latexit>

E(�) =
1

4�

⇣
1�

p
�1 + 8E0�� 16J2�2

⌘

λ = λ1

E

λ
λ = λ2



• Energy flow equation for the interior:


• Solutions:


• Agree with bulk calculations

: operator formalismTT + Λ2

20

<latexit sha1_base64="+MEhz+ZdTMiaYD1bqBhmCM+HaR0="></latexit>

1

2
@�E = �E

@E

@L
+

J2

L
� L

8�2

<latexit sha1_base64="l2fOHF1YvDwdoT0zdEpn5bS6Z9w="></latexit>

E(�) =
1

4�

⇣
1�

p
�1 + 8E0�� 16J2�2

⌘

λ = λ1

E

λ
λ = λ2

, positive in the interior= − fλ



• Energy flow equation for the interior:


• Solutions:


• Agree with bulk calculations

: operator formalismTT + Λ2

20

<latexit sha1_base64="+MEhz+ZdTMiaYD1bqBhmCM+HaR0="></latexit>

1

2
@�E = �E

@E

@L
+

J2

L
� L

8�2

<latexit sha1_base64="l2fOHF1YvDwdoT0zdEpn5bS6Z9w="></latexit>

E(�) =
1

4�

⇣
1�

p
�1 + 8E0�� 16J2�2

⌘

λ = λ1

E

λ
λ = λ2

Complex again. 

Need to turn off CC

, positive in the interior= − fλ



• Variation of the action gives


• Metric flow equations


• Boundary condition: 


Define


Then  continuous,  anti-continuousγab, T̃ab ∂T̃ab

: variational formalismTT + Λ2

21

<latexit sha1_base64="9BBsPWgy69s+fbExvkDvIJrk5MQ="></latexit>

@�(
p
���abTab) = �8i�

�p
�(TT + 1/32�2)

�

<latexit sha1_base64="l50uCXVHGRQKhqoH+g2kMlgHj28="></latexit>

@��ab = 4iT̂ab, @�T̂ab = 2iT̂abT̂
c
b + i

�ab
4�2

<latexit sha1_base64="TVgwF/64vmdLdFv9NvGbZ/ubUY4="></latexit>

T̃ab =

(
Tab, � < �c

iTab, � > �c

not sure why… gives correct answer

Can check that the solution 
matches the interior BTZ 
metric in BY gauge!



Recap

22

<latexit sha1_base64="0KyS2LslhiYFH/M1CEYAUMwNIAk=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BLx4jJDGQLKF3MpsMmZ1dZnqFsOToD3jVP/AmXv0Qf8DvcJLsQRMLGoqqbqqpIJHCoOt+OYW19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E4DhUijeQoGSdxLNIQokfwjGtzP/4ZFrI2LVxEnC/QiGSoSCAVqp0+wFoLPmtF+uuFV3DrpKvJxUSI5Gv/zdG8QsjbhCJsGYrucm6GegUTDJp6VeangCbAxD3rVUQcSNn83/ndIzqwxoGGs7Culc/X2RQWTMJArsZgQ4MsveTPzXCzSMOS6lY3jtZ0IlKXLFFuFhKinGdFYIHQjNGcqJJcC0sP9TNgINDG1tJVuMt1zDKmlfVL1atXZ/Wanf5BUVyQk5JefEI1ekTu5Ig7QII5I8kxfy6jw5b86787FYLTj5zTH5A+fzB3immG4=</latexit>

T T̄
<latexit sha1_base64="PZDKYk3zV7O1K5/qoxyepkWE7Ik=">AAACD3icbVDLSsNAFJ3UV62vWJdugkUQhJIUqS6Lbly4qNAXNCHcTKbt0MkkzEzEEvoR/oBb/QN34tZP8Af8DqdtFtp64MLhnHu4lxMkjEpl219GYW19Y3OruF3a2d3bPzAPyx0ZpwKTNo5ZLHoBSMIoJ21FFSO9RBCIAka6wfhm5ncfiJA05i01SYgXwZDTAcWgtOSb5ZYbgMha03P3TqdC8Gu+WbGr9hzWKnFyUkE5mr757YYxTiPCFWYgZd+xE+VlIBTFjExLbipJAngMQ9LXlENEpJfNf59ap1oJrUEs9HBlzdXfiQwiKSdRoDcjUCO57M3Ef71AwJiopetqcOVllCepIhwvjg9SZqnYmpVjhVQQrNhEE8CC6v8tPAIBWOkKS7oYZ7mGVdKpVZ16tX5/UWlc5xUV0TE6QWfIQZeogW5RE7URRo/oGb2gV+PJeDPejY/FasHIM0foD4zPH+qYnFw=</latexit>

T T̄ + ⇤2

<latexit sha1_base64="PZJgweWF4QpMCzv70R+7oNvD0kI=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4KjMi1Y1QdOOygn1IO5RMJtOGJpkhuSOUoVt/wK3+gTtx63/4A36HaTsLbT1w4XDOudzLCRLBDbjul1NYWV1b3yhulra2d3b3yvsHLROnmrImjUWsOwExTHDFmsBBsE6iGZGBYO1gdDP1249MGx6rexgnzJdkoHjEKQErPfSEjYbkyu2XK27VnQEvEy8nFZSj0S9/98KYppIpoIIY0/XcBPyMaOBUsEmplxqWEDoiA9a1VBHJjJ/NHp7gE6uEOIq1HQV4pv7eyIg0ZiwDm5QEhmbRm4r/eoEmIwYL1yG69DOukhSYovPjUSowxHjaCA65ZhTE2BJCNbf/YzokmlCwvZVsMd5iDcukdVb1atXa3Xmlfp1XVERH6BidIg9doDq6RQ3URBRJ9Ixe0Kvz5Lw5787HPFpw8p1D9AfO5w+V8Jhx</latexit>

� = 0

<latexit sha1_base64="RpQ8opxo7wjOWoNMN8JC3Mkpa08=">AAACAnicbVDLSgMxFM3UV62vqks3wSK4KjMi1WWxIC4r9AXtUDJppg2TZIbkjlCG7vwBt/oH7sStP+IP+B2m7Sy0euDC4Zx7OZcTJIIbcN1Pp7C2vrG5Vdwu7ezu7R+UD486Jk41ZW0ai1j3AmKY4Iq1gYNgvUQzIgPBukHUmPvdB6YNj1ULpgnzJRkrHnJKwErdgZa4cdsalitu1V0A/yVeTiooR3NY/hqMYppKpoAKYkzfcxPwM6KBU8FmpUFqWEJoRMasb6kikhk/W7w7w2dWGeEw1nYU4IX68yIj0pipDOymJDAxq95c/NcLNIkYrKRDeO1nXCUpMEWX4WEqMMR43gcecc0oiKklhGpu/8d0QjShYFsr2WK81Rr+ks5F1atVa/eXlfpNXlERnaBTdI48dIXq6A41URtRFKEn9IxenEfn1Xlz3perBSe/OUa/4Hx8A8Nsl2s=</latexit>

CFT

<latexit sha1_base64="0KyS2LslhiYFH/M1CEYAUMwNIAk=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BLx4jJDGQLKF3MpsMmZ1dZnqFsOToD3jVP/AmXv0Qf8DvcJLsQRMLGoqqbqqpIJHCoOt+OYW19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E4DhUijeQoGSdxLNIQokfwjGtzP/4ZFrI2LVxEnC/QiGSoSCAVqp0+wFoLPmtF+uuFV3DrpKvJxUSI5Gv/zdG8QsjbhCJsGYrucm6GegUTDJp6VeangCbAxD3rVUQcSNn83/ndIzqwxoGGs7Culc/X2RQWTMJArsZgQ4MsveTPzXCzSMOS6lY3jtZ0IlKXLFFuFhKinGdFYIHQjNGcqJJcC0sP9TNgINDG1tJVuMt1zDKmlfVL1atXZ/Wanf5BUVyQk5JefEI1ekTu5Ig7QII5I8kxfy6jw5b86787FYLTj5zTH5A+fzB3immG4=</latexit>

T T̄

<latexit sha1_base64="pYT3ofBHfx9lW6GofTzKXeJ9yTc=">AAACDHicbZDNSgMxFIUz9a/Wn466dBMsgqsyI1JdFt24rGBroR1KJs20oUlmSO4Iw9BX8AXc6hu4E7e+gy/gc5i2s9DWA4HDOfdywxcmghvwvC+ntLa+sblV3q7s7O7tV92Dw46JU01Zm8Yi1t2QGCa4Ym3gIFg30YzIULCHcHIz6x8emTY8VveQJSyQZKR4xCkBGw3cal9LbLgapYJoDtnArXl1by68avzC1FCh1sD97g9jmkqmgApiTM/3EghyooFTwaaVfmpYQuiEjFjPWkUkM0E+//gUn9pkiKNY26cAz9PfGzmRxmQytJOSwNgsd7Pw3y7UZMJg6TpEV0HOVZICU3RxPEoFhhjPyOAh14yCyKwh1LLgFNMx0YSC5VexYPxlDKumc173G/XG3UWteV0gKqNjdILOkI8uURPdohZqI4pS9Ixe0Kvz5Lw5787HYrTkFDtH6I+czx+xo5vK</latexit>

singularity
<latexit sha1_base64="x9grcY7qlMShL1+jMxgwTUzX1aE=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6kYounFZwT6gCWUymbRDJ5Mwc1MIpd/gD7jVP3Anbv0Gf8DvcNpmoa0HLhzOOZd7OUEquAbH+bJKa+sbm1vl7crO7t7+gX141NZJpihr0UQkqhsQzQSXrAUcBOumipE4EKwTjO5mfmfMlOaJfIQ8ZX5MBpJHnBIwUt+2PWHCIcE32OMygrxvV52aMwdeJW5BqqhAs29/e2FCs5hJoIJo3XOdFPwJUcCpYNOKl2mWEjoiA9YzVJKYaX8y/3yKz4wS4ihRZiTgufp7Y0JirfM4MMmYwFAvezPxXy9QZMRg6TpE1/6EyzQDJunieJQJDAmeVYNDrhgFkRtCqOLmf0yHRBEKpsCKKcZdrmGVtC9qbr1Wf7isNm6LisroBJ2ic+SiK9RA96iJWoiiMXpGL+jVerLerHfrYxEtWcXOMfoD6/MHT0+bfg==</latexit>

� = 1
<latexit sha1_base64="duTglkmbTsYmuaiOJpLF2MmEqPU=">AAACB3icbVBLSgNBFOzxG+Mv6tJNYxBchRmR6DLoxmUE84FkCD2dN0mT/gzdPWIYcgAv4FZv4E7cegwv4DnsJLPQxIIHRdV71KOihDNjff/LW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6rceQBum5L0dJxAKMpAsZpRYJ3W7WmB4tKCZ0r1S2a/4M+BlEuSkjHLUe6Xvbl/RVIC0lBNjOoGf2DAj2jLKYVLspgYSQkdkAB1HJRFgwmz28wSfOqWPY6XdSItn6u+LjAhjxiJym4LYoVn0puK/XqTJCOxCuo2vwozJJLUg6Tw8Tjm2Ck9LwX2mgVo+doRQzdz/mA6JJtQ1Y4qumGCxhmXSPK8E1Ur17qJcu84rKqBjdILOUIAuUQ3dojpqIIoS9Ixe0Kv35L15797HfHXFy2+O0B94nz+sVJoy</latexit>

exterior
<latexit sha1_base64="IrP4Iu6zesi628OWXtEmEcCr9SA=">AAACB3icbVBLSgNBFOyJvxh/UZduGoPgKsyIRJdBNy4jmA9khtDTeZM06c/Q3SOEkAN4Abd6A3fi1mN4Ac9hJ5mFJhY8KKreox4Vp5wZ6/tfXmFtfWNzq7hd2tnd2z8oHx61jMo0hSZVXOlOTAxwJqFpmeXQSTUQEXNox6Pbmd9+BG2Ykg92nEIkyECyhFFinRSGWmAmLWimdK9c8av+HHiVBDmpoByNXvk77CuaCZCWcmJMN/BTG02ItoxymJbCzEBK6IgMoOuoJAJMNJn/PMVnTunjRGk30uK5+vtiQoQxYxG7TUHs0Cx7M/FfL9ZkBHYp3SbX0YTJNLMg6SI8yTi2Cs9KwX2mgVo+doRQzdz/mA6JJtQ1Y0qumGC5hlXSuqgGtWrt/rJSv8krKqITdIrOUYCuUB3doQZqIopS9Ixe0Kv35L15797HYrXg5TfH6A+8zx+ipJos</latexit>

interior
<latexit sha1_base64="/WKoWsONfIYVpRVN/tbhWwSxrkE=">AAACBXicbVDLSsNAFJ34rPVVdelmsAiuSiJSXRbduKxgH9iGMpnctENnJmFmIpTQtT/gVv/Anbj1O/wBv8NJm4W2HrhwOOdezuUECWfauO6Xs7K6tr6xWdoqb+/s7u1XDg7bOk4VhRaNeay6AdHAmYSWYYZDN1FARMChE4xvcr/zCEqzWN6bSQK+IEPJIkaJsdJDXwkcAiS4PKhU3Zo7A14mXkGqqEBzUPnuhzFNBUhDOdG657mJ8TOiDKMcpuV+qiEhdEyG0LNUEgHaz2YfT/GpVUIcxcqONHim/r7IiNB6IgK7KYgZ6UUvF//1AkXGYBbSTXTlZ0wmqQFJ5+FRyrGJcV4JDpkCavjEEkIVs/9jOiKKUGOLy4vxFmtYJu3zmlev1e8uqo3roqISOkYn6Ax56BI10C1qohaiSKJn9IJenSfnzXl3PuarK05xc4T+wPn8AbIgmHQ=</latexit>

deep
<latexit sha1_base64="IrP4Iu6zesi628OWXtEmEcCr9SA=">AAACB3icbVBLSgNBFOyJvxh/UZduGoPgKsyIRJdBNy4jmA9khtDTeZM06c/Q3SOEkAN4Abd6A3fi1mN4Ac9hJ5mFJhY8KKreox4Vp5wZ6/tfXmFtfWNzq7hd2tnd2z8oHx61jMo0hSZVXOlOTAxwJqFpmeXQSTUQEXNox6Pbmd9+BG2Ykg92nEIkyECyhFFinRSGWmAmLWimdK9c8av+HHiVBDmpoByNXvk77CuaCZCWcmJMN/BTG02ItoxymJbCzEBK6IgMoOuoJAJMNJn/PMVnTunjRGk30uK5+vtiQoQxYxG7TUHs0Cx7M/FfL9ZkBHYp3SbX0YTJNLMg6SI8yTi2Cs9KwX2mgVo+doRQzdz/mA6JJtQ1Y0qumGC5hlXSuqgGtWrt/rJSv8krKqITdIrOUYCuUB3doQZqIopS9Ixe0Kv35L15797HYrXg5TfH6A+8zx+ipJos</latexit>

interior

<latexit sha1_base64="N/0eWmGP793M5pyeNyWAOlB5y4I=">AAACBHicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME85BkCbOznWTIzO4y0yuEJVd/wKv+gTfx6n/4A36Hk2QPmljQUFRV000FiRQGXffLWVldW9/YLGwVt3d29/ZLB4dNE6eaQ4PHMtbtgBmQIoIGCpTQTjQwFUhoBaObqd96BG1EHN3jOAFfsUEk+oIztNJDV9poyHper1R2K+4MdJl4OSmTHPVe6bsbxjxVECGXzJiO5yboZ0yj4BImxW5qIGF8xAbQsTRiCoyfzR6e0FOrhLQfazsR0pn6eyNjypixCmxSMRyaRW8q/usFmo0AF65j/8rPRJSkCBGfH++nkmJMp43QUGjgKMeWMK6F/Z/yIdOMo+2taIvxFmtYJs3ziletVO8uyrXrvKICOSYn5Ix45JLUyC2pkwbhRJFn8kJenSfnzXl3PubRFSffOSJ/4Hz+AM3amJQ=</latexit>

�1
<latexit sha1_base64="rzLgc+uSo605UyqUDaFGse/2YW4=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4KjNFqsuiG5cV7EPaodzJZNrQJDMkGaEM3foDbvUP3Ilb/8Mf8DtM21lo64ELh3PO5V5OkHCmjet+OYW19Y3NreJ2aWd3b/+gfHjU1nGqCG2RmMeqG4CmnEnaMsxw2k0UBRFw2gnGNzO/80iVZrG8N5OE+gKGkkWMgLHSQ5/baAiD2qBccavuHHiVeDmpoBzNQfm7H8YkFVQawkHrnucmxs9AGUY4nZb6qaYJkDEMac9SCYJqP5s/PMVnVglxFCs70uC5+nsjA6H1RAQ2KcCM9LI3E//1AgVjapaum+jKz5hMUkMlWRyPUo5NjGeN4JApSgyfWAJEMfs/JiNQQIztrWSL8ZZrWCXtWtWrV+t3F5XGdV5REZ2gU3SOPHSJGugWNVELESTQM3pBr86T8+a8Ox+LaMHJd47RHzifP89ymJU=</latexit>

�2<latexit sha1_base64="VZw95nVUNGlXyiWCUW3VvxOHtYg=">AAACB3icbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4AmlMnkph06mQkzEyGUfoA/4Fb/wJ249TP8Ab/DaZuFth64cDjnXs7lhCln2rjul1NaW9/Y3CpvV3Z29/YPqodHHS0zRaFNJZeqFxINnAloG2Y49FIFJAk5dMPx7czvPoLSTIoHk6cQJGQoWMwoMVbyfZXgUGYiIiofVGtu3Z0DrxKvIDVUoDWofvuRpFkCwlBOtO57bmqCCVGGUQ7Tip9pSAkdkyH0LRUkAR1M5j9P8ZlVIhxLZUcYPFd/X0xIonWehHYzIWakl72Z+K8XKjIGs5Ru4utgwkSaGRB0ER5nHBuJZ6XgiCmghueWEKqY/R/TEVGEGltdxRbjLdewSjoXda9Rb9xf1po3RUVldIJO0Tny0BVqojvUQm1EUYqe0Qt6dZ6cN+fd+Vislpzi5hj9gfP5A5WrmiQ=</latexit>

boundary

<latexit sha1_base64="OPpLVensUBILTDJJ/x7LB0LWxXE=">AAACAnicbVDLSsNAFJ3UV62vqks3wSK4KolIdVl047KCfUAbys1k0g6ZTMLMjVBCd/6AW/0Dd+LWH/EH/A6nbRbaeuDC4ZxzuZfjp4JrdJwvq7S2vrG5Vd6u7Ozu7R9UD486OskUZW2aiET1fNBMcMnayFGwXqoYxL5gXT+6nfndR6Y0T+QDTlLmxTCSPOQU0EjdgTDRAIbVmlN35rBXiVuQGinQGla/B0FCs5hJpAK07rtOil4OCjkVbFoZZJqlQCMYsb6hEmKmvXz+7tQ+M0pgh4kyI9Geq783coi1nsS+ScaAY73szcR/PV9BxHDpOobXXs5lmiGTdHE8zISNiT3rww64YhTFxBCgipv/bToGBRRNaxVTjLtcwyrpXNTdRr1xf1lr3hQVlckJOSXnxCVXpEnuSIu0CSUReSYv5NV6st6sd+tjES1Zxc4x+QPr8weYaJfw</latexit>

�

<latexit sha1_base64="fumQT73MOzDU5kuDrCB8scSnPfg=">AAACBXicbVDLSsNAFL2pr1pfVZdugkWom5KIVJdFEVxWsA9sQ5lMJu3QySTM3AildO0PuNU/cCdu/Q5/wO9w2mahrQcuHM45l3s5fiK4Rsf5snIrq2vrG/nNwtb2zu5ecf+gqeNUUdagsYhV2yeaCS5ZAzkK1k4UI5EvWMsfXk/91iNTmsfyHkcJ8yLSlzzklKCRHm7KXWHCATntFUtOxZnBXiZuRkqQod4rfneDmKYRk0gF0brjOgl6Y6KQU8EmhW6qWULokPRZx1BJIqa98ezjiX1ilMAOY2VGoj1Tf2+MSaT1KPJNMiI40IveVPzX8xUZMly4juGlN+YySZFJOj8epsLG2J5WYgdcMYpiZAihipv/bTogilA0xRVMMe5iDcukeVZxq5Xq3XmpdpVVlIcjOIYyuHABNbiFOjSAgoRneIFX68l6s96tj3k0Z2U7h/AH1ucP/QOYpA==</latexit>
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• The deformed boundary theory is defined by the initial conditions  
 and flow parameter 


• Q: What are we fixing in the bulk?


• A (naive): ADM mass , angular momentum , radial cutoff 

T0
ττ = M, T0

τθ = iJ λ

M J rc

A bulk gravitation path integral

Fix b.c. on the 
cutoff surface

“GPI”
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• The deformed boundary theory is defined by the initial conditions  
 and flow parameter 


• Q: What are we fixing in the bulk?


• A (naive): ADM mass , angular momentum , radial cutoff 

T0
ττ = M, T0

τθ = iJ λ

M J rc

A bulk gravitation path integral

• To truly state a holographic dictionary we need 
equivalence of partition functions 




• Need to define a (Euclidean) gravitational path 
integral (GPI) with boundary conditions defined solely 
on the finite cutoff surface!


• None of of  are defined on the bdy naively

ZTT̄(T0
ab, λ) = Zgrav(?)

(M, J, rc)

Fix b.c. on the 
cutoff surface

“GPI”

23



• However, there are boundary-local quantities whose values are 
the same as the triple :


- Hawking mass (spherical symm) [Soni-Wall]


- 1d induced metric  

(T0
ττ, T0

τθ, λ)

hθθ

A bulk gravitation path integral

24
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• However, there are boundary-local quantities whose values are 
the same as the triple :


- Hawking mass (spherical symm) [Soni-Wall]


- 1d induced metric  

(T0
ττ, T0

τθ, λ)

hθθ

A bulk gravitation path integral

24
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(Equivalent to fixing the BY energy)

<latexit sha1_base64="Sb01Jj2Ei9uwvFfc53774KDdGFk="></latexit>
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Think of microcanonical ensemble!



• However, there are boundary-local quantities whose values are 
the same as the triple :


- Hawking mass (spherical symm) [Soni-Wall]


- 1d induced metric  

(T0
ττ, T0

τθ, λ)

hθθ

A bulk gravitation path integral

24
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• In JT case ( ) we have 


-  


-

J = 0

<latexit sha1_base64="wEjueGR/lsE1AUFiSCxVlpwg8w8=">AAACH3icbVDLSgMxFM34rPU16tJNaBHqwjIjUt0IpSK4rGAf0hmGTJppQzOZIckIZeje3/AH3OofuBO3/QG/w0w7C209kHByzr25yfFjRqWyrKmxsrq2vrFZ2Cpu7+zu7ZsHh20ZJQKTFo5YJLo+koRRTlqKKka6sSAo9Bnp+KObzO88ESFpxB/UOCZuiAacBhQjpSXPLN16aeNxAq+hEw9pJdvOnBgJRRHzeHY89cyyVbVmgMvEzkkZ5Gh65rfTj3ASEq4wQ1L2bCtWbppdihmZFJ1EkhjhERqQnqYchUS66ewvE3iilT4MIqEXV3Cm/u5IUSjlOPR1ZYjUUC56mfiv5ws0Imphugqu3JTyOFGE4/nwIGFQRTALC/apIFixsSYIC6rfD/EQCYSVjrSog7EXY1gm7fOqXavW7i/K9UYeUQEcgxKoABtcgjq4A03QAhg8g1fwBt6NF+PD+DS+5qUrRt5zBP7AmP4ArOKikQ==</latexit>

EBY = �(�� @n�)

We are actually fixing  
on  [Iliesiu-Kruthoff-Turiaci-Verlinde]

(ϕ, ∂nϕ)
r = rc

<latexit sha1_base64="7lqR2m+0ATao4KzCcm5f/vvitpc=">AAACM3icbVA9SwNBEN2LXzF+RS1tlgRBC8NdELURgjZphAjGCCY55jaTZMne3rG7J4TD3l9jJ/pXxE5s/QNWbmIKE32w8HhvZnbmBbHg2rjuq5OZm19YXMou51ZW19Y38ptb1zpKFMM6i0SkbgLQKLjEuuFG4E2sEMJAYCMYnI/8xh0qzSN5ZYYxtkLoSd7lDIyV/Hzhwq/SU9qM+7xdpgd0rxmDMhyEL8fifrvs54tuyR2D/iXehBTJBDU//9XsRCwJURomQOtbz41NKx3NZQLvc81EYwxsAD28tVRCiLqVjm+5p7tW6dBupOyTho7V3x0phFoPw8BWhmD6etYbif96gYIBmqnfUwaSoZjZyHRPWimXcWJQsp+FuomgJqKjAGmHK2RGDC0Bpri9ibI+KGDGxpyzYXmz0fwl1+WSd1Q6ujwsVs4msWXJDimQPeKRY1IhVVIjdcLIA3kkz+TFeXLenHfn46c040x6tskUnM9v9Baphg==</latexit>

MH = �2 � (@n�)
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(Equivalent to fixing the BY energy)
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• Seem that there exists  where  becomes imaginary!


• Since , The GPI does not have classical saddles for the BH 
interior.

ϕmin = M ∂nϕ

ϕ ∼ r

GPI for BH interior?

Fix (ϕ, ∂nϕ) “GPI”
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• Seem that there exists  where  becomes imaginary!


• Since , The GPI does not have classical saddles for the BH 
interior.

ϕmin = M ∂nϕ

ϕ ∼ r

GPI for BH interior?

Fix (ϕ, ∂nϕ) “GPI”

What gives?

25



• We implicitly assumed that the normal to the boundary is space 
like , which is not true for the interior


• Relaxing this by allowing metrics with  modifies the 
formula for the boundary energies


• Now our GPI does have saddle solutions past !


• Matches to the BH interior with the correct energy

nana = + 1

nana = + 1

ϕmin

GPI for BH interior!
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MH = �2 ± (@n�)
2

<latexit sha1_base64="/xz/E0X7yTiT1VmZtw/hg3NDlkY="></latexit>

EBY = �(�� @n�) = �2 � �
p

|MH � �2|
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<latexit sha1_base64="A3RQX4Nvp835RqeehxCPYsuSPck=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoMgCGFXJHoMevEY0TwgCWF20psMmZ1dZnqFsAT8Aa/6B97Eq7/iD/gdTpI9aGJBQ1HVTTXlx1IYdN0vJ7eyura+kd8sbG3v7O4V9w8aJko0hzqPZKRbPjMghYI6CpTQijWw0JfQ9Ec3U7/5CNqISD3gOIZuyAZKBIIztNK97p31iiW37M5Al4mXkRLJUOsVvzv9iCchKOSSGdP23Bi7KdMouIRJoZMYiBkfsQG0LVUsBNNNZ69O6IlV+jSItB2FdKb+vkhZaMw49O1myHBoFr2p+K/nazYCXEjH4KqbChUnCIrPw4NEUozotAvaFxo4yrEljGth/6d8yDTjaBsr2GK8xRqWSeO87FXKlbuLUvU6qyhPjsgxOSUeuSRVcktqpE44GZBn8kJenSfnzXl3PuarOSe7OSR/4Hz+ADGzlgc=</latexit>r+

<latexit sha1_base64="gTfjSKfz4zuk8kLrXBjqLXJZw6g=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgxbArEj0GvXiMaB6QhDA76U2GzM4uM71CWAL+gFf9A2/i1V/xB/wOJ8keNLGgoajqppryYykMuu6Xk1tZXVvfyG8WtrZ3dveK+wcNEyWaQ51HMtItnxmQQkEdBUpoxRpY6Eto+qObqd98BG1EpB5wHEM3ZAMlAsEZWule9856xZJbdmegy8TLSIlkqPWK351+xJMQFHLJjGl7bozdlGkUXMKk0EkMxIyP2ADalioWgumms1cn9MQqfRpE2o5COlN/X6QsNGYc+nYzZDg0i95U/NfzNRsBLqRjcNVNhYoTBMXn4UEiKUZ02gXtCw0c5dgSxrWw/1M+ZJpxtI0VbDHeYg3LpHFe9irlyt1FqXqdVZQnR+SYnBKPXJIquSU1UiecDMgzeSGvzpPz5rw7H/PVnJPdHJI/cD5/ADTjlgk=</latexit>r�

<latexit sha1_base64="gTfjSKfz4zuk8kLrXBjqLXJZw6g=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgxbArEj0GvXiMaB6QhDA76U2GzM4uM71CWAL+gFf9A2/i1V/xB/wOJ8keNLGgoajqppryYykMuu6Xk1tZXVvfyG8WtrZ3dveK+wcNEyWaQ51HMtItnxmQQkEdBUpoxRpY6Eto+qObqd98BG1EpB5wHEM3ZAMlAsEZWule9856xZJbdmegy8TLSIlkqPWK351+xJMQFHLJjGl7bozdlGkUXMKk0EkMxIyP2ADalioWgumms1cn9MQqfRpE2o5COlN/X6QsNGYc+nYzZDg0i95U/NfzNRsBLqRjcNVNhYoTBMXn4UEiKUZ02gXtCw0c5dgSxrWw/1M+ZJpxtI0VbDHeYg3LpHFe9irlyt1FqXqdVZQnR+SYnBKPXJIquSU1UiecDMgzeSGvzpPz5rw7H/PVnJPdHJI/cD5/ADTjlgk=</latexit>r�

<latexit sha1_base64="nybDObhwlQrJd7zSriOrM9+UPGI=">AAACAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRC9C0IvHCG4SSJYwO+lNhszOLjO9Qgi5+ANe9Q+8iVf/xB/wO5wke9BoQUNR1U01FaZSGHTdT6ewsrq2vlHcLG1t7+zulfcPmibJNAefJzLR7ZAZkEKBjwIltFMNLA4ltMLRzcxvPYA2IlH3OE4hiNlAiUhwhlby9ZXu8V654lbdOehf4uWkQnI0euWvbj/hWQwKuWTGdDw3xWDCNAouYVrqZgZSxkdsAB1LFYvBBJP5s1N6YpU+jRJtRyGdqz8vJiw2ZhyHdjNmODTL3kz81ws1GwEupWN0GUyESjMExRfhUSYpJnTWBu0LDRzl2BLGtbD/Uz5kmnG0nZVsMd5yDX9J86zq1aq1u/NK/TqvqEiOyDE5JR65IHVySxrEJ5wI8kSeyYvz6Lw6b877YrXg5DeH5Becj2/uY5cC</latexit>r = rc

<latexit sha1_base64="gTfjSKfz4zuk8kLrXBjqLXJZw6g=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgxbArEj0GvXiMaB6QhDA76U2GzM4uM71CWAL+gFf9A2/i1V/xB/wOJ8keNLGgoajqppryYykMuu6Xk1tZXVvfyG8WtrZ3dveK+wcNEyWaQ51HMtItnxmQQkEdBUpoxRpY6Eto+qObqd98BG1EpB5wHEM3ZAMlAsEZWule9856xZJbdmegy8TLSIlkqPWK351+xJMQFHLJjGl7bozdlGkUXMKk0EkMxIyP2ADalioWgumms1cn9MQqfRpE2o5COlN/X6QsNGYc+nYzZDg0i95U/NfzNRsBLqRjcNVNhYoTBMXn4UEiKUZ02gXtCw0c5dgSxrWw/1M+ZJpxtI0VbDHeYg3LpHFe9irlyt1FqXqdVZQnR+SYnBKPXJIquSU1UiecDMgzeSGvzpPz5rw7H/PVnJPdHJI/cD5/ADTjlgk=</latexit>r�

<latexit sha1_base64="IaD5KlE7exTswz73d6Yykxewgfk=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRC9C0IvHiOYByRJmJ51kyOzsMtMrhCXgD3jVP/AmXv0Vf8DvcJLsQRMLGoqqbqqpIJbCoOt+ObmV1bX1jfxmYWt7Z3evuH/QMFGiOdR5JCPdCpgBKRTUUaCEVqyBhYGEZjC6mfrNR9BGROoBxzH4IRso0RecoZXu9ZXbLZbcsjsDXSZeRkokQ61b/O70Ip6EoJBLZkzbc2P0U6ZRcAmTQicxEDM+YgNoW6pYCMZPZ69O6IlVerQfaTsK6Uz9fZGy0JhxGNjNkOHQLHpT8V8v0GwEuJCO/Us/FSpOEBSfh/cTSTGi0y5oT2jgKMeWMK6F/Z/yIdOMo22sYIvxFmtYJo2zslcpV+7OS9XrrKI8OSLH5JR45IJUyS2pkTrhZECeyQt5dZ6cN+fd+Ziv5pzs5pD8gfP5AwNZleo=</latexit>

r = 0

<latexit sha1_base64="A3RQX4Nvp835RqeehxCPYsuSPck=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoMgCGFXJHoMevEY0TwgCWF20psMmZ1dZnqFsAT8Aa/6B97Eq7/iD/gdTpI9aGJBQ1HVTTXlx1IYdN0vJ7eyura+kd8sbG3v7O4V9w8aJko0hzqPZKRbPjMghYI6CpTQijWw0JfQ9Ec3U7/5CNqISD3gOIZuyAZKBIIztNK97p31iiW37M5Al4mXkRLJUOsVvzv9iCchKOSSGdP23Bi7KdMouIRJoZMYiBkfsQG0LVUsBNNNZ69O6IlV+jSItB2FdKb+vkhZaMw49O1myHBoFr2p+K/nazYCXEjH4KqbChUnCIrPw4NEUozotAvaFxo4yrEljGth/6d8yDTjaBsr2GK8xRqWSeO87FXKlbuLUvU6qyhPjsgxOSUeuSRVcktqpE44GZBn8kJenSfnzXl3PuarOSe7OSR/4Hz+ADGzlgc=</latexit>r+

<latexit sha1_base64="gTfjSKfz4zuk8kLrXBjqLXJZw6g=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgxbArEj0GvXiMaB6QhDA76U2GzM4uM71CWAL+gFf9A2/i1V/xB/wOJ8keNLGgoajqppryYykMuu6Xk1tZXVvfyG8WtrZ3dveK+wcNEyWaQ51HMtItnxmQQkEdBUpoxRpY6Eto+qObqd98BG1EpB5wHEM3ZAMlAsEZWule9856xZJbdmegy8TLSIlkqPWK351+xJMQFHLJjGl7bozdlGkUXMKk0EkMxIyP2ADalioWgumms1cn9MQqfRpE2o5COlN/X6QsNGYc+nYzZDg0i95U/NfzNRsBLqRjcNVNhYoTBMXn4UEiKUZ02gXtCw0c5dgSxrWw/1M+ZJpxtI0VbDHeYg3LpHFe9irlyt1FqXqdVZQnR+SYnBKPXJIquSU1UiecDMgzeSGvzpPz5rw7H/PVnJPdHJI/cD5/ADTjlgk=</latexit>r�

<latexit sha1_base64="gTfjSKfz4zuk8kLrXBjqLXJZw6g=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgxbArEj0GvXiMaB6QhDA76U2GzM4uM71CWAL+gFf9A2/i1V/xB/wOJ8keNLGgoajqppryYykMuu6Xk1tZXVvfyG8WtrZ3dveK+wcNEyWaQ51HMtItnxmQQkEdBUpoxRpY6Eto+qObqd98BG1EpB5wHEM3ZAMlAsEZWule9856xZJbdmegy8TLSIlkqPWK351+xJMQFHLJjGl7bozdlGkUXMKk0EkMxIyP2ADalioWgumms1cn9MQqfRpE2o5COlN/X6QsNGYc+nYzZDg0i95U/NfzNRsBLqRjcNVNhYoTBMXn4UEiKUZ02gXtCw0c5dgSxrWw/1M+ZJpxtI0VbDHeYg3LpHFe9irlyt1FqXqdVZQnR+SYnBKPXJIquSU1UiecDMgzeSGvzpPz5rw7H/PVnJPdHJI/cD5/ADTjlgk=</latexit>r�

<latexit sha1_base64="95ApbyfLfvBt5sCIq+sGNGHRizA=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx4jmgckIcxOepMhs7PLzKwQloA/4FX/wJt49Vf8Ab/DSbIHTSxoKKq6qab8WHBtXPfLWVldW9/YzG3lt3d29/YLB4cNHSWKYZ1FIlItn2oUXGLdcCOwFSukoS+w6Y9upn7zEZXmkXww4xi7IR1IHnBGjZXuS/SsVyi6ZXcGsky8jBQhQ61X+O70I5aEKA0TVOu258amm1JlOBM4yXcSjTFlIzrAtqWShqi76ezVCTm1Sp8EkbIjDZmpvy9SGmo9Dn27GVIz1IveVPzX8xUdoVlIN8FVN+UyTgxKNg8PEkFMRKZdkD5XyIwYW0KZ4vZ/woZUUWZsY3lbjLdYwzJpnJe9Srlyd1GsXmcV5eAYTqAEHlxCFW6hBnVgMIBneIFX58l5c96dj/nqipPdHMEfOJ8/uyKVvQ==</latexit>

(a)
<latexit sha1_base64="i8DCkHOZaWldlUIn+tE4UpvycXE=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx4jmgckIcxOepMhs7PLzKwQloA/4FX/wJt49Vf8Ab/DSbIHTSxoKKq6qab8WHBtXPfLWVldW9/YzG3lt3d29/YLB4cNHSWKYZ1FIlItn2oUXGLdcCOwFSukoS+w6Y9upn7zEZXmkXww4xi7IR1IHnBGjZXuS/5Zr1B0y+4MZJl4GSlChlqv8N3pRywJURomqNZtz41NN6XKcCZwku8kGmPKRnSAbUslDVF309mrE3JqlT4JImVHGjJTf1+kNNR6HPp2M6RmqBe9qfiv5ys6QrOQboKrbsplnBiUbB4eJIKYiEy7IH2ukBkxtoQyxe3/hA2poszYxvK2GG+xhmXSOC97lXLl7qJYvc4qysExnEAJPLiEKtxCDerAYADP8AKvzpPz5rw7H/PVFSe7OYI/cD5/ALy7lb4=</latexit>

(b)
<latexit sha1_base64="sZG/Xv2y+kK0XZlQrAN6p3osjIU=">AAAB/nicbVDLSgNBEJz1GeMr6tHLYBDiJeyKRI9BLx4jmgckIcxOepMhs7PLTK8QloA/4FX/wJt49Vf8Ab/DSbIHTSxoKKq6qab8WAqDrvvlrKyurW9s5rby2zu7e/uFg8OGiRLNoc4jGemWzwxIoaCOAiW0Yg0s9CU0/dHN1G8+gjYiUg84jqEbsoESgeAMrXRf4me9QtEtuzPQZeJlpEgy1HqF704/4kkICrlkxrQ9N8ZuyjQKLmGS7yQGYsZHbABtSxULwXTT2asTemqVPg0ibUchnam/L1IWGjMOfbsZMhyaRW8q/uv5mo0AF9IxuOqmQsUJguLz8CCRFCM67YL2hQaOcmwJ41rY/ykfMs042sbythhvsYZl0jgve5Vy5e6iWL3OKsqRY3JCSsQjl6RKbkmN1AknA/JMXsir8+S8Oe/Ox3x1xclujsgfOJ8/vlSVvw==</latexit>

(c)



<latexit sha1_base64="A3RQX4Nvp835RqeehxCPYsuSPck=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoMgCGFXJHoMevEY0TwgCWF20psMmZ1dZnqFsAT8Aa/6B97Eq7/iD/gdTpI9aGJBQ1HVTTXlx1IYdN0vJ7eyura+kd8sbG3v7O4V9w8aJko0hzqPZKRbPjMghYI6CpTQijWw0JfQ9Ec3U7/5CNqISD3gOIZuyAZKBIIztNK97p31iiW37M5Al4mXkRLJUOsVvzv9iCchKOSSGdP23Bi7KdMouIRJoZMYiBkfsQG0LVUsBNNNZ69O6IlV+jSItB2FdKb+vkhZaMw49O1myHBoFr2p+K/nazYCXEjH4KqbChUnCIrPw4NEUozotAvaFxo4yrEljGth/6d8yDTjaBsr2GK8xRqWSeO87FXKlbuLUvU6qyhPjsgxOSUeuSRVcktqpE44GZBn8kJenSfnzXl3PuarOSe7OSR/4Hz+ADGzlgc=</latexit>r+

<latexit sha1_base64="gTfjSKfz4zuk8kLrXBjqLXJZw6g=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgxbArEj0GvXiMaB6QhDA76U2GzM4uM71CWAL+gFf9A2/i1V/xB/wOJ8keNLGgoajqppryYykMuu6Xk1tZXVvfyG8WtrZ3dveK+wcNEyWaQ51HMtItnxmQQkEdBUpoxRpY6Eto+qObqd98BG1EpB5wHEM3ZAMlAsEZWule9856xZJbdmegy8TLSIlkqPWK351+xJMQFHLJjGl7bozdlGkUXMKk0EkMxIyP2ADalioWgumms1cn9MQqfRpE2o5COlN/X6QsNGYc+nYzZDg0i95U/NfzNRsBLqRjcNVNhYoTBMXn4UEiKUZ02gXtCw0c5dgSxrWw/1M+ZJpxtI0VbDHeYg3LpHFe9irlyt1FqXqdVZQnR+SYnBKPXJIquSU1UiecDMgzeSGvzpPz5rw7H/PVnJPdHJI/cD5/ADTjlgk=</latexit>r�

<latexit sha1_base64="A3RQX4Nvp835RqeehxCPYsuSPck=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoMgCGFXJHoMevEY0TwgCWF20psMmZ1dZnqFsAT8Aa/6B97Eq7/iD/gdTpI9aGJBQ1HVTTXlx1IYdN0vJ7eyura+kd8sbG3v7O4V9w8aJko0hzqPZKRbPjMghYI6CpTQijWw0JfQ9Ec3U7/5CNqISD3gOIZuyAZKBIIztNK97p31iiW37M5Al4mXkRLJUOsVvzv9iCchKOSSGdP23Bi7KdMouIRJoZMYiBkfsQG0LVUsBNNNZ69O6IlV+jSItB2FdKb+vkhZaMw49O1myHBoFr2p+K/nazYCXEjH4KqbChUnCIrPw4NEUozotAvaFxo4yrEljGth/6d8yDTjaBsr2GK8xRqWSeO87FXKlbuLUvU6qyhPjsgxOSUeuSRVcktqpE44GZBn8kJenSfnzXl3PuarOSe7OSR/4Hz+ADGzlgc=</latexit>r+

<latexit sha1_base64="nybDObhwlQrJd7zSriOrM9+UPGI=">AAACAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRC9C0IvHCG4SSJYwO+lNhszOLjO9Qgi5+ANe9Q+8iVf/xB/wO5wke9BoQUNR1U01FaZSGHTdT6ewsrq2vlHcLG1t7+zulfcPmibJNAefJzLR7ZAZkEKBjwIltFMNLA4ltMLRzcxvPYA2IlH3OE4hiNlAiUhwhlby9ZXu8V654lbdOehf4uWkQnI0euWvbj/hWQwKuWTGdDw3xWDCNAouYVrqZgZSxkdsAB1LFYvBBJP5s1N6YpU+jRJtRyGdqz8vJiw2ZhyHdjNmODTL3kz81ws1GwEupWN0GUyESjMExRfhUSYpJnTWBu0LDRzl2BLGtbD/Uz5kmnG0nZVsMd5yDX9J86zq1aq1u/NK/TqvqEiOyDE5JR65IHVySxrEJ5wI8kSeyYvz6Lw6b877YrXg5DeH5Becj2/uY5cC</latexit>r = rc

<latexit sha1_base64="A3RQX4Nvp835RqeehxCPYsuSPck=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoMgCGFXJHoMevEY0TwgCWF20psMmZ1dZnqFsAT8Aa/6B97Eq7/iD/gdTpI9aGJBQ1HVTTXlx1IYdN0vJ7eyura+kd8sbG3v7O4V9w8aJko0hzqPZKRbPjMghYI6CpTQijWw0JfQ9Ec3U7/5CNqISD3gOIZuyAZKBIIztNK97p31iiW37M5Al4mXkRLJUOsVvzv9iCchKOSSGdP23Bi7KdMouIRJoZMYiBkfsQG0LVUsBNNNZ69O6IlV+jSItB2FdKb+vkhZaMw49O1myHBoFr2p+K/nazYCXEjH4KqbChUnCIrPw4NEUozotAvaFxo4yrEljGth/6d8yDTjaBsr2GK8xRqWSeO87FXKlbuLUvU6qyhPjsgxOSUeuSRVcktqpE44GZBn8kJenSfnzXl3PuarOSe7OSR/4Hz+ADGzlgc=</latexit>r+

<latexit sha1_base64="PtjYM5xbjpoftlo2sfzX3ni7T9E=">AAACA3icbVDLSgNBEJz1GeMr6tHLYBA8hV2R6EUIevEYwTwgWcLspDcZMju7zPQKYcnRH/Cqf+BNvPoh/oDf4STZgyYWNBRV3VRTQSKFQdf9clZW19Y3Ngtbxe2d3b390sFh08Sp5tDgsYx1O2AGpFDQQIES2okGFgUSWsHoduq3HkEbEasHHCfgR2ygRCg4Qyu19XVXqBDHvVLZrbgz0GXi5aRMctR7pe9uP+ZpBAq5ZMZ0PDdBP2MaBZcwKXZTAwnjIzaAjqWKRWD8bPbvhJ5apU/DWNtRSGfq74uMRcaMo8BuRgyHZtGbiv96gWYjwIV0DK/8TKgkRVB8Hh6mkmJMp4XQvtDAUY4tYVwL+z/lQ6YZR1tb0RbjLdawTJrnFa9aqd5flGs3eUUFckxOyBnxyCWpkTtSJw3CiSTP5IW8Ok/Om/PufMxXV5z85oj8gfP5A38KmHI=</latexit>r = 1 <latexit sha1_base64="A3RQX4Nvp835RqeehxCPYsuSPck=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoMgCGFXJHoMevEY0TwgCWF20psMmZ1dZnqFsAT8Aa/6B97Eq7/iD/gdTpI9aGJBQ1HVTTXlx1IYdN0vJ7eyura+kd8sbG3v7O4V9w8aJko0hzqPZKRbPjMghYI6CpTQijWw0JfQ9Ec3U7/5CNqISD3gOIZuyAZKBIIztNK97p31iiW37M5Al4mXkRLJUOsVvzv9iCchKOSSGdP23Bi7KdMouIRJoZMYiBkfsQG0LVUsBNNNZ69O6IlV+jSItB2FdKb+vkhZaMw49O1myHBoFr2p+K/nazYCXEjH4KqbChUnCIrPw4NEUozotAvaFxo4yrEljGth/6d8yDTjaBsr2GK8xRqWSeO87FXKlbuLUvU6qyhPjsgxOSUeuSRVcktqpE44GZBn8kJenSfnzXl3PuarOSe7OSR/4Hz+ADGzlgc=</latexit>r+

<latexit sha1_base64="nybDObhwlQrJd7zSriOrM9+UPGI=">AAACAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRC9C0IvHCG4SSJYwO+lNhszOLjO9Qgi5+ANe9Q+8iVf/xB/wO5wke9BoQUNR1U01FaZSGHTdT6ewsrq2vlHcLG1t7+zulfcPmibJNAefJzLR7ZAZkEKBjwIltFMNLA4ltMLRzcxvPYA2IlH3OE4hiNlAiUhwhlby9ZXu8V654lbdOehf4uWkQnI0euWvbj/hWQwKuWTGdDw3xWDCNAouYVrqZgZSxkdsAB1LFYvBBJP5s1N6YpU+jRJtRyGdqz8vJiw2ZhyHdjNmODTL3kz81ws1GwEupWN0GUyESjMExRfhUSYpJnTWBu0LDRzl2BLGtbD/Uz5kmnG0nZVsMd5yDX9J86zq1aq1u/NK/TqvqEiOyDE5JR65IHVySxrEJ5wI8kSeyYvz6Lw6b877YrXg5DeH5Becj2/uY5cC</latexit>r = rc

<latexit sha1_base64="gTfjSKfz4zuk8kLrXBjqLXJZw6g=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgxbArEj0GvXiMaB6QhDA76U2GzM4uM71CWAL+gFf9A2/i1V/xB/wOJ8keNLGgoajqppryYykMuu6Xk1tZXVvfyG8WtrZ3dveK+wcNEyWaQ51HMtItnxmQQkEdBUpoxRpY6Eto+qObqd98BG1EpB5wHEM3ZAMlAsEZWule9856xZJbdmegy8TLSIlkqPWK351+xJMQFHLJjGl7bozdlGkUXMKk0EkMxIyP2ADalioWgumms1cn9MQqfRpE2o5COlN/X6QsNGYc+nYzZDg0i95U/NfzNRsBLqRjcNVNhYoTBMXn4UEiKUZ02gXtCw0c5dgSxrWw/1M+ZJpxtI0VbDHeYg3LpHFe9irlyt1FqXqdVZQnR+SYnBKPXJIquSU1UiecDMgzeSGvzpPz5rw7H/PVnJPdHJI/cD5/ADTjlgk=</latexit>r�

<latexit sha1_base64="A3RQX4Nvp835RqeehxCPYsuSPck=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoMgCGFXJHoMevEY0TwgCWF20psMmZ1dZnqFsAT8Aa/6B97Eq7/iD/gdTpI9aGJBQ1HVTTXlx1IYdN0vJ7eyura+kd8sbG3v7O4V9w8aJko0hzqPZKRbPjMghYI6CpTQijWw0JfQ9Ec3U7/5CNqISD3gOIZuyAZKBIIztNK97p31iiW37M5Al4mXkRLJUOsVvzv9iCchKOSSGdP23Bi7KdMouIRJoZMYiBkfsQG0LVUsBNNNZ69O6IlV+jSItB2FdKb+vkhZaMw49O1myHBoFr2p+K/nazYCXEjH4KqbChUnCIrPw4NEUozotAvaFxo4yrEljGth/6d8yDTjaBsr2GK8xRqWSeO87FXKlbuLUvU6qyhPjsgxOSUeuSRVcktqpE44GZBn8kJenSfnzXl3PuarOSe7OSR/4Hz+ADGzlgc=</latexit>r+

<latexit sha1_base64="gTfjSKfz4zuk8kLrXBjqLXJZw6g=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgxbArEj0GvXiMaB6QhDA76U2GzM4uM71CWAL+gFf9A2/i1V/xB/wOJ8keNLGgoajqppryYykMuu6Xk1tZXVvfyG8WtrZ3dveK+wcNEyWaQ51HMtItnxmQQkEdBUpoxRpY6Eto+qObqd98BG1EpB5wHEM3ZAMlAsEZWule9856xZJbdmegy8TLSIlkqPWK351+xJMQFHLJjGl7bozdlGkUXMKk0EkMxIyP2ADalioWgumms1cn9MQqfRpE2o5COlN/X6QsNGYc+nYzZDg0i95U/NfzNRsBLqRjcNVNhYoTBMXn4UEiKUZ02gXtCw0c5dgSxrWw/1M+ZJpxtI0VbDHeYg3LpHFe9irlyt1FqXqdVZQnR+SYnBKPXJIquSU1UiecDMgzeSGvzpPz5rw7H/PVnJPdHJI/cD5/ADTjlgk=</latexit>r�

<latexit sha1_base64="gTfjSKfz4zuk8kLrXBjqLXJZw6g=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgxbArEj0GvXiMaB6QhDA76U2GzM4uM71CWAL+gFf9A2/i1V/xB/wOJ8keNLGgoajqppryYykMuu6Xk1tZXVvfyG8WtrZ3dveK+wcNEyWaQ51HMtItnxmQQkEdBUpoxRpY6Eto+qObqd98BG1EpB5wHEM3ZAMlAsEZWule9856xZJbdmegy8TLSIlkqPWK351+xJMQFHLJjGl7bozdlGkUXMKk0EkMxIyP2ADalioWgumms1cn9MQqfRpE2o5COlN/X6QsNGYc+nYzZDg0i95U/NfzNRsBLqRjcNVNhYoTBMXn4UEiKUZ02gXtCw0c5dgSxrWw/1M+ZJpxtI0VbDHeYg3LpHFe9irlyt1FqXqdVZQnR+SYnBKPXJIquSU1UiecDMgzeSGvzpPz5rw7H/PVnJPdHJI/cD5/ADTjlgk=</latexit>r�

<latexit sha1_base64="nybDObhwlQrJd7zSriOrM9+UPGI=">AAACAHicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRC9C0IvHCG4SSJYwO+lNhszOLjO9Qgi5+ANe9Q+8iVf/xB/wO5wke9BoQUNR1U01FaZSGHTdT6ewsrq2vlHcLG1t7+zulfcPmibJNAefJzLR7ZAZkEKBjwIltFMNLA4ltMLRzcxvPYA2IlH3OE4hiNlAiUhwhlby9ZXu8V654lbdOehf4uWkQnI0euWvbj/hWQwKuWTGdDw3xWDCNAouYVrqZgZSxkdsAB1LFYvBBJP5s1N6YpU+jRJtRyGdqz8vJiw2ZhyHdjNmODTL3kz81ws1GwEupWN0GUyESjMExRfhUSYpJnTWBu0LDRzl2BLGtbD/Uz5kmnG0nZVsMd5yDX9J86zq1aq1u/NK/TqvqEiOyDE5JR65IHVySxrEJ5wI8kSeyYvz6Lw6b877YrXg5DeH5Becj2/uY5cC</latexit>r = rc

<latexit sha1_base64="gTfjSKfz4zuk8kLrXBjqLXJZw6g=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgxbArEj0GvXiMaB6QhDA76U2GzM4uM71CWAL+gFf9A2/i1V/xB/wOJ8keNLGgoajqppryYykMuu6Xk1tZXVvfyG8WtrZ3dveK+wcNEyWaQ51HMtItnxmQQkEdBUpoxRpY6Eto+qObqd98BG1EpB5wHEM3ZAMlAsEZWule9856xZJbdmegy8TLSIlkqPWK351+xJMQFHLJjGl7bozdlGkUXMKk0EkMxIyP2ADalioWgumms1cn9MQqfRpE2o5COlN/X6QsNGYc+nYzZDg0i95U/NfzNRsBLqRjcNVNhYoTBMXn4UEiKUZ02gXtCw0c5dgSxrWw/1M+ZJpxtI0VbDHeYg3LpHFe9irlyt1FqXqdVZQnR+SYnBKPXJIquSU1UiecDMgzeSGvzpPz5rw7H/PVnJPdHJI/cD5/ADTjlgk=</latexit>r�

<latexit sha1_base64="IaD5KlE7exTswz73d6Yykxewgfk=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgKeyKRC9C0IvHiOYByRJmJ51kyOzsMtMrhCXgD3jVP/AmXv0Vf8DvcJLsQRMLGoqqbqqpIJbCoOt+ObmV1bX1jfxmYWt7Z3evuH/QMFGiOdR5JCPdCpgBKRTUUaCEVqyBhYGEZjC6mfrNR9BGROoBxzH4IRso0RecoZXu9ZXbLZbcsjsDXSZeRkokQ61b/O70Ip6EoJBLZkzbc2P0U6ZRcAmTQicxEDM+YgNoW6pYCMZPZ69O6IlVerQfaTsK6Uz9fZGy0JhxGNjNkOHQLHpT8V8v0GwEuJCO/Us/FSpOEBSfh/cTSTGi0y5oT2jgKMeWMK6F/Z/yIdOMo22sYIvxFmtYJo2zslcpV+7OS9XrrKI8OSLH5JR45IJUyS2pkTrhZECeyQt5dZ6cN+fd+Ziv5pzs5pD8gfP5AwNZleo=</latexit>

r = 0

<latexit sha1_base64="A3RQX4Nvp835RqeehxCPYsuSPck=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoMgCGFXJHoMevEY0TwgCWF20psMmZ1dZnqFsAT8Aa/6B97Eq7/iD/gdTpI9aGJBQ1HVTTXlx1IYdN0vJ7eyura+kd8sbG3v7O4V9w8aJko0hzqPZKRbPjMghYI6CpTQijWw0JfQ9Ec3U7/5CNqISD3gOIZuyAZKBIIztNK97p31iiW37M5Al4mXkRLJUOsVvzv9iCchKOSSGdP23Bi7KdMouIRJoZMYiBkfsQG0LVUsBNNNZ69O6IlV+jSItB2FdKb+vkhZaMw49O1myHBoFr2p+K/nazYCXEjH4KqbChUnCIrPw4NEUozotAvaFxo4yrEljGth/6d8yDTjaBsr2GK8xRqWSeO87FXKlbuLUvU6qyhPjsgxOSUeuSRVcktqpE44GZBn8kJenSfnzXl3PuarOSe7OSR/4Hz+ADGzlgc=</latexit>r+

<latexit sha1_base64="gTfjSKfz4zuk8kLrXBjqLXJZw6g=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgxbArEj0GvXiMaB6QhDA76U2GzM4uM71CWAL+gFf9A2/i1V/xB/wOJ8keNLGgoajqppryYykMuu6Xk1tZXVvfyG8WtrZ3dveK+wcNEyWaQ51HMtItnxmQQkEdBUpoxRpY6Eto+qObqd98BG1EpB5wHEM3ZAMlAsEZWule9856xZJbdmegy8TLSIlkqPWK351+xJMQFHLJjGl7bozdlGkUXMKk0EkMxIyP2ADalioWgumms1cn9MQqfRpE2o5COlN/X6QsNGYc+nYzZDg0i95U/NfzNRsBLqRjcNVNhYoTBMXn4UEiKUZ02gXtCw0c5dgSxrWw/1M+ZJpxtI0VbDHeYg3LpHFe9irlyt1FqXqdVZQnR+SYnBKPXJIquSU1UiecDMgzeSGvzpPz5rw7H/PVnJPdHJI/cD5/ADTjlgk=</latexit>r�

<latexit sha1_base64="gTfjSKfz4zuk8kLrXBjqLXJZw6g=">AAAB/nicbVDLSgNBEJyNrxhfUY9eBoPgxbArEj0GvXiMaB6QhDA76U2GzM4uM71CWAL+gFf9A2/i1V/xB/wOJ8keNLGgoajqppryYykMuu6Xk1tZXVvfyG8WtrZ3dveK+wcNEyWaQ51HMtItnxmQQkEdBUpoxRpY6Eto+qObqd98BG1EpB5wHEM3ZAMlAsEZWule9856xZJbdmegy8TLSIlkqPWK351+xJMQFHLJjGl7bozdlGkUXMKk0EkMxIyP2ADalioWgumms1cn9MQqfRpE2o5COlN/X6QsNGYc+nYzZDg0i95U/NfzNRsBLqRjcNVNhYoTBMXn4UEiKUZ02gXtCw0c5dgSxrWw/1M+ZJpxtI0VbDHeYg3LpHFe9irlyt1FqXqdVZQnR+SYnBKPXJIquSU1UiecDMgzeSGvzpPz5rw7H/PVnJPdHJI/cD5/ADTjlgk=</latexit>r�

<latexit sha1_base64="OPpLVensUBILTDJJ/x7LB0LWxXE=">AAACAnicbVDLSsNAFJ3UV62vqks3wSK4KolIdVl047KCfUAbys1k0g6ZTMLMjVBCd/6AW/0Dd+LWH/EH/A6nbRbaeuDC4ZxzuZfjp4JrdJwvq7S2vrG5Vd6u7Ozu7R9UD486OskUZW2aiET1fNBMcMnayFGwXqoYxL5gXT+6nfndR6Y0T+QDTlLmxTCSPOQU0EjdgTDRAIbVmlN35rBXiVuQGinQGla/B0FCs5hJpAK07rtOil4OCjkVbFoZZJqlQCMYsb6hEmKmvXz+7tQ+M0pgh4kyI9Geq783coi1nsS+ScaAY73szcR/PV9BxHDpOobXXs5lmiGTdHE8zISNiT3rww64YhTFxBCgipv/bToGBRRNaxVTjLtcwyrpXNTdRr1xf1lr3hQVlckJOSXnxCVXpEnuSIu0CSUReSYv5NV6st6sd+tjES1Zxc4x+QPr8weYaJfw</latexit>

�

<latexit sha1_base64="fumQT73MOzDU5kuDrCB8scSnPfg=">AAACBXicbVDLSsNAFL2pr1pfVZdugkWom5KIVJdFEVxWsA9sQ5lMJu3QySTM3AildO0PuNU/cCdu/Q5/wO9w2mahrQcuHM45l3s5fiK4Rsf5snIrq2vrG/nNwtb2zu5ecf+gqeNUUdagsYhV2yeaCS5ZAzkK1k4UI5EvWMsfXk/91iNTmsfyHkcJ8yLSlzzklKCRHm7KXWHCATntFUtOxZnBXiZuRkqQod4rfneDmKYRk0gF0brjOgl6Y6KQU8EmhW6qWULokPRZx1BJIqa98ezjiX1ilMAOY2VGoj1Tf2+MSaT1KPJNMiI40IveVPzX8xUZMly4juGlN+YySZFJOj8epsLG2J5WYgdcMYpiZAihipv/bTogilA0xRVMMe5iDcukeVZxq5Xq3XmpdpVVlIcjOIYyuHABNbiFOjSAgoRneIFX68l6s96tj3k0Z2U7h/AH1ucP/QOYpA==</latexit>

E(�)

<latexit sha1_base64="N/0eWmGP793M5pyeNyWAOlB5y4I=">AAACBHicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME85BkCbOznWTIzO4y0yuEJVd/wKv+gTfx6n/4A36Hk2QPmljQUFRV000FiRQGXffLWVldW9/YLGwVt3d29/ZLB4dNE6eaQ4PHMtbtgBmQIoIGCpTQTjQwFUhoBaObqd96BG1EHN3jOAFfsUEk+oIztNJDV9poyHper1R2K+4MdJl4OSmTHPVe6bsbxjxVECGXzJiO5yboZ0yj4BImxW5qIGF8xAbQsTRiCoyfzR6e0FOrhLQfazsR0pn6eyNjypixCmxSMRyaRW8q/usFmo0AF65j/8rPRJSkCBGfH++nkmJMp43QUGjgKMeWMK6F/Z/yIdOMo+2taIvxFmtYJs3ziletVO8uyrXrvKICOSYn5Ix45JLUyC2pkwbhRJFn8kJenSfnzXl3PubRFSffOSJ/4Hz+AM3amJQ=</latexit>

�1
<latexit sha1_base64="rzLgc+uSo605UyqUDaFGse/2YW4=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4KjNFqsuiG5cV7EPaodzJZNrQJDMkGaEM3foDbvUP3Ilb/8Mf8DtM21lo64ELh3PO5V5OkHCmjet+OYW19Y3NreJ2aWd3b/+gfHjU1nGqCG2RmMeqG4CmnEnaMsxw2k0UBRFw2gnGNzO/80iVZrG8N5OE+gKGkkWMgLHSQ5/baAiD2qBccavuHHiVeDmpoBzNQfm7H8YkFVQawkHrnucmxs9AGUY4nZb6qaYJkDEMac9SCYJqP5s/PMVnVglxFCs70uC5+nsjA6H1RAQ2KcCM9LI3E//1AgVjapaum+jKz5hMUkMlWRyPUo5NjGeN4JApSgyfWAJEMfs/JiNQQIztrWSL8ZZrWCXtWtWrV+t3F5XGdV5REZ2gU3SOPHSJGugWNVELESTQM3pBr86T8+a8Ox+LaMHJd47RHzifP89ymJU=</latexit>

�2

<latexit sha1_base64="TYwFx6/sa+QeDuLPcmoLGEN+y4w=">AAACAHicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL3qL4CaBZAmzk95kyMzuMjMrhJCLP+BV/8CbePVP/AG/w0myB40WNBRV3VRTYSq4Nq776RRWVtfWN4qbpa3tnd298v5BUyeZYuizRCSqHVKNgsfoG24EtlOFVIYCW+Hoeua3HlBpnsT3ZpxiIOkg5hFn1FjJ7ypJbnvlilt15yB/iZeTCuRo9Mpf3X7CMomxYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixNKYSdTCZPzslJ1bpkyhRdmJD5urPiwmVWo9laDclNUO97M3Ef71Q0RGapXQTXQYTHqeZwZgtwqNMEJOQWRukzxUyI8aWUKa4/Z+wIVWUGdtZyRbjLdfwlzTPql6tWrs7r9Sv8oqKcATHcAoeXEAdbqABPjDg8ATP8OI8Oq/Om/O+WC04+c0h/ILz8Q2J+ZbD</latexit>

I
<latexit sha1_base64="9cTOWkHwMg538BvfFSzSf6UUmkI=">AAACAXicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxdwimAckS5id9CZjZmeXmV4hhJz8Aa/6B97Eq1/iD/gdTpI9aGJBQ1HVTTUVJFIYdN0vZ2V1bX1jM7eV397Z3dsvHBw2TJxqDnUey1i3AmZACgV1FCihlWhgUSChGQxvpn7zEbQRsbrHUQJ+xPpKhIIztFKjoyNarXYLRbfkzkCXiZeRIslQ6xa+O72YpxEo5JIZ0/bcBP0x0yi4hEm+kxpIGB+yPrQtVSwC449n307oqVV6NIy1HYV0pv6+GLPImFEU2M2I4cAselPxXy/QbAi4kI7hlT8WKkkRFJ+Hh6mkGNNpHbQnNHCUI0sY18L+T/mAacbRlpa3xXiLNSyTxnnJK5fKdxfFynVWUY4ckxNyRjxySSrkltRInXDyQJ7JC3l1npw35935mK+uONnNEfkD5/MHJQSXFg==</latexit>

II
<latexit sha1_base64="kodjwkL1TjUkSgV/BC58Kaznb6A=">AAACAnicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFN3ZXwT6gHUomzbRhksyQZIQydOcPuNU/cCdu/RF/wO8wbWehrQcuHM65l3M5QcKZNq775RTW1jc2t4rbpZ3dvf2D8uFRW8epIrRFYh6rboA15UzSlmGG026iKBYBp50gup35nUeqNIvlg5kk1Bd4JFnICDZW6vSVQI1GY1CuuFV3DrRKvJxUIEdzUP7uD2OSCioN4Vjrnucmxs+wMoxwOi31U00TTCI8oj1LJRZU+9n83Sk6s8oQhbGyIw2aq78vMiy0nojAbgpsxnrZm4n/eoHCETVL6Sa89jMmk9RQSRbhYcqRidGsDzRkihLDJ5Zgopj9H5ExVpgY21rJFuMt17BK2hdVr1at3V9W6jd5RUU4gVM4Bw+uoA530IQWEIjgGV7g1Xly3px352OxWnDym2P4A+fzB8BLl2k=</latexit>

III
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• TT deformation of 2d CFT corresponds to 3d AdS spacetimes 
with finite boundary cutoff outside the BH horizon


• I described a new sequence of generalized TT deformation that 
appears to push this cutoff inside the BH horizon


• I also provided a bulk gravitational path integral whose saddles 
reproduces these geometries with finite cutof

Summary

<latexit sha1_base64="0KyS2LslhiYFH/M1CEYAUMwNIAk=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BLx4jJDGQLKF3MpsMmZ1dZnqFsOToD3jVP/AmXv0Qf8DvcJLsQRMLGoqqbqqpIJHCoOt+OYW19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E4DhUijeQoGSdxLNIQokfwjGtzP/4ZFrI2LVxEnC/QiGSoSCAVqp0+wFoLPmtF+uuFV3DrpKvJxUSI5Gv/zdG8QsjbhCJsGYrucm6GegUTDJp6VeangCbAxD3rVUQcSNn83/ndIzqwxoGGs7Culc/X2RQWTMJArsZgQ4MsveTPzXCzSMOS6lY3jtZ0IlKXLFFuFhKinGdFYIHQjNGcqJJcC0sP9TNgINDG1tJVuMt1zDKmlfVL1atXZ/Wanf5BUVyQk5JefEI1ekTu5Ig7QII5I8kxfy6jw5b86787FYLTj5zTH5A+fzB3immG4=</latexit>

T T̄
<latexit sha1_base64="PZDKYk3zV7O1K5/qoxyepkWE7Ik=">AAACD3icbVDLSsNAFJ3UV62vWJdugkUQhJIUqS6Lbly4qNAXNCHcTKbt0MkkzEzEEvoR/oBb/QN34tZP8Af8DqdtFtp64MLhnHu4lxMkjEpl219GYW19Y3OruF3a2d3bPzAPyx0ZpwKTNo5ZLHoBSMIoJ21FFSO9RBCIAka6wfhm5ncfiJA05i01SYgXwZDTAcWgtOSb5ZYbgMha03P3TqdC8Gu+WbGr9hzWKnFyUkE5mr757YYxTiPCFWYgZd+xE+VlIBTFjExLbipJAngMQ9LXlENEpJfNf59ap1oJrUEs9HBlzdXfiQwiKSdRoDcjUCO57M3Ef71AwJiopetqcOVllCepIhwvjg9SZqnYmpVjhVQQrNhEE8CC6v8tPAIBWOkKS7oYZ7mGVdKpVZ16tX5/UWlc5xUV0TE6QWfIQZeogW5RE7URRo/oGb2gV+PJeDPejY/FasHIM0foD4zPH+qYnFw=</latexit>

T T̄ + ⇤2
<latexit sha1_base64="PZJgweWF4QpMCzv70R+7oNvD0kI=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4KjMi1Y1QdOOygn1IO5RMJtOGJpkhuSOUoVt/wK3+gTtx63/4A36HaTsLbT1w4XDOudzLCRLBDbjul1NYWV1b3yhulra2d3b3yvsHLROnmrImjUWsOwExTHDFmsBBsE6iGZGBYO1gdDP1249MGx6rexgnzJdkoHjEKQErPfSEjYbkyu2XK27VnQEvEy8nFZSj0S9/98KYppIpoIIY0/XcBPyMaOBUsEmplxqWEDoiA9a1VBHJjJ/NHp7gE6uEOIq1HQV4pv7eyIg0ZiwDm5QEhmbRm4r/eoEmIwYL1yG69DOukhSYovPjUSowxHjaCA65ZhTE2BJCNbf/YzokmlCwvZVsMd5iDcukdVb1atXa3Xmlfp1XVERH6BidIg9doDq6RQ3URBRJ9Ixe0Kvz5Lw5787HPFpw8p1D9AfO5w+V8Jhx</latexit>

� = 0

<latexit sha1_base64="RpQ8opxo7wjOWoNMN8JC3Mkpa08=">AAACAnicbVDLSgMxFM3UV62vqks3wSK4KjMi1WWxIC4r9AXtUDJppg2TZIbkjlCG7vwBt/oH7sStP+IP+B2m7Sy0euDC4Zx7OZcTJIIbcN1Pp7C2vrG5Vdwu7ezu7R+UD486Jk41ZW0ai1j3AmKY4Iq1gYNgvUQzIgPBukHUmPvdB6YNj1ULpgnzJRkrHnJKwErdgZa4cdsalitu1V0A/yVeTiooR3NY/hqMYppKpoAKYkzfcxPwM6KBU8FmpUFqWEJoRMasb6kikhk/W7w7w2dWGeEw1nYU4IX68yIj0pipDOymJDAxq95c/NcLNIkYrKRDeO1nXCUpMEWX4WEqMMR43gcecc0oiKklhGpu/8d0QjShYFsr2WK81Rr+ks5F1atVa/eXlfpNXlERnaBTdI48dIXq6A41URtRFKEn9IxenEfn1Xlz3perBSe/OUa/4Hx8A8Nsl2s=</latexit>

CFT

<latexit sha1_base64="0KyS2LslhiYFH/M1CEYAUMwNIAk=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKRI9BLx4jJDGQLKF3MpsMmZ1dZnqFsOToD3jVP/AmXv0Qf8DvcJLsQRMLGoqqbqqpIJHCoOt+OYW19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E4DhUijeQoGSdxLNIQokfwjGtzP/4ZFrI2LVxEnC/QiGSoSCAVqp0+wFoLPmtF+uuFV3DrpKvJxUSI5Gv/zdG8QsjbhCJsGYrucm6GegUTDJp6VeangCbAxD3rVUQcSNn83/ndIzqwxoGGs7Culc/X2RQWTMJArsZgQ4MsveTPzXCzSMOS6lY3jtZ0IlKXLFFuFhKinGdFYIHQjNGcqJJcC0sP9TNgINDG1tJVuMt1zDKmlfVL1atXZ/Wanf5BUVyQk5JefEI1ekTu5Ig7QII5I8kxfy6jw5b86787FYLTj5zTH5A+fzB3immG4=</latexit>

T T̄

<latexit sha1_base64="pYT3ofBHfx9lW6GofTzKXeJ9yTc=">AAACDHicbZDNSgMxFIUz9a/Wn466dBMsgqsyI1JdFt24rGBroR1KJs20oUlmSO4Iw9BX8AXc6hu4E7e+gy/gc5i2s9DWA4HDOfdywxcmghvwvC+ntLa+sblV3q7s7O7tV92Dw46JU01Zm8Yi1t2QGCa4Ym3gIFg30YzIULCHcHIz6x8emTY8VveQJSyQZKR4xCkBGw3cal9LbLgapYJoDtnArXl1by68avzC1FCh1sD97g9jmkqmgApiTM/3EghyooFTwaaVfmpYQuiEjFjPWkUkM0E+//gUn9pkiKNY26cAz9PfGzmRxmQytJOSwNgsd7Pw3y7UZMJg6TpEV0HOVZICU3RxPEoFhhjPyOAh14yCyKwh1LLgFNMx0YSC5VexYPxlDKumc173G/XG3UWteV0gKqNjdILOkI8uURPdohZqI4pS9Ixe0Kvz5Lw5787HYrTkFDtH6I+czx+xo5vK</latexit>

singularity
<latexit sha1_base64="x9grcY7qlMShL1+jMxgwTUzX1aE=">AAACDXicbVDLSsNAFJ3UV62vqEs3g0VwVRKR6kYounFZwT6gCWUymbRDJ5Mwc1MIpd/gD7jVP3Anbv0Gf8DvcNpmoa0HLhzOOZd7OUEquAbH+bJKa+sbm1vl7crO7t7+gX141NZJpihr0UQkqhsQzQSXrAUcBOumipE4EKwTjO5mfmfMlOaJfIQ8ZX5MBpJHnBIwUt+2PWHCIcE32OMygrxvV52aMwdeJW5BqqhAs29/e2FCs5hJoIJo3XOdFPwJUcCpYNOKl2mWEjoiA9YzVJKYaX8y/3yKz4wS4ihRZiTgufp7Y0JirfM4MMmYwFAvezPxXy9QZMRg6TpE1/6EyzQDJunieJQJDAmeVYNDrhgFkRtCqOLmf0yHRBEKpsCKKcZdrmGVtC9qbr1Wf7isNm6LisroBJ2ic+SiK9RA96iJWoiiMXpGL+jVerLerHfrYxEtWcXOMfoD6/MHT0+bfg==</latexit>

� = 1
<latexit sha1_base64="duTglkmbTsYmuaiOJpLF2MmEqPU=">AAACB3icbVBLSgNBFOzxG+Mv6tJNYxBchRmR6DLoxmUE84FkCD2dN0mT/gzdPWIYcgAv4FZv4E7cegwv4DnsJLPQxIIHRdV71KOihDNjff/LW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6rceQBum5L0dJxAKMpAsZpRYJ3W7WmB4tKCZ0r1S2a/4M+BlEuSkjHLUe6Xvbl/RVIC0lBNjOoGf2DAj2jLKYVLspgYSQkdkAB1HJRFgwmz28wSfOqWPY6XdSItn6u+LjAhjxiJym4LYoVn0puK/XqTJCOxCuo2vwozJJLUg6Tw8Tjm2Ck9LwX2mgVo+doRQzdz/mA6JJtQ1Y4qumGCxhmXSPK8E1Ur17qJcu84rKqBjdILOUIAuUQ3dojpqIIoS9Ixe0Kv35L15797HfHXFy2+O0B94nz+sVJoy</latexit>

exterior
<latexit sha1_base64="IrP4Iu6zesi628OWXtEmEcCr9SA=">AAACB3icbVBLSgNBFOyJvxh/UZduGoPgKsyIRJdBNy4jmA9khtDTeZM06c/Q3SOEkAN4Abd6A3fi1mN4Ac9hJ5mFJhY8KKreox4Vp5wZ6/tfXmFtfWNzq7hd2tnd2z8oHx61jMo0hSZVXOlOTAxwJqFpmeXQSTUQEXNox6Pbmd9+BG2Ykg92nEIkyECyhFFinRSGWmAmLWimdK9c8av+HHiVBDmpoByNXvk77CuaCZCWcmJMN/BTG02ItoxymJbCzEBK6IgMoOuoJAJMNJn/PMVnTunjRGk30uK5+vtiQoQxYxG7TUHs0Cx7M/FfL9ZkBHYp3SbX0YTJNLMg6SI8yTi2Cs9KwX2mgVo+doRQzdz/mA6JJtQ1Y0qumGC5hlXSuqgGtWrt/rJSv8krKqITdIrOUYCuUB3doQZqIopS9Ixe0Kv35L15797HYrXg5TfH6A+8zx+ipJos</latexit>

interior
<latexit sha1_base64="/WKoWsONfIYVpRVN/tbhWwSxrkE=">AAACBXicbVDLSsNAFJ34rPVVdelmsAiuSiJSXRbduKxgH9iGMpnctENnJmFmIpTQtT/gVv/Anbj1O/wBv8NJm4W2HrhwOOdezuUECWfauO6Xs7K6tr6xWdoqb+/s7u1XDg7bOk4VhRaNeay6AdHAmYSWYYZDN1FARMChE4xvcr/zCEqzWN6bSQK+IEPJIkaJsdJDXwkcAiS4PKhU3Zo7A14mXkGqqEBzUPnuhzFNBUhDOdG657mJ8TOiDKMcpuV+qiEhdEyG0LNUEgHaz2YfT/GpVUIcxcqONHim/r7IiNB6IgK7KYgZ6UUvF//1AkXGYBbSTXTlZ0wmqQFJ5+FRyrGJcV4JDpkCavjEEkIVs/9jOiKKUGOLy4vxFmtYJu3zmlev1e8uqo3roqISOkYn6Ax56BI10C1qohaiSKJn9IJenSfnzXl3PuarK05xc4T+wPn8AbIgmHQ=</latexit>

deep
<latexit sha1_base64="IrP4Iu6zesi628OWXtEmEcCr9SA=">AAACB3icbVBLSgNBFOyJvxh/UZduGoPgKsyIRJdBNy4jmA9khtDTeZM06c/Q3SOEkAN4Abd6A3fi1mN4Ac9hJ5mFJhY8KKreox4Vp5wZ6/tfXmFtfWNzq7hd2tnd2z8oHx61jMo0hSZVXOlOTAxwJqFpmeXQSTUQEXNox6Pbmd9+BG2Ykg92nEIkyECyhFFinRSGWmAmLWimdK9c8av+HHiVBDmpoByNXvk77CuaCZCWcmJMN/BTG02ItoxymJbCzEBK6IgMoOuoJAJMNJn/PMVnTunjRGk30uK5+vtiQoQxYxG7TUHs0Cx7M/FfL9ZkBHYp3SbX0YTJNLMg6SI8yTi2Cs9KwX2mgVo+doRQzdz/mA6JJtQ1Y0qumGC5hlXSuqgGtWrt/rJSv8krKqITdIrOUYCuUB3doQZqIopS9Ixe0Kv35L15797HYrXg5TfH6A+8zx+ipJos</latexit>

interior

<latexit sha1_base64="N/0eWmGP793M5pyeNyWAOlB5y4I=">AAACBHicbVDLSgNBEJz1GeMr6tHLYBA8hV2R6DHoxWME85BkCbOznWTIzO4y0yuEJVd/wKv+gTfx6n/4A36Hk2QPmljQUFRV000FiRQGXffLWVldW9/YLGwVt3d29/ZLB4dNE6eaQ4PHMtbtgBmQIoIGCpTQTjQwFUhoBaObqd96BG1EHN3jOAFfsUEk+oIztNJDV9poyHper1R2K+4MdJl4OSmTHPVe6bsbxjxVECGXzJiO5yboZ0yj4BImxW5qIGF8xAbQsTRiCoyfzR6e0FOrhLQfazsR0pn6eyNjypixCmxSMRyaRW8q/usFmo0AF65j/8rPRJSkCBGfH++nkmJMp43QUGjgKMeWMK6F/Z/yIdOMo+2taIvxFmtYJs3ziletVO8uyrXrvKICOSYn5Ix45JLUyC2pkwbhRJFn8kJenSfnzXl3PubRFSffOSJ/4Hz+AM3amJQ=</latexit>

�1
<latexit sha1_base64="rzLgc+uSo605UyqUDaFGse/2YW4=">AAACBHicbVDLSgMxFM3UV62vqks3wSK4KjNFqsuiG5cV7EPaodzJZNrQJDMkGaEM3foDbvUP3Ilb/8Mf8DtM21lo64ELh3PO5V5OkHCmjet+OYW19Y3NreJ2aWd3b/+gfHjU1nGqCG2RmMeqG4CmnEnaMsxw2k0UBRFw2gnGNzO/80iVZrG8N5OE+gKGkkWMgLHSQ5/baAiD2qBccavuHHiVeDmpoBzNQfm7H8YkFVQawkHrnucmxs9AGUY4nZb6qaYJkDEMac9SCYJqP5s/PMVnVglxFCs70uC5+nsjA6H1RAQ2KcCM9LI3E//1AgVjapaum+jKz5hMUkMlWRyPUo5NjGeN4JApSgyfWAJEMfs/JiNQQIztrWSL8ZZrWCXtWtWrV+t3F5XGdV5REZ2gU3SOPHSJGugWNVELESTQM3pBr86T8+a8Ox+LaMHJd47RHzifP89ymJU=</latexit>

�2<latexit sha1_base64="VZw95nVUNGlXyiWCUW3VvxOHtYg=">AAACB3icbVDLSsNAFJ3UV62vqks3g0VwVRKR6rLoxmUF+4AmlMnkph06mQkzEyGUfoA/4Fb/wJ249TP8Ab/DaZuFth64cDjnXs7lhCln2rjul1NaW9/Y3CpvV3Z29/YPqodHHS0zRaFNJZeqFxINnAloG2Y49FIFJAk5dMPx7czvPoLSTIoHk6cQJGQoWMwoMVbyfZXgUGYiIiofVGtu3Z0DrxKvIDVUoDWofvuRpFkCwlBOtO57bmqCCVGGUQ7Tip9pSAkdkyH0LRUkAR1M5j9P8ZlVIhxLZUcYPFd/X0xIonWehHYzIWakl72Z+K8XKjIGs5Ru4utgwkSaGRB0ER5nHBuJZ6XgiCmghueWEKqY/R/TEVGEGltdxRbjLdewSjoXda9Rb9xf1po3RUVldIJO0Tny0BVqojvUQm1EUYqe0Qt6dZ6cN+fd+Vislpzi5hj9gfP5A5WrmiQ=</latexit>

boundary
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  is surely very interesting…TT̄



• Their claim:  flows from AdS -> dSTT + Λ2

(Backup slides)
Comparison with works by Silverstein et. al.

31

(Taken from 2110.14670)



• Differences:


- Their relative sign between  and  is different from ours


- They did not consider the signature change of 


• Our prescription seems to be more natural, in the sense that


- They have to (?) match to dS microstates at the horizon


- Their generalization to higher dims require “uplifting”, which seems 
very complicated


- While our proposal only make use of the data from AdS solution

TT Λ2

γab

(Backup slides)
Comparison with works by Silverstein et. al.
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• Their claim: A  deformation from Euclidean bulk can be 
“analytically continued” to a Cauchy slice in Lorentzian bulk

TT

(Backup slides)

Comparison with Cauchy slice holography [(Araujo-Regado)-Khan-Wall] 

33

(Taken from 2204.00591)

- The construction is more 
technically different from ours


- e.g. For BH setup the Cauchy 
slice contains both the exterior 
and interior


- We do not have much to say 
about CSH at this moment


