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(Boltzmann)

Deviations from GR!

Black holes are quantum-statistical systems

Universal law in GR

(Bekenstein-Hawking ’74)
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Quantum entropy



•Microcanonical: Supersymmetric BHs believed to be 
independent  quantum systems 

Can we calculate                in gravity?<latexit sha1_base64="5qYIPFrxRukN8cjJefbbDl1JSDw=">AAACC3icbVA9SwNBEN2LXzF+RS1tFoMQm3AnQS1DbFJGMB+QhGNvb5Ms2b07dufEcFxv41+xsVDE1j9g579xk1yhiQ8GHu/NMDPPiwTXYNvfVm5tfWNzK79d2Nnd2z8oHh61dRgrylo0FKHqekQzwQPWAg6CdSPFiPQE63iTm5nfuWdK8zC4g2nEBpKMAj7klICR3OJpH9gDJD6XabkvCYwpEUkjdRdyvZGeY7dYsiv2HHiVOBkpoQxNt/jV90MaSxYAFUTrnmNHMEiIAk4FSwv9WLOI0AkZsZ6hAZFMD5L5Lyk+M4qPh6EyFQCeq78nEiK1nkrPdM7O1cveTPzP68UwvB4kPIhiYAFdLBrGAkOIZ8FgnytGQUwNIVRxcyumY6IIBRNfwYTgLL+8StoXFeeyUr2tlmr1LI48OkGnqIwcdIVqqIGaqIUoekTP6BW9WU/Wi/VufSxac1Y2c4z+wPr8AWeOm0Q=</latexit>

dim(HBH)

•Without positing additional discretization of horizon 
[cf Wheeler]

(attractor mech.)

Shape and size 
fixed by charges

4d BPS BH: Near-horizon

r

L0

Euclidean AdS2 � S2

J0
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AdS2/CFT1

Macroscopic 
Euclidean 
functional 
integral

Microscopic counting  
in flat space (or embed  
in                       , d>1) d+1 dAdS    /CFT
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Can we calculate holographic observables 
at finite N independently in AdS and CFT?

All-orders in 1/N 
(localization)
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AdSd+1/CFTd
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d = 2, 3, 4❖                         :  similar structure in 

Modular(-like) 
symmetry
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ZAdS(GN ;µ)
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= TrHCFT eµiqi

❖                     :              of susy BHs (Main example today)
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AdS2/CFT1
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dim(H)
[A.Dabholkar, J.Gomes, S.M. ’10 -’14;   L. Iliesiu, S.M., G.J. Turiaci, ’22]

•Supersymmetric indices provide a set of prototype 
examples: well-defined and calculable on both sides
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ZCFT(N ;µ)



Supersymmetric 
index in gravity



Cassani, Papini ’19 
Bobev, Crichigno ’19 
in AdS4,6,7, …❖ smooth limit

How does susy BH contribute to the index?

• Same is true for susy BHs in asymptotically flat space 
[Iliesiu, Kologlu,Turiaci ’19] [Boruch, Iliesiu, Murthy,Turiaci, in progress] 

Cabo-Bizet, Cassani, 
Martelli, S.M. ’18  
in AdS5/CFT4

• Susy BH contribution to index defined as limit             
of non-extremal susy configurations
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AdScX
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AR = ⇡i

❖ smooth geometry

❖ complex deformation
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{Q M (gMN ) = 0}
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Z
DgMN eµi

R
Ai�Sgrav(gµ⌫) Z1-loop(gMN )
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W index
grav

• Susy BHs are extremal and naively have infinite action.
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ꋺAnst: 4.

SAR =
π i

AdS2

•We start from          limit and then consider T-deformation.
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AdS2

To focus on the BH, zoom in to the near-
horizon near-          region

Q2 = L0 � J0 .

Supersymmetry    

r
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Euclidean AdS2 � S2

J0
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4d BPS BH in 
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Localization in supergravity
[A.Dabholkar, J.Gomes, S.M. ’10 -’14; L. Iliesiu, S.M., G.J. Turiaci, ’22]

3. Evaluate full supergravity action on these solutions (include  
    all higher derivative terms). D-terms do not contribute!

[S.M., V.Reys, ’13]

1. Formalism: Construct rigid supercharge Q in off-shell 
supergravity (deformation of BRST structure).

[R.Gupta, S.M. ’12]

2. All solutions of localization equations               ,  
    w/                 boundary conditions.AdS2 � S2

Q = 0

�I

AdS2

r

XI(r)

4. Compute one-loop determinant.
[Cardoso, de Wit, Mahapatra ’12, S.M., V. Reys, ’15, Y. Ito, R. Gupta, I. Jeon,’15,
I. Jeon, S.M. ’18, L.Iliesiu, S.M., G.J. Turiaci, ’22]

[B. de Wit, S.M., V. Reys, ’18] [I. Jeon, S.M., ’18]



• Write N=8 string theory as an effective N=2 sugra with  
 15 vectors, 10 hypers, 6 spin 3/2 multiplets

⅛ BPS BH in N=8 string theory

• Microscopic index                 known from D1-D5 counting.  
 Coefficients of a known modular form.

[Maldacena, Moore, Strominger ’00] 

<latexit sha1_base64="1q/Q+bMb8OcuYzGmmo8omkMaxMQ=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRahXkoiRT0WvXiSCvYD2hA22227dLMbdidqif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXhhzpsF1v63cyura+kZ+s7C1vbO7Zxf3m1omitAGkVyqdog15UzQBjDgtB0riqOQ01Y4upr6rXuqNJPiDsYx9SM8EKzPCAYjBXaxFXSBPkIaMaLkpHxzEtglt+LO4CwTLyMllKEe2F/dniRJRAUQjrXueG4MfooVMMLppNBNNI0xGeEB7RgqcES1n85OnzjHRuk5falMCXBm6u+JFEdaj6PQdEYYhnrRm4r/eZ0E+hd+ykScABVkvqifcAekM83B6TFFCfCxIZgoZm51yBArTMCkVTAheIsvL5PmacU7q1Rvq6XaZRZHHh2iI1RGHjpHNXSN6qiBCHpAz+gVvVlP1ov1bn3MW3NWNnOA/sD6/AEYnZPm</latexit>

Wmicro(N)

<latexit sha1_base64="qN5T0CfHB7zY7i7lVX1YzVpaf8Q="></latexit>

W (1)
grav(N) =

Z
d�

�9/2
exp

�
� + ⇡2N/4�) = eI7/2(⇡

p
N)

• Prepotential for vector multiplets is tree-level exact
<latexit sha1_base64="/gkamRaduskBzNvK0v85udjkIZA=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0WoC2tSiroRigVxWcG2gTYNk+mkHTp5MDMRSshnuPFX3LhQxG13/o3TNAutHrjM4Zx7uXOPGzEqpGF8aYWV1bX1jeJmaWt7Z3dP3z/oiDDmmLRxyEJuuUgQRgPSllQyYkWcIN9lpOtOmnO/+0i4oGHwIKcRsX00CqhHMZJKcvTz24p1Cq/hWd/jCJs1mL1J00mQi1NrgKA1cFXhNLEGRgodvWxUjQzwLzFzUgY5Wo4+6w9DHPskkJghIXqmEUk7QVxSzEha6seCRAhP0Ij0FA2QT4SdZIel8EQpQ+iFXFUgYab+nEiQL8TUd1Wnj+RYLHtz8T+vF0vvyk5oEMWSBHixyIsZlCGcpwSHlBMs2VQRhDlVf4V4jFQyUmVZUiGYyyf/JZ1a1byo1u/r5cZNHkcRHIFjUAEmuAQNcAdaoA0weAIv4A28a8/aq/ahfS5aC1o+cwh+QZt9A9DNndQ=</latexit>

F (X) = �1

2

CabcXaXbXc

X0



Comparison to 
microscopics



3 8 7.97

4 12 12.2

7 39 38.99

8 56 55.72

11 152 152.04

12 208 208.45

15 513 512.96

... ... ...

exp(295.7) exp(295.7)105

[A.Dabholkar, J.Gomes, S.M. ’11]

N

⅛ BPS BH in N=8 string theory

<latexit sha1_base64="MdKaGTbCCIF4gnr8bO2Gr/FWm4s="></latexit>

dmicro(N) = Z index
grav

(1)
(N)

�
1 + O(e

�⇡
p
N/2

)
�

<latexit sha1_base64="/hQW0m9ZKbdlLV0wOz2zgJwueYY=">AAACDnicbVC7SgNBFJ31GeNr1dJmMQSSJuxKUMugjZVEMA/Ii9nJTTJk9sHM3ZCw7BfY+Cs2ForYWtv5N04ehSYeGDiccy93znFDwRXa9rextr6xubWd2knv7u0fHJpHx1UVRJJBhQUikHWXKhDchwpyFFAPJVDPFVBzhzdTvzYCqXjgP+AkhJZH+z7vcUZRSx0zW+s0EcYY9yUdJe05534XxkmctOOck09yd/mOmbEL9gzWKnEWJEMWKHfMr2Y3YJEHPjJBlWo4doitmErkTECSbkYKQsqGtA8NTX3qgWrFsziJldVK1+oFUj8frZn6eyOmnlITz9WTHsWBWvam4n9eI8LeVUunCyMEn80P9SJhYWBNu7G6XAJDMdGEMsn1Xy02oJIy1A2mdQnOcuRVUj0vOBeF4n0xU7pe1JEip+SM5IhDLkmJ3JIyqRBGHskzeSVvxpPxYrwbH/PRNWOxc0L+wPj8Ae7lnKM=</latexit>

W index
grav

(1)(N)
<latexit sha1_base64="1q/Q+bMb8OcuYzGmmo8omkMaxMQ=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRahXkoiRT0WvXiSCvYD2hA22227dLMbdidqif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXhhzpsF1v63cyura+kZ+s7C1vbO7Zxf3m1omitAGkVyqdog15UzQBjDgtB0riqOQ01Y4upr6rXuqNJPiDsYx9SM8EKzPCAYjBXaxFXSBPkIaMaLkpHxzEtglt+LO4CwTLyMllKEe2F/dniRJRAUQjrXueG4MfooVMMLppNBNNI0xGeEB7RgqcES1n85OnzjHRuk5falMCXBm6u+JFEdaj6PQdEYYhnrRm4r/eZ0E+hd+ykScABVkvqifcAekM83B6TFFCfCxIZgoZm51yBArTMCkVTAheIsvL5PmacU7q1Rvq6XaZRZHHh2iI1RGHjpHNXSN6qiBCHpAz+gVvVlP1ov1bn3MW3NWNnOA/sD6/AEYnZPm</latexit>

Wmicro(N)



[L. Iliesiu, S.M., G.J.Turiaci ’22]

Can we calculate the exponentially 
suppressed corrections?
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• Treatment of subtle effects coming from taking a BH to  
 zero temperature. Some modes become massless.

[Sachdev ’15; Almheiri, Kang ’16; Maldacena, Stanford, Yang ’16; Moitra, Trivedi, Vishal 
’18, Maldacena, Turiaci, Yang ’19; Ghosh, Maxfield,Turiaci ’19; Iliesiu,Turiaci, 20; Iliesiu, 
Kruthoff,Turiaci, Verlinde, 20; Heydeman,  Iliesiu, Turiaci, Zhao, ’20;…]



<latexit sha1_base64="h+1r8VE9KUqhzhgy5i2IMl6wT0s="></latexit>

+
1X

c>1

c�9/2 Kc(N) eI7/2
�
⇡
p
N/c

�

<latexit sha1_base64="NMZDSlWbqQ8Awtc9ZXYlR5aYtZQ=">AAACHnicbVDJSgNBEO1xN25Rj14Kg6AgcUbcLoLoRS+iYFTIhNDTU4mNPYvdNUoY8iVe/BUvHhQRPOnf2FkObg8KHu9VUVUvSJU05LqfzsDg0PDI6Nh4YWJyanqmODt3bpJMC6yIRCX6MuAGlYyxQpIUXqYaeRQovAiuDzr+xS1qI5P4jFop1iLejGVDCk5Wqhc3YRfAX/XvZIgkVYhwVM+319bb4AeyqZbBTyX45kZTftzT9ApAvVhyy24X8Jd4fVJifZzUi+9+mIgswpiE4sZUPTelWs41SaGwXfAzgykX17yJVUtjHqGp5d332rBklRAaibYVE3TV7xM5j4xpRYHtjDhdmd9eR/zPq2bU2KnlMk4zwlj0FjUyBZRAJysIpUZBqmUJF1raW0Fccc0F2UQLNgTv98t/yfl62dsqb5xulPb2+3GMsQW2yJaZx7bZHjtkJ6zCBLtnj+yZvTgPzpPz6rz1Wgec/sw8+wHn4wsWuKAG</latexit>

= eI7/2
�
⇡
p
N
�

[Analytic number theory: G. Hardy, S. Ramanujan (’20); H. Rademacher (’38)]

Modular symmetry         Analytic formula 
(infinite sum) for microscopic degeneracy

AdS2

All order pert. 
around

[A.Dabholkar, 
J.Gomes, S.M.’14]

Orbifolds of 
AdS2eI⇢(z) = 2⇡

� z

4⇡

��⇢
I⇢(z)

(Kloosterman sum)

<latexit sha1_base64="AiEH7mIBtXmUjjKJYxtrBOAR4u4=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEQSkzUtSNUHTjsoJ9QGcsmTTThiaZIckIdRjc+CtuXCji1q9w59+YtrPQ6oHA4Zx7uLkniBlV2nG+rMLc/MLiUnG5tLK6tr5hb241VZRITBo4YpFsB0gRRgVpaKoZaceSIB4w0gqGl2O/dUekopG40aOY+Bz1BQ0pRtpIXXsHnkPvCKae5JBkt+l9Bg+h14u06tplp+JMAP8SNydlkKPetT9NDiecCI0ZUqrjOrH2UyQ1xYxkJS9RJEZ4iPqkY6hAnCg/nZyQwX2j9GAYSfOEhhP1ZyJFXKkRD8wkR3qgZr2x+J/XSXR45qdUxIkmAk8XhQmDOoLjPmCPSoI1GxmCsKTmrxAPkERYm9ZKpgR39uS/pHlccU8q1etquXaR11EEu2APHAAXnIIauAJ10AAYPIAn8AJerUfr2Xqz3qejBSvPbINfsD6+AeN1ldw=</latexit>

= ez + . . . (I-Bessel function)
<latexit sha1_base64="QKN2ThljdXT/60eew7WuRc2ANIg="></latexit>

Kc(N) =
X

0<d<c
(c,d)=1

e2⇡i
N
4

d+d�1

c M(c, d)

<latexit sha1_base64="fhpMq5ZO49/87dO9S2W6S/Marmc="></latexit>

Wmicro(N) =
1X
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�



Quantum fluctuations 
of all bulk modes 

[Iliesiu, S.M., Turiaci ’22]

•Expect all-order quantum fluctuations around orbifold
<latexit sha1_base64="vypBKuktaCD3s47XrMmeCFapNTY=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5RdKdWLUPTisYL90HYp2TTbhibZJckKZemv8OJBEa/+HG/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aOEkVog0Q8Uu0Aa8qZpA3DDKftWFEsAk5bwehm6reeqNIskvdmHFNf4IFkISPYWOnhsUdQ9wxdoV6x5JbdGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrz0UybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0z8tetVy5q5Rq11kceTiCYzgFDy6gBrdQhwYQEPAMr/DmKOfFeXc+5q05J5s5hD9wPn8A0CuPHg==</latexit>

Zc =
<latexit sha1_base64="TeefBFGY4+otWlPbdAs05HTWL/0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaUDbbTbt0swm7E6GE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74Tju5nfeeLaiEQ94iTlQUyHSkSCUbSS70eastyb5mxK+tWaW3fnIKvEK0gNCjT71S9/kLAs5gqZpMb0PDfFIKcaBZN8WvEzw1PKxnTIe5YqGnMT5PObp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62UY3QS5UGmGXLHFoiiTBBMyC4AMhOYM5cQSyrSwtxI2ojYGtDFVbAje8surpH1R967qlw+XtcZtEUcZTuAUzsGDa2jAPTShBQxSeIZXeHMy58V5dz4WrSWnmDmGP3A+fwDgl5GX</latexit>

1

c

<latexit sha1_base64="9nSDYKihIXSMgvn+6E1e6/s61lc="></latexit>

1

c7/2
eI7/2(⇡

p
N/c)

<latexit sha1_base64="dNxNOXTQ/SxezsRX+9D2afshqIk=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJexKUI9BL4IgEcwDkiXMTmaTIbOzy0yvEEI+wosHRbz6Pd78GyfJHjSxoKGo6qa7K0ikMOi6387K6tr6xmZuK7+9s7u3Xzg4bJg41YzXWSxj3Qqo4VIoXkeBkrcSzWkUSN4MhjdTv/nEtRGxesRRwv2I9pUIBaNopeZdl5Xuz0i3UHTL7gxkmXgZKUKGWrfw1enFLI24QiapMW3PTdAfU42CST7Jd1LDE8qGtM/blioaceOPZ+dOyKlVeiSMtS2FZKb+nhjTyJhRFNjOiOLALHpT8T+vnWJ45Y+FSlLkis0XhakkGJPp76QnNGcoR5ZQpoW9lbAB1ZShTShvQ/AWX14mjfOyd1GuPFSK1essjhwcwwmUwINLqMIt1KAODIbwDK/w5iTOi/PufMxbV5xs5gj+wPn8AdCAjpU=</latexit>

Kc(N)

CS theory 
contribution

[Dabholkar, Gomes, S.M. ’14]



Zero modes and 
mass gap



Subtlety in localized path integral
•Zero modes in AdS2 coming from 
“pure gauge transformations” 
which don’t vanish at boundary.

r
L0

Euclidean AdS2 � S2

J0

[Camporesi, Higuchi ’95]

•Effect of zero mode at large charges calculated using 
ultra-locality           : important contribution to logarithmic 
corrections to Bekenstein-Hawking entropy 

[Witten]

[Sen]

⑨

2

8s
AdSzXSY

SAR =
π i

#

=XETe
r/r..

...

*3.===
= =

==

===
•Schwarzian mode: spontaneous 
vs explicit symmetry breaking

•Regulate zero-modes by turning 
on a small (susy) temperature.



·
5

ꋺAnst: 4.

SAR =
π i

Regulate zero modes and then take 
[L. Iliesiu, S.M., G.J.Turiaci ’22]

<latexit sha1_base64="M+CZ+Tidh9h+b+ACHK0Zzp+VDMA=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFNy4r9AXtUDJppg3NZIbkjlCGfoQbF4q49Xvc+Tem7Sy09UDgcM695J4TJFIYdN1vp7CxubW9U9wt7e0fHB6Vj0/aJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJ/dzvPHFtRKyaOE24H9GREqFgFK3UaZI+xsQdlCtu1V2ArBMvJxXI0RiUv/rDmKURV8gkNabnuQn6GdUomOSzUj81PKFsQke8Z6miETd+tjh3Ri6sMiRhrO1TSBbq742MRsZMo8BORhTHZtWbi/95vRTDWz8TKkmRK7b8KEwlsRHn2clQaM5QTi2hTAt7K2FjqilD21DJluCtRl4n7auqd12tPdYq9bu8jiKcwTlcggc3UIcHaEALGEzgGV7hzUmcF+fd+ViOFpx85xT+wPn8ASPnjsw=</latexit>

T ! 0

• Volume of space of super-Schwarzian modes  
 on orbifold

<latexit sha1_base64="IQaF8iEj+2hrPn+r0BYse19CdLA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU92VUr0IRS8eK9gPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxlfueJKs0i+WimMfUFHkkWMoJNJt14F2RQrrhVdw60SrycVCBHc1D+6g8jkggqDeFY657nxsZPsTKMcDor9RNNY0wmeER7lkosqPbT+a0zdGaVIQojZUsaNFd/T6RYaD0Vge0U2Iz1speJ/3m9xITXfspknBgqyWJRmHBkIpQ9joZMUWL41BJMFLO3IjLGChNj4ynZELzll1dJ+7Lq1au1h1qlcZvHUYQTOIVz8OAKGnAPTWgBgTE8wyu8OcJ5cd6dj0VrwclnjuEPnM8fJ1+Nqw==</latexit>

= 1/c

Super-Schwarzian 
modes

[…, Stanford, Witten ’17; 
Mertens, Turiaci, Verlinde 
’17; Heydeman, Iliesiu, 
Turiaci, Zhao, ’20]

Results:

• No mass-gap for generic extremal BHs 
<latexit sha1_base64="Ficbe5NbgcL02xpD6R+rNPa2vD0=">AAACEXicbVDLSgNBEJz1GeMr6tHLYBASCGFXgnoRRC8eE0hMMBtD72Q2GTL7YKZXDEt+wYu/4sWDIl69efNvnMQcfBU0FFXddHd5sRQabfvDmptfWFxazqxkV9fWNzZzW9uXOkoU4w0WyUi1PNBcipA3UKDkrVhxCDzJm97wfOI3b7jSIgrrOIp5J4B+KHzBAI3UzRWuui7yW0z7Cm7GhXqpVqT0hNavUxdkPIAxdUvUL9SK3VzeLttT0L/EmZE8maHazb27vYglAQ+RSdC67dgxdlJQKJjk46ybaB4DG0Kftw0NIeC6k04/GtN9o/SoHylTIdKp+n0ihUDrUeCZzgBwoH97E/E/r52gf9xJRRgnyEP2tchPJMWITuKhPaE4QzkyBJgS5lbKBqCAoQkxa0Jwfr/8l1welJ3DcqVWyZ+ezeLIkF2yRwrEIUfklFyQKmkQRu7IA3kiz9a99Wi9WK9frXPWbGaH/ID19glHqJth</latexit>

Zgrav(T,Q) = T↵ f(Q)

<latexit sha1_base64="Uzkyw20Me2/B62jOcJsTVdhzrW8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxgv3ANpTJdtMu3WzC7kYoof/CiwdFvPpvvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFWUNGotYtQPUTHDJGoYbwdqJYhgFgrWC0e3Ubz0xpXksH8w4YX6EA8lDTtFY6bGLIhkiuSZur1xxq+4MZJl4OalAjnqv/NXtxzSNmDRUoNYdz02Mn6EynAo2KXVTzRKkIxywjqUSI6b9bHbxhJxYpU/CWNmShszU3xMZRlqPo8B2RmiGetGbiv95ndSEV37GZZIaJul8UZgKYmIyfZ/0uWLUiLElSBW3txI6RIXU2JBKNgRv8eVl0jyrehfV8/vzSu0mj6MIR3AMp+DBJdTgDurQAAoSnuEV3hztvDjvzse8teDkM4fwB87nDzMHj/Y=</latexit>

↵ = 0
<latexit sha1_base64="nA6X58hCAG3jd5RHUiWTw6Ymmzk=">AAAB/HicbVDLTsJAFJ3iC/FVZemmkZi4ghaJuiS4YYlRHgnUZjpMYcL0kZlbY9Pgr7hxoTFu/RB3/o0DdKHgSW5ycs69ufceN+JMgml+a7m19Y3Nrfx2YWd3b/9APzzqyDAWhLZJyEPRc7GknAW0DQw47UWCYt/ltOtOrmd+94EKycLgDpKI2j4eBcxjBIOSHL1oVW6dAdBHSBvN6X16XqlOHb1kls05jFViZaSEMrQc/WswDEns0wAIx1L2LTMCO8UCGOF0WhjEkkaYTPCI9hUNsE+lnc6PnxqnShkaXihUBWDM1d8TKfalTHxXdfoYxnLZm4n/ef0YvCs7ZUEUAw3IYpEXcwNCY5aEMWSCEuCJIpgIpm41yBgLTEDlVVAhWMsvr5JOtWxdlGs3tVK9kcWRR8foBJ0hC12iOmqiFmojghL0jF7Rm/akvWjv2seiNadlM0X0B9rnD4lPlBE=</latexit>

1/S3/2
BH

• For supersymmetric BHs,           , mass-gap 



From index to 
entropy



Black hole degeneracy = index
• In the microscopic theory, one actually counts the 

supersymmetric index                  . This is protected.TrH (�1)F

TrH (�1)F = TrH 1

every state has F=0      

AdS2•           geometry         microcanonical ensemble          

[A. Sen ’10; A. Dabholkar, J. Gomes, S.M., A. Sen, ’10]

• 4d supersymmetric black holes are spherically symmetric 
and therefore have zero net angular momentum      J0

<latexit sha1_base64="ZHCXjFs0G0eU2fnJKQr0/FbWYko=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi3iqaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVI44T7kd0oEQoGEUrPdz13F654lbdGcgy8XJSgRz1Xvmr249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezUyfkxCp9EsbalkIyU39PZDQyZhwFtjOiODSL3lT8z+ukGF75mVBJilyx+aIwlQRjMv2b9IXmDOXYEsq0sLcSNqSaMrTplGwI3uLLy6R5VvXOq+79RaV2ncdRhCM4hlPw4BJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx/Es41z</latexit>

r
L0

J0

= F
<latexit sha1_base64="PKDBc+cHARWQiGWIZbf8TC77p0Y=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbBU0lU0ItQFMRjBfsBbSib7aZdursJuxuhhP4FLx4U8eof8ua/cdPmoK0PBh7vzTAzL0w408bzvp3Syura+kZ5s7K1vbO75+4ftHScKkKbJOax6oRYU84kbRpmOO0kimIRctoOx7e5336iSrNYPppJQgOBh5JFjGCTS+ga3fXdqlfzZkDLxC9IFQo0+u5XbxCTVFBpCMdad30vMUGGlWGE02mll2qaYDLGQ9q1VGJBdZDNbp2iE6sMUBQrW9Kgmfp7IsNC64kIbafAZqQXvVz8z+umJroKMiaT1FBJ5ouilCMTo/xxNGCKEsMnlmCimL0VkRFWmBgbT8WG4C++vExaZzX/vOY9XFTrN0UcZTiCYzgFHy6hDvfQgCYQGMEzvMKbI5wX5935mLeWnGLmEP7A+fwByEqNZw==</latexit>

• This argument can be extended to Schwarzian modes. 
The result is that only J=0 states contribute.

[Iliesiu, Kologlu,Turiaci ’19; L. Iliesiu, S.M., G.J.Turiaci ’22] 



Higher-dimensional 
AdS spaces: status
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AdSd+1/CFTd

• Family of gravitational 
saddles (orbifolds in 
string/M-theory) [Aharony, Benini, Mamroud, Milan,’21]AdS5

[Benetti-Genolini, Cabo-Bizet, S.M.,’23]AdS4
AdS3 [Maldacena, Strominger.,’98]

• Family of saddles 
of CFT index.

[Cabo-Bizet, S.M.’19][Benini, Milan’18] […]CFT4
[Benetti-Genolini, Cabo-Bizet, S.M.,’23]CFT3
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• Number theory 
structure. [Cabo-Bizet, S.M.’19] [Garoufalidis, S.M., Zagier, ??]

CFT2
CFT4

[Dijgraaf-Maldacena-Moore-Verlinde ’00][Maschot-Moore ’10]

Thank you for your attention!

• 1/N Perturbation expansion around each saddle. Hints.
[Pando Zayas, Xin,’20]AdS4
[Bobev, Reys, + Charles, 

Hristov, Choi ’21, ’22][Ciceri, Jeon, S.M.,’23]AdS3
[Aharony, Benini, Mamroud, Milan,’21]AdS5

[Mamroud ’22]


