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AdSd  boundary

AdSd'<d  Near Horizon

Attractor

• Black hole entropy captured by both asymptotic and near-horizon CFTs

UV

IR

MOTIVATION



EXAMPLE

• Non-extremal, two R-charged black hole in 

• Near horizon is AdS3 ⇥ S3 ⇥ T 4
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• Focusing limit gives BTZ

• Entropy is S =

Z
dSBTZ = Stwo-charge

<latexit sha1_base64="U5NXBUKHdKoMbzlmW/ppedungsg="></latexit>

AdS5 ⇥ S5
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• Naïve state counting in             in terms of  extremal operators plus defects 
recovers entropy (quasi-precise in single R-charge case)

CFT4

<latexit sha1_base64="uEb7iekqcc5eLBHWmYqKYFEG4yY=">AAAB9HicbVBNS8NAEN34WeNX1aOXYBE8lUQK6q1YEI8V+gVtKJvttF262cTdSbGE/g4vHhTx6o/x5r9x2+agrQ8GHu/NMDMviAXX6Lrf1tr6xubWdm7H3t3bPzjMHx03dJQoBnUWiUi1AqpBcAl15CigFSugYSCgGYwqM785BqV5JGs4icEP6UDyPmcUjeTbHYQnTCt3tWm31M0X3KI7h7NKvIwUSIZqN//V6UUsCUEiE1TrtufG6KdUIWcCpnYn0RBTNqIDaBsqaQjaT+dHT51zo/ScfqRMSXTm6u+JlIZaT8LAdIYUh3rZm4n/ee0E+9d+ymWcIEi2WNRPhIORM0vA6XEFDMXEEMoUN7c6bEgVZWhysk0I3vLLq6RxWfRKxZuHUqF8m8WRI6fkjFwQj1yRMrknVVInjDySZ/JK3qyx9WK9Wx+L1jUrmzkhf2B9/gD5vJGb</latexit>

Balasubramanian, de Boer, VJ, Simón

• Open question: How do the states connect?



scalar fields       in bulk dual to operators  
sourced by coupling constants on boundary

�i

c-function extremized at endpoints,                  as well 

monotonically non-increasing flow

c-function not unique; non-uniqueness related to scheme independence/bulk diffeomorphism invariance

degrees of  freedom correspond to 
associated to AdS asymptopia

CFTndegrees of  freedom correspond to 
associated to AdS near horizon region

�i0 = 0

embed story in               supergravity for extremal black holes, use attractor mechanism to construct c-function N = 2

renormalization integrates out short distance physics; 
c-function consequently flows downhill

CFTd⇤ ⇤UV

g1

g2

⇤IR

energy scale encodes 
radial direction in bulk

Bhattacharyya, Haque, VJ, Nampuri, Véliz-Osorio

ATTRACTOR MECHANISM



AdS5

asymptopia

RG

not a vacuum to vacuum flow

AdS2

near-horizon

AdS3

or

(extremal)

N = 2

�i0(r) = Gij@j⌥

c = �+ ⌥

r = 1 r = rh

UV IR

ATTRACTOR MECHANISM

• Proposal:

• Gravitational analogue for extremal black hole in                 supergravity

• Due to attractor mechanism

Bhattacharyya, Haque, VJ, Nampuri, Véliz-Osorio• Gradient flow plus null energy condition



QUESTIONS

• How do degrees of  freedom of  the UV CFT map to degrees of  freedom in 
the IR CFT?

• If  there is a microstate picture, can we follow the ensemble of  states 
describing a black hole along RG trajectory?

• Extremal black holes have              or              in near horizon  AdS2
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AdS3
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• For black holes in              we go from               (finite number of  generators) 
to               or                (infinite number of  generators) 

AdS5
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CFT4
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CFT2
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CFT1
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• How does                          appear in                         ? 

• Generalize to non-extremal case

AdS3/CFT2
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AdS5/CFT4
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OUTLINE

• Motivation

• EVH black holes

• Index counting

• Origin of  IR CFT in UV CFT

• Prospectus



PUNCHLINES

• Techniques for analyzing                  black holes in            extended to study 
EVH/ 

1

16
-BPS
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AdS5
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CFT2
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• Entropy calculation for EVH and near EVH in fast rotating limit

• Legendre transform of  superconformal index, which gives black hole 
entropy, is equivalent to derivation of  Cardy formula

• Shows how IR CFT is realized in UV CFT

• Hints of  similar stories in higher dimensions



COLLABORATORS

Sam van LeuvenYang LeiKevin Goldstein Wei Li

based on 1910.14293, 2009.nnnnn



WHY STRING THEORY?

ds2 = �
✓
1� 2GNM

r

◆
dt2 +

✓
1� 2GNM

r

◆�1

dr2 + r2 d⌦2
2

rh = 2GNM

• The Schwarzschild black hole is first non-trivial solution of  GR

• The Schwarzschild radius is

• The size of  a black hole grows with the gravitational coupling

• Most gravitating systems become smaller as interaction strength increases

• This is a test only black holes (and black hole microstates) in string theory 
pass (cf., Horowitz–Polchinski correspondence principle)



EXTREMAL BLACK HOLES

AdS3
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AdS2 ⇥Xd Horizon

AdSd+2 asymptotics

NAdS2

Reall

AdS3
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DYNAMICS IN ADS2

• Deviate from pure              by breaking conformal symmetryAdS2
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– NAdS/SYK, random matrices, etc.

• Make UV CFT defined on non-compact space;

– Spectrum is continuous; non-trivial dynamics at low energies

– AdS/CMT

• Extremal vanishing horizon (EVH) limit

– Decrease gap:                  , c ! 1

<latexit sha1_base64="tBJuPsXX+pDFKXgVCQ6u3SnTRu0=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mkoN6KXjxWsB/YhLLZbtqlm92wOxFC6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzwkRwA6777ZTW1jc2t8rblZ3dvf2D6uFRx6hUU9amSijdC4lhgkvWBg6C9RLNSBwK1g0ntzO/+8S04Uo+QJawICYjySNOCVjpkfqgfC4jyAbVmlt358CrxCtIDRVoDapf/lDRNGYSqCDG9D03gSAnGjgVbFrxU8MSQidkxPqWShIzE+Tzi6f4zCpDHCltSwKeq78nchIbk8Wh7YwJjM2yNxP/8/opRFdBzmWSApN0sShKBQaFZ+/jIdeMgsgsIVRzeyumY6IJBRtSxYbgLb+8SjoXda9Rv75v1Jo3RRxldIJO0Tny0CVqojvUQm1EkUTP6BW9OcZ5cd6dj0VrySlmjtEfOJ8/36mREg==</latexit>

– Entropy: S =
A

4GN
⇠ cA

<latexit sha1_base64="HpuzroXPVu7PRDj5Mt3fHzhq6vU=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUmkoC6EVhe6kor2AU0Ik+mkHTqThJmJUELAjb/ixoUibv0Jd/6N0zYLbT1w4XDOvdx7jx8zKpVlfRuFhcWl5ZXiamltfWNzy9zeackoEZg0ccQi0fGRJIyGpKmoYqQTC4K4z0jbH16O/fYDEZJG4b0axcTlqB/SgGKktOSZe3fwHDqBQDitZ2n1yrvJoCMph7jumWWrYk0A54mdkzLI0fDML6cX4YSTUGGGpOzaVqzcFAlFMSNZyUkkiREeoj7pahoiTqSbTn7I4KFWejCIhK5QwYn6eyJFXMoR93UnR2ogZ72x+J/XTVRw6qY0jBNFQjxdFCQMqgiOA4E9KghWbKQJwoLqWyEeIB2I0rGVdAj27MvzpHVcsauVs9tquXaRx1EE++AAHAEbnIAauAYN0AQYPIJn8ArejCfjxXg3PqatBSOf2QV/YHz+ANZ9lmU=</latexit>

– To keep this finite: A ! 0

<latexit sha1_base64="UT7875h+953+HK7YXQYuoDKB8P8=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIoO6qblxWsA9oh5JJM21sHkOSEcrQf3DjQhG3/o87/8a0nYW2HggczrmX3HOihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTv3WE9WGKflgxwkNBR5IFjOCrZOa112rkN8rV/yqPwNaJkFOKpCj3it/dfuKpIJKSzg2phP4iQ0zrC0jnE5K3dTQBJMRHtCOoxILasJsdu0EnTilj2Kl3ZMWzdTfGxkWxoxF5CYFtkOz6E3F/7xOauPLMGMySS2VZP5RnHLkIk6joz7TlFg+dgQTzdytiAyxxsS6gkquhGAx8jJpnlWD8+rV/XmldpPXUYQjOIZTCOACanAHdWgAgUd4hld485T34r17H/PRgpfvHMIfeJ8/sT2Okg==</latexit>

��UV ⇠ c�1

<latexit sha1_base64="RiWGxpmFBkqwL0Tc0aKkEEhTcXY=">AAACC3icbVC7SgNBFJ2NrxhfUUubIUGwMexKQO2CWlhGMA/IxjA7uUmGzD6YuSuGJb2Nv2JjoYitP2Dn3zibpNDEA/dyOOdeZu7xIik02va3lVlaXlldy67nNja3tnfyu3t1HcaKQ42HMlRNj2mQIoAaCpTQjBQw35PQ8IaXqd+4B6VFGNziKIK2z/qB6AnO0EidfCHndkEic6/S3nERHjCp1ceuFj7ld8mxM+7ki3bJnoAuEmdGimSGaif/5XZDHvsQIJdM65ZjR9hOmELBJYxzbqwhYnzI+tAyNGA+6HYyuWVMD43Spb1QmQqQTtTfGwnztR75npn0GQ70vJeK/3mtGHtn7UQEUYwQ8OlDvVhSDGkaDO0KBRzlyBDGlTB/pXzAFONo4suZEJz5kxdJ/aTklEvnN+Vi5WIWR5YckAI5Ig45JRVyTaqkRjh5JM/klbxZT9aL9W59TEcz1mxnn/yB9fkDiGaawA==</latexit>



EVH BLACK HOLES

• Low temperature expansion of  black hole entropy

S(T,Q) = S0(Q) + S1(Q)T + . . .

<latexit sha1_base64="Fl8Aoc5hv74qt/Y9lc9PSLsmEhs=">AAACDHicbZDLSgMxFIYz9VbrrerSTbAIFaXMSEFdCEU3Llt6hXYomUymDc0kQ5IRytAHcOOruHGhiFsfwJ1vY6btQlt/CHz85xxOzu9FjCpt299WZmV1bX0ju5nb2t7Z3cvvH7SUiCUmTSyYkB0PKcIoJ01NNSOdSBIUeoy0vdFdWm8/EKmo4A09jogbogGnAcVIG6ufL9SLjfPaKbyB9b5dNHBmwEmhYbDHfKGV6bJL9lRwGZw5FMBc1X7+q+cLHIeEa8yQUl3HjrSbIKkpZmSS68WKRAiP0IB0DXIUEuUm02Mm8MQ4PgyENI9rOHV/TyQoVGoceqYzRHqoFmup+V+tG+vgyk0oj2JNOJ4tCmIGtYBpMtCnkmDNxgYQltT8FeIhkghrk1/OhOAsnrwMrYuSUy5d18qFyu08jiw4AsegCBxwCSrgHlRBE2DwCJ7BK3iznqwX6936mLVmrPnMIfgj6/MHb1SW3A==</latexit>

• If                     , then                 in IR pointing to                 near horizonCFTk+1

<latexit sha1_base64="DX7+VCCqOt3cW6Ip1vPtqBS3KAI=">AAAB+XicdVDJSgNBEO1xjXEb9eilMQiCEGbGIcstGBCPEbJBEkJPp5M06VnorgmGIX/ixYMiXv0Tb/6NPUkEFX1Q8Hiviqp6XiS4Asv6MNbWNza3tjM72d29/YND8+i4qcJYUtagoQhl2yOKCR6wBnAQrB1JRnxPsJY3qaZ+a8qk4mFQh1nEej4ZBXzIKQEt9U2zC+wekupNfd5PJpf2vG/mrHy5VHDcArbyllW0HTslTtG9crGtlRQ5tEKtb753ByGNfRYAFUSpjm1F0EuIBE4Fm2e7sWIRoRMyYh1NA+Iz1UsWl8/xuVYGeBhKXQHghfp9IiG+UjPf050+gbH67aXiX14nhmGpl/AgioEFdLloGAsMIU5jwAMuGQUx04RQyfWtmI6JJBR0WFkdwten+H/SdPK2my/fubnK9SqODDpFZ+gC2aiIKugW1VADUTRFD+gJPRuJ8Wi8GK/L1jVjNXOCfsB4+wSc6ZOt</latexit>

AdSk+2

<latexit sha1_base64="a+PEyb6zzXjNHPpvF90XeGQqI94=">AAAB+XicdVDJSgNBEO2JW4zbqEcvjUEQhDAzDlluUS8eI5oFkhB6Op2kSc9Cd00wDPkTLx4U8eqfePNv7EkiqOiDgsd7VVTV8yLBFVjWh5FZWV1b38hu5ra2d3b3zP2DhgpjSVmdhiKULY8oJnjA6sBBsFYkGfE9wZre+Cr1mxMmFQ+DO5hGrOuTYcAHnBLQUs80O8DuIbno3856yfjMmfXMvFWolIuOW8RWwbJKtmOnxCm55y62tZIij5ao9cz3Tj+ksc8CoIIo1batCLoJkcCpYLNcJ1YsInRMhqytaUB8prrJ/PIZPtFKHw9CqSsAPFe/TyTEV2rqe7rTJzBSv71U/MtrxzAodxMeRDGwgC4WDWKBIcRpDLjPJaMgppoQKrm+FdMRkYSCDiunQ/j6FP9PGk7BdguVGzdfvVzGkUVH6BidIhuVUBVdoxqqI4om6AE9oWcjMR6NF+N10ZoxljOH6AeMt0/IMZPJ</latexit>

•            in case   AdS3

<latexit sha1_base64="NlcyOSpZg0VTGbUaOxsAr+kQ/Lo=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKexqQL1FvXiMaB6QXcLs7CQZMvtgplcMS37DiwdFvPoz3vwbJ8keNFrQUFR1093lJ1JotO0vq7C0vLK6VlwvbWxube+Ud/daOk4V400Wy1h1fKq5FBFvokDJO4niNPQlb/uj66nffuBKizi6x3HCvZAOItEXjKKRXBf5I2aXwd2kd9orV+yqPQP5S5ycVCBHo1f+dIOYpSGPkEmqddexE/QyqlAwySclN9U8oWxEB7xraERDrr1sdvOEHBklIP1YmYqQzNSfExkNtR6HvukMKQ71ojcV//O6KfbPvUxESYo8YvNF/VQSjMk0ABIIxRnKsSGUKWFuJWxIFWVoYiqZEJzFl/+S1knVqVUvbmuV+lUeRxEO4BCOwYEzqMMNNKAJDBJ4ghd4tVLr2Xqz3uetBSuf2YdfsD6+Aez1kaE=</latexit>

k = 1

<latexit sha1_base64="8giSZXL/q/MZkBf8IBCNhnHM58k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHivYD2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53Cyura+kZxs7S1vbO7V94/aOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/loxkn6Ed0IHnIGTVWehhde71yxa26M5Bl4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjpZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+vEyaZ1XvvHp1f16p3eRxFOEIjuEUPLiAGtxBHRrAYADP8ApvjnBenHfnY95acPKZQ/gD5/MHyAmNfQ==</latexit>

• In limit S ! 0 , T ! 0 ,
S

T
= finite

<latexit sha1_base64="3isrccCi9P920uexG6+t2gSuQiE="></latexit>

S ⇠ ck T
k

<latexit sha1_base64="lD4CWnlSbxx2aNnYJElzfm4t/RM=">AAAB+HicdVDLSsNAFJ3UV62PVl26GSyCCylJDX3sim5cVuxDaGKZTCftkJkkzEyEGvolblwo4tZPceffOGkrqOiBC4dz7uXee7yYUalM88PIrayurW/kNwtb2zu7xdLefk9GicCkiyMWiRsPScJoSLqKKkZuYkEQ9xjpe8FF5vfviJA0CjtqGhOXo3FIfYqR0tKwVLx2JOUQDwPnFHZug2GpbFaajVrVrkGzYpp1q2plpFq3z2xoaSVDGSzRHpbenVGEE05ChRmScmCZsXJTJBTFjMwKTiJJjHCAxmSgaYg4kW46P3wGj7Uygn4kdIUKztXvEyniUk65pzs5UhP528vEv7xBovyGm9IwThQJ8WKRnzCoIpilAEdUEKzYVBOEBdW3QjxBAmGlsyroEL4+hf+TXrVi2ZXmlV1unS/jyINDcAROgAXqoAUuQRt0AQYJeABP4Nm4Nx6NF+N10ZozljMH4AeMt0/ZfZKZ</latexit>

• Effective               gives dynamics of  EVH black hole CFT2

<latexit sha1_base64="urwK0izUtF4sk4dDQTW3biQn9Wo=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSSloN6KBfFYoV/QhLLZTtulm03YnYgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5QSy4Rsf5tnIbm1vbO/ndwt7+weFR8fikraNEMWixSESqG1ANgktoIUcB3VgBDQMBnWBSn/udR1CaR7KJ0xj8kI4kH3JG0Uieh/CEaf2uOetX+sWSU3YWsNeJm5ESydDoF7+8QcSSECQyQbXuuU6MfkoVciZgVvASDTFlEzqCnqGShqD9dHHzzL4wysAeRsqURHuh/p5Iaaj1NAxMZ0hxrFe9ufif10tweO2nXMYJgmTLRcNE2BjZ8wDsAVfAUEwNoUxxc6vNxlRRhiamggnBXX15nbQrZbdavnmolmq3WRx5ckbOySVxyRWpkXvSIC3CSEyeySt5sxLrxXq3PpatOSubOSV/YH3+AMIakYU=</latexit>

• EVH limit of  this type for            and             black holesAdS4

<latexit sha1_base64="8c8Ug4S6dAULk7HJA29/WzpF8k4=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiB4GmbikOUW9eIxolkgGUJPp5M06VnsrgmGId/hxYMiXv0Yb/6NPUkEFX1Q8Hiviqp6XiS4Asv6MDIrq2vrG9nN3Nb2zu5efv+gqcJYUtagoQhl2yOKCR6wBnAQrB1JRnxPsJY3vkz91oRJxcPgFqYRc30yDPiAUwJacrvA7iE579/Meg7u5QuWWa2Uik4JW6Zlle2inZJi2TlzsK2VFAW0RL2Xf+/2Qxr7LAAqiFId24rATYgETgWb5bqxYhGhYzJkHU0D4jPlJvOjZ/hEK308CKWuAPBc/T6REF+pqe/pTp/ASP32UvEvrxPDoOImPIhiYAFdLBrEAkOI0wRwn0tGQUw1IVRyfSumIyIJBZ1TTofw9Sn+nzSLpu2Y1WunULtYxpFFR+gYnSIblVENXaE6aiCK7tADekLPxsR4NF6M10VrxljOHKIfMN4+Aai1kg4=</latexit>

AdS5

<latexit sha1_base64="u5Ifbfbnsqbn6QDMespf3aLp+9U=">AAAB83icdVDJSgNBEO1xjXGLevTSGARPYSaOWW5RLx4jmgUyIfT09CRNeha6a8Qw5De8eFDEqz/jzb+xJ4mgog8KHu9VUVXPjQVXYJofxtLyyuraem4jv7m1vbNb2NtvqyiRlLVoJCLZdYligoesBRwE68aSkcAVrOOOLzO/c8ek4lF4C5OY9QMyDLnPKQEtOQ6we0jPvZvp4GxQKJqleq1StivYLJlm1SpbGSlX7VMbW1rJUEQLNAeFd8eLaBKwEKggSvUsM4Z+SiRwKtg07ySKxYSOyZD1NA1JwFQ/nd08xcda8bAfSV0h4Jn6fSIlgVKTwNWdAYGR+u1l4l9eLwG/1k95GCfAQjpf5CcCQ4SzALDHJaMgJpoQKrm+FdMRkYSCjimvQ/j6FP9P2uWSZZfq13axcbGII4cO0RE6QRaqoga6Qk3UQhTF6AE9oWcjMR6NF+N13rpkLGYO0A8Yb59QG5Hl</latexit>

Balasubramanian, de Boer, VJ, Simón 
Fareghbal, Gowdigere, Mosaffa, Sheikh-Jabbari 

Sheikh-Jabbari, Yavartanoo



STATIC ADS5 BLACK HOLE
Static AdS5 black hole (0801.4457,1112.4664)

The AdS5 black hole can be embeded in 10d by standard dimension reduction ansatz
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where S5 part is deformed from exact sphere (T 3 torus fibration over S2)

ds2
S5 =

3X

i=1

(dµ2
i
+ µ2

i
d�2

i
), µ2

1 + µ2
2 + µ2

3 = 1

Static AdS5 black hole (0801.4457,1112.4664)
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Fareghbal, Gowdigere, Mosaffa, Sheikh-Jabbari 
de Boer, Johnstone, Sheikh-Jabbari, Simón



CHARGES

• Compute Komar integral

eqi =
p

qi(µ+ qi) , M =
N2

2

✓
3

2
µ+ q1 + q2 + q3 +

3

8

◆

<latexit sha1_base64="vqNQ3xzli0rQdHrfwaQAMHfeZOA="></latexit>

• Extremal without being supersymmetric

–      measures deviation from extremalityµ

<latexit sha1_base64="pYfJvTBJuJKtINEzsx40nlqEqmQ=">AAAB6nicdVDLSsNAFJ3UV62vqks3g0VwFZIY+tgV3bisaB/QhjKZTtqhM5MwMxFK6Ce4caGIW7/InX/jpK2gogcuHM65l3vvCRNGlXacD6uwtr6xuVXcLu3s7u0flA+POipOJSZtHLNY9kKkCKOCtDXVjPQSSRAPGemG06vc794TqWgs7vQsIQFHY0EjipE20u2Ap8NyxbEb9arnV6FjO07N9dyceDX/woeuUXJUwAqtYfl9MIpxyonQmCGl+q6T6CBDUlPMyLw0SBVJEJ6iMekbKhAnKsgWp87hmVFGMIqlKaHhQv0+kSGu1IyHppMjPVG/vVz8y+unOqoHGRVJqonAy0VRyqCOYf43HFFJsGYzQxCW1NwK8QRJhLVJp2RC+PoU/k86nu36duPGrzQvV3EUwQk4BefABTXQBNegBdoAgzF4AE/g2WLWo/VivS5bC9Zq5hj8gPX2CcFNjiQ=</latexit>

–       critical value below which there is a timelike singularityµc

<latexit sha1_base64="uezbnyHD4FKFCISi/a9KjdXBMGI=">AAAB7HicdVDLSsNAFJ3UV62vqks3g0VwFZIY+tgV3bisYGyhDWUynbRDZyZhZiKU0G9w40IRt36QO//GSVtBRQ9cOJxzL/feE6WMKu04H1ZpbX1jc6u8XdnZ3ds/qB4e3akkk5gEOGGJ7EVIEUYFCTTVjPRSSRCPGOlG06vC794TqWgibvUsJSFHY0FjipE2UjDg2RAPqzXHbjXrnl+Hju04DddzC+I1/AsfukYpUAMrdIbV98EowRknQmOGlOq7TqrDHElNMSPzyiBTJEV4isakb6hAnKgwXxw7h2dGGcE4kaaEhgv1+0SOuFIzHplOjvRE/fYK8S+vn+m4GeZUpJkmAi8XxRmDOoHF53BEJcGazQxBWFJzK8QTJBHWJp+KCeHrU/g/ufNs17dbN36tfbmKowxOwCk4By5ogDa4Bh0QAAwoeABP4NkS1qP1Yr0uW0vWauYY/ID19gk0II76</latexit>

• Work with Reissner–Nordström            and rotating            black holesAdS5

<latexit sha1_base64="mnmVZYy5xmg4qyBHt7DFXAow0C8=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSSiqLeqF48V7Qc0oWw2k3bpZhN2J2IJ/RtePCji1T/jzX/j9uOgrQ8GHu/NMDMvSAXX6DjfVmFpeWV1rbhe2tjc2t4p7+41dZIpBg2WiES1A6pBcAkN5CignSqgcSCgFQxuxn7rEZTmiXzAYQp+THuSR5xRNJLnITxhfhXej7pn3XLFqToT2IvEnZEKmaHeLX95YcKyGCQyQbXuuE6Kfk4VciZgVPIyDSllA9qDjqGSxqD9fHLzyD4ySmhHiTIl0Z6ovydyGms9jAPTGVPs63lvLP7ndTKMLvycyzRDkGy6KMqEjYk9DsAOuQKGYmgIZYqbW23Wp4oyNDGVTAju/MuLpHlSdU+rl3enldr1LI4iOSCH5Ji45JzUyC2pkwZhJCXP5JW8WZn1Yr1bH9PWgjWb2Sd/YH3+AO/9kaM=</latexit>

• Take particular scaling limits

AdS5

<latexit sha1_base64="mnmVZYy5xmg4qyBHt7DFXAow0C8=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSSiqLeqF48V7Qc0oWw2k3bpZhN2J2IJ/RtePCji1T/jzX/j9uOgrQ8GHu/NMDMvSAXX6DjfVmFpeWV1rbhe2tjc2t4p7+41dZIpBg2WiES1A6pBcAkN5CignSqgcSCgFQxuxn7rEZTmiXzAYQp+THuSR5xRNJLnITxhfhXej7pn3XLFqToT2IvEnZEKmaHeLX95YcKyGCQyQbXuuE6Kfk4VciZgVPIyDSllA9qDjqGSxqD9fHLzyD4ySmhHiTIl0Z6ovydyGms9jAPTGVPs63lvLP7ndTKMLvycyzRDkGy6KMqEjYk9DsAOuQKGYmgIZYqbW23Wp4oyNDGVTAju/MuLpHlSdU+rl3enldr1LI4iOSCH5Ji45JzUyC2pkwZhJCXP5JW8WZn1Yr1bH9PWgjWb2Sd/YH3+AO/9kaM=</latexit>

–  cf. attractor mechanism



ROTATION

• Have some understanding of  4d field theory in supersymmetric case

• Static supersymmetric black holes have singularities (e.g., superstars) 

• So we include rotation

• Generically, two angular momenta and three R-charges
Gutowski, Reall 

Cvetic, Gibbons, Lu, Pope 
Chong, Cvetic, Lu, Pope 

Kunduri, Lucetti, Reall 
Wu

• Beyond AdS5
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Rotating AdS5 Black hole

The aim is to have microscopic understanding of EVH/CFT correspondence. The 4d
field theory understanding of AdS5 black holes is only made in supersymmetric case.
Static black hole solutions are supersymmetric only if the spacetime contains the
naked singularity. Therefore, we need to look at rotating black holes. Solutions are
di�cult to search. Generic AdS5 black holes contain 2 angular momenta and three
R-charges as the Cartan of SO(6) symmetry.

I (C.N. Pope et. al) Equal rotation 0504080, unequal rotation 0505112, 0506029
etc...

I (Reall et. al) 0401129 (equal rotation), 0401042 (minimal supergravity), the
most general supersymmetric solutions: 0601156

I (Wu) 1108.4159, the most general non-supersymmetric solution

Other AdSd black holes
I The known AdS4 rotating solutions have equal pair charges Q1 = Q3, Q2 = Q4.

I AdS6 black holes only have two rotations and one R-charge.

I AdS7 black holes have three rotations and two R-charges generically. The
known solutions are either equal charge or equal angular momentum.

Myers, Tafjord



METRIC

• Metric is complicated!

and zero otherwise. In terms of XI with I = 1, 2, 3, the constraint (2.2) and eq. (2.3)

become

X1X2X3 = 1, XI ⌘
1

3XI
, QIJ ⌘ �IJ

2(XI)2
. (2.4)

Furthermore, the potential V is given by:

2V ? 1 = 4
p
�G

3X

i=1

1

XI
dV. (2.5)

The scalars XI can be written in terms of two independent scalars 'i:

X1 = e�
1p
6
'1�

1p
2
'2 , X2 = e�

1p
6
'1+

1p
2
'2 , X3 = e

2p
6
'1 . (2.6)

In terms of the 'i, the bosonic part of Lagrangian of this U(1)3 theory becomes [34]:

1p
|g|

L = R� 1

2
((@'1)

2 + (@'2)
2)�

3X

I=1

1

(2XI)2
(F I)2 + 4

3X

I=1

1

XI
+

1

6
✏µ⌫⇢��F 1

µ⌫
F 2
⇢�
A3

�
.

(2.7)

The action associated to (2.7) has a non-BPS black hole solution, described by four

free parameters (a, b,m, q) [34]:

ds25 = H�
4
3

"
�X

⇢2
(dt� a sin2 ✓

d�

⌅a

� b cos2 ✓
d 

⌅b

)2 +
C

⇢2

✓
ab

f3
dt� b

f2
sin2 ✓

d�

⌅a

� a

f1
cos2 ✓

d 

⌅b

◆2

+
Z sin2 ✓

⇢2

✓
a

f3
dt� 1

f2

d�

⌅a

◆2

+
W cos2 ✓

⇢2

✓
b

f3
dt� 1

f1

d 

⌅b

◆2
#
+H

2
3


⇢2

X
dr2 +

⇢2

�✓

d✓2
�
,

H =
e⇢2

⇢2
, ⇢2 = r2 + a2 cos2 ✓ + b2 sin2 ✓, e⇢2 = ⇢2 + q,

f1 = a2 + r2, f2 = b2 + r2, f3 = (a2 + r2)(b2 + r2) + qr2,

�✓ = 1� a2 cos2 ✓ � b2 sin2 ✓, X =
(a2 + r2)(b2 + r2)

r2
� 2m+ (a2 + r2 + q)(b2 + r2 + q),

C = f1f2(X + 2m� q2

⇢2
), ⌅a = 1� a2, ⌅b = 1� b2,

Z = �b2C +
f2f3
r2

⇥
f3 � r2(a2 � b2)(a2 + r2 + q) cos2 ✓

⇤
,

W = �a2C +
f1f3
r2

⇥
f3 + r2(a2 � b2)(b2 + r2 + q) sin2 ✓

⇤
.

(2.8)

The scalars are related to the warp factors in the metric:

X1 = X2 = H�
1
3 , X3 = H

2
3 , (2.9)

– 5 –

Chong, Cvetic, Lu, Pope 

• Non-BPS black holes has four parameters: a , b , m , q
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• BPS solution has five parameters + constraint



BPS LIMIT

• Supersymmetry condition

E = Ja + Jb +Q1 +Q2 +Q3
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• Singularity free geometry when horizon is fixed size

r2+ =
ab

1 + a+ b
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• Chemical potentials generically complex

q =
(a+ b)(1 + a)(1 + b)

1 + a+ b
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,



PARTITION FUNCTION

Z =
X

e��E+�⌦Q =
X

e��(E�Q)��(1�⌦)Q
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�! lim
�!1

X

E=Q

e��(1�⌦)Q
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•  

• Using conjugate variables 

�I = lim
�!1

�(1� �I) , !i = lim
�!1

�(1� ⌦i)
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BPS : �1 +�2 +�3 � !a � !b = 2⇡i
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Silva 
Cabo-Bizet, Cassini, Martelli, Murthy



EVH LIMIT

Sheikh-Jabbari, Yavartanoo

• Start with non-extremal two charge superstar

• Take q1 = 0 , µ = µc = q2q3
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• We get

EVH limit (near BPS)

Take q1 = 0 and ✏! 0, and define µc = q2q3, (Sheikh-Jabbari et al.)

r = ✏⇢, µi =
p
✏xi, µ� µc = ✏2M, qi = ✏q̂i (i = 2, 3)

 i =
1
p
✏
(�i � t), µ1 = 1 +O(✏2), µi ⇠

p
✏

The horizon size will be r+ = ✏⇢+ ! 0 for finite ⇢+. The near horizon metric will be

ds2 = ✏


R2(ds2AdS + d⌦2

3) +
1

R2
ds2

M4

�
, R2 = q̂2q̂3

The AdS metric is

ds2AdS = �(⇢2 � �2)dt2 +
d⇢2

⇢2 � �2
+ ⇢2d�21, �2 =

µ� µc

µc

EVH limit (near BPS)

Take q1 = 0 and ✏! 0, and define µc = q2q3, (Sheikh-Jabbari et al.)

r = ✏⇢, µi =
p
✏xi, µ� µc = ✏2M, qi = ✏q̂i (i = 2, 3)

 i =
1
p
✏
(�i � t), µ1 = 1 +O(✏2), µi ⇠

p
✏

The horizon size will be r+ = ✏⇢+ ! 0 for finite ⇢+. The near horizon metric will be

ds2 = ✏


R2(ds2AdS + d⌦2

3) +
1

R2
ds2

M4

�
, R2 = q̂2q̂3

The AdS metric is

ds2AdS = �(⇢2 � �2)dt2 +
d⇢2

⇢2 � �2
+ ⇢2d�21, �2 =

µ� µc

µc

• The                and                              is fixed✏ ⇠ `2s
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L4 = 4⇡gsN`4s
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• Like generalized BMN limit:

EVH limit (near BPS)

The ✏ may be identified with l2s , we then get N✏2 fixed. The AdS radius L4
⇠ Nl4s is

thus fixed.

S = ⇡�µ̂cN
2✏2 ⇠ N

E =
N2

2

✓
3

2
µ+ q2 + q3

◆
=

N2✏

2
(q̂2 + q̂3 +O(✏)) ⇠ N

3
2

Qi =
N2

2
q̃i =

N2✏

2
(q̂i +O(✏)) ⇠ N

3
2

Q2 +Q3 almost cancels E. Quantitatively, the AdS3 energy is exactly the di↵erence
of these two charges

i@⌧ = i@t + i
X

a

@�a = E �Q2 �Q3 =
N2✏2û

4
⇠ N2✏2 = N

This is like a generalized BMN limit.



EVH LIMIT

• Near horizon limit: r = ✏⇢ , ✏ ! 0
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• Entropy vanishes: a ⇠ ✏↵ , b ⇠ ✏�
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• Singularity free: ↵+ � = 2
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• Choose ↵ = 0 , � = 2
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• Now: S ⇠ T ⇠ ✏
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• EVH/BPS condition puts b = 0
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• Sending             :✏ ! 0
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EVH limit

We approach near horizon limit by requiring r = ✏⇢ and ✏! 0. To
have vanishing entropy, we require

a ⇠ ✏↵, b ⇠ ✏�

Since we want to explore the EVH-BPS limit, the singularity free
condition fixes ↵+ � = 2. Choose ↵ = 0 and � = 2, we will have

S ⇠ T ⇠ ✏

The EVH condition is then b = 0. In this case, taking ✏! 0, we
can see the metric becomes

ds210 = h(✓)


�

V

a2 + q
✏2⇢2dt2 +

a2 + q

V

d⇢2

⇢2
+

a2 + q

a2
⇢2✏2d 2

�
+ds2M7

The AdS3 decouples from the other 7-dimensional manifold. One
can take dimension reduction ansatz to extract AdS3 explicitly.•            decouples from   AdS3
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NEAR EVH LIMIT

• Instead of                for EVH, leave b = 0
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• The effect is to replace            in decoupled IR with (pinching extremal) BTZ AdS3
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Near EVH limit
The near EVH limit is defined as b = �✏2. The only e↵ect of this is
to replace AdS3 in the decoupled IR geometry by a BTZ black
hole. If the BPS condition is impose the parameters are
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• Metric:

• Central charge:
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• Entropy:

Near EVH limit
The near EVH limit is defined as b = �✏2. The only e↵ect of this is
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de Boer, Johnstone, Sheikh-Jabbari, Simón 
Johnstone, Sheikh-Jabbari, Simón

• In effect, we have double scaling limit: ✏ ! 0 , N ! 1 , N2✏ = fixed
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SCALINGS

• In EVH limit: 1

2
N2Ja = Q2

1
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– dual operator ~ Fermi surface Berkooz, Narayan, Zait

• In the near EVH limit:                                    whileJa, Q1 = Q2 ⇠ N2
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we will see how this arises in CFT4
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Chiral Virasoro generator:



UV TO IR

• UV BTZ:

UV to IR pinching orbifold
Consider from UV BTZ to IR BTZ
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• EVH limit: r = ✏⇢ , r+ = ✏⇢+ , ⌧ = ✏t , e� = ✏�
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• Pinching orbifold



UV TO IR

• To have finite dynamics, we should scale central charge

de Boer
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Cabo-Bizet, Cassini, Martelli, Murthy 
Choi, Kim, Kim, Nahmgoong 

Benini, Milan

SUPERCONFORMAL INDEX

• The partition function of                 SYM isN = 4
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• Restrict this to hypersurface �1 +�2 +�3 � !a � !b = 2⇡i
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• The partition function localizes to                 states
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• This is the most supersymmetric black hole with a finite horizon area

• Take               limit, impose chemical potential constraint to get� ! 1
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Partition function

The partition function of N = 4 SYM is

Z(�,�I ,!i) = TrH
h
e�

P3
I=1 �IQIe�!aJae�!bJbe��(E�

P
I
QI�Ja�Jb)

i

By restricting the theory to the hypersurface

�1 +�2 +�3 � !a � !b = 2⇡i

the partition function localizes on 1
16 -th BPS states. Take � ! 1

and impose the chemical potential constraint to partition function,
we get the superconformal index

Z = Tr
h
(�1)F e�!a(Ja+Q3)�!b(Jb+Q3)�(�1+�2)(Q�Q3)�(�1��2)f

i

= Tr
h
(�1)F pJa+Q3qJb+Q3tQ�Q3af

i
Q, f =

1

2
(Q1 ±Q2)

This is exactly the so-called N = 1 superconformal index.N = 1
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superconformal index



N=4 SYM
• The theory has 6 scalars, 4 Weyl fermions, vector gauge field plus 

descendants from acting with covariant derivatives

• Single letter partition function in BPS limit E =
X

I

QI + Ja + Jb
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N = 4 Super Yang-Mills theory

The free limit of N = 4 Super Yang-Mills contains 6 scalars, 6 gauge field components
and 16 complex fermions, together with descendants generated by applying covariant
derivatives. (Notations following Troels: 0707.1621)

I Scalars: Z,W,X, Z̄, W̄ , X̄

I Gauge components: F±,0, F̄±,0

I Complex fermions: �↵

A
, �̄A

↵̇
, A = 1, 2, 3, 4, ↵, ↵̇ = 1, 2

The single letter partition function in the BPS limit E =
P

I
QI + Ja + Jb is

Ist(p, q, t, a) = TrBPS,st
h
(�1)F pJa+Q3qJb+Q3 tR�Q3af

i

=
1

1� p

 
p
ta+

r
t

a
� p� t

!

+
1

1� p

q

1� q

 
p
ta+

r
t

a
� t+

p

t
+ p� 1�

p
p
ta

� p

r
a

t

!

This is equivalent a counting of operators in SU(1, 2|3) subsector.

• Equivalent to restricting to                    subsectorSU(1, 2|3)
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1

16
-BPS
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states



BPS OPERATORS IN N=4 SYM
BPS Operators in N = 4 SYM

Name in 0707.1621 SO(4)[Ja, Jb] Name in 0510251 Q Q3 E0 E

Z [0, 0] Z
1
2 0 1 1

X [0, 0] X
1
2 0 1 1

W [0, 0] Y 0 1 1 1
F̄+ [1, 1] F++ 0 0 2 2
�1 [ 12 ,�

1
2 ]  0,+,+++

1
2

1
2

3
2

3
2

�2 [� 1
2 ,

1
2 ]  0,�,+++

1
2

1
2

3
2

3
2

�̄3 [ 12 ,
1
2 ]  +,0,�++ 0 1

2
3
2

3
2

�̄5 [ 12 ,
1
2 ]  +,0,+�+ 0 1

2
3
2

3
2

�̄7 [ 12 ,
1
2 ]  +,0,++�

1
2 � 1

2
3
2

3
2

d1 [1, 0] @++ 0 0 1 1
d2 [0, 1] @+� 0 0 1 1

Red and blue operators are in SU(1, 1|2) subsector. Blue operators are in
the fermionic SU(1, 1) subsector

red / blue —                       subsectorSU(1, 1|2)
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blue —                    fermionic subsectorSU(1, 1)
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satisfy E = E0 =
X

I

QI + Ja + Jb
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Ja,b = J1 ± J2
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S1 ⇥ S3
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dual to global coordinates

(
1

8
-BPS states)
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Harmark, Kristjansson, Orselli  
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PLETHYSTICS

Feng, Hanany, He

• Consider function f(z) =
1X

n=0

anx
n
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• Plethystic exponential PE[f(x)] = exp

 1X

n=1

1

n

�
f(xn)� f(0)

�
!

=
1Y

n=1

1

(1� xn)an
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• Tool for counting GIOs

• Gives Hilbert series

mesons of weight 2
2 baryons of weight

A Simple Example

Nf < Nc

Nf = Nc

Nf ≥ Nc

gNf =Nc(t) = 1−t2Nf

(1−t2)
N2

f (1−tNf )2

2Nf Nf N 2
f

– p. 2/3

A Simple Example

Nf < Nc

Nf = Nc

Nf ≥ Nc

gNf =Nc(t) = 1−t2Nf

(1−t2)
N2

f (1−tNf )2

2Nf Nf N 2
f

– p. 2/3

A Simple Example

Nf < Nc

Nf = Nc

Nf ≥ Nc

gNf =Nc(t) = 1−t2Nf

(1−t2)
N2

f (1−tNf )2

2Nf Nf N 2
f

– p. 2/3

1 constraint
of weight

3.3 Special Case: Nc = 2

Let us illustrate this technology with the concrete example of Nc = 2 colours and a general

number Nf of flavours. Here we can obtain nice general expressions. There are Nf quarks

transforming in the fundamental representation and Nf antiquarks in the antifundamental of

the SU(2) gauge group. However, since both of these representations are identical for SU(2),

there is no distinction to be made between quarks and antiquarks. Therefore, all quark fields

can be written in the form Qi
a, with a colour (gauge) index a = 1, 2 and a multiplet index

i = 1, . . . , 2Nf . Hence, we first have:

Observation 3.7. The global flavour symmetry of (Nf , Nc = 2) for general Nf is SU(2Nf ).

The basic generators of GIOs are mesons:

M ij = QiQj , (3.16)

where the contraction over the colour indices a, b by an epsilon symbol7 has been suppressed

in order to avoid the potential confusion between the gauge and global symmetries. The

fundamental representation of SU(2) has only two colour indices and therefore we find that

any product of M ’s antisymmetrised on three (or more) flavour indices vanishes. This results

in a simple condition for Nf � 2:

�i1...i2Nf
M i1i2M i3i4 = 0 , (3.17)

where i1, . . . , i2Nf
= 1, . . . , 2Nf .

Counting the number of quarks in (3.16) and (3.17), we find that

Observation 3.8. For Nc = 2, under the SU(2Nf ) global symmetry, the meson trans-

forms in the [0, 1, 0, . . . , 0] representation, and the basic constraint (3.17) transforms as

[0, 0, 0, 1, 0, . . . , 0]. The dimension of these representations are respectively
�
2Nf

2

⇥
and

�
2Nf

4

⇥
.

We see that the GIOs in the Nc = 2 theories must be (symmetric) products of mesons,

namely Mk at the order of 2k quarks. Without the constraints generated by (3.17), we would

say that Mk transforms in the representation Symk[0, 1, 0, . . . , 0] of SU(2Nf ). However, as

we have just noted, any product of M ’s antisymmetrised on three (or more) flavour indices

7It is an epsilon contraction rather than a summation because the doublet of SU(2) is a pseudoreal
representation.
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PLETHYSTICS

Aharony, Marsano, Minwalla, Papadodimas, Van Raamsdonk

• Single particle partition function          sums over oscillatorsz(x)
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• Single trace states with     oscillators k
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Zk ⇠ z(x)k

k

<latexit sha1_base64="5ykni6TdXwZmgvIW95MvJFy6f6I=">AAACAnicdVDLSsNAFJ3UV62vqitxM1iEuilJDX3sim5cVrAPbGqZTCftkMmDmYlYQ3Djr7hxoYhbv8Kdf+OkraCiBy4czrmXe++xQ0aF1PUPLbOwuLS8kl3Nra1vbG7lt3faIog4Ji0csIB3bSQIoz5pSSoZ6YacIM9mpGO7p6nfuSZc0MC/kJOQ9D008qlDMZJKGuT3LgcutAT1oOVwhOPb4s3RlZvEbjLIF/RSvVYpmxWol3S9apSNlJSr5rEJDaWkKIA5moP8uzUMcOQRX2KGhOgZeij7MeKSYkaSnBUJEiLsohHpKeojj4h+PH0hgYdKGUIn4Kp8Cafq94kYeUJMPFt1ekiOxW8vFf/yepF0av2Y+mEkiY9ni5yIQRnANA84pJxgySaKIMypuhXiMVJRSJVaToXw9Sn8n7TLJcMs1c/NQuNkHkcW7IMDUAQGqIIGOANN0AIY3IEH8ASetXvtUXvRXmetGW0+swt+QHv7BDMal1s=</latexit>

• Partition function of  single trace states is

• Multitrace partition function is

Zst =
X

k

Zk = �
1X

q=1

'(q)

q
ln(1� z(xq))

<latexit sha1_base64="U5yIMI90JgoPCcsezQ2Xykp1pzA="></latexit>

logZ =
1X

n=1

1

n
Zst(x

n)

<latexit sha1_base64="0oVf405dcLFLg30SHCYx1ETdyUE="></latexit>



MULTILETTER PARTITION FUNCTION

• Applying plethystic program, we get full partition function

Full partition function
The multi-letter partition function is derived from single letter
partition function from Plethystic exponentials (See e.g. 0701063),
namely given a function

f(x) =
1X

n=0

anx
n

the Plethystic exponentials of f(x) is

PE[f(x)] = exp

" 1X

n=1

f(xn)� f(0)

n

#
=

1Y

n=1

1

(1� xn)an

The partition function is calculated is the free field limit as

Z =
1

N !

Z NY

i=1

d↵i

2⇡

Y

i<j

⇣
2 sin

↵ij

2

⌘2

⇥ exp

2

4
1X

n=1

1

n

 
1�

Q3
I=1 2 sinh

n�I

2

2 sinh n!a

2 2 sinh n!b

2

!
NX

i,j=1

ein↵ij

3

5

• Valid in free field limit

↵i =

<latexit sha1_base64="YPK0i/gumUf+fKqnBCwgfNtjf+A=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoB6EohePFewHpKFstpt26WYTdidCKf0ZXjwo4tVf481/47bNQVsfDDzem2FmXphKYdB1v53C2vrG5lZxu7Szu7d/UD48apkk04w3WSIT3Qmp4VIo3kSBkndSzWkcSt4OR3czv/3EtRGJesRxyoOYDpSIBKNoJb9LZTqkPUFuSK9ccavuHGSVeDmpQI5Gr/zV7Scsi7lCJqkxvuemGEyoRsEkn5a6meEpZSM64L6lisbcBJP5yVNyZpU+iRJtSyGZq78nJjQ2ZhyHtjOmODTL3kz8z/MzjK6CiVBphlyxxaIokwQTMvuf9IXmDOXYEsq0sLcSNqSaMrQplWwI3vLLq6R1UfVq1euHWqV+m8dRhBM4hXPw4BLqcA8NaAKDBJ7hFd4cdF6cd+dj0Vpw8plj+APn8wdD+pCb</latexit>

↵ij = ↵i � ↵j =

<latexit sha1_base64="BRsdvP3IKcvsE2b/9uHhDrivzQk=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9AiuLHMSEFdCEU3LivYC7TDcCZN27SZzJBkhDJ078ZXceNCEbe+gDvfxrSdhbb+EPjyn3NIzh/EnCntON9WbmV1bX0jv1nY2t7Z3bP3DxoqSiShdRLxSLYCUJQzQeuaaU5bsaQQBpw2g9HNtN58oFKxSNzrcUy9EPqC9RgBbSzfLnaAxwPwUzac4Cuc3dhpBkPj+XbJKTsz4WVwMyihTDXf/up0I5KEVGjCQam268TaS0FqRjidFDqJojGQEfRp26CAkCovne0ywcfG6eJeJM0RGs/c3xMphEqNw8B0hqAHarE2Nf+rtRPdu/BSJuJEU0HmD/USjnWEp8HgLpOUaD42AEQy81dMBiCBaBNfwYTgLq68DI2zslspX95VStXrLI48OkJFdIJcdI6q6BbVUB0R9Iie0St6s56sF+vd+pi35qxs5hD9kfX5A4HumhM=</latexit>

weights of
roots of SU(N)

<latexit sha1_base64="LRoMkAa13JWZyv1hKgQeRG0pHkY=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSLUS9mVgnorevEkFd220C4lm2bb0GyyJFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjsrq2vrG5uFreL2zu7efungsKllqgj1ieRStUOsKWeC+oYZTtuJojgOOW2Fo5up33qiSjMpHs04oUGMB4JFjGBjJf/Br9yd9Uplt+rOgJaJl5My5Gj0Sl/dviRpTIUhHGvd8dzEBBlWhhFOJ8VuqmmCyQgPaMdSgWOqg2x27ASdWqWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpiS6DjIkkNVSQ+aIo5chINP0c9ZmixPCxJZgoZm9FZIgVJsbmU7QheIsvL5PmedWrVa/ua+X6dR5HAY7hBCrgwQXU4RYa4AMBBs/wCm+OcF6cd+dj3rri5DNH8AfO5w+6eI3/</latexit>

SU(N)

<latexit sha1_base64="LRoMkAa13JWZyv1hKgQeRG0pHkY=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSLUS9mVgnorevEkFd220C4lm2bb0GyyJFmhLP0NXjwo4tUf5M1/Y9ruQVsfDDzem2FmXphwpo3rfjsrq2vrG5uFreL2zu7efungsKllqgj1ieRStUOsKWeC+oYZTtuJojgOOW2Fo5up33qiSjMpHs04oUGMB4JFjGBjJf/Br9yd9Uplt+rOgJaJl5My5Gj0Sl/dviRpTIUhHGvd8dzEBBlWhhFOJ8VuqmmCyQgPaMdSgWOqg2x27ASdWqWPIqlsCYNm6u+JDMdaj+PQdsbYDPWiNxX/8zqpiS6DjIkkNVSQ+aIo5chINP0c9ZmixPCxJZgoZm9FZIgVJsbmU7QheIsvL5PmedWrVa/ua+X6dR5HAY7hBCrgwQXU4RYa4AMBBs/wCm+OcF6cd+dj3rri5DNH8AfO5w+6eI3/</latexit>

Dolan, Osborne 
Choi, Kim, Kim, Nahmgoong



LARGE-N LIMIT

• Large-     limit ofN

<latexit sha1_base64="TuI4H4uSJQt41qP5CqwsvE8ICww=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXiSBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/wJl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUr+uVUvUmiyMPJ3AK5+DBJVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6pxjN4=</latexit>

logZ

<latexit sha1_base64="kt88bW80eT6R3cSouX8GO1NU30M=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGMA9MljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/VbT1QbpuS9HSc0FHggWcwItk5qdrkaoIdeueJX/RnQMglyUoEc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNms2sn6MQpfRQr7UpaNFN/T2RYGDMWkesU2A7NojcV//M6qY0vw4zJJLVUkvmiOOXIKjR9HfWZpsTysSOYaOZuRWSINSbWBVRyIQSLLy+T5lk1OK9e3Z1Xatd5HEU4gmM4hQAuoAa3UIcGEHiEZ3iFN095L9679zFvLXj5zCH8gff5Ax8Ujto=</latexit>

– Kinney, Maldacena, Minwalla, Raju leading order result is O(1)

<latexit sha1_base64="PMvNTFG1suZQjvEE0tKJ+5NYoj8=">AAAB9XicbVDLSsNAFL2pr1pfVZduBotQNyWRgrorunFnBfuANpbJdNIOnUzCzEQpIf/hxoUibv0Xd/6NkzYLbT0wcDjnXu6Z40WcKW3b31ZhZXVtfaO4Wdra3tndK+8ftFUYS0JbJOSh7HpYUc4EbWmmOe1GkuLA47TjTa4zv/NIpWKhuNfTiLoBHgnmM4K1kR76AdZjgnlym1ad00G5YtfsGdAycXJSgRzNQfmrPwxJHFChCcdK9Rw70m6CpWaE07TUjxWNMJngEe0ZKnBAlZvMUqfoxChD5IfSPKHRTP29keBAqWngmckspVr0MvE/rxdr/8JNmIhiTQWZH/JjjnSIsgrQkElKNJ8agolkJisiYywx0aaokinBWfzyMmmf1Zx67fKuXmlc5XUU4QiOoQoOnEMDbqAJLSAg4Rle4c16sl6sd+tjPlqw8p1D+APr8wfLcZIR</latexit>

free field result cannot capture black hole entropy

– Hosseini, Hritsov, Zaffaroni supersymmetric black hole entropy is Legendre transform of  

O(N2)

<latexit sha1_base64="eGGRE1w7kE3eItAuvCNT/++mrS8=">AAAB+XicbVDLSgMxFL1TX7W+Rl26CRahbspMKai7ohtXWsE+oB1LJk3b0ExmSDKFMvRP3LhQxK1/4s6/MdPOQlsPBA7n3Ms9OX7EmdKO823l1tY3Nrfy24Wd3b39A/vwqKnCWBLaICEPZdvHinImaEMzzWk7khQHPqctf3yT+q0JlYqF4lFPI+oFeCjYgBGsjdSz7W6A9YhgntzPSndPlfOeXXTKzhxolbgZKUKGes/+6vZDEgdUaMKxUh3XibSXYKkZ4XRW6MaKRpiM8ZB2DBU4oMpL5sln6MwofTQIpXlCo7n6eyPBgVLTwDeTaU617KXif14n1oNLL2EiijUVZHFoEHOkQ5TWgPpMUqL51BBMJDNZERlhiYk2ZRVMCe7yl1dJs1J2q+Wrh2qxdp3VkYcTOIUSuHABNbiFOjSAwASe4RXerMR6sd6tj8Vozsp2juEPrM8fnoaTAw==</latexit>

quantity interpreted as supersymmetric Casimir energy logZ =
N2

2

�1�2�3

!a!b

<latexit sha1_base64="EvrTU+zYOJCKw9VGaPmiGB/lhk0="></latexit>

– Cabo-Bizet, Cassani, Martelli, Murthy show the difference between partition function and  
   superconformal index is supersymmetric Casimir energy; calculation where bulk dual is 
   minimal 5d supergravity 

– Choi, Kim, Kim, Nahmgoong and Benini, Milan show using matrix model integral and 
    Bethe ansatz that if  chemical potential is complex, the superconformal index can have a 
    leading         termN2

<latexit sha1_base64="f1ZZWd+8Yu1PX6fDcjwP7bnbHFc=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd0QUG9BL54konlAsobZSW8yZHZ2mZkVQsgnePGgiFe/yJt/4yTZgyYWNBRV3XR3BYng2rjut7Oyura+sZnbym/v7O7tFw4OGzpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMYXk/95hMqzWP5YEYJ+hHtSx5yRo2V7m8fy91C0S25M5Bl4mWkCBlq3cJXpxezNEJpmKBatz03Mf6YKsOZwEm+k2pMKBvSPrYtlTRC7Y9np07IqVV6JIyVLWnITP09MaaR1qMosJ0RNQO96E3F/7x2asILf8xlkhqUbL4oTAUxMZn+TXpcITNiZAllittbCRtQRZmx6eRtCN7iy8ukUS55ldLlXaVYvcriyMExnMAZeHAOVbiBGtSBQR+e4RXeHOG8OO/Ox7x1xclmjuAPnM8fz4SNgg==</latexit>



• Large-     limit ofN

<latexit sha1_base64="TuI4H4uSJQt41qP5CqwsvE8ICww=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXiSBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/wJl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUr+uVUvUmiyMPJ3AK5+DBJVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6pxjN4=</latexit>

logZ

<latexit sha1_base64="kt88bW80eT6R3cSouX8GO1NU30M=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoN6CXjxGMA9MljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0M/VbT1QbpuS9HSc0FHggWcwItk5qdrkaoIdeueJX/RnQMglyUoEc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNms2sn6MQpfRQr7UpaNFN/T2RYGDMWkesU2A7NojcV//M6qY0vw4zJJLVUkvmiOOXIKjR9HfWZpsTysSOYaOZuRWSINSbWBVRyIQSLLy+T5lk1OK9e3Z1Xatd5HEU4gmM4hQAuoAa3UIcGEHiEZ3iFN095L9679zFvLXj5zCH8gff5Ax8Ujto=</latexit>

– Kim, Kim, Song generalize to                with putative                            dual 

matrix model integral in Cardy limit

– Lezcano, Pando Zayas perform                microstate counting with Bethe ansatz

N = 1

<latexit sha1_base64="J0qYHMQqtG6LNF6Lfo/OlRsNgPI=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEUBdC0Y0rqWAf0A4lk2ba0ExmTDKFMvQ73LhQxK0f486/MdPOQlsPBA7n3Ms9OX4suDaO840KK6tr6xvFzdLW9s7uXnn/oKmjRFHWoJGIVNsnmgkuWcNwI1g7VoyEvmAtf3Sb+a0xU5pH8tFMYuaFZCB5wCkxVvK6ITFDSkR6P712e+WKU3VmwMvEzUkFctR75a9uP6JJyKShgmjdcZ3YeClRhlPBpqVuollM6IgMWMdSSUKmvXQWeopPrNLHQaTskwbP1N8bKQm1noS+ncxC6kUvE//zOokJLr2UyzgxTNL5oSAR2EQ4awD3uWLUiIklhCpus2I6JIpQY3sq2RLcxS8vk+ZZ1T2vXj2cV2o3eR1FOIJjOAUXLqAGd1CHBlB4gmd4hTc0Ri/oHX3MRwso3zmEP0CfP4HdkfI=</latexit>

AdS5 ⇥ Y p,p

<latexit sha1_base64="OirCu7jIvF76SlOeUKFDW5BT96E=">AAACA3icbVDLSgNBEJz1GeNr1ZteBoPgQcKuRNRb1IvHiOYhSVxmZyfJkNkHM71iWBa8+CtePCji1Z/w5t84SfagiQUNRVU33V1uJLgCy/o2Zmbn5hcWc0v55ZXVtXVzY7OmwlhSVqWhCGXDJYoJHrAqcBCsEUlGfFewutu/GPr1eyYVD4MbGESs7ZNuwDucEtCSY263gD1AcuZdp85RC7jPFL69S6KDKHXMglW0RsDTxM5IAWWoOOZXywtp7LMAqCBKNW0rgnZCJHAqWJpvxYpFhPZJlzU1DYhe1k5GP6R4Tyse7oRSVwB4pP6eSIiv1MB3dadPoKcmvaH4n9eMoXPSTngQxcACOl7UiQWGEA8DwR6XjIIYaEKo5PpWTHtEEgo6trwOwZ58eZrUDot2qXh6VSqUz7M4cmgH7aJ9ZKNjVEaXqIKqiKJH9Ixe0ZvxZLwY78bHuHXGyGa20B8Ynz/uzpe5</latexit>

N = 1

<latexit sha1_base64="J0qYHMQqtG6LNF6Lfo/OlRsNgPI=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZEUBdC0Y0rqWAf0A4lk2ba0ExmTDKFMvQ73LhQxK0f486/MdPOQlsPBA7n3Ms9OX4suDaO840KK6tr6xvFzdLW9s7uXnn/oKmjRFHWoJGIVNsnmgkuWcNwI1g7VoyEvmAtf3Sb+a0xU5pH8tFMYuaFZCB5wCkxVvK6ITFDSkR6P712e+WKU3VmwMvEzUkFctR75a9uP6JJyKShgmjdcZ3YeClRhlPBpqVuollM6IgMWMdSSUKmvXQWeopPrNLHQaTskwbP1N8bKQm1noS+ncxC6kUvE//zOokJLr2UyzgxTNL5oSAR2EQ4awD3uWLUiIklhCpus2I6JIpQY3sq2RLcxS8vk+ZZ1T2vXj2cV2o3eR1FOIJjOAUXLqAGd1CHBlB4gmd4hTc0Ri/oHX3MRwso3zmEP0CfP4HdkfI=</latexit>

– Murthy talk: more recent developments on this theme

LARGE-N LIMIT



ZEITGEIST

• Illustrate the spirit of  the calculation using matrix model methods

• Work in Cardy limit !a , !b ⌧ 1

<latexit sha1_base64="Lk1tWxJWkJHdmC4EiLFJbfaTJ4g=">AAACBHicdVDLSsNAFJ34rPUVddnNYBFcSEli6GNXdOOygn1AE8pkOmmHTh7MTIQSWnDjr7hxoYhbP8Kdf+OkjaCiBy6cOede5t7jxYwKaRgf2srq2vrGZmGruL2zu7evHxx2RJRwTNo4YhHveUgQRkPSllQy0os5QYHHSNebXGZ+95ZwQaPwRk5j4gZoFFKfYiSVNNBLThSQERogOD+bw/zhQYcxaA70slFp1KuWXYVGxTBqpmVmxKrZ5zY0lZKhDHK0Bvq7M4xwEpBQYoaE6JtGLN0UcUkxI7OikwgSIzxBI9JXNEQBEW66OGIGT5QyhH7EVYUSLtTvEykKhJgGnuoMkByL314m/uX1E+nX3ZSGcSJJiJcf+QmDMoJZInBIOcGSTRVBmFO1K8RjxBGWKreiCuHrUvg/6VgV0640ru1y8yKPowBK4BicAhPUQBNcgRZoAwzuwAN4As/avfaovWivy9YVLZ85Aj+gvX0CeWGXXw==</latexit>

• First,
3Y

I=1

sinh
n�I

2
ei↵ab ⇠

X
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s·�
2 +i↵ab), sinh

n!i

2
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2

<latexit sha1_base64="wOAWCGkSs8p+NLD/yyDrKZ8AsxI="></latexit>

• Then,

Calculations
There are many ways of evaluating leading order of partition function in the large N
limit. I will show details of matrix model method. In the Cardy limit |!a|, |!b| ⌧ 1,
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where

Li3(x) =
1X

n=1

xn

n3

Li3(x) =
1X

n=1

xn

n3

<latexit sha1_base64="UIgpxKYjWAcrfqRRm2ecw1wQUrU="></latexit>



ZEITGEIST

• Apply math tricks such as:

Li3(�ex)� Li3(�e�x) = �x3

6
� ⇡2x

6
, �⇡ < Im(x) < ⇡

<latexit sha1_base64="raNx61pXlYByo0kHluLBSnSoKEU="></latexit>

• Approximate         integrals by saddle point method↵a

<latexit sha1_base64="2XzJ0RMpD+EWT0hM2AIUEdgzK3k=">AAAB73icdVDLSsNAFJ3UV62vqks3g0VwFZIY+tgV3bisYB/QhnIznbRDJw9nJkIJ/Qk3LhRx6++482+ctBVU9MCFwzn3cu89fsKZVJb1YRTW1jc2t4rbpZ3dvf2D8uFRR8apILRNYh6Lng+SchbRtmKK014iKIQ+p11/epX73XsqJIujWzVLqBfCOGIBI6C01BsATyYwhGG5YpmNetVxq9gyLatmO3ZOnJp74WJbKzkqaIXWsPw+GMUkDWmkCAcp+7aVKC8DoRjhdF4apJImQKYwpn1NIwip9LLFvXN8ppURDmKhK1J4oX6fyCCUchb6ujMENZG/vVz8y+unKqh7GYuSVNGILBcFKccqxvnzeMQEJYrPNAEimL4VkwkIIEpHVNIhfH2K/ycdx7Rds3HjVpqXqziK6ASdonNkoxpqomvUQm1EEEcP6Ak9G3fGo/FivC5bC8Zq5hj9gPH2CWGPkDo=</latexit>

• Derivative of          zero if  ↵a

<latexit sha1_base64="3DAXFBrxEj01iUqxNQY3eroxiXs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN6KXjxWsB/QhjLZbtqlm03c3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epoqxJYxGrToCaCS5Z03AjWCdRDKNAsHYwvp357SemNI/lg5kkzI9wKHnIKRordXookhH2sV+uuFV3DrJKvJxUIEejX/7qDWKaRkwaKlDrrucmxs9QGU4Fm5Z6qWYJ0jEOWddSiRHTfja/d0rOrDIgYaxsSUPm6u+JDCOtJ1FgOyM0I73szcT/vG5qwis/4zJJDZN0sShMBTExmT1PBlwxasTEEqSK21sJHaFCamxEJRuCt/zyKmldVL1a9fq+Vqnf5HEU4QRO4Rw8uIQ63EEDmkBBwDO8wpvz6Lw4787HorXg5DPH8AfO5w8BgI/4</latexit>

↵1 = . . . = ↵N

<latexit sha1_base64="5z0qUJ43+l7xq4eLU06GHm+93sc=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFcFUSKagLoejGlVSwF2hCmEwm7dDJTJiZCKV048ZXceNCEbe+gzvfxkmbhbb+MPDxn3M4c/4wZVRpx/m2SkvLK6tr5fXKxubW9o69u9dWIpOYtLBgQnZDpAijnLQ01Yx0U0lQEjLSCYfXeb3zQKSigt/rUUr8BPU5jSlG2liBfeghlg5Q4MJL6LFIaJXDzLsN7KpTc6aCi+AWUAWFmoH95UUCZwnhGjOkVM91Uu2PkdQUMzKpeJkiKcJD1Cc9gxwlRPnj6RUTeGycCMZCmsc1nLq/J8YoUWqUhKYzQXqg5mu5+V+tl+n43B9TnmaacDxbFGcMagHzSGBEJcGajQwgLKn5K8QDJBHWJriKCcGdP3kR2qc1t167uKtXG1dFHGVwAI7ACXDBGWiAG9AELYDBI3gGr+DNerJerHfrY9ZasoqZffBH1ucPdoGXTA==</latexit>

• Dominance of  this saddle is an assumption

• Find: logZ ⇠ N2

6!a!b

X

s

"✓
s ·�
2

◆3

+ ⇡2

✓
s ·�
2

◆#
=

N2�1�2�3

2!a!b

<latexit sha1_base64="ATtdMcM945Cfsmj8x1cX9TG3QWE="></latexit>

• Relation                                                          used to simplify expression�1 +�2 +�3 � !a � !b = 2⇡i

<latexit sha1_base64="2tH0uiikiRIJsw2RgWbKkYU3oxI="></latexit>



ENTROPY

• We have: S =
N2

2

�1�2�3

!a!b
+

X
�IQI + !aJa + !bJb

<latexit sha1_base64="CrbIVsG0nFoUo5fVNfOp8Os49Ig="></latexit>

• Evaluate its saddle point
@S

@�I
=

@S

@!i
= 0

<latexit sha1_base64="o4kg8MR6QX/MGVIH280jK0EGPdI="></latexit>

• Entropy becomes 

S = 2⇡

r
Q1Q2 +Q2Q3 +Q3Q1 �

N2

2
(Ja + Jb)

<latexit sha1_base64="PJCwVEZrkWn4VsXtdD7BvHregq8="></latexit>

• Generically find complex entropy

• Demand Im(S) = 0

<latexit sha1_base64="/SvyvsKFMCOlqPN7/42QvdEXURA=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBDiJexKQD0IQS96i2gekKxhdjKbDJmZXWZ61bDkP7x4UMSr/+LNv3HyOGhiQUNR1U13VxALbsB1v52FxaXlldXMWnZ9Y3NrO7ezWzNRoimr0khEuhEQwwRXrAocBGvEmhEZCFYP+pcjv/7AtOGRuoNBzHxJuoqHnBKw0n0L2BOk13JYuD06d9u5vFt0x8DzxJuSPJqi0s59tToRTSRTQAUxpum5Mfgp0cCpYMNsKzEsJrRPuqxpqSKSGT8dXz3Eh1bp4DDSthTgsfp7IiXSmIEMbKck0DOz3kj8z2smEJ76KVdxAkzRyaIwERgiPIoAd7hmFMTAEkI1t7di2iOaULBBZW0I3uzL86R2XPRKxbObUr58MY0jg/bRASogD52gMrpCFVRFFGn0jF7Rm/PovDjvzsekdcGZzuyhP3A+fwCcpZHy</latexit>

• New constraint:

Q1Q2Q3 +
N2

2
JaJb =

✓
N2

2
+Q1 +Q2 +Q3

◆✓
Q1Q2 +Q2Q3 +Q3Q1 �

N2

2
(Ja + Jb)

◆

<latexit sha1_base64="7Y89aZLS5SG41DjfTQVnP/pGdYo="></latexit>



EVH LIMIT

• In the EVH limit, Q3 = Jb = 0

<latexit sha1_base64="kFgOf8uGP0I4pIvkmb8MNmdSm4E=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxooboQim7EVQv2Ae0wZNJMG5rJjEmmUIZ+hxsXirj1Y9z5N6btLLT1wL0czrmX3Bw/5kxp2/62cmvrG5tb+e3Czu7e/kHx8KilokQS2iQRj2THx4pyJmhTM81pJ5YUhz6nbX90N/PbYyoVi8SjnsTUDfFAsIARrI3kNrxLdIMePN902yuW7LI9B1olTkZKkKHuFb96/YgkIRWacKxU17Fj7aZYakY4nRZ6iaIxJiM8oF1DBQ6pctP50VN0ZpQ+CiJpSmg0V39vpDhUahL6ZjLEeqiWvZn4n9dNdHDlpkzEiaaCLB4KEo50hGYJoD6TlGg+MQQTycytiAyxxESbnAomBGf5y6ukdVF2KuXrRqVUu83iyMMJnMI5OFCFGtxDHZpA4Ame4RXerLH1Yr1bH4vRnJXtHMMfWJ8/tAeQIA==</latexit>

• Black hole is               so entropy vanishes
1

8
-BPS

<latexit sha1_base64="HUPdO4ymdDjW0EaNnNcJTjNpDOk=">AAAB+3icdVDJSgNBEO1xjXEb49FLYxC8GGbikOUW4sVjRLNAEkJPpydp0rPQXSMJQ37FiwdFvPoj3vwbe5IIKvqg4PFeFVX13EhwBZb1Yaytb2xubWd2srt7+weH5lGupcJYUtakoQhlxyWKCR6wJnAQrBNJRnxXsLY7uUr99j2TiofBHcwi1vfJKOAepwS0NDBzPU8Sald6wKaQXNQbt/OBmbcK1Uqp6JSwVbCssl20U1IsO5cOtrWSIo9WaAzM994wpLHPAqCCKNW1rQj6CZHAqWDzbC9WLCJ0Qkasq2lAfKb6yeL2OT7TyhB7odQVAF6o3ycS4is1813d6RMYq99eKv7ldWPwKv2EB1EMLKDLRV4sMIQ4DQIPuWQUxEwTQiXXt2I6JjoM0HFldQhfn+L/SatYsJ1C9cbJ1+qrODLoBJ2ic2SjMqqha9RATUTRFD2gJ/RszI1H48V4XbauGauZY/QDxtsnpVyUOQ==</latexit>

• Index is

Z = Tr
h
(�1)F e��1(Q1+Jb)��2(Q2+Jb)��3(Q3+Jb)�!a(Ja�Jb)

i

<latexit sha1_base64="S5b7N4zP/si6vTwObsbGIKP0eMY="></latexit>

• This is so called Macdonald index where

• Leading term in partition function is 

�3 ! 1 , �3 � !b = finite

<latexit sha1_base64="yFBkJCtjIs/R60snLrzFOjYJNHw="></latexit>

logZ =
N2

2

�1�2

!a

<latexit sha1_base64="1pxFcxUPCVbCWeAItfC24TfQrrw=">AAACIXicbZDLSsNAFIYnXmu9VV26GSyCq5IUQV0Ioi5cSQWrYlPDyfSkDp1kwsxEKCGv4sZXceNCEXfiyzitWXg7MPDN/5/DzPnDVHBtXPfdmZicmp6ZrcxV5xcWl5ZrK6sXWmaKYZtJIdVVCBoFT7BtuBF4lSqEOBR4GQ6ORv7lHSrNZXJuhil2Y+gnPOIMjJWC2q4vZJ9e71M/UsDy05tmkTeL8uYfozAQeLQE6/kyxj4EUAS1uttwx0X/gldCnZTVCmpvfk+yLMbEMAFadzw3Nd0clOFMYFH1M40psAH0sWMxgRh1Nx9vWNBNq/RoJJU9iaFj9ftEDrHWwzi0nTGYW/3bG4n/eZ3MRLvdnCdpZjBhXw9FmaBG0lFctMcVMiOGFoApbv9K2S3YcIwNtWpD8H6v/Bcumg1vu7F3tl0/OCzjqJB1skG2iEd2yAE5IS3SJozck0fyTF6cB+fJeXXevlonnHJmjfwo5+MTuR6jTg==</latexit>

• Saddle point evaluation of  entropy gives

S =
N2

2

�1�2

!a
+ !aJa +�1Q1 +�2Q2 + ⇤(�1 +�2 � !a � 2⇡i)

<latexit sha1_base64="SuguTcnDlZfx8fxGhKegLG2zqME="></latexit>

• Evaluates to            ; same chemical potentials as in gravity calculationS = 0

<latexit sha1_base64="JYmNkPq1oTT9EWkeYMcLcEMHzUs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHiqYttKFstpt26WYTdidCKf0NXjwo4tUf5M1/47bNQVsfDDzem2FmXphKYdB1v53Cyura+kZxs7S1vbO7V94/aJgk04z7LJGJboXUcCkU91Gg5K1UcxqHkjfD4e3Ubz5xbUSiHnGU8iCmfSUiwShayX8g18Ttlitu1Z2BLBMvJxXIUe+Wvzq9hGUxV8gkNabtuSkGY6pRMMknpU5meErZkPZ521JFY26C8ezYCTmxSo9EibalkMzU3xNjGhszikPbGVMcmEVvKv7ntTOMLoOxUGmGXLH5oiiTBBMy/Zz0hOYM5cgSyrSwtxI2oJoytPmUbAje4svLpHFW9c6rV/fnldpNHkcRjuAYTsGDC6jBHdTBBwYCnuEV3hzlvDjvzse8teDkM4fwB87nD045jbg=</latexit>



NEAR EVH LIMIT

• We have                                 (i.e.,                 ,                 ;                           )   �1 = �2 = �

<latexit sha1_base64="VodYfumDgjJOZCVpy99Br5IuFJw=">AAACAXicbZDLSsNAFIYn9VbrLepGcDNYBFclKQV1IRR14bKCvUAbymR60g6dTMLMRCihbnwVNy4UcetbuPNtnLYRtPWHgY//nMOZ8/sxZ0o7zpeVW1peWV3Lrxc2Nre2d+zdvYaKEkmhTiMeyZZPFHAmoK6Z5tCKJZDQ59D0h1eTevMepGKRuNOjGLyQ9AULGCXaWF37oHMNXJOue5FB+QfsolNypsKL4GZQRJlqXfuz04toEoLQlBOl2q4Tay8lUjPKYVzoJApiQoekD22DgoSgvHR6wRgfG6eHg0iaJzSeur8nUhIqNQp90xkSPVDztYn5X62d6ODMS5mIEw2CzhYFCcc6wpM4cI9JoJqPDBAqmfkrpgMiCdUmtIIJwZ0/eREa5ZJbKZ3fVorVyyyOPDpER+gEuegUVdENqqE6ougBPaEX9Go9Ws/Wm/U+a81Z2cw++iPr4xsly5YU</latexit>

Q1 = Q2

<latexit sha1_base64="xz7Nsr5UTL+EuVGgmPAgFvdmKjY=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWgnoQil48tmA/oF2WbJptQ7PZJckKZemP8OJBEa/+Hm/+G9N2D9r6YODx3gwz84JEcG0c5xsVNja3tneKu6W9/YPDo/LxSUfHqaKsTWMRq15ANBNcsrbhRrBeohiJAsG6weR+7nefmNI8lo9mmjAvIiPJQ06JsVK35bu3Lb/mlytO1VkArxM3JxXI0fTLX4NhTNOISUMF0brvOonxMqIMp4LNSoNUs4TQCRmxvqWSREx72eLcGb6wyhCHsbIlDV6ovycyEmk9jQLbGREz1qveXPzP66cmvPYyLpPUMEmXi8JUYBPj+e94yBWjRkwtIVRxeyumY6IINTahkg3BXX15nXRqVbdevWnVK427PI4inME5XIILV9CAB2hCGyhM4Ble4Q0l6AW9o49lawHlM6fwB+jzByAojsw=</latexit>

Ja ⇠ N2

<latexit sha1_base64="5YEH8Xd57/3BOMgdrWkDSGrvg7w=">AAAB8nicbVBNSwMxEM36WetX1aOXYBE8ld1SUG9FL+JBKtgP2K4lm2bb0GyyJLNCWfozvHhQxKu/xpv/xrTdg7Y+GHi8N8PMvDAR3IDrfjsrq2vrG5uFreL2zu7efungsGVUqilrUiWU7oTEMMElawIHwTqJZiQOBWuHo+up335i2nAlH2CcsCAmA8kjTglYyb/tka7hMb57rPZKZbfizoCXiZeTMsrR6JW+un1F05hJoIIY43tuAkFGNHAq2KTYTQ1LCB2RAfMtlSRmJshmJ0/wqVX6OFLalgQ8U39PZCQ2ZhyHtjMmMDSL3lT8z/NTiC6CjMskBSbpfFGUCgwKT//Hfa4ZBTG2hFDN7a2YDokmFGxKRRuCt/jyMmlVK16tcnlfK9ev8jgK6BidoDPkoXNURzeogZqIIoWe0St6c8B5cd6dj3nripPPHKE/cD5/AEuskKE=</latexit>

• Degeneracy is

d =

Z
d� d!a d!b exp

✓
N2

2

�2�3

!a!b
+ !a(Ja +Q3) + !b(Jb +Q3) + 2�(Q�Q3) + 2⇡iQ3

◆

<latexit sha1_base64="xByv2W96oE29Wq5ujE9J6R7q7NQ="></latexit>

• Saddle point evaluation of                integrals� , !a

<latexit sha1_base64="z/TrXIiaN6t+/rFU5AzdBu3j2wQ=">AAAB/HicbVDLSgNBEJyNrxhf0Ry9DAbBg4RdCai3oB48RjAPyC6hd9JJhsw+mJkVlpD8ihcPinj1Q7z5N06SPWhiQUNR1U13lx8LrrRtf1u5tfWNza38dmFnd2//oHh41FRRIhk2WCQi2fZBoeAhNjTXAtuxRAh8gS1/dDvzW08oFY/CR53G6AUwCHmfM9BG6hZL7h0KDXR6PqVuFOAAutAtlu2KPQddJU5GyiRDvVv8cnsRSwIMNROgVMexY+2NQWrOBE4KbqIwBjaCAXYMDSFA5Y3nx0/oqVF6tB9JU6Gmc/X3xBgCpdLAN50B6KFa9mbif14n0f0rb8zDONEYssWifiKojugsCdrjEpkWqSHAJDe3UjYECUybvAomBGf55VXSvKg41cr1Q7Vcu8niyJNjckLOiEMuSY3ckzppEEZS8kxeyZs1tV6sd+tj0ZqzspkS+QPr8wfaUZRI</latexit>

• Get

Q3, Jb ⇠ ✏2N2

<latexit sha1_base64="Eik8ZmBXYZsDMfad8oaBFh5ec+o=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhZSkFtRd0Y24kBbsA5o0TKaTduhkEmYmQgkFN/6KGxeKuPUn3Pk3TtsstPXAhcM593LvPX7MqFSW9W3klpZXVtfy64WNza3tHXN3rymjRGDSwBGLRNtHkjDKSUNRxUg7FgSFPiMtf3g98VsPREga8Xs1iokboj6nAcVIackzD+re2Sm89XxH0tAhsaQs4t0yvOuWPbNolawp4CKxM1IEGWqe+eX0IpyEhCvMkJQd24qVmyKhKGZkXHASSWKEh6hPOppyFBLpptMfxvBYKz0YREIXV3Cq/p5IUSjlKPR1Z4jUQM57E/E/r5Oo4MJNKY8TRTieLQoSBlUEJ4HAHhUEKzbSBGFB9a0QD5BAWOnYCjoEe/7lRdIsl+xK6bJeKVavsjjy4BAcgRNgg3NQBTegBhoAg0fwDF7Bm/FkvBjvxsesNWdkM/vgD4zPH/62ln4=</latexit>

d =

Z
d!b exp

"
N2

2

b�2

!b

 
2b�
b!a

� 1

!
+ 2⇡iQ3

#
e!b(Jb+Q3)

<latexit sha1_base64="bpStUuZ6BTtptdEtzFmnLsBht6k="></latexit>



NEAR EVH LIMIT

• Saddle point evaluation requires:                    or ✏N2 � 1

<latexit sha1_base64="+RNdZ8zkyPv0rum6GOQDL/hxXqo=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5KUgnorevEkFewHNLFstpt06WYTdjdiKf0rXjwo4tU/4s1/47bNQVsfDDzem2FmXpByprTjfFuFtfWNza3idmlnd2//wD4st1WSSUJbJOGJ7AZYUc4EbWmmOe2mkuI44LQTjK5nfueRSsUSca/HKfVjHAkWMoK1kfp22aOpYjwR6PahhrwoQm7frjhVZw60StycVCBHs29/eYOEZDEVmnCsVM91Uu1PsNSMcDoteZmiKSYjHNGeoQLHVPmT+e1TdGqUAQoTaUpoNFd/T0xwrNQ4DkxnjPVQLXsz8T+vl+nwwp8wkWaaCrJYFGYc6QTNgkADJinRfGwIJpKZWxEZYomJNnGVTAju8surpF2ruvXq5V290rjK4yjCMZzAGbhwDg24gSa0gMATPMMrvFlT68V6tz4WrQUrnzmCP7A+fwBXrJNa</latexit>

a ! 1

<latexit sha1_base64="EbrdF6XCWTWPs4GF0rkSkZAe+04=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KblxWsA9oh5JJM21sJhmSjFCG/oMbF4q49X/c+Tem7Sy09UDgcM695J4TJoIb63nfqLC2vrG5Vdwu7ezu7R+UD49aRqWasiZVQulOSAwTXLKm5VawTqIZiUPB2uH4dua3n5g2XMkHO0lYEJOh5BGnxDqpRXpWYb9frnhVbw68SvycVCBHo1/+6g0UTWMmLRXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jkoSMxNk82un+MwpAxwp7Z60eK7+3shIbMwkDt1kTOzILHsz8T+vm9roKsi4TFLLJF18FKUCu4iz6HjANaNWTBwhVHN3K6Yjogm1rqCSK8FfjrxKWhdVv1a9vq9V6jd5HUU4gVM4Bx8uoQ530IAmUHiEZ3iFN6TQC3pHH4vRAsp3juEP0OcP4+GOsw==</latexit>

• Either way, we find S =
⇡a

1� a

r
�a

1 + a
✏N2

<latexit sha1_base64="s0E0tHWTJ/dLRrYlacXBgnzVVSc="></latexit>

• This reproduces gravity answer for near EVH entropy

• Also, near EVH limit of                  solution in      expansion 
1

16
-BPS

<latexit sha1_base64="HIjD8Xm5z2KRw/wgZTS6lufBx0Y=">AAACAHicdVDJSgNBEO1xjXGLevDgpTEIXgwzcchyC/HiMaJZIAmhp9OTNOlZ6K4RwzAXf8WLB0W8+hne/Bt7kggq+qDg8V4VVfWcUHAFpvlhLC2vrK6tZzaym1vbO7u5vf2WCiJJWZMGIpAdhygmuM+awEGwTigZ8RzB2s7kIvXbt0wqHvg3MA1Z3yMjn7ucEtDSIHfYcyWhsZXEVinpAbuD+KzeuE4GubxZqFZKRbuEzYJplq2ilZJi2T63saWVFHm0QGOQe+8NAxp5zAcqiFJdywyhHxMJnAqWZHuRYiGhEzJiXU194jHVj2cPJPhEK0PsBlKXD3imfp+IiafU1HN0p0dgrH57qfiX143ArfRj7ocRMJ/OF7mRwBDgNA085JJREFNNCJVc34rpmOhEQGeW1SF8fYr/J61iwbIL1Ss7X6sv4sigI3SMTpGFyqiGLlEDNRFFCXpAT+jZuDcejRfjdd66ZCxmDtAPGG+fvzGWig==</latexit>

✏-

<latexit sha1_base64="6ZiHUgkC62d3esk7KCuLxQuZIEE=">AAAB+XicdVBNS8NAEN3Ur1q/oh69LBbBiyWpwepN9OKxgv2AtpTNdloXN5uwOxFL6D/x4kERr/4Tb/4bN7aCij4YeLw3w8y8MJHCoOe9O4W5+YXFpeJyaWV1bX3D3dxqmjjVHBo8lrFuh8yAFAoaKFBCO9HAolBCK7w5z/3WLWgjYnWF4wR6ERspMRScoZX6rtuFxAgZqy7CHWYHk75b9ionx0fV4Ih6Fc+r+VU/J9VacBhQ3yo5ymSGet996w5inkagkEtmTMf3EuxlTKPgEialbmogYfyGjaBjqWIRmF72efmE7lllQIextqWQfqrfJzIWGTOOQtsZMbw2v71c/MvrpDg87mVCJSmC4tNFw1RSjGkeAx0IDRzl2BLGtbC3Un7NNONowyrZEL4+pf+TZrXiB5WTy6B8ejaLo0h2yC7ZJz6pkVNyQeqkQTi5JffkkTw5mfPgPDsv09aCM5vZJj/gvH4AbSGUNQ==</latexit>



CARDY FORMULA

• Partition function enjoys

• Low temperature expansion gives

Z(�) = Z(
4⇡2

�
)

<latexit sha1_base64="S9GL80WyQ25bUgLAA7QrTYP5gdo=">AAACCXicbZC7SgNBFIZnvcZ4W7W0GQxCbMJuCKiFELSxjGAumF3D7GQ2GTJ7YeasEJa0Nr6KjYUitr6BnW/jbLKFJv4w8PGfczhzfi8WXIFlfRtLyyura+uFjeLm1vbOrrm331JRIilr0khEsuMRxQQPWRM4CNaJJSOBJ1jbG11l9fYDk4pH4S2MY+YGZBByn1MC2uqZ+K7seAzICb7I0JeEpjUn5vfVyczvmSWrYk2FF8HOoYRyNXrml9OPaBKwEKggSnVtKwY3JRI4FWxSdBLFYkJHZMC6GkMSMOWm00sm+Fg7fexHUr8Q8NT9PZGSQKlx4OnOgMBQzdcy879aNwH/zE15GCfAQjpb5CcCQ4SzWHCfS0ZBjDUQKrn+K6ZDotMAHV5Rh2DPn7wIrWrFrlXOb2ql+mUeRwEdoiNURjY6RXV0jRqoiSh6RM/oFb0ZT8aL8W58zFqXjHzmAP2R8fkD9ZGYow==</latexit>

Z(�) ⇡ exp
�⇡2c

6�

�

<latexit sha1_base64="gW6gGRlU/r5ZNeUirhre0lYj3GM="></latexit>

• Saddle point evaluation of  inverse Laplace transform yields

d ⇡
Z

d� exp


⇡2c

6�
+ �

⇣
L0 �

c

24

⌘�

<latexit sha1_base64="BQtpUseRqeCAxXuJZcA2HlOis+4="></latexit>

• In near EVH limit:                                 , c = 3
p
2

a2

1� a2
✏N2

<latexit sha1_base64="iJsJCKFv5oB+16gENs1el5Ww4ho="></latexit>

L0 �
c

24
=

1

2
p
2

a

1� a
�✏N2

<latexit sha1_base64="z2loL3YGr2woTYVbPciS4GPNfSI="></latexit>

• Saddle at b� = ⇡
r

c

6(L0 � c
24 )

= ⇡

r
2

�

a

1 + a

<latexit sha1_base64="NGKe14a67tTz9SVPNCF75YSLni0="></latexit>



CONNECTION TO CARDY

• Can write degeneracy equation as

d =

Z
d!b exp


N2

2

⇡2a2

1� a2
1

!b
+

N2✏2

2

�a

1� a
!b +O(✏)

�

<latexit sha1_base64="rslJt8qU3mNMQIeLEJBo/iOa+yA="></latexit>

=

Z
d!b exp


c⇡2

6
p
2

1

✏!b
+

p
2✏
⇣
L0 �

c

24

⌘
!b +O(✏)

�

<latexit sha1_base64="qOh9zZXzwad9WNUMz1Sl5mNp4Rc="></latexit>

• Compare to

d ⇡
Z

d� exp


⇡2c

6�
+ �

⇣
L0 �

c

24

⌘�

<latexit sha1_base64="IyUMcKX7OOZZetVDl2Kjf19dsGY="></latexit>

• We have e!b =
p
2✏!b ⇠ �

<latexit sha1_base64="dpQd8pU8CXmpvAXNxt8+NNCvczY=">AAACJHicbVDJSgNBEO1xN25Rj14ag+ApzIigIkLQi0cFo0ImhJ6eSmzsZeyuUcKQj/Hir3jx4IIHL36LneXg9qDg8V4VVfWSTAqHYfgRjI1PTE5Nz8yW5uYXFpfKyyvnzuSWQ50baexlwhxIoaGOAiVcZhaYSiRcJNdHff/iFqwTRp9hN4OmYh0t2oIz9FKrvB/fiRRQyBSK2CjosF4roQc0djcWi61eDJkT0mg6NL0XO6FonACyVrkSVsMB6F8SjUiFjHDSKr/GqeG5Ao1cMucaUZhhs2AWBZfQK8W5g4zxa9aBhqeaKXDNYvBkj254JaVtY31ppAP1+0TBlHNdlfhOxfDK/fb64n9eI8f2brMQOssRNB8uaueSoqH9xGgqLHCUXU8Yt8LfSvkVs4yjz7XkQ4h+v/yXnG9Vo+3q3ul2pXY4imOGrJF1skkiskNq5JickDrh5J48kmfyEjwET8Fb8D5sHQtGM6vkB4LPL8fipYA=</latexit>



CONNECTION TO CARDY

• Can write degeneracy equation as

d =

Z
d!b exp


N2

2

⇡2a2

1� a2
1

!b
+

N2✏2

2

�a

1� a
!b +O(✏)

�

<latexit sha1_base64="rslJt8qU3mNMQIeLEJBo/iOa+yA="></latexit>

=

Z
d!b exp


c⇡2

6
p
2

1

✏!b
+

p
2✏
⇣
L0 �

c

24

⌘
!b +O(✏)

�

<latexit sha1_base64="qOh9zZXzwad9WNUMz1Sl5mNp4Rc="></latexit>

• Compare to

d ⇡
Z

d� exp


⇡2c

6�
+ �

⇣
L0 �

c

24

⌘�

<latexit sha1_base64="IyUMcKX7OOZZetVDl2Kjf19dsGY="></latexit>

• We have e!b =
p
2✏!b ⇠ �

<latexit sha1_base64="dpQd8pU8CXmpvAXNxt8+NNCvczY=">AAACJHicbVDJSgNBEO1xN25Rj14ag+ApzIigIkLQi0cFo0ImhJ6eSmzsZeyuUcKQj/Hir3jx4IIHL36LneXg9qDg8V4VVfWSTAqHYfgRjI1PTE5Nz8yW5uYXFpfKyyvnzuSWQ50baexlwhxIoaGOAiVcZhaYSiRcJNdHff/iFqwTRp9hN4OmYh0t2oIz9FKrvB/fiRRQyBSK2CjosF4roQc0djcWi61eDJkT0mg6NL0XO6FonACyVrkSVsMB6F8SjUiFjHDSKr/GqeG5Ao1cMucaUZhhs2AWBZfQK8W5g4zxa9aBhqeaKXDNYvBkj254JaVtY31ppAP1+0TBlHNdlfhOxfDK/fb64n9eI8f2brMQOssRNB8uaueSoqH9xGgqLHCUXU8Yt8LfSvkVs4yjz7XkQ4h+v/yXnG9Vo+3q3ul2pXY4imOGrJF1skkiskNq5JickDrh5J48kmfyEjwET8Fb8D5sHQtGM6vkB4LPL8fipYA=</latexit>

from relation between time coordinates of  AdS3 & AdS5

<latexit sha1_base64="YOqCX9wST6YUGSTU4t1sJXl9nGA=">AAACB3icbVDLSgNBEJz1GeNr1aMgg0HxFHY1ot6iXjxGNA/ILmF2MpsMmX0w0yuGJTcv/ooXD4p49Re8+TdOkgU1saChqOqmu8uLBVdgWV/GzOzc/MJibim/vLK6tm5ubNZUlEjKqjQSkWx4RDHBQ1YFDoI1YslI4AlW93qXQ79+x6TiUXgL/Zi5AemE3OeUgJZa5o4D7B7S8/bNoHXkYGdf149y3DILVtEaAU8TOyMFlKHSMj+ddkSTgIVABVGqaVsxuCmRwKlgg7yTKBYT2iMd1tQ0JAFTbjr6Y4D3tNLGfiR1hYBH6u+JlARK9QNPdwYEumrSG4r/ec0E/FM35WGcAAvpeJGfCAwRHoaC21wyCqKvCaGS61sx7RJJKOjo8joEe/LlaVI7LNql4tl1qVC+yOLIoW20iw6QjU5QGV2hCqoiih7QE3pBr8aj8Wy8Ge/j1hkjm9lCf2B8fAPNNJil</latexit>

like factor of        in thermal free energy; i.e., strong coupling effect? 
3

4

<latexit sha1_base64="RAiesp3P/q58J5MRvqRFP4InLks=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oN6KXjxWsB+QhrLZbtqlm92wuxFKyM/w4kERr/4ab/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjjpapIrRNJJeqF2JNORO0bZjhtJcoiuOQ0244uZv53SeqNJPi0UwTGsR4JFjECDZW8vuRwiS7zLNGPqjW3Lo7B1olXkFqUKA1qH71h5KkMRWGcKy177mJCTKsDCOc5pV+qmmCyQSPqG+pwDHVQTY/OUdnVhmiSCpbwqC5+nsiw7HW0zi0nTE2Y73szcT/PD810XWQMZGkhgqyWBSlHBmJZv+jIVOUGD61BBPF7K2IjLFNwdiUKjYEb/nlVdK5qHuN+s1Do9a8LeIowwmcwjl4cAVNuIcWtIGAhGd4hTfHOC/Ou/OxaC05xcwx/IHz+QNDOpFD</latexit>



CONICAL DEFICIT

•  d =

Z
d!b exp


N2

2

⇡2a2

1� a2
1

!b
+

N2✏2

2

�a

1� a
!b +O(✏)

�

<latexit sha1_base64="rslJt8qU3mNMQIeLEJBo/iOa+yA="></latexit>

• Two terms in integrand ec = 3
a2

1� a2
N2 , eL0 �

ec
24

=
1

2

a

1� a
�✏2N2

<latexit sha1_base64="EVqfgVuTQNIRn1RZFfQJB2vGqs8="></latexit>

• In near EVH limit eL0 �
ec
24

= 0

<latexit sha1_base64="weELiuwErRlIdLlLNjnDYmI3zE8=">AAACF3icbVDLSsNAFJ34rPUVdelmsAhuLEkpqAuh6MaFiwr2AU0pk8lNO3TyYGailJC/cOOvuHGhiFvd+TdO2yxq64ELh3Pu5d573JgzqSzrx1haXlldWy9sFDe3tnd2zb39powSQaFBIx6JtkskcBZCQzHFoR0LIIHLoeUOr8d+6wGEZFF4r0YxdAPSD5nPKFFa6pll55F5oBj3IL3NehY+xY4vCE1ndJplaaWa4Uts9cySVbYmwIvEzkkJ5aj3zG/Hi2gSQKgoJ1J2bCtW3ZQIxSiHrOgkEmJCh6QPHU1DEoDsppO/MnysFQ/7kdAVKjxRZydSEkg5ClzdGRA1kPPeWPzP6yTKP++mLIwTBSGdLvITjlWExyFhjwmgio80IVQwfSumA6JjUTrKog7Bnn95kTQrZbtavrirlmpXeRwFdIiO0Amy0RmqoRtURw1E0RN6QW/o3Xg2Xo0P43PaumTkMwfoD4yvXyZyn0c=</latexit>

• Conical deficit ⇠ ✏�1

<latexit sha1_base64="sppT93vqMIRyc1fkPppIIs7iVd4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBHcOMzUoY9d0Y3LCvYB7VgyadqGJpkhyYhl6K+4caGIW3/EnX9jpq2gogcuHM65l3vvCWNGlXbdD2tldW19YzO3ld/e2d3btw8KLRUlEpMmjlgkOyFShFFBmppqRjqxJIiHjLTDyWXmt++IVDQSN3oak4CjkaBDipE2Ut8u9BTlsEdiRVkkbtMzb9a3i65Tq5ZLfhm6jutWvJKXkVLFP/ehZ5QMRbBEo2+/9wYRTjgRGjOkVNdzYx2kSGqKGZnle4kiMcITNCJdQwXiRAXp/PYZPDHKAA4jaUpoOFe/T6SIKzXloenkSI/Vby8T//K6iR5Wg5SKONFE4MWiYcKgjmAWBBxQSbBmU0MQltTcCvEYSYS1iStvQvj6FP5PWiXH853atV+sXyzjyIEjcAxOgQcqoA6uQAM0AQb34AE8gWdrZj1aL9bronXFWs4cgh+w3j4BDaeUfA==</latexit>

• Rescale: c = ✏ec , L0 �
c

24
=

1

✏

✓
eL0 �

ec
f24

◆

<latexit sha1_base64="jwbH1QzOSuausQxEzPTZ23diAnM="></latexit>

de Boer, Sheikh-Jabbari, Simón

• Cardy formula invariant, but fractionated spectrum



LONG STRINGS

• Suppose we have strings of  size R

<latexit sha1_base64="FmS19wKVtyU2RMbzbeZl4lWZ93k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMxDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+n2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A7CBjOI=</latexit>

• If  they form a long string, length is NR

<latexit sha1_base64="DB4I3durnO3NLrpov7pnbFX8/ns=">AAAB6XicdVDJSgNBEK2JW4xb1KOXxiB4GmbikOUW9OJJYjALJEPo6fQkTXoWunuEMOQPvHhQxKt/5M2/sSeJoKIPCh7vVVFVz4s5k8qyPozc2vrG5lZ+u7Czu7d/UDw86sgoEYS2ScQj0fOwpJyFtK2Y4rQXC4oDj9OuN73K/O49FZJF4Z2axdQN8DhkPiNYaal10xoWS5ZZr1XKTgVZpmVV7bKdkXLVuXCQrZUMJVihOSy+D0YRSQIaKsKxlH3bipWbYqEY4XReGCSSxphM8Zj2NQ1xQKWbLi6dozOtjJAfCV2hQgv1+0SKAylngac7A6wm8reXiX95/UT5NTdlYZwoGpLlIj/hSEUoexuNmKBE8ZkmmAimb0VkggUmSodT0CF8fYr+J52yaTtm/dYpNS5XceThBE7hHGyoQgOuoQltIODDAzzBszE1Ho0X43XZmjNWM8fwA8bbJ6wJjXw=</latexit>

• Energy gap goes from 1

R
! 1

NR

<latexit sha1_base64="8We38rY3zOc1qNNUE1cU4nhxjcc=">AAACBXicbVDLSgMxFL1TX7W+Rl3qIlgEV2VGCuqu6MaV1GIf0BlKJs20oZkHSUYow2zc+CtuXCji1n9w59+YtoNo64HAyTn3kpzjxZxJZVlfRmFpeWV1rbhe2tjc2t4xd/daMkoEoU0S8Uh0PCwpZyFtKqY47cSC4sDjtO2NriZ++54KyaLwTo1j6gZ4EDKfEay01DMPHV9gktpZ2siQoyL0c79pZD2zbFWsKdAisXNShhz1nvnp9COSBDRUhGMpu7YVKzfFQjHCaVZyEkljTEZ4QLuahjig0k2nKTJ0rJU+8iOhT6jQVP29keJAynHg6ckAq6Gc9ybif143Uf65m7IwThQNyewhP+FIp51UgvpMUKL4WBNMBNN/RWSIdQ1KF1fSJdjzkRdJ67RiVysXt9Vy7TKvowgHcAQnYMMZ1OAa6tAEAg/wBC/wajwaz8ab8T4bLRj5zj78gfHxDUQGmHI=</latexit>

• Lot of  low energy states in spectrum

• Long string spectrum/fractionation in IR 2d CFT

Maldacena, Susskind 
Dijkgraaf, Moore, Verlinde, Verlinde



OPERATOR DUAL
• In                  , we haveSU(1, 1)

<latexit sha1_base64="aHLvLDRBYhoXbW+D5FRqm1wImd8=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSJUkLIrBfVW9OKxotsW2qVk02wbmk2WJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxPOtHHdb2dldW19Y7OwVdze2d3bLx0cNrVMFaE+kVyqdog15UxQ3zDDaTtRFMchp61wdDv1W09UaSbFoxknNIjxQLCIEWys1HrwK965d9Yrld2qOwNaJl5OypCj0St9dfuSpDEVhnCsdcdzExNkWBlGOJ0Uu6mmCSYjPKAdSwWOqQ6y2bkTdGqVPoqksiUMmqm/JzIcaz2OQ9sZYzPUi95U/M/rpCa6CjImktRQQeaLopQjI9H0d9RnihLDx5Zgopi9FZEhVpgYm1DRhuAtvrxMmhdVr1a9vq+V6zd5HAU4hhOogAeXUIc7aIAPBEbwDK/w5iTOi/PufMxbV5x85gj+wPn8AWfPjlM=</latexit>

�1 , �7 , @++

<latexit sha1_base64="+L3isCv0Kdyicu0R6jJqMY0QbPQ=">AAACF3icbVDLSsNAFJ34rPUVdelmsAhCpSRSqO6KblxWsA9oQphMJ+3QSSbMTIQS0q9w46+4caGIW935N07aLLT1wsDhnHPvnXv8mFGpLOvbWFldW9/YLG2Vt3d29/bNg8OO5InApI0546LnI0kYjUhbUcVILxYEhT4jXX98k+vdByIk5dG9msTEDdEwogHFSGnKM2sOHlHPhtPzKXS4duaD0pzMvMacjZFQFDEvrVYzz6xYNWtWcBnYBaiAolqe+eUMOE5CEinMkJR924qVm+YjMSNZ2UkkiREeoyHpaxihkEg3nd2VwVPNDGDAhX6RgjP2d0eKQiknoa+dIVIjuajl5H9aP1HBpZvSKE4UifB8UZAwqDjMQ4IDKghWbKIBwoLqv0I8QgJhpaMs6xDsxZOXQeeiZtdrV3f1SvO6iKMEjsEJOAM2aIAmuAUt0AYYPIJn8ArejCfjxXg3PubWFaPoOQJ/yvj8ARXfn0c=</latexit>

• Satisfy                      BPS conditionN2

2
Ja = Q2

1

<latexit sha1_base64="BaCSGWVnk0Uv9R315/2J8YmZTl4=">AAACAXicdVDLSsNAFJ3UV62vqBvBzWARXJUkhj4WQtGNuJAW7AP6CJPppB06eTAzEUqoG3/FjQtF3PoX7vwbJ20FFT1w4XDOvdx7jxsxKqRhfGiZpeWV1bXsem5jc2t7R9/da4ow5pg0cMhC3naRIIwGpCGpZKQdcYJ8l5GWO75I/dYt4YKGwY2cRKTno2FAPYqRVJKjH3Q9jnBy3bemiTW9chA8g3XH7FuOnjcKlXLRsovQKBhGybTMlFgl+9SGplJS5MECNUd/7w5CHPskkJghITqmEclegrikmJFprhsLEiE8RkPSUTRAPhG9ZPbBFB4rZQC9kKsKJJyp3ycS5Asx8V3V6SM5Er+9VPzL68TSK/cSGkSxJAGeL/JiBmUI0zjggHKCJZsogjCn6laIR0hFIlVoORXC16fwf9K0CqZdqNTtfPV8EUcWHIIjcAJMUAJVcAlqoAEwuAMP4Ak8a/fao/aivc5bM9piZh/8gPb2CcxJldk=</latexit>

• Write                                             with 

of the SU(1, 1|2) sector. In [45], it is proposed that the EVH black hole is dual to

the fermionic subsector of SU(1, 1|2), the so-called SU(1, 1) subsector, which contains

fermions �1, �̄7 and the derivative @++. Partial evidence for this relies on the fact that

one can construct states using �1, �̄7, @++ which satisfy the (BPS) EVH condition:

N2

2
Ja = Q2

1. (3.49)

This state can be written schematically as [45]:

Sym

2

4
N

2Y

a,b=1

K
2 �1Y

j=0

 a

j

K�1Y

m=K
2

 ̄b

m

3

5 , (3.50)

where  k ⌘ @k++�1 and  ̄k ⌘ @k++�̄7. Furthermore, the symmetrization is with respect

to  and  ̄. Using the data in Table 1, one may verify that the charges of this operator

are given by:

Q1 = Q2 =
N2K

2
, (3.51)

Q3 = 0, (3.52)

Ja + Jb
2

= j1 = N2

0

@
K
2 �1X

j=0

j + 1

2
+

K�1X

m=K
2

m

2

1

A =
N2K2

4
, (3.53)

Ja � Jb
2

= j2 = N2

0

@
K
2 �1X

j=0

j

2
+

K�1X

m=K
2

m+ 1

2

1

A =
N2K2

4
. (3.54)

These charges satisfy the condition (3.49) and Jb = Q3 = 0, as required for the BPS

EVH black hole. Comparing with (2.32), we identify:

K =
a

1� a
. (3.55)

In [45], the authors propose an explicit description of the EVH CFT2 in the large K

or fast rotating (a ! 1) limit. In the free limit of the N = 4 SYM theory, the two-

dimensional CFT is described by free chiral adjoint fermions, or more precisely the

(chiral) WZW models:

SU(N)N � SU(N)N , (3.56)

up to a Gauss law constraint projecting onto gauge invariant states. Including loop

corrections for finite Yang-Mills coupling, the primary e↵ect is that the CFT becomes

– 27 –

 k = @k++�1 ,  ̄k = @k++�7

<latexit sha1_base64="IUEwimqYY1SAwMktMnlmHdAtprY="></latexit>

• These satisfy                         for EVH black hole Jb = Q3 = 0

<latexit sha1_base64="c0dyQ1BpoKeP6hTQYj++8wSGUDE=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXQ6Yd+lgIRTfiqgX7gHYYMmmmDc08TDKFMvQ73LhQxK0f486/MdNWUNED93I4515yc7yYM6kQ+jDW1jc2t7ZzO/ndvf2Dw8LRcUdGiSC0TSIeiZ6HJeUspG3FFKe9WFAceJx2vcl15nenVEgWhXdqFlMnwKOQ+YxgpSXn1vXgJWy5Zd2RWygis16rlOwKRCZCVatkZaRUtcs2tLSSoQhWaLqF98EwIklAQ0U4lrJvoVg5KRaKEU7n+UEiaYzJBI9oX9MQB1Q66eLoOTzXyhD6kdAVKrhQv2+kOJByFnh6MsBqLH97mfiX10+UX3NSFsaJoiFZPuQnHKoIZgnAIROUKD7TBBPB9K2QjLHAROmc8jqEr5/C/0mnZFq2WW/ZxcbVKo4cOAVn4AJYoAoa4AY0QRsQcA8ewBN4NqbGo/FivC5H14zVzgn4AePtExUVkGI=</latexit>

• In              limit, this gives explicit description of  EVH a ! 1

<latexit sha1_base64="EbrdF6XCWTWPs4GF0rkSkZAe+04=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWakoO6KblxWsA9oh5JJM21sJhmSjFCG/oMbF4q49X/c+Tem7Sy09UDgcM695J4TJoIb63nfqLC2vrG5Vdwu7ezu7R+UD49aRqWasiZVQulOSAwTXLKm5VawTqIZiUPB2uH4dua3n5g2XMkHO0lYEJOh5BGnxDqpRXpWYb9frnhVbw68SvycVCBHo1/+6g0UTWMmLRXEmK7vJTbIiLacCjYt9VLDEkLHZMi6jkoSMxNk82un+MwpAxwp7Z60eK7+3shIbMwkDt1kTOzILHsz8T+vm9roKsi4TFLLJF18FKUCu4iz6HjANaNWTBwhVHN3K6Yjogm1rqCSK8FfjrxKWhdVv1a9vq9V6jd5HUU4gVM4Bx8uoQ530IAmUHiEZ3iFN6TQC3pHH4vRAsp3juEP0OcP4+GOsw==</latexit>

CFT2

<latexit sha1_base64="urwK0izUtF4sk4dDQTW3biQn9Wo=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSSloN6KBfFYoV/QhLLZTtulm03YnYgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5QSy4Rsf5tnIbm1vbO/ndwt7+weFR8fikraNEMWixSESqG1ANgktoIUcB3VgBDQMBnWBSn/udR1CaR7KJ0xj8kI4kH3JG0Uieh/CEaf2uOetX+sWSU3YWsNeJm5ESydDoF7+8QcSSECQyQbXuuU6MfkoVciZgVvASDTFlEzqCnqGShqD9dHHzzL4wysAeRsqURHuh/p5Iaaj1NAxMZ0hxrFe9ufif10tweO2nXMYJgmTLRcNE2BjZ8wDsAVfAUEwNoUxxc6vNxlRRhiamggnBXX15nbQrZbdavnmolmq3WRx5ckbOySVxyRWpkXvSIC3CSEyeySt5sxLrxXq3PpatOSubOSV/YH3+AMIakYU=</latexit>

Berkooz, Narayan, Zait

• In free limit we have                                     chiral WZW modelSU(N)N � SU(N)N

<latexit sha1_base64="rCfGZwFcIah8NSyBbZQlOFWU8p4=">AAAB/3icdVDLSgMxFM34rPU1KrhxEyxC3Qwz49DHrujGValoH9CWIZOmbWhmMiQZodQu/BU3LhRx62+482/MtBVU9MCFk3PuJfeeIGZUKtv+MJaWV1bX1jMb2c2t7Z1dc2+/IXkiMKljzrhoBUgSRiNSV1Qx0ooFQWHASDMYXaR+85YISXl0o8Yx6YZoENE+xUhpyTcPr+v56qlfhR0es0TCxdM3c7ZVLhVcrwBty7aLjuukxC16Zx50tJIiBxao+eZ7p8dxEpJIYYakbDt2rLoTJBTFjEyznUSSGOERGpC2phEKiexOZvtP4YlWerDPha5IwZn6fWKCQinHYaA7Q6SG8reXin957UT1S90JjeJEkQjPP+onDCoO0zBgjwqCFRtrgrCgeleIh0ggrHRkWR3C16Xwf9JwLcezyldernK+iCMDjsAxyAMHFEEFXIIaqAMM7sADeALPxr3xaLwYr/PWJWMxcwB+wHj7BImRlIw=</latexit>

• Thermodynamics of  near horizon BTZ as IR limit of  thermodynamics of
AdS5

<latexit sha1_base64="mnmVZYy5xmg4qyBHt7DFXAow0C8=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSSiqLeqF48V7Qc0oWw2k3bpZhN2J2IJ/RtePCji1T/jzX/j9uOgrQ8GHu/NMDMvSAXX6DjfVmFpeWV1rbhe2tjc2t4p7+41dZIpBg2WiES1A6pBcAkN5CignSqgcSCgFQxuxn7rEZTmiXzAYQp+THuSR5xRNJLnITxhfhXej7pn3XLFqToT2IvEnZEKmaHeLX95YcKyGCQyQbXuuE6Kfk4VciZgVPIyDSllA9qDjqGSxqD9fHLzyD4ySmhHiTIl0Z6ovydyGms9jAPTGVPs63lvLP7ndTKMLvycyzRDkGy6KMqEjYk9DsAOuQKGYmgIZYqbW23Wp4oyNDGVTAju/MuLpHlSdU+rl3enldr1LI4iOSCH5Ji45JzUyC2pkwZhJCXP5JW8WZn1Yr1bH9PWgjWb2Sd/YH3+AO/9kaM=</latexit>

Johnstone, Sheikh-Jabbari, Simón, Yavartanoo

• Near EVH story is more complicated



OTHER DIMENSIONS

•          : EVH BPS limit has naked singularity  AdS4

<latexit sha1_base64="BYhM55TscWlmiwhgYkQZp6g4xTM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRSUG9VLx4r2g9oQtlstu3SzSbsTsQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8IBFco+N8W4WV1bX1jeJmaWt7Z3evvH/Q0nGqKGvSWMSqExDNBJesiRwF6ySKkSgQrB2MbqZ++5EpzWP5gOOE+REZSN7nlKCRPA/ZE2ZX4f2kV+uVK07VmcFeJm5OKpCj0St/eWFM04hJpIJo3XWdBP2MKORUsEnJSzVLCB2RAesaKknEtJ/Nbp7YJ0YJ7X6sTEm0Z+rviYxEWo+jwHRGBId60ZuK/3ndFPsXfsZlkiKTdL6onwobY3sagB1yxSiKsSGEKm5utemQKELRxFQyIbiLLy+T1lnVrVUv72qV+nUeRxGO4BhOwYVzqMMtNKAJFBJ4hld4s1LrxXq3PuatBSufOYQ/sD5/AO55kaI=</latexit>

•          : can have                 EVH so             near horizon   AdS6

<latexit sha1_base64="eY9uiZlnx4w3oWdIqE6V/9dIi00=">AAAB83icdVDJSgNBEO2JW4xb1KOXxiB4CjNxyHKLevEY0SyQCaGnpydp0rPQXSOGIb/hxYMiXv0Zb/6NPUkEFX1Q8Hiviqp6biy4AtP8MHIrq2vrG/nNwtb2zu5ecf+go6JEUtamkYhkzyWKCR6yNnAQrBdLRgJXsK47ucz87h2TikfhLUxjNgjIKOQ+pwS05DjA7iE9925mw+qwWDLLjXq1YlexWTbNmlWxMlKp2Wc2trSSoYSWaA2L744X0SRgIVBBlOpbZgyDlEjgVLBZwUkUiwmdkBHraxqSgKlBOr95hk+04mE/krpCwHP1+0RKAqWmgas7AwJj9dvLxL+8fgJ+fZDyME6AhXSxyE8EhghnAWCPS0ZBTDUhVHJ9K6ZjIgkFHVNBh/D1Kf6fdCplyy43ru1S82IZRx4doWN0iixUQ010hVqojSiK0QN6Qs9GYjwaL8brojVnLGcO0Q8Yb59Rn5Hm</latexit>

S ⇠ T 2

<latexit sha1_base64="H0MPtpbJhK8VtUi0Kvi5ZCxRIHg=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw8w49LErunFZsS9px5JJ0zY0yQxJRihDv8KNC0Xc+jnu/BszbQUVPXDhcM693HtPGDOqtON8WCura+sbm7mt/PbO7t5+4eCwpaJEYtLEEYtkJ0SKMCpIU1PNSCeWBPGQkXY4ucz89j2RikaioacxCTgaCTqkGGkj3d70FOWwcef1C0XHrlZKnl+Cju04ZddzM+KV/XMfukbJUARL1PuF994gwgknQmOGlOq6TqyDFElNMSOzfC9RJEZ4gkaka6hAnKggnR88g6dGGcBhJE0JDefq94kUcaWmPDSdHOmx+u1l4l9eN9HDSpBSESeaCLxYNEwY1BHMvocDKgnWbGoIwpKaWyEeI4mwNhnlTQhfn8L/ScuzXd+uXvvF2sUyjhw4BifgDLigDGrgCtRBE2DAwQN4As+WtB6tF+t10bpiLWeOwA9Yb59O35Ae</latexit>

AdS4

<latexit sha1_base64="T85b4FNXGJSMIem6M93vMOtLUK8=">AAAB83icdVDJSgNBEO2JW4xb1KOXxiB4CjNxyHKLevEY0SyQCaGnpydp0rPQXSOGIb/hxYMiXv0Zb/6NPUkEFX1Q8Hiviqp6biy4AtP8MHIrq2vrG/nNwtb2zu5ecf+go6JEUtamkYhkzyWKCR6yNnAQrBdLRgJXsK47ucz87h2TikfhLUxjNgjIKOQ+pwS05DjA7iE9925mQ3tYLJnlRr1asavYLJtmzapYGanU7DMbW1rJUEJLtIbFd8eLaBKwEKggSvUtM4ZBSiRwKtis4CSKxYROyIj1NQ1JwNQgnd88wyda8bAfSV0h4Ln6fSIlgVLTwNWdAYGx+u1l4l9ePwG/Pkh5GCfAQrpY5CcCQ4SzALDHJaMgppoQKrm+FdMxkYSCjqmgQ/j6FP9POpWyZZcb13apebGMI4+O0DE6RRaqoSa6Qi3URhTF6AE9oWcjMR6NF+N10ZozljOH6AeMt09Ol5Hk</latexit>

•           : with equal charges,                EVH so             near horizonAdS7

<latexit sha1_base64="QBniyd6kaRBV1zt2QTi8xko5kVM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiVG9VLx4r2g9oQtlstu3SzSbsTsQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8IBFco+N8W4WV1bX1jeJmaWt7Z3evvH/Q0nGqKGvSWMSqExDNBJesiRwF6ySKkSgQrB2MbqZ++5EpzWP5gOOE+REZSN7nlKCRPA/ZE2ZX4f2kV+uVK07VmcFeJm5OKpCj0St/eWFM04hJpIJo3XWdBP2MKORUsEnJSzVLCB2RAesaKknEtJ/Nbp7YJ0YJ7X6sTEm0Z+rviYxEWo+jwHRGBId60ZuK/3ndFPsXfsZlkiKTdL6onwobY3sagB1yxSiKsSGEKm5utemQKELRxFQyIbiLLy+T1lnVPa9e3p1X6td5HEU4gmM4BRdqUIdbaEATKCTwDK/wZqXWi/VufcxbC1Y+cwh/YH3+APMFkaU=</latexit>

S ⇠ T 3

<latexit sha1_base64="ir+u6wi45gFI4gvp5dMQ9wz8CHU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVgnorevFYsV/SriWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O7mV1bX1jfxmYWt7Z3evuH/Q1FGiCG2QiEeqHWBNOZO0YZjhtB0rikXAaSsY3Uz91hNVmkWybsYx9QUeSBYygo2VHu67mglUfzzvFUtu2Z0BLRMvIyXIUOsVv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbwBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGafo/6TFFi+NgSTBSztyIyxAoTYzMq2BC8xZeXSfOs7FXKV3eVUvU6iyMPR3AMp+DBBVThFmrQAAICnuEV3hzlvDjvzse8NedkM4fwB87nD/BFj90=</latexit>

AdS5

<latexit sha1_base64="mnmVZYy5xmg4qyBHt7DFXAow0C8=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSSiqLeqF48V7Qc0oWw2k3bpZhN2J2IJ/RtePCji1T/jzX/j9uOgrQ8GHu/NMDMvSAXX6DjfVmFpeWV1rbhe2tjc2t4p7+41dZIpBg2WiES1A6pBcAkN5CignSqgcSCgFQxuxn7rEZTmiXzAYQp+THuSR5xRNJLnITxhfhXej7pn3XLFqToT2IvEnZEKmaHeLX95YcKyGCQyQbXuuE6Kfk4VciZgVPIyDSllA9qDjqGSxqD9fHLzyD4ySmhHiTIl0Z6ovydyGms9jAPTGVPs63lvLP7ndTKMLvycyzRDkGy6KMqEjYk9DsAOuQKGYmgIZYqbW23Wp4oyNDGVTAju/MuLpHlSdU+rl3enldr1LI4iOSCH5Ji45JzUyC2pkwZhJCXP5JW8WZn1Yr1bH9PWgjWb2Sd/YH3+AO/9kaM=</latexit>

• Details in paper



OTHER DIMENSIONS

•          : EVH BPS limit has naked singularity  AdS4

<latexit sha1_base64="BYhM55TscWlmiwhgYkQZp6g4xTM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRSUG9VLx4r2g9oQtlstu3SzSbsTsQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8IBFco+N8W4WV1bX1jeJmaWt7Z3evvH/Q0nGqKGvSWMSqExDNBJesiRwF6ySKkSgQrB2MbqZ++5EpzWP5gOOE+REZSN7nlKCRPA/ZE2ZX4f2kV+uVK07VmcFeJm5OKpCj0St/eWFM04hJpIJo3XWdBP2MKORUsEnJSzVLCB2RAesaKknEtJ/Nbp7YJ0YJ7X6sTEm0Z+rviYxEWo+jwHRGBId60ZuK/3ndFPsXfsZlkiKTdL6onwobY3sagB1yxSiKsSGEKm5utemQKELRxFQyIbiLLy+T1lnVrVUv72qV+nUeRxGO4BhOwYVzqMMtNKAJFBJ4hld4s1LrxXq3PuatBSufOYQ/sD5/AO55kaI=</latexit>

•          : can have                 EVH so             near horizon   AdS6

<latexit sha1_base64="eY9uiZlnx4w3oWdIqE6V/9dIi00=">AAAB83icdVDJSgNBEO2JW4xb1KOXxiB4CjNxyHKLevEY0SyQCaGnpydp0rPQXSOGIb/hxYMiXv0Zb/6NPUkEFX1Q8Hiviqp6biy4AtP8MHIrq2vrG/nNwtb2zu5ecf+go6JEUtamkYhkzyWKCR6yNnAQrBdLRgJXsK47ucz87h2TikfhLUxjNgjIKOQ+pwS05DjA7iE9925mw+qwWDLLjXq1YlexWTbNmlWxMlKp2Wc2trSSoYSWaA2L744X0SRgIVBBlOpbZgyDlEjgVLBZwUkUiwmdkBHraxqSgKlBOr95hk+04mE/krpCwHP1+0RKAqWmgas7AwJj9dvLxL+8fgJ+fZDyME6AhXSxyE8EhghnAWCPS0ZBTDUhVHJ9K6ZjIgkFHVNBh/D1Kf6fdCplyy43ru1S82IZRx4doWN0iixUQ010hVqojSiK0QN6Qs9GYjwaL8brojVnLGcO0Q8Yb59Rn5Hm</latexit>

S ⇠ T 2

<latexit sha1_base64="H0MPtpbJhK8VtUi0Kvi5ZCxRIHg=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXw8w49LErunFZsS9px5JJ0zY0yQxJRihDv8KNC0Xc+jnu/BszbQUVPXDhcM693HtPGDOqtON8WCura+sbm7mt/PbO7t5+4eCwpaJEYtLEEYtkJ0SKMCpIU1PNSCeWBPGQkXY4ucz89j2RikaioacxCTgaCTqkGGkj3d70FOWwcef1C0XHrlZKnl+Cju04ZddzM+KV/XMfukbJUARL1PuF994gwgknQmOGlOq6TqyDFElNMSOzfC9RJEZ4gkaka6hAnKggnR88g6dGGcBhJE0JDefq94kUcaWmPDSdHOmx+u1l4l9eN9HDSpBSESeaCLxYNEwY1BHMvocDKgnWbGoIwpKaWyEeI4mwNhnlTQhfn8L/ScuzXd+uXvvF2sUyjhw4BifgDLigDGrgCtRBE2DAwQN4As+WtB6tF+t10bpiLWeOwA9Yb59O35Ae</latexit>

AdS4

<latexit sha1_base64="T85b4FNXGJSMIem6M93vMOtLUK8=">AAAB83icdVDJSgNBEO2JW4xb1KOXxiB4CjNxyHKLevEY0SyQCaGnpydp0rPQXSOGIb/hxYMiXv0Zb/6NPUkEFX1Q8Hiviqp6biy4AtP8MHIrq2vrG/nNwtb2zu5ecf+go6JEUtamkYhkzyWKCR6yNnAQrBdLRgJXsK47ucz87h2TikfhLUxjNgjIKOQ+pwS05DjA7iE9925mQ3tYLJnlRr1asavYLJtmzapYGanU7DMbW1rJUEJLtIbFd8eLaBKwEKggSvUtM4ZBSiRwKtis4CSKxYROyIj1NQ1JwNQgnd88wyda8bAfSV0h4Ln6fSIlgVLTwNWdAYGx+u1l4l9ePwG/Pkh5GCfAQrpY5CcCQ4SzALDHJaMgppoQKrm+FdMxkYSCjqmgQ/j6FP9POpWyZZcb13apebGMI4+O0DE6RRaqoSa6Qi3URhTF6AE9oWcjMR6NF+N10ZozljOH6AeMt09Ol5Hk</latexit>

•           : with equal charges,                EVH so             near horizonAdS7

<latexit sha1_base64="QBniyd6kaRBV1zt2QTi8xko5kVM=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSQiVG9VLx4r2g9oQtlstu3SzSbsTsQS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8IBFco+N8W4WV1bX1jeJmaWt7Z3evvH/Q0nGqKGvSWMSqExDNBJesiRwF6ySKkSgQrB2MbqZ++5EpzWP5gOOE+REZSN7nlKCRPA/ZE2ZX4f2kV+uVK07VmcFeJm5OKpCj0St/eWFM04hJpIJo3XWdBP2MKORUsEnJSzVLCB2RAesaKknEtJ/Nbp7YJ0YJ7X6sTEm0Z+rviYxEWo+jwHRGBId60ZuK/3ndFPsXfsZlkiKTdL6onwobY3sagB1yxSiKsSGEKm5utemQKELRxFQyIbiLLy+T1lnVPa9e3p1X6td5HEU4gmM4BRdqUIdbaEATKCTwDK/wZqXWi/VufcxbC1Y+cwh/YH3+APMFkaU=</latexit>

S ⇠ T 3

<latexit sha1_base64="ir+u6wi45gFI4gvp5dMQ9wz8CHU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9nVgnorevFYsV/SriWbZtvQJLskWaEs/RVePCji1Z/jzX9j2u5BWx8MPN6bYWZeEHOmjet+O7mV1bX1jfxmYWt7Z3evuH/Q1FGiCG2QiEeqHWBNOZO0YZjhtB0rikXAaSsY3Uz91hNVmkWybsYx9QUeSBYygo2VHu67mglUfzzvFUtu2Z0BLRMvIyXIUOsVv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbwBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGafo/6TFFi+NgSTBSztyIyxAoTYzMq2BC8xZeXSfOs7FXKV3eVUvU6iyMPR3AMp+DBBVThFmrQAAICnuEV3hzlvDjvzse8NedkM4fwB87nD/BFj90=</latexit>

AdS5

<latexit sha1_base64="mnmVZYy5xmg4qyBHt7DFXAow0C8=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSSiqLeqF48V7Qc0oWw2k3bpZhN2J2IJ/RtePCji1T/jzX/j9uOgrQ8GHu/NMDMvSAXX6DjfVmFpeWV1rbhe2tjc2t4p7+41dZIpBg2WiES1A6pBcAkN5CignSqgcSCgFQxuxn7rEZTmiXzAYQp+THuSR5xRNJLnITxhfhXej7pn3XLFqToT2IvEnZEKmaHeLX95YcKyGCQyQbXuuE6Kfk4VciZgVPIyDSllA9qDjqGSxqD9fHLzyD4ySmhHiTIl0Z6ovydyGms9jAPTGVPs63lvLP7ndTKMLvycyzRDkGy6KMqEjYk9DsAOuQKGYmgIZYqbW23Wp4oyNDGVTAju/MuLpHlSdU+rl3enldr1LI4iOSCH5Ji45JzUyC2pkwZhJCXP5JW8WZn1Yr1bH9PWgjWb2Sd/YH3+AO/9kaM=</latexit>

• Details in paper



SUMMARY

• Techniques for analyzing                  black holes in            extended to study 
EVH/ 

1

16
-BPS

<latexit sha1_base64="EhDq+mtWCClg35GyX6hZOZKs4QE=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFcGNJpPjYlbpxWdE+oAllMp20QyeTMHMjlpCNv+LGhSJu/Qx3/o3TNgttPXDhcM693HuPH3OmwLa/jcLS8srqWnG9tLG5tb1j7u61VJRIQpsk4pHs+FhRzgRtAgNOO7GkOPQ5bfuj64nffqBSsUjcwzimXogHggWMYNBSzzxwA4lJ6mSpc565QB8hPa037rKeWbYr9hTWInFyUkY5Gj3zy+1HJAmpAMKxUl3HjsFLsQRGOM1KbqJojMkID2hXU4FDqrx0+kBmHWulbwWR1CXAmqq/J1IcKjUOfd0ZYhiqeW8i/ud1EwguvZSJOAEqyGxRkHALImuShtVnkhLgY00wkUzfapEh1omAzqykQ3DmX14krbOKU61c3VbLtXoeRxEdoiN0ghx0gWroBjVQExGUoWf0it6MJ+PFeDc+Zq0FI5/ZR39gfP4AXyKWSA==</latexit>

AdS5

<latexit sha1_base64="mnmVZYy5xmg4qyBHt7DFXAow0C8=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSSiqLeqF48V7Qc0oWw2k3bpZhN2J2IJ/RtePCji1T/jzX/j9uOgrQ8GHu/NMDMvSAXX6DjfVmFpeWV1rbhe2tjc2t4p7+41dZIpBg2WiES1A6pBcAkN5CignSqgcSCgFQxuxn7rEZTmiXzAYQp+THuSR5xRNJLnITxhfhXej7pn3XLFqToT2IvEnZEKmaHeLX95YcKyGCQyQbXuuE6Kfk4VciZgVPIyDSllA9qDjqGSxqD9fHLzyD4ySmhHiTIl0Z6ovydyGms9jAPTGVPs63lvLP7ndTKMLvycyzRDkGy6KMqEjYk9DsAOuQKGYmgIZYqbW23Wp4oyNDGVTAju/MuLpHlSdU+rl3enldr1LI4iOSCH5Ji45JzUyC2pkwZhJCXP5JW8WZn1Yr1bH9PWgjWb2Sd/YH3+AO/9kaM=</latexit>

CFT2

<latexit sha1_base64="urwK0izUtF4sk4dDQTW3biQn9Wo=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSSloN6KBfFYoV/QhLLZTtulm03YnYgl9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5QSy4Rsf5tnIbm1vbO/ndwt7+weFR8fikraNEMWixSESqG1ANgktoIUcB3VgBDQMBnWBSn/udR1CaR7KJ0xj8kI4kH3JG0Uieh/CEaf2uOetX+sWSU3YWsNeJm5ESydDoF7+8QcSSECQyQbXuuU6MfkoVciZgVvASDTFlEzqCnqGShqD9dHHzzL4wysAeRsqURHuh/p5Iaaj1NAxMZ0hxrFe9ufif10tweO2nXMYJgmTLRcNE2BjZ8wDsAVfAUEwNoUxxc6vNxlRRhiamggnBXX15nbQrZbdavnmolmq3WRx5ckbOySVxyRWpkXvSIC3CSEyeySt5sxLrxXq3PpatOSubOSV/YH3+AMIakYU=</latexit>

• Entropy calculation for EVH and near EVH in fast rotating limit

• Legendre transform of  superconformal index, which gives black hole 
entropy, is equivalent to derivation of  Cardy formula

• Shows how IR CFT is realized in UV CFT

• Hints of  similar stories in higher dimensions



OPEN QUESTIONS

• More precise statement of  origin of  infinite dimensional conformal 
symmetry in subsectors of                SYMN = 4

<latexit sha1_base64="ggB+EQyeixulWTdcPAb5oSDzcI8=">AAAB9HicbVDLSgMxFL3xWeur6tJNsAiuyowU1IVQdONKKtgHtEPJpJk2NJMZk0yhDP0ONy4UcevHuPNvzLSz0NYDgcM593JPjh8Lro3jfKOV1bX1jc3CVnF7Z3dvv3Rw2NRRoihr0EhEqu0TzQSXrGG4EawdK0ZCX7CWP7rN/NaYKc0j+WgmMfNCMpA84JQYK3ndkJghJSK9n15Xe6WyU3FmwMvEzUkZctR7pa9uP6JJyKShgmjdcZ3YeClRhlPBpsVuollM6IgMWMdSSUKmvXQWeopPrdLHQaTskwbP1N8bKQm1noS+ncxC6kUvE//zOokJLr2UyzgxTNL5oSAR2EQ4awD3uWLUiIklhCpus2I6JIpQY3sq2hLcxS8vk+Z5xa1Wrh6q5dpNXkcBjuEEzsCFC6jBHdShARSe4Ble4Q2N0Qt6Rx/z0RWU7xzBH6DPH4ZpkfU=</latexit>

• Entropy matches, but how we do this in a microcanonical picture sending 
states to states

• Mechanism for fractionation in 4d CFT, especially in near EVH case

• In generic setting, the near horizon                      mixes                     
coordinates 

AdSd ⇥X

<latexit sha1_base64="y3AUbp6TEe5jCtL46uGWbv+D4Co=">AAAB/XicdVDJSgNBEO1xjXEbl5uXxiB4CjNxyHKLevEY0SyQhNDT00ma9Cx014hxCP6KFw+KePU/vPk39iQRVPRBweO9KqrquZHgCizrw1hYXFpeWc2sZdc3Nre2zZ3dhgpjSVmdhiKULZcoJnjA6sBBsFYkGfFdwZru6Dz1mzdMKh4G1zCOWNcng4D3OSWgpZ653wF2C8mpdzXpeR3gPlO41TNzVr5SLhacIrbyllWyC3ZKCiXnxMG2VlLk0By1nvne8UIa+ywAKohSbduKoJsQCZwKNsl2YsUiQkdkwNqaBkSv6SbT6yf4SCse7odSVwB4qn6fSIiv1Nh3dadPYKh+e6n4l9eOoV/uJjyIYmABnS3qxwJDiNMosMcloyDGmhAqub4V0yGRhIIOLKtD+PoU/08ahbzt5CuXTq56No8jgw7QITpGNiqhKrpANVRHFN2hB/SEno1749F4MV5nrQvGfGYP/YDx9gnms5WL</latexit>

AdS5, S5

<latexit sha1_base64="lp1vIwF++eOwU1xTkxeJ5yNqTwk=">AAAB/HicdVDJSgNBEO2Je9xGPXppDIIHCTNxsnhzuXhUNAskY+jpdJImPQvdNeIwxF/x4kERr36IN//GHhNBRR8UPN6roqqeFwmuwLLejdzM7Nz8wuJSfnlldW3d3NhsqDCWlNVpKELZ8ohiggesDhwEa0WSEd8TrOmNTjO/ecOk4mFwBUnEXJ8MAt7nlICWuuZWB9gtpMe9y3G3jPfv8OV1uWsWrOJhrVJyKtgqWlbVLtkZKVWdAwfbWslQQFOcd823Ti+ksc8CoIIo1batCNyUSOBUsHG+EysWEToiA9bWNCA+U276efwY72qlh/uh1BUA/lS/T6TEVyrxPd3pExiq314m/uW1Y+jX3JQHUQwsoJNF/VhgCHGWBO5xySiIRBNCJde3YjokklDQeeV1CF+f4v9Jo1S0neLhhVM4OpnGsYi20Q7aQzaqoiN0hs5RHVGUoHv0iJ6MO+PBeDZeJq05YzqzhX7AeP0AsEOULA==</latexit>

• Cardy & Cardy–Verlinde



OBRIGADO!


