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Introduction
• Extremal Black holes have been a rich and 

rewarding subject of study. 

• Success in State counting: Susy and Non-Susy

• Attractor Mechanism: Near horizon 
geometry: 

• Moduli and              drawn to fixed values at 
horizon determined by charges. 

• Similar to Flux Compactfications
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Introduction

Can be understood by extremising an 
Effective potential or Entropy Function

Works for Susy and Non-susy cases. 

Ferrara, Kallosh, Strominger Phys. Rev. D 52, R5412 
(1995), ..., 

A. Sen, JHEP 09 (2005) 038 

Goldstein, Iizuka, Jena and ST, PRD 72 (2005)



Goldstein, Iizuka, Jena and ST, PRD 72 (2005) 124021 



Introduction

E.g.: Extremal Kerr in 4- Dim

Near-horizon geometry can be understood 
as an attractor obtained by extremising the 
entropy function. 

Bardeen Horowitz, PRD 60 (1999) 104030; 
Astefanesci, Goldstein Jena, Sen, ST, JHEP 10 (2006) 058
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Beyond Extremality?

• Here the situation for black holes, unlike 
extended black branes, has been less 
clear until recently. 

• For black branes at small temperatures 
or low frequencies  the response can be 
understood as arising from the near 
horizon             region. 

• The celebrated AdS/CFT correspondence 
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Beyond Extremality?

• For Black Holes situation it has been 
known for some time that deviations 
from the attractor solution must be 
included. 



Physically this is because :

The backreaction in the near-horizon 
geometry to any probe is singular since internal 
volume is fixed at a  finite size
(e.g.                     )

The energy does not have ``enough space”  to 
dissipate in.  (analogy: Electromagnetism)

But how to incorporate the corrections in a 
precise way was not understood until recently. 

(Internal space:                       , etc). 
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In a seminal paper, Maldacena, Stanford and 
Yang (MSY) showed in a particular model of 2 
dimensional gravity, the Jackiw-Teitleboim (JT) 
model, that once the leading corrections to the 
near horizon solution is  incorporated, the finite 
energy response  is  well controlled. 

Teitleboim, Phys.  Lett., 126B (1983) 41. 
Jackiw, NPB 252 (1985) 343,  
Almheiri, Polchinski, JHEP 11 (2015) 014, 
Maldacena Stanford and Yang, Phys. Rev. D94 (2016) 
106002



• They were motivated by earlier work on 
condensed matter systems by Sachdev, 
Ye and Kitaev ( many subsequent 
follow-ups by now). 

• Sachdev and Ye, Phys. Rev. Lett. 70 (1993) 3339 

• A. Y. Kitaev, Talk at KITP

• ………………………………………………………………
• ……………………………………………………………….
• ………………………………………………………………..
• (Many important follow ups !).



Beyond Extremality?

• The physical argument suggests that 
corrections to the attractor value of the  
Volume of the internal space must be 
incorporated 

• But other components of the metric also 
deviate from their attractor values at the 
same order, so at first sight it is not  
clear how to truncate to a near horizon 
region consistently. 



Introduction

• The aim of our work was to investigate 
whether the JT model correctly 
reproduces the behaviour of higher 
dimensional extremal and near-
extremal black holes. 

• At low temperatures and low 
frequencies. 



MSY studied the Jackiw- Teitleboim (JT) model of 2 
dim gravity. 

� - Dilaton can be thought of as volume of 
internal space

Boundary terms are important. 
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ds2 =
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(�dt2 + dz2)

� =
1

Jz

Boundary at 

System admits an          solution:

The ``rolling” dilaton breaks the SL(2,R) 
symmetry of         . 

This breaking, characterised by scale J, is 
extremely important.

� = �B
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Model has three parameters:

:  Two Dimensional Newton’s Constant

J :    Scale of breaking of conformal invariance

:   Radius of AdS2
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The result for the dynamics of this system  that 
MSY got was very elegant.

The response of the system arises due to the 
fluctuations of the boundary.  These fluctuations 
can be characterised in terms of time 
reparametrisations: 

u – proper time along boundary. 

With action involving Schwarzian derivative:

t(u)

I =
1

8⇡G̃J

Z
du{Schw(t(u), u}
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The fluctuations can be thought of as arising from 
diffeomorphisms which are asymtotically
isometries of         . These diffeomorphisms do not 
leave the boundary invariant. 

Boundary at

� = c

t(u)

AdS2
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Thermodynamics:

Correctly reproduced by this action 
near extremality. 

Entropy:

S = S0 +
⇡

2G̃

T

J
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Response to a probe : 

Arises by coupling  Schwarzian action to the 
probe. The coupling is determined by symmetries. 

(r2 +m2) (z, t) = 0

� =

r
1

4
+m2L2

2
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Gives rise to a four point function : 

S4pt ⇠
Z 4Y

i=1

d!i (!1) (!2) (!3) (!4) < O(!1)O(!2)O(!3)O(!4) >

< O(!1)O(!2)O(!3)O(!4) ⇠ J !
4��3

�(
X

!i)

Breaking of conformal invariance important.

Enhancement by a factor of J

!



Our Analysis: Central Result

• The JT model, with a suitable identification of 
parameters,  is a good approximation for a 
wide class of extremal and near-extremal black 
holes

• At low temperatures and small frequencies

• True for spherically symmetric black holes: 
Thermodynamics and Response to probes.

• Shown to be true for the thermodynamics of 
rotating black holes as well. 
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Our Analysis: Some Key Points

The dilaton is related to the  volume of the 
internal space (more correctly the deviation of 
this volume from its attractor value). 

E.g.:

� = �0(1 + �)
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Deviation from 
attractor



Our Analysis: Some Key Points

• A key point is that many other fields (e.g., 
components of the metric) besides the dilaton, 
also deviate from their attractor values, at the 
same order in 

• These deviations are not captured correctly in 
the JT model. 

• However these deviations  lead to sub-leading 
contributions at low-temperatures and low-
frequency response, suppressed by powers  

• of       ,         and can therefore be neglected. 
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<latexit sha1_base64="M6EZ1tjwWEUDnPeBPhndgtgwtDk=">AAAB+nicbVDLSgMxFM34rONrqks3wSK4KjMi6LLoRlxVsA9oh5JJ77ShmWRIMkoZ+yluXCji1i9x59+YtrPQ1gOBwznncm9OlHKmje9/Oyura+sbm6Utd3tnd2/fKx80tcwUhQaVXKp2RDRwJqBhmOHQThWQJOLQikbXU7/1AEozKe7NOIUwIQPBYkaJsVLPK7t5VyYwILgrbQ7fTnpexa/6M+BlEhSkggrUe95Xty9ploAwlBOtO4GfmjAnyjDKYeJ2Mw0poSMygI6lgiSgw3x2+gSfWKWPY6nsEwbP1N8TOUm0HieRTSbEDPWiNxX/8zqZiS/DnIk0MyDofFGccWwknvaA+0wBNXxsCaGK2VsxHRJFqLFtubaEYPHLy6R5Vg38anB3XqldFXWU0BE6RqcoQBeohm5QHTUQRY/oGb2iN+fJeXHenY95dMUpZg7RHzifP00Wk14=</latexit><latexit sha1_base64="M6EZ1tjwWEUDnPeBPhndgtgwtDk=">AAAB+nicbVDLSgMxFM34rONrqks3wSK4KjMi6LLoRlxVsA9oh5JJ77ShmWRIMkoZ+yluXCji1i9x59+YtrPQ1gOBwznncm9OlHKmje9/Oyura+sbm6Utd3tnd2/fKx80tcwUhQaVXKp2RDRwJqBhmOHQThWQJOLQikbXU7/1AEozKe7NOIUwIQPBYkaJsVLPK7t5VyYwILgrbQ7fTnpexa/6M+BlEhSkggrUe95Xty9ploAwlBOtO4GfmjAnyjDKYeJ2Mw0poSMygI6lgiSgw3x2+gSfWKWPY6nsEwbP1N8TOUm0HieRTSbEDPWiNxX/8zqZiS/DnIk0MyDofFGccWwknvaA+0wBNXxsCaGK2VsxHRJFqLFtubaEYPHLy6R5Vg38anB3XqldFXWU0BE6RqcoQBeohm5QHTUQRY/oGb2iN+fJeXHenY95dMUpZg7RHzifP00Wk14=</latexit><latexit sha1_base64="M6EZ1tjwWEUDnPeBPhndgtgwtDk=">AAAB+nicbVDLSgMxFM34rONrqks3wSK4KjMi6LLoRlxVsA9oh5JJ77ShmWRIMkoZ+yluXCji1i9x59+YtrPQ1gOBwznncm9OlHKmje9/Oyura+sbm6Utd3tnd2/fKx80tcwUhQaVXKp2RDRwJqBhmOHQThWQJOLQikbXU7/1AEozKe7NOIUwIQPBYkaJsVLPK7t5VyYwILgrbQ7fTnpexa/6M+BlEhSkggrUe95Xty9ploAwlBOtO4GfmjAnyjDKYeJ2Mw0poSMygI6lgiSgw3x2+gSfWKWPY6nsEwbP1N8TOUm0HieRTSbEDPWiNxX/8zqZiS/DnIk0MyDofFGccWwknvaA+0wBNXxsCaGK2VsxHRJFqLFtubaEYPHLy6R5Vg38anB3XqldFXWU0BE6RqcoQBeohm5QHTUQRY/oGb2iN+fJeXHenY95dMUpZg7RHzifP00Wk14=</latexit><latexit sha1_base64="M6EZ1tjwWEUDnPeBPhndgtgwtDk=">AAAB+nicbVDLSgMxFM34rONrqks3wSK4KjMi6LLoRlxVsA9oh5JJ77ShmWRIMkoZ+yluXCji1i9x59+YtrPQ1gOBwznncm9OlHKmje9/Oyura+sbm6Utd3tnd2/fKx80tcwUhQaVXKp2RDRwJqBhmOHQThWQJOLQikbXU7/1AEozKe7NOIUwIQPBYkaJsVLPK7t5VyYwILgrbQ7fTnpexa/6M+BlEhSkggrUe95Xty9ploAwlBOtO4GfmjAnyjDKYeJ2Mw0poSMygI6lgiSgw3x2+gSfWKWPY6nsEwbP1N8TOUm0HieRTSbEDPWiNxX/8zqZiS/DnIk0MyDofFGccWwknvaA+0wBNXxsCaGK2VsxHRJFqLFtubaEYPHLy6R5Vg38anB3XqldFXWU0BE6RqcoQBeohm5QHTUQRY/oGb2iN+fJeXHenY95dMUpZg7RHzifP00Wk14=</latexit>



Our analysis

E.g., In spherically symmetric case, dimensional 
reduction to 2 dim. Gives rise to additional 
term at quadratic order:
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<latexit sha1_base64="lJSfRRyVLHfy/AaL5MHnlllpqGc="></latexit><latexit sha1_base64="lJSfRRyVLHfy/AaL5MHnlllpqGc="></latexit><latexit sha1_base64="lJSfRRyVLHfy/AaL5MHnlllpqGc="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ZqPqCCfQyezuIqZkSOKwXTfWXjc="></latexit><latexit sha1_base64="ZqPqCCfQyezuIqZkSOKwXTfWXjc="></latexit><latexit sha1_base64="NTZwxfDFkvtTUX5BIXG+62genSk="></latexit><latexit sha1_base64="lJSfRRyVLHfy/AaL5MHnlllpqGc="></latexit><latexit sha1_base64="lJSfRRyVLHfy/AaL5MHnlllpqGc="></latexit><latexit sha1_base64="lJSfRRyVLHfy/AaL5MHnlllpqGc="></latexit><latexit sha1_base64="lJSfRRyVLHfy/AaL5MHnlllpqGc="></latexit><latexit sha1_base64="lJSfRRyVLHfy/AaL5MHnlllpqGc="></latexit><latexit sha1_base64="lJSfRRyVLHfy/AaL5MHnlllpqGc="></latexit>
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<latexit sha1_base64="IcIupdDA7341ZR3OEE12/+Ol3Pg="></latexit><latexit sha1_base64="IcIupdDA7341ZR3OEE12/+Ol3Pg="></latexit><latexit sha1_base64="IcIupdDA7341ZR3OEE12/+Ol3Pg="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="P02r0+53KaYg4udV6t7nFRPwMCc=">AAACEnicbVBNSwMxEJ2tX3WtWr16CRahUiy7RdCj4MVjBfsB3W3Jpmkbms2uSVYsS/+IF/+KFw+KePDmvzHd9qCtDwZe3pshMy+IOVPacb6t3Nr6xuZWftveKezu7RcPCk0VJZLQBol4JNsBVpQzQRuaaU7bsaQ4DDhtBePrmd96oFKxSNzpSUz9EA8FGzCCtZF6xXO74jGhUb9be0Seupc6PRtOUafsCRxwjLx4xE67NVRBBHnZq1vze8WSU3UyoFXiLkgJFqj3il9ePyJJSIUmHCvVcZ1Y+ymWmhFOp7aXKBpjMsZD2jFU4JAqP82um6ITo/TRIJKmzKaZ+nsixaFSkzAwnSHWI7XszcT/vE6iB5d+ykScaCrI/KNBwpGO0Cwq1GeSEs0nhmAimdkVkRGWmGgTqG1CcJdPXiXNWtV1qu6tA3k4gmMogwsXcAU3UIcGEHiCF3iDd+vZerU+5nHlrEVuh/AH1ucPH1adzA==</latexit><latexit sha1_base64="P02r0+53KaYg4udV6t7nFRPwMCc=">AAACEnicbVBNSwMxEJ2tX3WtWr16CRahUiy7RdCj4MVjBfsB3W3Jpmkbms2uSVYsS/+IF/+KFw+KePDmvzHd9qCtDwZe3pshMy+IOVPacb6t3Nr6xuZWftveKezu7RcPCk0VJZLQBol4JNsBVpQzQRuaaU7bsaQ4DDhtBePrmd96oFKxSNzpSUz9EA8FGzCCtZF6xXO74jGhUb9be0Seupc6PRtOUafsCRxwjLx4xE67NVRBBHnZq1vze8WSU3UyoFXiLkgJFqj3il9ePyJJSIUmHCvVcZ1Y+ymWmhFOp7aXKBpjMsZD2jFU4JAqP82um6ITo/TRIJKmzKaZ+nsixaFSkzAwnSHWI7XszcT/vE6iB5d+ykScaCrI/KNBwpGO0Cwq1GeSEs0nhmAimdkVkRGWmGgTqG1CcJdPXiXNWtV1qu6tA3k4gmMogwsXcAU3UIcGEHiCF3iDd+vZerU+5nHlrEVuh/AH1ucPH1adzA==</latexit><latexit sha1_base64="4uZgOlsjjL5NkHgDGY9eUeyAlG4=">AAACHXicbVDLSsNAFJ34rPFVdelmsAiVYkmCoMuiG5cV7AOStEwm03boZBJnJmIJ/RE3/oobF4q4cCP+jdO0C209MHDmnHu5954gYVQqy/o2lpZXVtfWCxvm5tb2zm5xb78p41Rg0sAxi0U7QJIwyklDUcVIOxEERQEjrWB4NfFb90RIGvNbNUqIH6E+pz2KkdJSt3hmVjzKFQw7zgP05J1Q2Wl/DN2yx1HAEPSSAT3pOLACMfTyX8fxu8WSVbVywEViz0gJzFDvFj+9MMZpRLjCDEnp2lai/AwJRTEjY9NLJUkQHqI+cTXlKCLSz/LrxvBYKyHsxUI/vWmu/u7IUCTlKAp0ZYTUQM57E/E/z01V78LPKE9SRTieDuqlDKoYTqKCIRUEKzbSBGFB9a4QD5BAWOlATR2CPX/yImk6Vduq2jdWqXY5i6MADsERKAMbnIMauAZ10AAYPIJn8ArejCfjxXg3PqalS8as5wD8gfH1A/L+n1A=</latexit><latexit sha1_base64="IcIupdDA7341ZR3OEE12/+Ol3Pg="></latexit><latexit sha1_base64="IcIupdDA7341ZR3OEE12/+Ol3Pg="></latexit><latexit sha1_base64="IcIupdDA7341ZR3OEE12/+Ol3Pg="></latexit><latexit sha1_base64="IcIupdDA7341ZR3OEE12/+Ol3Pg="></latexit><latexit sha1_base64="IcIupdDA7341ZR3OEE12/+Ol3Pg="></latexit><latexit sha1_base64="IcIupdDA7341ZR3OEE12/+Ol3Pg="></latexit>

Removed 
by change 
of frame

Goes like 
1

J2
<latexit sha1_base64="t0QvOKAzIgzXnOQsWispAkgXWtw=">AAAB9HicbVBNSwMxEJ2tX3X9qnr0EiyCp7JbBD0WvYinCvYD2rVk02wbmk3WJFsoS3+HFw+KePXHePPfmLZ70NYHA4/3ZpiZFyacaeN5305hbX1jc6u47e7s7u0flA6PmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh6Gbmt8ZUaSbFg5kkNIjxQLCIEWysFLiZ35XWR3eP1WmvVPYq3hxolfg5KUOOeq/01e1LksZUGMKx1h3fS0yQYWUY4XTqdlNNE0xGeEA7lgocUx1k86On6MwqfRRJZUsYNFd/T2Q41noSh7Yzxmaol72Z+J/XSU10FWRMJKmhgiwWRSlHRqJZAqjPFCWGTyzBRDF7KyJDrDAxNifXhuAvv7xKmtWK71X8+4ty7TqPowgncArn4MMl1OAW6tAAAk/wDK/w5oydF+fd+Vi0Fpx85hj+wPn8AX0WkUE=</latexit><latexit sha1_base64="t0QvOKAzIgzXnOQsWispAkgXWtw=">AAAB9HicbVBNSwMxEJ2tX3X9qnr0EiyCp7JbBD0WvYinCvYD2rVk02wbmk3WJFsoS3+HFw+KePXHePPfmLZ70NYHA4/3ZpiZFyacaeN5305hbX1jc6u47e7s7u0flA6PmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh6Gbmt8ZUaSbFg5kkNIjxQLCIEWysFLiZ35XWR3eP1WmvVPYq3hxolfg5KUOOeq/01e1LksZUGMKx1h3fS0yQYWUY4XTqdlNNE0xGeEA7lgocUx1k86On6MwqfRRJZUsYNFd/T2Q41noSh7Yzxmaol72Z+J/XSU10FWRMJKmhgiwWRSlHRqJZAqjPFCWGTyzBRDF7KyJDrDAxNifXhuAvv7xKmtWK71X8+4ty7TqPowgncArn4MMl1OAW6tAAAk/wDK/w5oydF+fd+Vi0Fpx85hj+wPn8AX0WkUE=</latexit><latexit sha1_base64="t0QvOKAzIgzXnOQsWispAkgXWtw=">AAAB9HicbVBNSwMxEJ2tX3X9qnr0EiyCp7JbBD0WvYinCvYD2rVk02wbmk3WJFsoS3+HFw+KePXHePPfmLZ70NYHA4/3ZpiZFyacaeN5305hbX1jc6u47e7s7u0flA6PmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh6Gbmt8ZUaSbFg5kkNIjxQLCIEWysFLiZ35XWR3eP1WmvVPYq3hxolfg5KUOOeq/01e1LksZUGMKx1h3fS0yQYWUY4XTqdlNNE0xGeEA7lgocUx1k86On6MwqfRRJZUsYNFd/T2Q41noSh7Yzxmaol72Z+J/XSU10FWRMJKmhgiwWRSlHRqJZAqjPFCWGTyzBRDF7KyJDrDAxNifXhuAvv7xKmtWK71X8+4ty7TqPowgncArn4MMl1OAW6tAAAk/wDK/w5oydF+fd+Vi0Fpx85hj+wPn8AX0WkUE=</latexit><latexit sha1_base64="t0QvOKAzIgzXnOQsWispAkgXWtw=">AAAB9HicbVBNSwMxEJ2tX3X9qnr0EiyCp7JbBD0WvYinCvYD2rVk02wbmk3WJFsoS3+HFw+KePXHePPfmLZ70NYHA4/3ZpiZFyacaeN5305hbX1jc6u47e7s7u0flA6PmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh6Gbmt8ZUaSbFg5kkNIjxQLCIEWysFLiZ35XWR3eP1WmvVPYq3hxolfg5KUOOeq/01e1LksZUGMKx1h3fS0yQYWUY4XTqdlNNE0xGeEA7lgocUx1k86On6MwqfRRJZUsYNFd/T2Q41noSh7Yzxmaol72Z+J/XSU10FWRMJKmhgiwWRSlHRqJZAqjPFCWGTyzBRDF7KyJDrDAxNifXhuAvv7xKmtWK71X8+4ty7TqPowgncArn4MMl1OAW6tAAAk/wDK/w5oydF+fd+Vi0Fpx85hj+wPn8AX0WkUE=</latexit>



Our analysis

Equation of Motion of Dilaton:

R = � 2
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<latexit sha1_base64="w0lpsFwN+pD2KDB0mwljXqbYsts=">AAACBnicbVC7SgNBFL0bXzG+opYiDAbBJmF3Gy0UojYWFlHMA7JxnZ3MJkNmH8zMCmFJZeOvWGihiK3fYOffOHkUmnhg4HDOudy5x4s5k8o0v43M3PzC4lJ2Obeyura+kd/cqskoEYRWScQj0fCwpJyFtKqY4rQRC4oDj9O61zsf+vV7KiSLwhvVj2krwJ2Q+YxgpSU3v3t9UkxtJ9IZdOnat/agaCOCHIScuMvcfMEsmSOgWWJNSKF8evx8BwAVN//ltCOSBDRUhGMpm5YZq1aKhWKE00HOSSSNMenhDm1qGuKAylY6OmOA9rXSRn4k9AsVGqm/J1IcSNkPPJ0MsOrKaW8o/uc1E+UftVIWxomiIRkv8hOOVISGnaA2E5Qo3tcEE8H0XxHpYoGJ0s3ldAnW9MmzpGaXLLNkXek2zmCMLOzAHhyABYdQhguoQBUIPMATvMKb8Wi8GO/GxziaMSYz2/AHxucP6NWYWQ==</latexit><latexit sha1_base64="Bz0cwvl7ciO+vZjDtUM9LOto8js=">AAACBnicbVC7TsMwFHXKq5RXgBEhLCokllZJFhhAKrB0YCiIPqQmBMd1W6tOHNkOUhV1YuFXGGAAIVa+gY1vYcF9DFA4kqWjc87V9T1BzKhUlvVpZGZm5+YXsou5peWV1TVzfaMmeSIwqWLOuGgESBJGI1JVVDHSiAVBYcBIPeidDf36LRGS8uhK9WPihagT0TbFSGnJN7cvjwup43Kdgee+c+0MCg7E0IXQjbvUN/NW0RoB/iX2hORLJ0ePNztf5YpvfrgtjpOQRAozJGXTtmLlpUgoihkZ5NxEkhjhHuqQpqYRCon00tEZA7inlRZsc6FfpOBI/TmRolDKfhjoZIhUV057Q/E/r5mo9qGX0ihOFInweFE7YVBxOOwEtqggWLG+JggLqv8KcRcJhJVuLqdLsKdP/ktqTtG2ivaFbuMUjJEFW2AX7AMbHIASKIMKqAIM7sADeAYvxr3xZLwab+NoxpjMbIJfMN6/AcG2mbs=</latexit><latexit sha1_base64="Bz0cwvl7ciO+vZjDtUM9LOto8js=">AAACBnicbVC7TsMwFHXKq5RXgBEhLCokllZJFhhAKrB0YCiIPqQmBMd1W6tOHNkOUhV1YuFXGGAAIVa+gY1vYcF9DFA4kqWjc87V9T1BzKhUlvVpZGZm5+YXsou5peWV1TVzfaMmeSIwqWLOuGgESBJGI1JVVDHSiAVBYcBIPeidDf36LRGS8uhK9WPihagT0TbFSGnJN7cvjwup43Kdgee+c+0MCg7E0IXQjbvUN/NW0RoB/iX2hORLJ0ePNztf5YpvfrgtjpOQRAozJGXTtmLlpUgoihkZ5NxEkhjhHuqQpqYRCon00tEZA7inlRZsc6FfpOBI/TmRolDKfhjoZIhUV057Q/E/r5mo9qGX0ihOFInweFE7YVBxOOwEtqggWLG+JggLqv8KcRcJhJVuLqdLsKdP/ktqTtG2ivaFbuMUjJEFW2AX7AMbHIASKIMKqAIM7sADeAYvxr3xZLwab+NoxpjMbIJfMN6/AcG2mbs=</latexit><latexit sha1_base64="bnjf0qWm1+A+SnKeyQJC8ouZr4o=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgpmVmNroRim5cuKhiH9AZh0yatqGZZEgyQhm6cuOvuHGhiFu/wZ1/Y9rOQlsPBA7nnMvNPVHCqNKO820VlpZXVteK66WNza3tHXt3r6lEKjFpYMGEbEdIEUY5aWiqGWknkqA4YqQVDS8nfuuBSEUFv9OjhAQx6nPaoxhpI4X24e15JfN8YTLwOvTuvXHFgxj6EPrJgIZ22ak6U8BF4uakDHLUQ/vL7wqcxoRrzJBSHddJdJAhqSlmZFzyU0UShIeoTzqGchQTFWTTM8bw2Chd2BPSPK7hVP09kaFYqVEcmWSM9EDNexPxP6+T6t5ZkFGepJpwPFvUSxnUAk46gV0qCdZsZAjCkpq/QjxAEmFtmiuZEtz5kxdJ06u6TtW9ccq1i7yOIjgAR+AEuOAU1MAVqIMGwOARPINX8GY9WS/Wu/UxixasfGYf/IH1+QN+X5aP</latexit>

Geometry Deviates From             at order  AdS2
<latexit sha1_base64="ccHjycPnOnBzib6lJ5J6xcMTUm0=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeqF48V7Qe0oWw2m3bpZrPsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8UHKmjed9O6W19Y3NrfK2u7O7t39QOTxq6zRThLZIylPVDbGmnAnaMsxw2pWK4iTktBOOb2d+54kqzVLxaCaSBgkeChYzgo2VOq57HT0M6oNK1at5c6BV4hekCgWag8pXP0pJllBhCMda93xPmiDHyjDC6dTtZ5pKTMZ4SHuWCpxQHeTzc6fozCoRilNlSxg0V39P5DjRepKEtjPBZqSXvZn4n9fLTHwV5EzIzFBBFovijCOTotnvKGKKEsMnlmCimL0VkRFWmBibkGtD8JdfXiXtes33av79RbVxU8RRhhM4hXPw4RIacAdNaAGBMTzDK7w50nlx3p2PRWvJKWaO4Q+czx+Dk45d</latexit><latexit sha1_base64="ccHjycPnOnBzib6lJ5J6xcMTUm0=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeqF48V7Qe0oWw2m3bpZrPsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8UHKmjed9O6W19Y3NrfK2u7O7t39QOTxq6zRThLZIylPVDbGmnAnaMsxw2pWK4iTktBOOb2d+54kqzVLxaCaSBgkeChYzgo2VOq57HT0M6oNK1at5c6BV4hekCgWag8pXP0pJllBhCMda93xPmiDHyjDC6dTtZ5pKTMZ4SHuWCpxQHeTzc6fozCoRilNlSxg0V39P5DjRepKEtjPBZqSXvZn4n9fLTHwV5EzIzFBBFovijCOTotnvKGKKEsMnlmCimL0VkRFWmBibkGtD8JdfXiXtes33av79RbVxU8RRhhM4hXPw4RIacAdNaAGBMTzDK7w50nlx3p2PRWvJKWaO4Q+czx+Dk45d</latexit><latexit sha1_base64="ccHjycPnOnBzib6lJ5J6xcMTUm0=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeqF48V7Qe0oWw2m3bpZrPsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8UHKmjed9O6W19Y3NrfK2u7O7t39QOTxq6zRThLZIylPVDbGmnAnaMsxw2pWK4iTktBOOb2d+54kqzVLxaCaSBgkeChYzgo2VOq57HT0M6oNK1at5c6BV4hekCgWag8pXP0pJllBhCMda93xPmiDHyjDC6dTtZ5pKTMZ4SHuWCpxQHeTzc6fozCoRilNlSxg0V39P5DjRepKEtjPBZqSXvZn4n9fLTHwV5EzIzFBBFovijCOTotnvKGKKEsMnlmCimL0VkRFWmBibkGtD8JdfXiXtes33av79RbVxU8RRhhM4hXPw4RIacAdNaAGBMTzDK7w50nlx3p2PRWvJKWaO4Q+czx+Dk45d</latexit><latexit sha1_base64="ccHjycPnOnBzib6lJ5J6xcMTUm0=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeqF48V7Qe0oWw2m3bpZrPsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8UHKmjed9O6W19Y3NrfK2u7O7t39QOTxq6zRThLZIylPVDbGmnAnaMsxw2pWK4iTktBOOb2d+54kqzVLxaCaSBgkeChYzgo2VOq57HT0M6oNK1at5c6BV4hekCgWag8pXP0pJllBhCMda93xPmiDHyjDC6dTtZ5pKTMZ4SHuWCpxQHeTzc6fozCoRilNlSxg0V39P5DjRepKEtjPBZqSXvZn4n9fLTHwV5EzIzFBBFovijCOTotnvKGKKEsMnlmCimL0VkRFWmBibkGtD8JdfXiXtes33av79RbVxU8RRhhM4hXPw4RIacAdNaAGBMTzDK7w50nlx3p2PRWvJKWaO4Q+czx+Dk45d</latexit>

1

J
<latexit sha1_base64="wLFlpfSQKmKNGpBPN7wWkO04+2k=">AAAB8nicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi3iqYD+gDWWz3bRLN9mwOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlQKg5737ZTW1jc2t8rb7s7u3v5B5fCoZVSmGW8yJZXuhNRwKRLeRIGSd1LNaRxK3g7HtzO//cS1ESp5xEnKg5gOExEJRtFKXTf3e8r65H7ar1S9mjcHWSV+QapQoNGvfPUGimUxT5BJakzX91IMcqpRMMmnbi8zPKVsTIe8a2lCY26CfH7ylJxZZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif953Qyj6yAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUquDcFffnmVtC5qvlfzHy6r9ZsijjKcwCmcgw9XUIc7aEATGCh4hld4c9B5cd6dj0VrySlmjuEPnM8fUXeQnQ==</latexit><latexit sha1_base64="wLFlpfSQKmKNGpBPN7wWkO04+2k=">AAAB8nicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi3iqYD+gDWWz3bRLN9mwOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlQKg5737ZTW1jc2t8rb7s7u3v5B5fCoZVSmGW8yJZXuhNRwKRLeRIGSd1LNaRxK3g7HtzO//cS1ESp5xEnKg5gOExEJRtFKXTf3e8r65H7ar1S9mjcHWSV+QapQoNGvfPUGimUxT5BJakzX91IMcqpRMMmnbi8zPKVsTIe8a2lCY26CfH7ylJxZZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif953Qyj6yAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUquDcFffnmVtC5qvlfzHy6r9ZsijjKcwCmcgw9XUIc7aEATGCh4hld4c9B5cd6dj0VrySlmjuEPnM8fUXeQnQ==</latexit><latexit sha1_base64="wLFlpfSQKmKNGpBPN7wWkO04+2k=">AAAB8nicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi3iqYD+gDWWz3bRLN9mwOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlQKg5737ZTW1jc2t8rb7s7u3v5B5fCoZVSmGW8yJZXuhNRwKRLeRIGSd1LNaRxK3g7HtzO//cS1ESp5xEnKg5gOExEJRtFKXTf3e8r65H7ar1S9mjcHWSV+QapQoNGvfPUGimUxT5BJakzX91IMcqpRMMmnbi8zPKVsTIe8a2lCY26CfH7ylJxZZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif953Qyj6yAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUquDcFffnmVtC5qvlfzHy6r9ZsijjKcwCmcgw9XUIc7aEATGCh4hld4c9B5cd6dj0VrySlmjuEPnM8fUXeQnQ==</latexit><latexit sha1_base64="wLFlpfSQKmKNGpBPN7wWkO04+2k=">AAAB8nicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi3iqYD+gDWWz3bRLN9mwOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlQKg5737ZTW1jc2t8rb7s7u3v5B5fCoZVSmGW8yJZXuhNRwKRLeRIGSd1LNaRxK3g7HtzO//cS1ESp5xEnKg5gOExEJRtFKXTf3e8r65H7ar1S9mjcHWSV+QapQoNGvfPUGimUxT5BJakzX91IMcqpRMMmnbi8zPKVsTIe8a2lCY26CfH7ylJxZZUAipW0lSObq74mcxsZM4tB2xhRHZtmbif953Qyj6yAXSZohT9hiUZRJgorM/icDoTlDObGEMi3srYSNqKYMbUquDcFffnmVtC5qvlfzHy6r9ZsijjKcwCmcgw9XUIc7aEATGCh4hld4c9B5cd6dj0VrySlmjuEPnM8fUXeQnQ==</latexit>



Our analysis

But resulting change in action is O(      ) 

Therefore suppressed.
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<latexit sha1_base64="lJSfRRyVLHfy/AaL5MHnlllpqGc="></latexit><latexit sha1_base64="lJSfRRyVLHfy/AaL5MHnlllpqGc="></latexit><latexit sha1_base64="lJSfRRyVLHfy/AaL5MHnlllpqGc="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ZqPqCCfQyezuIqZkSOKwXTfWXjc="></latexit><latexit sha1_base64="ZqPqCCfQyezuIqZkSOKwXTfWXjc="></latexit><latexit sha1_base64="NTZwxfDFkvtTUX5BIXG+62genSk="></latexit><latexit sha1_base64="lJSfRRyVLHfy/AaL5MHnlllpqGc="></latexit><latexit sha1_base64="lJSfRRyVLHfy/AaL5MHnlllpqGc="></latexit><latexit sha1_base64="lJSfRRyVLHfy/AaL5MHnlllpqGc="></latexit><latexit sha1_base64="lJSfRRyVLHfy/AaL5MHnlllpqGc="></latexit><latexit sha1_base64="lJSfRRyVLHfy/AaL5MHnlllpqGc="></latexit><latexit sha1_base64="lJSfRRyVLHfy/AaL5MHnlllpqGc="></latexit>

Goes like 
1

J2
<latexit sha1_base64="t0QvOKAzIgzXnOQsWispAkgXWtw=">AAAB9HicbVBNSwMxEJ2tX3X9qnr0EiyCp7JbBD0WvYinCvYD2rVk02wbmk3WJFsoS3+HFw+KePXHePPfmLZ70NYHA4/3ZpiZFyacaeN5305hbX1jc6u47e7s7u0flA6PmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh6Gbmt8ZUaSbFg5kkNIjxQLCIEWysFLiZ35XWR3eP1WmvVPYq3hxolfg5KUOOeq/01e1LksZUGMKx1h3fS0yQYWUY4XTqdlNNE0xGeEA7lgocUx1k86On6MwqfRRJZUsYNFd/T2Q41noSh7Yzxmaol72Z+J/XSU10FWRMJKmhgiwWRSlHRqJZAqjPFCWGTyzBRDF7KyJDrDAxNifXhuAvv7xKmtWK71X8+4ty7TqPowgncArn4MMl1OAW6tAAAk/wDK/w5oydF+fd+Vi0Fpx85hj+wPn8AX0WkUE=</latexit><latexit sha1_base64="t0QvOKAzIgzXnOQsWispAkgXWtw=">AAAB9HicbVBNSwMxEJ2tX3X9qnr0EiyCp7JbBD0WvYinCvYD2rVk02wbmk3WJFsoS3+HFw+KePXHePPfmLZ70NYHA4/3ZpiZFyacaeN5305hbX1jc6u47e7s7u0flA6PmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh6Gbmt8ZUaSbFg5kkNIjxQLCIEWysFLiZ35XWR3eP1WmvVPYq3hxolfg5KUOOeq/01e1LksZUGMKx1h3fS0yQYWUY4XTqdlNNE0xGeEA7lgocUx1k86On6MwqfRRJZUsYNFd/T2Q41noSh7Yzxmaol72Z+J/XSU10FWRMJKmhgiwWRSlHRqJZAqjPFCWGTyzBRDF7KyJDrDAxNifXhuAvv7xKmtWK71X8+4ty7TqPowgncArn4MMl1OAW6tAAAk/wDK/w5oydF+fd+Vi0Fpx85hj+wPn8AX0WkUE=</latexit><latexit sha1_base64="t0QvOKAzIgzXnOQsWispAkgXWtw=">AAAB9HicbVBNSwMxEJ2tX3X9qnr0EiyCp7JbBD0WvYinCvYD2rVk02wbmk3WJFsoS3+HFw+KePXHePPfmLZ70NYHA4/3ZpiZFyacaeN5305hbX1jc6u47e7s7u0flA6PmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh6Gbmt8ZUaSbFg5kkNIjxQLCIEWysFLiZ35XWR3eP1WmvVPYq3hxolfg5KUOOeq/01e1LksZUGMKx1h3fS0yQYWUY4XTqdlNNE0xGeEA7lgocUx1k86On6MwqfRRJZUsYNFd/T2Q41noSh7Yzxmaol72Z+J/XSU10FWRMJKmhgiwWRSlHRqJZAqjPFCWGTyzBRDF7KyJDrDAxNifXhuAvv7xKmtWK71X8+4ty7TqPowgncArn4MMl1OAW6tAAAk/wDK/w5oydF+fd+Vi0Fpx85hj+wPn8AX0WkUE=</latexit><latexit sha1_base64="t0QvOKAzIgzXnOQsWispAkgXWtw=">AAAB9HicbVBNSwMxEJ2tX3X9qnr0EiyCp7JbBD0WvYinCvYD2rVk02wbmk3WJFsoS3+HFw+KePXHePPfmLZ70NYHA4/3ZpiZFyacaeN5305hbX1jc6u47e7s7u0flA6PmlqmitAGkVyqdog15UzQhmGG03aiKI5DTlvh6Gbmt8ZUaSbFg5kkNIjxQLCIEWysFLiZ35XWR3eP1WmvVPYq3hxolfg5KUOOeq/01e1LksZUGMKx1h3fS0yQYWUY4XTqdlNNE0xGeEA7lgocUx1k86On6MwqfRRJZUsYNFd/T2Q41noSh7Yzxmaol72Z+J/XSU10FWRMJKmhgiwWRSlHRqJZAqjPFCWGTyzBRDF7KyJDrDAxNifXhuAvv7xKmtWK71X8+4ty7TqPowgncArn4MMl1OAW6tAAAk/wDK/w5oydF+fd+Vi0Fpx85hj+wPn8AX0WkUE=</latexit>

1

J2
<latexit sha1_base64="cckaPnAQSConX5ImZWHdwQr/MVA=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe7SmDJoI1YRvCSQO8PeZi9Zsrd77O4J4cjfsLFQxNb/InZW/hU3H4UmPhh4vDfDzLwo5Uwb1/1yCmvrG5tbxe3Szu7e/kH58KilZaYI9YnkUnUirClngvqGGU47qaI4iThtR6Orqd9+oEozKe7MOKVhggeCxYxgY6Ug9wJpbXRzX5v0yhW36s6AVom3IJVG/fsDAUCzV/4M+pJkCRWGcKx113NTE+ZYGUY4nZSCTNMUkxEe0K6lAidUh/ns5gk6s0ofxVLZEgbN1N8TOU60HieR7UywGeplbyr+53UzE9fDnIk0M1SQ+aI448hINA0A9ZmixPCxJZgoZm9FZIgVJsbGVLIheMsvr5JWreq5Ve/WpnEJcxThBE7hHDy4gAZcQxN8IJDCIzzDi5M5T86r8zZvLTiLmWP4A+f9B1sHk3A=</latexit><latexit sha1_base64="qrDnJALPezkKwCIs84HlUJzRYBY=">AAAB83icbVC7SgNBFL0bXzG+ohYiNoNBsAq7aUwZtBGrCOYB2TXMTibJkNmZZWZWCEt+w8ZCEVv/Rey0sfUznDwKTTxw4XDOvdx7Txhzpo3rfjiZpeWV1bXsem5jc2t7J7+7V9cyUYTWiORSNUOsKWeC1gwznDZjRXEUctoIBxdjv3FHlWZS3JhhTIMI9wTrMoKNlfzU86W10dVtadTOF9yiOwFaJN6MFCrlr7eDz+/Dajv/7nckSSIqDOFY65bnxiZIsTKMcDrK+YmmMSYD3KMtSwWOqA7Syc0jdGKVDupKZUsYNFF/T6Q40noYhbYzwqav572x+J/XSky3HKRMxImhgkwXdROOjETjAFCHKUoMH1qCiWL2VkT6WGFibEw5G4I3//IiqZeKnlv0rm0a5zBFFo7gGE7BgzOowCVUoQYEYriHR3hyEufBeXZepq0ZZzazD3/gvP4AymCVQg==</latexit><latexit sha1_base64="qrDnJALPezkKwCIs84HlUJzRYBY=">AAAB83icbVC7SgNBFL0bXzG+ohYiNoNBsAq7aUwZtBGrCOYB2TXMTibJkNmZZWZWCEt+w8ZCEVv/Rey0sfUznDwKTTxw4XDOvdx7Txhzpo3rfjiZpeWV1bXsem5jc2t7J7+7V9cyUYTWiORSNUOsKWeC1gwznDZjRXEUctoIBxdjv3FHlWZS3JhhTIMI9wTrMoKNlfzU86W10dVtadTOF9yiOwFaJN6MFCrlr7eDz+/Dajv/7nckSSIqDOFY65bnxiZIsTKMcDrK+YmmMSYD3KMtSwWOqA7Syc0jdGKVDupKZUsYNFF/T6Q40noYhbYzwqav572x+J/XSky3HKRMxImhgkwXdROOjETjAFCHKUoMH1qCiWL2VkT6WGFibEw5G4I3//IiqZeKnlv0rm0a5zBFFo7gGE7BgzOowCVUoQYEYriHR3hyEufBeXZepq0ZZzazD3/gvP4AymCVQg==</latexit><latexit sha1_base64="Szx1j6O5oEyEkhLAsGvotAAuvl4=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4Ktle9Fj0Ip4q2A/oriWbZtvQbLIkWaEs/RtePCji1T/jzX9j2u5BWx8MPN6bYWZelApuLMbf3tr6xubWdmmnvLu3f3BYOTpuG5VpylpUCaW7ETFMcMlallvBuqlmJIkE60Tjm5nfeWLacCUf7CRlYUKGksecEuukIPcD5Wx091if9itVXMNzoFXiF6QKBZr9ylcwUDRLmLRUEGN6Pk5tmBNtORVsWg4yw1JCx2TIeo5KkjAT5vObp+jcKQMUK+1KWjRXf0/kJDFmkkSuMyF2ZJa9mfif18tsfBXmXKaZZZIuFsWZQFahWQBowDWjVkwcIVRzdyuiI6IJtS6msgvBX355lbTrNR/X/HtcbVwXcZTgFM7gAny4hAbcQhNaQCGFZ3iFNy/zXrx372PRuuYVMyfwB97nD0c8kSk=</latexit>
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<latexit sha1_base64="8RvjUxi8TaIy24RcN/3nlioCeLA=">AAACCXicbVDLSsNAFL3xWesr6tLNYBEEMSQF0Z1FNy4r2Ac0aZlMJu3QycOZiVhCt278FTcuFHHrH7jzb5w+Ftp64MLhnHu59x4/5Uwq2/42FhaXlldWC2vF9Y3NrW1zZ7cuk0wQWiMJT0TTx5JyFtOaYorTZioojnxOG37/auQ37qmQLIlv1SClXoS7MQsZwUpLHRMduyxWKGiXH1x5J1R+0h0iFxFdbtpj7XLHLNmWPQaaJ86UlCoX1mkFAKod88sNEpJFNFaEYylbjp0qL8dCMcLpsOhmkqaY9HGXtjSNcUSll48/GaJDrQQoTIQufdZY/T2R40jKQeTrzgirnpz1RuJ/XitT4bmXszjNFI3JZFGYcaQSNIoFBUxQovhAE0wE07ci0sMCE6XDK+oQnNmX50m9bDm25dzoNC5hggLswwEcgQNnUIFrqEINCDzCM7zCm/FkvBjvxsekdcGYzuzBHxifP8jymeE=</latexit><latexit sha1_base64="UTWRRMnSCHI8P8Y2HoTjbLCwnyM=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiCGJKC6K5FNy4r2Ac0aZlMJu3QySTOTMQSu3Xjyv9w40IRt/6BOz/Cf3D6WGjrgQuHc+7l3nv8hFGpbPvLmJtfWFxazq3kV9fWNzbNre2ajFOBSRXHLBYNH0nCKCdVRRUjjUQQFPmM1P3e+dCv3xAhacyvVD8hXoQ6nIYUI6WltgkPXcoVDFrFW1deC5UddQbQhViXm3Rpq9g2C7ZljwBniTMhhXLJOi7dfT9W2uanG8Q4jQhXmCEpm46dKC9DQlHMyCDvppIkCPdQhzQ15Sgi0stGnwzgvlYCGMZClz5rpP6eyFAkZT/ydWeEVFdOe0PxP6+ZqvDUyyhPUkU4Hi8KUwZVDIexwIAKghXra4KwoPpWiLtIIKx0eHkdgjP98iypFS3HtpxLncYZGCMHdsEeOAAOOAFlcAEqoAowuAdP4AW8Gg/Gs/FmvI9b54zJzA74A+PjB2uum9o=</latexit><latexit sha1_base64="UTWRRMnSCHI8P8Y2HoTjbLCwnyM=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiCGJKC6K5FNy4r2Ac0aZlMJu3QySTOTMQSu3Xjyv9w40IRt/6BOz/Cf3D6WGjrgQuHc+7l3nv8hFGpbPvLmJtfWFxazq3kV9fWNzbNre2ajFOBSRXHLBYNH0nCKCdVRRUjjUQQFPmM1P3e+dCv3xAhacyvVD8hXoQ6nIYUI6WltgkPXcoVDFrFW1deC5UddQbQhViXm3Rpq9g2C7ZljwBniTMhhXLJOi7dfT9W2uanG8Q4jQhXmCEpm46dKC9DQlHMyCDvppIkCPdQhzQ15Sgi0stGnwzgvlYCGMZClz5rpP6eyFAkZT/ydWeEVFdOe0PxP6+ZqvDUyyhPUkU4Hi8KUwZVDIexwIAKghXra4KwoPpWiLtIIKx0eHkdgjP98iypFS3HtpxLncYZGCMHdsEeOAAOOAFlcAEqoAowuAdP4AW8Gg/Gs/FmvI9b54zJzA74A+PjB2uum9o=</latexit><latexit sha1_base64="DKHmdHKcg5kbFJFzJiWNTk+OvJI=">AAACCXicbVBNS8NAEJ34WetX1KOXxSIIYkl60WPRi8cK9gOatmw2m3bpZhN3N2IJvXrxr3jxoIhX/4E3/43bNgdtfTDweG+GmXl+wpnSjvNtLS2vrK6tFzaKm1vbO7v23n5DxakktE5iHsuWjxXlTNC6ZprTViIpjnxOm/7wauI376lULBa3epTQToT7goWMYG2kno1OPSY0CrqVB0/dSZ2d9cfIQ8SUlwxYt9KzS07ZmQItEjcnJchR69lfXhCTNKJCE46VartOojsZlpoRTsdFL1U0wWSI+7RtqMARVZ1s+skYHRslQGEsTZmzpurviQxHSo0i33RGWA/UvDcR//PaqQ4vOhkTSaqpILNFYcqRjtEkFhQwSYnmI0MwkczcisgAS0y0Ca9oQnDnX14kjUrZdcrujVOqXuZxFOAQjuAEXDiHKlxDDepA4BGe4RXerCfrxXq3PmatS1Y+cwB/YH3+AEDlmL8=</latexit>

� =
1

Jz



It is important that the boundary needs to be  
located in the ``Asymptotic           region”

Where the effects of finite temperature have died 
away, while the deviation from the attractor solution 
are still small.  

Horizon Boundary:  

� = �B
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Far Region
Near Region

AdS2
<latexit sha1_base64="ccHjycPnOnBzib6lJ5J6xcMTUm0=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeqF48V7Qe0oWw2m3bpZrPsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8UHKmjed9O6W19Y3NrfK2u7O7t39QOTxq6zRThLZIylPVDbGmnAnaMsxw2pWK4iTktBOOb2d+54kqzVLxaCaSBgkeChYzgo2VOq57HT0M6oNK1at5c6BV4hekCgWag8pXP0pJllBhCMda93xPmiDHyjDC6dTtZ5pKTMZ4SHuWCpxQHeTzc6fozCoRilNlSxg0V39P5DjRepKEtjPBZqSXvZn4n9fLTHwV5EzIzFBBFovijCOTotnvKGKKEsMnlmCimL0VkRFWmBibkGtD8JdfXiXtes33av79RbVxU8RRhhM4hXPw4RIacAdNaAGBMTzDK7w50nlx3p2PRWvJKWaO4Q+czx+Dk45d</latexit><latexit sha1_base64="ccHjycPnOnBzib6lJ5J6xcMTUm0=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeqF48V7Qe0oWw2m3bpZrPsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8UHKmjed9O6W19Y3NrfK2u7O7t39QOTxq6zRThLZIylPVDbGmnAnaMsxw2pWK4iTktBOOb2d+54kqzVLxaCaSBgkeChYzgo2VOq57HT0M6oNK1at5c6BV4hekCgWag8pXP0pJllBhCMda93xPmiDHyjDC6dTtZ5pKTMZ4SHuWCpxQHeTzc6fozCoRilNlSxg0V39P5DjRepKEtjPBZqSXvZn4n9fLTHwV5EzIzFBBFovijCOTotnvKGKKEsMnlmCimL0VkRFWmBibkGtD8JdfXiXtes33av79RbVxU8RRhhM4hXPw4RIacAdNaAGBMTzDK7w50nlx3p2PRWvJKWaO4Q+czx+Dk45d</latexit><latexit sha1_base64="ccHjycPnOnBzib6lJ5J6xcMTUm0=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeqF48V7Qe0oWw2m3bpZrPsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8UHKmjed9O6W19Y3NrfK2u7O7t39QOTxq6zRThLZIylPVDbGmnAnaMsxw2pWK4iTktBOOb2d+54kqzVLxaCaSBgkeChYzgo2VOq57HT0M6oNK1at5c6BV4hekCgWag8pXP0pJllBhCMda93xPmiDHyjDC6dTtZ5pKTMZ4SHuWCpxQHeTzc6fozCoRilNlSxg0V39P5DjRepKEtjPBZqSXvZn4n9fLTHwV5EzIzFBBFovijCOTotnvKGKKEsMnlmCimL0VkRFWmBibkGtD8JdfXiXtes33av79RbVxU8RRhhM4hXPw4RIacAdNaAGBMTzDK7w50nlx3p2PRWvJKWaO4Q+czx+Dk45d</latexit><latexit sha1_base64="ccHjycPnOnBzib6lJ5J6xcMTUm0=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeqF48V7Qe0oWw2m3bpZrPsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8UHKmjed9O6W19Y3NrfK2u7O7t39QOTxq6zRThLZIylPVDbGmnAnaMsxw2pWK4iTktBOOb2d+54kqzVLxaCaSBgkeChYzgo2VOq57HT0M6oNK1at5c6BV4hekCgWag8pXP0pJllBhCMda93xPmiDHyjDC6dTtZ5pKTMZ4SHuWCpxQHeTzc6fozCoRilNlSxg0V39P5DjRepKEtjPBZqSXvZn4n9fLTHwV5EzIzFBBFovijCOTotnvKGKKEsMnlmCimL0VkRFWmBibkGtD8JdfXiXtes33av79RbVxU8RRhhM4hXPw4RIacAdNaAGBMTzDK7w50nlx3p2PRWvJKWaO4Q+czx+Dk45d</latexit>

@AdS2
<latexit sha1_base64="YdgJBWfMoQXnJeoTiDKHOypBGjo=">AAAB9XicbVC7TsMwFL0pr1JeBSQWFosKialKupSxwMLYCvqQ2lAcx2mtOk5kO6Aq6n+wMIAQK//CxsK34LQdoOVIVzo651773uPFnClt219WbmV1bX0jv1nY2t7Z3SvuH7RUlEhCmyTikex4WFHOBG1qpjntxJLi0OO07Y2uMr/9QKVikbjV45i6IR4IFjCCtZHuejGWmmGOLvybfqVfLNllewq0TJw5KdWOGt/3AFDvFz97fkSSkApNOFaq69ixdtPsTcLppNBLFI0xGeEB7RoqcEiVm063nqBTo/goiKQpodFU/T2R4lCpceiZzhDroVr0MvE/r5vo4NxNmYgTTQWZfRQkHOkIZREgn0lKNB8bgolkZldEhlhiok1QBROCs3jyMmlVyo5ddhomjUuYIQ/HcAJn4EAVanANdWgCAQlP8AKv1qP1bL1Z77PWnDWfOYQ/sD5+AEAqk9k=</latexit><latexit sha1_base64="Z81E3Ms3zRQfiQOidLYf0EgSAhw=">AAAB9XicbVC7TsMwFL3hWcqrgMTCYlEhMVVJFxhLWRhbQR9SGyrHcVqrjhPZDqiK+h8sDCDEhvgJvoCNhW/BaTtAy5GudHTOvfa9x4s5U9q2v6yl5ZXVtfXcRn5za3tnt7C331RRIgltkIhHsu1hRTkTtKGZ5rQdS4pDj9OWN7zM/NYdlYpF4kaPYuqGuC9YwAjWRrrtxlhqhjm68K975V6haJfsCdAicWakWDmsf7O36ketV/js+hFJQio04VipjmPH2k2zNwmn43w3UTTGZIj7tGOowCFVbjrZeoxOjOKjIJKmhEYT9fdEikOlRqFnOkOsB2rey8T/vE6ig3M3ZSJONBVk+lGQcKQjlEWAfCYp0XxkCCaSmV0RGWCJiTZB5U0IzvzJi6RZLjl2yambNKowRQ6O4BhOwYEzqMAV1KABBCQ8wBM8W/fWo/VivU5bl6zZzAH8gfX+A5FrlZU=</latexit><latexit sha1_base64="Z81E3Ms3zRQfiQOidLYf0EgSAhw=">AAAB9XicbVC7TsMwFL3hWcqrgMTCYlEhMVVJFxhLWRhbQR9SGyrHcVqrjhPZDqiK+h8sDCDEhvgJvoCNhW/BaTtAy5GudHTOvfa9x4s5U9q2v6yl5ZXVtfXcRn5za3tnt7C331RRIgltkIhHsu1hRTkTtKGZ5rQdS4pDj9OWN7zM/NYdlYpF4kaPYuqGuC9YwAjWRrrtxlhqhjm68K975V6haJfsCdAicWakWDmsf7O36ketV/js+hFJQio04VipjmPH2k2zNwmn43w3UTTGZIj7tGOowCFVbjrZeoxOjOKjIJKmhEYT9fdEikOlRqFnOkOsB2rey8T/vE6ig3M3ZSJONBVk+lGQcKQjlEWAfCYp0XxkCCaSmV0RGWCJiTZB5U0IzvzJi6RZLjl2yambNKowRQ6O4BhOwYEzqMAV1KABBCQ8wBM8W/fWo/VivU5bl6zZzAH8gfX+A5FrlZU=</latexit><latexit sha1_base64="4Vjys/dZ1WAEyuuAqqP2yI0wVGI=">AAAB9XicbVC7TsMwFL3hWcqrwMhiUSExVU4XGAssjEXQh9SGynGc1qrjRLYDqqL+BwsDCLHyL2z8DU6bAVqOdKWjc+617z1+Irg2GH87K6tr6xubpa3y9s7u3n7l4LCt41RR1qKxiFXXJ5oJLlnLcCNYN1GMRL5gHX98nfudR6Y0j+W9mSTMi8hQ8pBTYqz00E+IMpwIdBncDeqDShXX8AxombgFqUKB5qDy1Q9imkZMGiqI1j0XJ8bL8jepYNNyP9UsIXRMhqxnqSQR014223qKTq0SoDBWtqRBM/X3REYirSeRbzsjYkZ60cvF/7xeasILL+MySQ2TdP5RmApkYpRHgAKuGDViYgmhittdER0RRaixQZVtCO7iycukXa+5uObe4mrjqoijBMdwAmfgwjk04Aaa0AIKCp7hFd6cJ+fFeXc+5q0rTjFzBH/gfP4AsYOR9A==</latexit>



• The final conclusion is therefore very simple and elegant. 

• We expected the deviations in the volume of the internal 
space to be important to allow the back reaction to be 
tamed.

• This turns out to be  the only deviation we need to 
include at leading order. Other corrections are not as 
important. 

• The JT model keeps track of this deviation, via the 
dilaton, and is therefore  describes, universally,  extremal 
and near-extremal black holes with a near-horizon AdS2 
(more checks needed in rotating case). 

Our Analysis: Summary



Thermodynamics
Why is the JT Model a good approximation for 
low temperatures?

Consider the temperature dependence of the 
Free energy (at fixed charge)

The Free energy is given by the on-shell action. 

Start with extremal solution and consider the 
change in metric due to ``turning on” a small 
temperature

gµ⌫ = ḡµ⌫ +�gµ⌫
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Thermodynamics

Since         is a solution to the equations of 
motion,  which extremise the action, the first 
order change in on-shell action vanishes in 
far region 

Remaining contribution in near region 
correctly given by the JT model. 

gµ⌫ = ḡµ⌫ +�gµ⌫
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Small perturbation 
in far region

ḡµ⌫
<latexit sha1_base64="CS6txuK49TcovunFEp1qNrzREjk=">AAAB+3icbVDLSsNAFJ34rPEV69LNYBFclUQEXRbduKxgH9CEMJlO2qEzkzAPsYT8ihsXirj1R9z5N07bLLT1wIXDOfdy7z1JzqjSvv/trK1vbG5t13bc3b39g0PvqN5VmZGYdHDGMtlPkCKMCtLRVDPSzyVBPGGkl0xuZ37vkUhFM/GgpzmJOBoJmlKMtJVir+4WYYIkHJVxEXITClPGXsNv+nPAVRJUpAEqtGPvKxxm2HAiNGZIqUHg5zoqkNQUM1K6oVEkR3iCRmRgqUCcqKiY317CM6sMYZpJW0LDufp7okBcqSlPbCdHeqyWvZn4nzcwOr2OCipyo4nAi0WpYVBncBYEHFJJsGZTSxCW1N4K8RhJhLWNy7UhBMsvr5LuRTPwm8H9ZaN1U8VRAyfgFJyDAFyBFrgDbdABGDyBZ/AK3pzSeXHenY9F65pTzRyDP3A+fwDUG5RN</latexit><latexit sha1_base64="CS6txuK49TcovunFEp1qNrzREjk=">AAAB+3icbVDLSsNAFJ34rPEV69LNYBFclUQEXRbduKxgH9CEMJlO2qEzkzAPsYT8ihsXirj1R9z5N07bLLT1wIXDOfdy7z1JzqjSvv/trK1vbG5t13bc3b39g0PvqN5VmZGYdHDGMtlPkCKMCtLRVDPSzyVBPGGkl0xuZ37vkUhFM/GgpzmJOBoJmlKMtJVir+4WYYIkHJVxEXITClPGXsNv+nPAVRJUpAEqtGPvKxxm2HAiNGZIqUHg5zoqkNQUM1K6oVEkR3iCRmRgqUCcqKiY317CM6sMYZpJW0LDufp7okBcqSlPbCdHeqyWvZn4nzcwOr2OCipyo4nAi0WpYVBncBYEHFJJsGZTSxCW1N4K8RhJhLWNy7UhBMsvr5LuRTPwm8H9ZaN1U8VRAyfgFJyDAFyBFrgDbdABGDyBZ/AK3pzSeXHenY9F65pTzRyDP3A+fwDUG5RN</latexit><latexit sha1_base64="CS6txuK49TcovunFEp1qNrzREjk=">AAAB+3icbVDLSsNAFJ34rPEV69LNYBFclUQEXRbduKxgH9CEMJlO2qEzkzAPsYT8ihsXirj1R9z5N07bLLT1wIXDOfdy7z1JzqjSvv/trK1vbG5t13bc3b39g0PvqN5VmZGYdHDGMtlPkCKMCtLRVDPSzyVBPGGkl0xuZ37vkUhFM/GgpzmJOBoJmlKMtJVir+4WYYIkHJVxEXITClPGXsNv+nPAVRJUpAEqtGPvKxxm2HAiNGZIqUHg5zoqkNQUM1K6oVEkR3iCRmRgqUCcqKiY317CM6sMYZpJW0LDufp7okBcqSlPbCdHeqyWvZn4nzcwOr2OCipyo4nAi0WpYVBncBYEHFJJsGZTSxCW1N4K8RhJhLWNy7UhBMsvr5LuRTPwm8H9ZaN1U8VRAyfgFJyDAFyBFrgDbdABGDyBZ/AK3pzSeXHenY9F65pTzRyDP3A+fwDUG5RN</latexit><latexit sha1_base64="CS6txuK49TcovunFEp1qNrzREjk=">AAAB+3icbVDLSsNAFJ34rPEV69LNYBFclUQEXRbduKxgH9CEMJlO2qEzkzAPsYT8ihsXirj1R9z5N07bLLT1wIXDOfdy7z1JzqjSvv/trK1vbG5t13bc3b39g0PvqN5VmZGYdHDGMtlPkCKMCtLRVDPSzyVBPGGkl0xuZ37vkUhFM/GgpzmJOBoJmlKMtJVir+4WYYIkHJVxEXITClPGXsNv+nPAVRJUpAEqtGPvKxxm2HAiNGZIqUHg5zoqkNQUM1K6oVEkR3iCRmRgqUCcqKiY317CM6sMYZpJW0LDufp7okBcqSlPbCdHeqyWvZn4nzcwOr2OCipyo4nAi0WpYVBncBYEHFJJsGZTSxCW1N4K8RhJhLWNy7UhBMsvr5LuRTPwm8H9ZaN1U8VRAyfgFJyDAFyBFrgDbdABGDyBZ/AK3pzSeXHenY9F65pTzRyDP3A+fwDUG5RN</latexit>
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<latexit sha1_base64="W+d3pQtQP27CtbJ8oR9sjV7G90E=">AAACnHicbVFta9RAEN7Et3q+nfWTFGTwECqHR1LE9ptVC1aqUF/uWriNYbPZ5JZusnF3oh4hv8p/4jf/jXu5O7CtA8s+PM/MPLOzSaWkxSD44/lXrl67fmPjZu/W7Tt37/Xvb06srg0XY66VNqcJs0LJUoxRohKnlRGsSJQ4Sc7eLPST78JYqcsvOK9EVLC8lJnkDB0V93/1hk1ItUuB8AXQSsLbliYyhymVJcaNuytmUDIFr9LP8Q41Mp8hM0b/AJeR4TxqIf3apMOwhZ9A7TeDTd7C9id4Rt+7OVIWd+JTGALlqUYLkYNr0721Z+d23mvZuF1 3pTkrCtbCUdwfBKOgC7gMwhUYkFUcx/3fNNW8LkSJXDFrp2FQYdQsvLgSbY/WVlSMn7FcTB0sWSFs1HTLbeGJY1LItHGnROjYfysaVlg7LxKXWTCc2YvagvyfNq0x24saWVY1ipIvjbJaAWpY/BSk0giOau4A40a6WYHPmGEc3X/23BLCi0++DCY7ozAYhR+fD/Zfr9axQbbIY7JNQrJL9skhOSZjwr2H3kvv0HvnP/IP/CP/wzLV91Y1D8i58Cd/AVY9yPE=</latexit><latexit sha1_base64="W+d3pQtQP27CtbJ8oR9sjV7G90E=">AAACnHicbVFta9RAEN7Et3q+nfWTFGTwECqHR1LE9ptVC1aqUF/uWriNYbPZ5JZusnF3oh4hv8p/4jf/jXu5O7CtA8s+PM/MPLOzSaWkxSD44/lXrl67fmPjZu/W7Tt37/Xvb06srg0XY66VNqcJs0LJUoxRohKnlRGsSJQ4Sc7eLPST78JYqcsvOK9EVLC8lJnkDB0V93/1hk1ItUuB8AXQSsLbliYyhymVJcaNuytmUDIFr9LP8Q41Mp8hM0b/AJeR4TxqIf3apMOwhZ9A7TeDTd7C9id4Rt+7OVIWd+JTGALlqUYLkYNr0721Z+d23mvZuF1 3pTkrCtbCUdwfBKOgC7gMwhUYkFUcx/3fNNW8LkSJXDFrp2FQYdQsvLgSbY/WVlSMn7FcTB0sWSFs1HTLbeGJY1LItHGnROjYfysaVlg7LxKXWTCc2YvagvyfNq0x24saWVY1ipIvjbJaAWpY/BSk0giOau4A40a6WYHPmGEc3X/23BLCi0++DCY7ozAYhR+fD/Zfr9axQbbIY7JNQrJL9skhOSZjwr2H3kvv0HvnP/IP/CP/wzLV91Y1D8i58Cd/AVY9yPE=</latexit><latexit sha1_base64="W+d3pQtQP27CtbJ8oR9sjV7G90E=">AAACnHicbVFta9RAEN7Et3q+nfWTFGTwECqHR1LE9ptVC1aqUF/uWriNYbPZ5JZusnF3oh4hv8p/4jf/jXu5O7CtA8s+PM/MPLOzSaWkxSD44/lXrl67fmPjZu/W7Tt37/Xvb06srg0XY66VNqcJs0LJUoxRohKnlRGsSJQ4Sc7eLPST78JYqcsvOK9EVLC8lJnkDB0V93/1hk1ItUuB8AXQSsLbliYyhymVJcaNuytmUDIFr9LP8Q41Mp8hM0b/AJeR4TxqIf3apMOwhZ9A7TeDTd7C9id4Rt+7OVIWd+JTGALlqUYLkYNr0721Z+d23mvZuF1 3pTkrCtbCUdwfBKOgC7gMwhUYkFUcx/3fNNW8LkSJXDFrp2FQYdQsvLgSbY/WVlSMn7FcTB0sWSFs1HTLbeGJY1LItHGnROjYfysaVlg7LxKXWTCc2YvagvyfNq0x24saWVY1ipIvjbJaAWpY/BSk0giOau4A40a6WYHPmGEc3X/23BLCi0++DCY7ozAYhR+fD/Zfr9axQbbIY7JNQrJL9skhOSZjwr2H3kvv0HvnP/IP/CP/wzLV91Y1D8i58Cd/AVY9yPE=</latexit><latexit sha1_base64="W+d3pQtQP27CtbJ8oR9sjV7G90E=">AAACnHicbVFta9RAEN7Et3q+nfWTFGTwECqHR1LE9ptVC1aqUF/uWriNYbPZ5JZusnF3oh4hv8p/4jf/jXu5O7CtA8s+PM/MPLOzSaWkxSD44/lXrl67fmPjZu/W7Tt37/Xvb06srg0XY66VNqcJs0LJUoxRohKnlRGsSJQ4Sc7eLPST78JYqcsvOK9EVLC8lJnkDB0V93/1hk1ItUuB8AXQSsLbliYyhymVJcaNuytmUDIFr9LP8Q41Mp8hM0b/AJeR4TxqIf3apMOwhZ9A7TeDTd7C9id4Rt+7OVIWd+JTGALlqUYLkYNr0721Z+d23mvZuF1 3pTkrCtbCUdwfBKOgC7gMwhUYkFUcx/3fNNW8LkSJXDFrp2FQYdQsvLgSbY/WVlSMn7FcTB0sWSFs1HTLbeGJY1LItHGnROjYfysaVlg7LxKXWTCc2YvagvyfNq0x24saWVY1ipIvjbJaAWpY/BSk0giOau4A40a6WYHPmGEc3X/23BLCi0++DCY7ozAYhR+fD/Zfr9axQbbIY7JNQrJL9skhOSZjwr2H3kvv0HvnP/IP/CP/wzLV91Y1D8i58Cd/AVY9yPE=</latexit>

More correctly, action in far region vanishes after 
adding boundary terms at            boundary (locus 
of constant dilaton) 

JT Model

Vanishes

AdS2
<latexit sha1_base64="ccHjycPnOnBzib6lJ5J6xcMTUm0=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeqF48V7Qe0oWw2m3bpZrPsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8UHKmjed9O6W19Y3NrfK2u7O7t39QOTxq6zRThLZIylPVDbGmnAnaMsxw2pWK4iTktBOOb2d+54kqzVLxaCaSBgkeChYzgo2VOq57HT0M6oNK1at5c6BV4hekCgWag8pXP0pJllBhCMda93xPmiDHyjDC6dTtZ5pKTMZ4SHuWCpxQHeTzc6fozCoRilNlSxg0V39P5DjRepKEtjPBZqSXvZn4n9fLTHwV5EzIzFBBFovijCOTotnvKGKKEsMnlmCimL0VkRFWmBibkGtD8JdfXiXtes33av79RbVxU8RRhhM4hXPw4RIacAdNaAGBMTzDK7w50nlx3p2PRWvJKWaO4Q+czx+Dk45d</latexit><latexit sha1_base64="ccHjycPnOnBzib6lJ5J6xcMTUm0=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeqF48V7Qe0oWw2m3bpZrPsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8UHKmjed9O6W19Y3NrfK2u7O7t39QOTxq6zRThLZIylPVDbGmnAnaMsxw2pWK4iTktBOOb2d+54kqzVLxaCaSBgkeChYzgo2VOq57HT0M6oNK1at5c6BV4hekCgWag8pXP0pJllBhCMda93xPmiDHyjDC6dTtZ5pKTMZ4SHuWCpxQHeTzc6fozCoRilNlSxg0V39P5DjRepKEtjPBZqSXvZn4n9fLTHwV5EzIzFBBFovijCOTotnvKGKKEsMnlmCimL0VkRFWmBibkGtD8JdfXiXtes33av79RbVxU8RRhhM4hXPw4RIacAdNaAGBMTzDK7w50nlx3p2PRWvJKWaO4Q+czx+Dk45d</latexit><latexit sha1_base64="ccHjycPnOnBzib6lJ5J6xcMTUm0=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeqF48V7Qe0oWw2m3bpZrPsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8UHKmjed9O6W19Y3NrfK2u7O7t39QOTxq6zRThLZIylPVDbGmnAnaMsxw2pWK4iTktBOOb2d+54kqzVLxaCaSBgkeChYzgo2VOq57HT0M6oNK1at5c6BV4hekCgWag8pXP0pJllBhCMda93xPmiDHyjDC6dTtZ5pKTMZ4SHuWCpxQHeTzc6fozCoRilNlSxg0V39P5DjRepKEtjPBZqSXvZn4n9fLTHwV5EzIzFBBFovijCOTotnvKGKKEsMnlmCimL0VkRFWmBibkGtD8JdfXiXtes33av79RbVxU8RRhhM4hXPw4RIacAdNaAGBMTzDK7w50nlx3p2PRWvJKWaO4Q+czx+Dk45d</latexit><latexit sha1_base64="ccHjycPnOnBzib6lJ5J6xcMTUm0=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LBbBU0mKoMeqF48V7Qe0oWw2m3bpZrPsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8UHKmjed9O6W19Y3NrfK2u7O7t39QOTxq6zRThLZIylPVDbGmnAnaMsxw2pWK4iTktBOOb2d+54kqzVLxaCaSBgkeChYzgo2VOq57HT0M6oNK1at5c6BV4hekCgWag8pXP0pJllBhCMda93xPmiDHyjDC6dTtZ5pKTMZ4SHuWCpxQHeTzc6fozCoRilNlSxg0V39P5DjRepKEtjPBZqSXvZn4n9fLTHwV5EzIzFBBFovijCOTotnvKGKKEsMnlmCimL0VkRFWmBibkGtD8JdfXiXtes33av79RbVxU8RRhhM4hXPw4RIacAdNaAGBMTzDK7w50nlx3p2PRWvJKWaO4Q+czx+Dk45d</latexit>
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<latexit sha1_base64="0RsNkTYPOzzT1JT11zjdItN4bB0="></latexit><latexit sha1_base64="rBdRQHl7FwhqOmwQTdpIef2vWnU="></latexit><latexit sha1_base64="rBdRQHl7FwhqOmwQTdpIef2vWnU="></latexit><latexit sha1_base64="O7mHd4zrtealvusWvqmEA+oenc4="></latexit>



This is true of rotating case as well. 

In near region, after carrying out integral over 
angular coordinates one gets the JT model in 
remaining 2 dimensions. 

We have  checked explicitly  in many cases, 4 and 
5 dim. Rotating black holes, including Kerr in 4 
Dim. 

F = � ⇡

G̃J
T 2

<latexit sha1_base64="BgKy3+JV0MMum3TcKVWYW9XeCIU=">AAACCXicbVDLSsNAFJ34rPEVdelmsAhuLEkRdCMUBRVXFfqCJpbJZNIOnWTCzEQoIVs3/oobF4q49Q/c+TdO2yy09cDA4ZxzuXOPnzAqlW1/GwuLS8srq6U1c31jc2vb2tltSZ4KTJqYMy46PpKE0Zg0FVWMdBJBUOQz0vaHl2O//UCEpDxuqFFCvAj1YxpSjJSWehY0r86PMzehLtcxmLmKsoDA6xzewhw27qs9q2xX7AngPHEKUgYF6j3ryw04TiMSK8yQlF3HTpSXIaEoZiQ33VSSBOEh6pOupjGKiPSyySU5PNRKAEMu9IsVnKi/JzIUSTmKfJ2MkBrIWW8s/ud1UxWeeRmNk1SRGE8XhSmDisNxLTCggmDFRpogLKj+K8QDJBBWujxTl+DMnjxPWtWKY1ecu5Ny7aKoowT2wQE4Ag44BTVwA+qgCTB4BM/gFbwZT8aL8W58TKMLRjGzB/7A+PwBrSGYZQ==</latexit><latexit sha1_base64="BgKy3+JV0MMum3TcKVWYW9XeCIU=">AAACCXicbVDLSsNAFJ34rPEVdelmsAhuLEkRdCMUBRVXFfqCJpbJZNIOnWTCzEQoIVs3/oobF4q49Q/c+TdO2yy09cDA4ZxzuXOPnzAqlW1/GwuLS8srq6U1c31jc2vb2tltSZ4KTJqYMy46PpKE0Zg0FVWMdBJBUOQz0vaHl2O//UCEpDxuqFFCvAj1YxpSjJSWehY0r86PMzehLtcxmLmKsoDA6xzewhw27qs9q2xX7AngPHEKUgYF6j3ryw04TiMSK8yQlF3HTpSXIaEoZiQ33VSSBOEh6pOupjGKiPSyySU5PNRKAEMu9IsVnKi/JzIUSTmKfJ2MkBrIWW8s/ud1UxWeeRmNk1SRGE8XhSmDisNxLTCggmDFRpogLKj+K8QDJBBWujxTl+DMnjxPWtWKY1ecu5Ny7aKoowT2wQE4Ag44BTVwA+qgCTB4BM/gFbwZT8aL8W58TKMLRjGzB/7A+PwBrSGYZQ==</latexit><latexit sha1_base64="BgKy3+JV0MMum3TcKVWYW9XeCIU=">AAACCXicbVDLSsNAFJ34rPEVdelmsAhuLEkRdCMUBRVXFfqCJpbJZNIOnWTCzEQoIVs3/oobF4q49Q/c+TdO2yy09cDA4ZxzuXOPnzAqlW1/GwuLS8srq6U1c31jc2vb2tltSZ4KTJqYMy46PpKE0Zg0FVWMdBJBUOQz0vaHl2O//UCEpDxuqFFCvAj1YxpSjJSWehY0r86PMzehLtcxmLmKsoDA6xzewhw27qs9q2xX7AngPHEKUgYF6j3ryw04TiMSK8yQlF3HTpSXIaEoZiQ33VSSBOEh6pOupjGKiPSyySU5PNRKAEMu9IsVnKi/JzIUSTmKfJ2MkBrIWW8s/ud1UxWeeRmNk1SRGE8XhSmDisNxLTCggmDFRpogLKj+K8QDJBBWujxTl+DMnjxPWtWKY1ecu5Ny7aKoowT2wQE4Ag44BTVwA+qgCTB4BM/gFbwZT8aL8W58TKMLRjGzB/7A+PwBrSGYZQ==</latexit><latexit sha1_base64="BgKy3+JV0MMum3TcKVWYW9XeCIU=">AAACCXicbVDLSsNAFJ34rPEVdelmsAhuLEkRdCMUBRVXFfqCJpbJZNIOnWTCzEQoIVs3/oobF4q49Q/c+TdO2yy09cDA4ZxzuXOPnzAqlW1/GwuLS8srq6U1c31jc2vb2tltSZ4KTJqYMy46PpKE0Zg0FVWMdBJBUOQz0vaHl2O//UCEpDxuqFFCvAj1YxpSjJSWehY0r86PMzehLtcxmLmKsoDA6xzewhw27qs9q2xX7AngPHEKUgYF6j3ryw04TiMSK8yQlF3HTpSXIaEoZiQ33VSSBOEh6pOupjGKiPSyySU5PNRKAEMu9IsVnKi/JzIUSTmKfJ2MkBrIWW8s/ud1UxWeeRmNk1SRGE8XhSmDisNxLTCggmDFRpogLKj+K8QDJBBWujxTl+DMnjxPWtWKY1ecu5Ny7aKoowT2wQE4Ag44BTVwA+qgCTB4BM/gFbwZT8aL8W58TKMLRjGzB/7A+PwBrSGYZQ==</latexit>

G̃ =
Gd+1

Vd�1
<latexit sha1_base64="kmIHfdHcZ1+osuV1LrV+V8qoWUI=">AAACC3icbVDNS8MwHE39nPWr6tFL2BAEcbQi6EUYepjHCe4D1lLSNN3C0qYkqTBK7178V7x4UMSr/4A3/xuzrQfdfBB4ee/3SH4vSBmVyra/jaXlldW19cqGubm1vbNr7e13JM8EJm3MGRe9AEnCaELaiipGeqkgKA4Y6Qajm4nffSBCUp7cq3FKvBgNEhpRjJSWfKtq5q6iLCSwWVzlTT8PT5zC5ToCO/py6hSFb9Xsuj0FXCROSWqgRMu3vtyQ4ywmicIMSdl37FR5ORKKYkYK080kSREeoQHpa5qgmEgvn+5SwCOthDDiQp9Ewan6O5GjWMpxHOjJGKmhnPcm4n9eP1PRpZfTJM0USfDsoShjUHE4KQaGVBCs2FgThAXVf4V4iATCStdn6hKc+ZUXSees7th15+681rgu66iAQ1AFx8ABF6ABbkELtAEGj+AZvII348l4Md6Nj9noklFmDsAfGJ8/f2uaEA==</latexit><latexit sha1_base64="kmIHfdHcZ1+osuV1LrV+V8qoWUI=">AAACC3icbVDNS8MwHE39nPWr6tFL2BAEcbQi6EUYepjHCe4D1lLSNN3C0qYkqTBK7178V7x4UMSr/4A3/xuzrQfdfBB4ee/3SH4vSBmVyra/jaXlldW19cqGubm1vbNr7e13JM8EJm3MGRe9AEnCaELaiipGeqkgKA4Y6Qajm4nffSBCUp7cq3FKvBgNEhpRjJSWfKtq5q6iLCSwWVzlTT8PT5zC5ToCO/py6hSFb9Xsuj0FXCROSWqgRMu3vtyQ4ywmicIMSdl37FR5ORKKYkYK080kSREeoQHpa5qgmEgvn+5SwCOthDDiQp9Ewan6O5GjWMpxHOjJGKmhnPcm4n9eP1PRpZfTJM0USfDsoShjUHE4KQaGVBCs2FgThAXVf4V4iATCStdn6hKc+ZUXSees7th15+681rgu66iAQ1AFx8ABF6ABbkELtAEGj+AZvII348l4Md6Nj9noklFmDsAfGJ8/f2uaEA==</latexit><latexit sha1_base64="kmIHfdHcZ1+osuV1LrV+V8qoWUI=">AAACC3icbVDNS8MwHE39nPWr6tFL2BAEcbQi6EUYepjHCe4D1lLSNN3C0qYkqTBK7178V7x4UMSr/4A3/xuzrQfdfBB4ee/3SH4vSBmVyra/jaXlldW19cqGubm1vbNr7e13JM8EJm3MGRe9AEnCaELaiipGeqkgKA4Y6Qajm4nffSBCUp7cq3FKvBgNEhpRjJSWfKtq5q6iLCSwWVzlTT8PT5zC5ToCO/py6hSFb9Xsuj0FXCROSWqgRMu3vtyQ4ywmicIMSdl37FR5ORKKYkYK080kSREeoQHpa5qgmEgvn+5SwCOthDDiQp9Ewan6O5GjWMpxHOjJGKmhnPcm4n9eP1PRpZfTJM0USfDsoShjUHE4KQaGVBCs2FgThAXVf4V4iATCStdn6hKc+ZUXSees7th15+681rgu66iAQ1AFx8ABF6ABbkELtAEGj+AZvII348l4Md6Nj9noklFmDsAfGJ8/f2uaEA==</latexit><latexit sha1_base64="kmIHfdHcZ1+osuV1LrV+V8qoWUI=">AAACC3icbVDNS8MwHE39nPWr6tFL2BAEcbQi6EUYepjHCe4D1lLSNN3C0qYkqTBK7178V7x4UMSr/4A3/xuzrQfdfBB4ee/3SH4vSBmVyra/jaXlldW19cqGubm1vbNr7e13JM8EJm3MGRe9AEnCaELaiipGeqkgKA4Y6Qajm4nffSBCUp7cq3FKvBgNEhpRjJSWfKtq5q6iLCSwWVzlTT8PT5zC5ToCO/py6hSFb9Xsuj0FXCROSWqgRMu3vtyQ4ywmicIMSdl37FR5ORKKYkYK080kSREeoQHpa5qgmEgvn+5SwCOthDDiQp9Ewan6O5GjWMpxHOjJGKmhnPcm4n9eP1PRpZfTJM0USfDsoShjUHE4KQaGVBCs2FgThAXVf4V4iATCStdn6hKc+ZUXSees7th15+681rgu66iAQ1AFx8ABF6ABbkELtAEGj+AZvII348l4Md6Nj9noklFmDsAfGJ8/f2uaEA==</latexit>

Horizon area

Determined by the 
deviation of the internal 
volume from attractor 
value



Response to Low-frequency probes: 

Worked out for Non-rotating case so far. 

Response arises from Near-horizon region.

Break up Analysis into different partial waves. 



L,m

.  

S-wave exchange, when 
allowed,  dominates

• Gravity effects in S-wave arise as analogue of Coulomb 
effects in Electromagnetism. Described by Schwarzian
action. Dominate at low energies.

• Agreement with Schwarzian contribution checked by 
direct calculation in 

• Higher partial waves suppressed at low energies. Their 
effects can be cumulatively significant at intermediate 
energies. Breaking of Conformal invariance not 
important for these. 
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Higher partial waves suppressed at low energies. 
Their effects can be cumulatively significant at 
intermediate energies. Breaking of Conformal 
invariance not important for these. 

Physically this is because for higher partial waves 
the effects, when averaged  over the internal 
sphere, cancel out. So the back reaction is 
controlled even without letting the volume of the 
internal space grow.  



Four Point Function
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S-wave

Higher Partial Wave

( Notice S wave contribution blows up when                ) J ! 1
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Important Comment:

The S-wave exchange due to  a gauge field   also 
give an enhanced contribution, due to Coulomb 
effects. 

One can show that an extra phase mode arises 
from a  gauge field. 

Sphase =
c

Ĵ

Z
dt(✓̇)2

Arises due to  deviation of scalars, 
which determine the gauge coupling, 
from their attractor values 



This phase mode can be intuitively thought of as a Wilson 
line which extends from the horizon to the boundary of 
the near -in a spherically symmetric way. 
(Maldacena)

Its coupling to the matter field can be determined from 
gauge invariance. 

More generally for a general  isometry group G:

Phase Mode in SYK models and JT:
Davison, Fu, Georges, Gu, Jensen, Sachdev, Phys. 
Rev. B95 (2017).

Cherns Simons theory:
Gaikwad, Joshi, Mandal,Wadia, arXiv:1802.07746.

(Many more  references)
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• More generally for a general  isometry group G, the phase 
mode action is given by :

• Also, if there is a background charge,  the phase mode 
couples to time reparametrisations:

• This coupling needed to produce the correct 4-point 
function for charged matter. 

Sphase =
c

Ĵ

Z
dtTr(g�1ġg�1ġ)
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Background charge



Response to low frequency probes

• The final Result is thus quite elegant. The S-wave 
sector dominates at low frequencies. 

• The JT model, along with extra phase modes, 
incorporate the effects of this sector and 
therefore gives the leading low frequency 
response. 

• For higher partial wave exchange breaking of 
conformal invariance is not important. These can 
therefore be included in standard ways based on 
AdS/CFT.



Response to low frequency probes

• For rotating case, details (beyond 
thermodynamics)  are still being worked out. 
Isometries of          give rise to gauge fields in                          
.       . 

• Suggests that rotation can be incorporated also in 
a near horizon   description based on the JT 
model with corresponding phase modes.  

• Super radiant modes etc remain to be 
understood.   
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Concluding Comments

1. Behaviour of extremal and non-extremal black 
holes is correctly described  by the JT model at 
low temperatures and low frequencies. 

2. Leading corrections only require that the 
internal volume  be allowed to change from its 
attractor value. (Plus phase modes). 



3.  Near AdS2 Near CFT1:

• Our results suggest that the microscopic theory 
describing a near-extremal black hole should  
flow at low energies to a near-CFT1 governed by 
a Schwarzian action and phase modes.

• This should be universally true. 

• It would be good to check this on the field 
theory side directly.

Concluding Comments:



Summary and Conclusions
4. New-Extremal Fluid Mechanics?

The low frequency response was studied in the 
probe approximation. 

• What about large amplitude slowly varying 
situations? Can a fluid-gravity correspondence 
for the near-extremal fluid be formulated ? Valid 
when

• L: length scale of variation,    : Chemical 
Potential

• (Home work assignment given by Prof. Shiraz !)

T ⌧ 1

L
⌧ µ
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Concluding Comments

5. Near Extremal Kerr in the Sky?

• Results suggest that the JT model could be 
useful in studying near-extremal Kerr black 
holes found in nature (The approximation would 
be valid  at time scales longer than the horizon 
light crossing time). 



(GRS 1915+105, Chandra Observatory) 
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Next consider a background gauge field. 
In this case the phase mode which arises  also 
couples to the time reparametrisation mode.

Sphase ⇠
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Cumulative contribution:

• No. of KK modes 

• For                               
Higher partial wave channels can be neglected. 

• For                                                                                                       
Higher partial waves are important. Their     

contribution can be obtained from             region 
neglecting breaking of conformal invariance

• determined by requirement that the 
response arises from near horizon geometry. 
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Introduction

The low-energy behaviour of near-extremal
systems has proved to be a rich and 
rewarding area of study.

For black branes (as opposed to black 
holes) the situation is now quite well 
understood. 

The near-horizon region is often
with  

AdSd ⇥ SD
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Near AdS2 Near CFT1

• The behaviour of near-extremal black 
holes, at low frequencies, arises from the 
near horizon        region after 
incorporating some effects due to the 
breaking of conformal invariance. 

• The bulk dynamics itself reduces to that 
of the  boundary. 

AdS2
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Boundary fluctuations described 
by Schwarzian action, along with 
phase modes, give rise to 
response.

long throat


