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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 
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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)
<latexit sha1_base64="ZM3IYXkMLBpvIxY6di/gyIsKNuE=">AAACAnicbVDLSsNAFJ3UV62vqCtxEyyCq5qUoi6rBXFZsS9oQ5hMpu3QyYOZG7GE4MZfceNCEbd+hTv/xmmbhbYeuHDmnHuZe48bcSbBNL+13NLyyupafr2wsbm1vaPv7rVkGAtCmyTkoei4WFLOAtoEBpx2IkGx73Ladke1id++p0KyMGjAOKK2jwcB6zOCQUmOftAD+gDJpXeXOuXT2aN23Ugdy9GLZsmcwlgkVkaKKEPd0b96XkhinwZAOJaya5kR2AkWwAinaaEXSxphMsID2lU0wD6VdjI9ITWOleIZ/VCoCsCYqr8nEuxLOfZd1eljGMp5byL+53Vj6F/YCQuiGGhAZh/1Y25AaEzyMDwmKAE+VgQTwdSuBhligQmo1AoqBGv+5EXSKpess1LltlKsXmVx5NEhOkInyELnqIpuUB01EUGP6Bm9ojftSXvR3rWPWWtOy2b20R9onz/Ao5cF</latexit>

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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AR = ⇡i

❖ smooth geometry

❖ complex deformation
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{Q! M (gMN ) = 0}
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W index
grav

• Susy BHs are extremal and naively have infinite action.
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¢úAnst: 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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R3 ⇥ S1



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) =
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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

¢úAnst: 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



Structure of                  in d>1<latexit sha1_base64="A7n7frzBqPxbrMsVrdXzlBmP1IE=">AAACBnicbVDLSsNAFJ3UV62vqEsRgkUQhJpIUZfVgris2Be0IUwm03bo5MHMjVhCVm78FTcuFHHrN7jzb5y2WWjrgQuHc+7l3nvciDMJpvmt5RYWl5ZX8quFtfWNzS19e6cpw1gQ2iAhD0XbxZJyFtAGMOC0HQmKfZfTljusjv3WPRWShUEdRhG1fdwPWI8RDEpy9P0u0AdILr271Em8Yys9mQrV63rqeI5eNEvmBMY8sTJSRBlqjv7V9UIS+zQAwrGUHcuMwE6wAEY4TQvdWNIIkyHu046iAfaptJPJG6lxqBTP6IVCVQDGRP09kWBfypHvqk4fw0DOemPxP68TQ+/CTlgQxUADMl3Ui7kBoTHOxPCYoAT4SBFMBFO3GmSABSagkiuoEKzZl+dJ87RknZXKt+Vi5SqLI4/20AE6QhY6RxV0g2qogQh6RM/oFb1pT9qL9q59TFtzWjazi/5A+/wBG0iY5g==</latexit>

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

<latexit sha1_base64="LgkP6O3+76tmvVOn0KojmE9QJe4="></latexit>

IN (⌧) '
X

exp
⇣1
c
F grav

BH
(⌧ � d/c)

⌘
<latexit sha1_base64="YrJyzLRLxp6N7WLTfpeCYXpEq2s=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETyWRoh6LXjy2YGuhKWWz3bRLN5uwuxFKCHjxr3jxoIhX/4Q3/42bNgdtfTDweG+GmXl+zJnSjvNtlVZW19Y3ypuVre2d3T17/6CjokQS2iYRj2TXx4pyJmhbM81pN5YUhz6n9/7kJvfvH6hULBJ3ehrTfohHggWMYG2kgX3kBRKTdJilJEMeE8gLsR77ftrKBnbVqTkzoGXiFqQKBZoD+8sbRiQJqdCEY6V6rhPrfoqlZoTTrOIlisaYTPCI9gwVOKSqn85+yNCpUYYoiKQpodFM/T2R4lCpaeibzvxCtejl4n9eL9HBVT9lIk40FWS+KEg40hHKA0FDJinRfGoIJpKZWxEZYxOKNrFVTAju4svLpHNecy9q9Va92rgu4ijDMZzAGbhwCQ24hSa0gcAjPMMrvFlP1ov1bn3MW0tWMXMIf2B9/gBCfpft</latexit>

d

c
2 Q

• 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]





log dmicro = Sclass
BH + · · ·

dmicro(N) = e�
�

N + · · · (N�⇥)

Squant
BH

(finite N)

String theory provides a testing ground:  
a microscopic ensemble

Macroscopic

N
Bekenstein-Hawking ’74

Sclass

BH
=

AH

4`2
Pl

= ⇡
p

N

Microscopic

N

gs

gsN� 1gsN� 1

Strominger-Vafa ’96



Simple formula for exact entropy of   -BPS 
BH in theories with 8 supercharges

1
2

[c.f. Ooguri-Stromginer-Vafa ’04][A.Dabholkar, J.Gomes, S.M. ’10, ’11]

ZAdS2(q, p) =
Z nvY

I=0

[d�I ] exp(Sren(�, p, q))

Sren(�, p, q) = �⇡qI�
I + ImF (�I + ipI)

4d N=2 supergravity coupled to      vector multiplets,nv

BH carrying charges (pI , qI) I = 0, 1, · · · , nv

(holomorphic prepotential   
   of d=4 N=2 supergravity)

F (X) = �Cijk XiXjXk

X0
+ . . .

<latexit sha1_base64="5YzDmxNoBYRyPF9d5x25BzRqcts="></latexit>



A reminder of BRST quantization for 
general gauge theories: transformations

• Gauge transformations

�brst
2 = 0

<latexit sha1_base64="1/M9Bt/X0CCBJvfOmGfeqpr0X0g=">AAACC3icbVBNS8MwGE7n15xfVY9ewoYwQUYrQ70IQy8ep7gPWMtI03QLS9OSpOIou3vxr3jxoIhX/4A3/43p1oNuPpDw5Hnelzfv48WMSmVZ30ZhaXllda24XtrY3NreMXf32jJKBCYtHLFIdD0kCaOctBRVjHRjQVDoMdLxRleZ37knQtKI36lxTNwQDTgNKEZKS32z7PiEKQSdeEihcwwvsuu2mj2PMuo80L5ZsWrWFHCR2DmpgBzNvvnl+BFOQsIVZkjKnm3Fyk2RUBQzMik5iSQxwiM0ID1NOQqJdNPpLhN4qBUfBpHQhys4VX93pCiUchx6ujJEaijnvUz8z+slKjh3U8rjRBGOZ4OChEEVwSwY6FNBsGJjTRAWVP8V4iESCCsdX0mHYM+vvEjaJzX7tFa/qVcal3kcRXAAyqAKbHAGGuAaNEELYPAInsEreDOejBfj3fiYlRaMvGcf/IHx+QOcBZg9</latexit>

�� = R(�) ⇠

<latexit sha1_base64="TPHKzjP8MY9GRLb+7w75cqKRxos=">AAACGHicbZDLSgMxFIYzXmu9jbp0EyyCgtQZKepGKLpxWcG2QqeUTHqmDWYuJGfEMvQx3Pgqblwo4rY738ZM24VWDyR8/P85JOf3Eyk0Os6XNTe/sLi0XFgprq6tb2zaW9sNHaeKQ53HMlZ3PtMgRQR1FCjhLlHAQl9C07+/yv3mAygt4ugWBwm0Q9aLRCA4QyN17GOvCxJZx0N4xMxXGoeUcuod0Yv8Cg68pC8OcxyLvGOXnLIzLvoX3CmUyLRqHXvkdWOehhAhl0zrlusk2M6YQsElDIteqiFh/J71oGUwYiHodjZebEj3jdKlQazMiZCO1Z8TGQu1HoS+6QwZ9vWsl4v/ea0Ug/N2JqIkRYj45KEglRRjmqdEu0IBRzkwwLgS5q+U95liHE2WRROCO7vyX2iclN3TcuWmUqpeTuMokF2yRw6IS85IlVyTGqkTTp7IC3kj79az9Wp9WJ+T1jlrOrNDfpU1+gYazp09</latexit>

�brstc = f(�) c c

<latexit sha1_base64="I3jQ/XQziKUOE9ACpowgtiKhqas=">AAACFnicbVDLSgMxFM3UV62vUZdugkVQ0DIjom6EohuXVewDOqVk0ts2mHmQ3BHL0K9w46+4caGIW3Hn35hpu1DrgYSTc+7l5h4/lkKj43xZuZnZufmF/GJhaXlldc1e36jpKFEcqjySkWr4TIMUIVRRoIRGrIAFvoS6f3uR+fU7UFpE4Q0OYmgFrBeKruAMjdS2D7wOSGRtD+EeU19pHFLqxX1BvX16ll3Xu9lzL6O8bRedkjMCnSbuhBTJBJW2/el1Ip4EECKXTOum68TYSplCwSUMC16iIWb8lvWgaWjIAtCtdLTWkO4YpUO7kTInRDpSf3akLNB6EPimMmDY13+9TPzPaybYPW2lIowThJCPB3UTSTGiWUa0IxRwlANDGFfC/JXyPlOMo0myYEJw/648TWqHJfe4dHR1VCyfT+LIky2yTXaJS05ImVySCqkSTh7IE3khr9aj9Wy9We/j0pw16dkkv2B9fAO1jJ0k</latexit>

�brst� = R(�) c

<latexit sha1_base64="RzFVdJ47sp9lIo4avI/038Wi+aU="></latexit>

Lbrst = Lclass(�) + �brst[b F (�)]• Lagrangian

• Gauge constraints
Closure

<latexit sha1_base64="083dIiA/4+CXidx/CRuMVXpXqxk=">AAACHXicbVDLSgMxFM34rPU16tJNsAgVpMxIUTdC0Y3LWuwDOkPJpJk2NJMJSUYoQ3/Ejb/ixoUiLtyIf2OmnYW2Hgice8693NwTCEaVdpxva2l5ZXVtvbBR3Nza3tm19/ZbKk4kJk0cs1h2AqQIo5w0NdWMdIQkKAoYaQejm8xvPxCpaMzv9VgQP0IDTkOKkTZSz642yp4Y0hPonUJPIKkpYrABZ6LRrjIjzGuYN/fsklNxpoCLxM1JCeSo9+xPrx/jJCJcY4aU6rqO0H6arcOMTIpeoohAeIQGpGsoRxFRfjq9bgKPjdKHYSzN4xpO1d8TKYqUGkeB6YyQHqp5LxP/87qJDi/9lHKRaMLxbFGYMKhjmEUF+1QSrNnYEIQlNX+FeIgkwtoEWjQhuPMnL5LWWcU9r1TvqqXadR5HARyCI1AGLrgANXAL6qAJMHgEz+AVvFlP1ov1bn3MWpesfOYA/IH19QPbbp4O</latexit>

R(�) @R(�) = f(�)R(�)

Jacobi
<latexit sha1_base64="K9KlBPIszcQUFhWw3vIDKUtrzfM=">AAACKXicbZDLSgMxFIYz9VbrbdSlm2ARKmiZkaJuhKIbl1XsBTpDyaSZNjSTCUlGKKWv48ZXcaOgqFtfxEw7Qq0eyOHjP+ckOX8gGFXacT6s3MLi0vJKfrWwtr6xuWVv7zRUnEhM6jhmsWwFSBFGOalrqhlpCUlQFDDSDAZXab15T6SiMb/TQ0H8CPU4DSlG2kgduxqWPNGnh9A7gj+Y8kWajtN0O6N6AklNEYMhhJncsYtO2ZkE/AtuBkWQRa1jv3jdGCcR4RozpFTbdYT2R+nFmJFxwUsUEQgPUI+0DXIUEeWPJpuO4YFRujCMpTlcw4k6OzFCkVLDKDCdEdJ9NV9Lxf9q7USH5/6IcpFowvH0oTBhUMcwtQ12qSRYs6EBhCU1f4W4jyTC2phbMCa48yv/hcZJ2T0tV24qxeplZkce7IF9UAIuOANVcA1qoA4weABP4BW8WY/Ws/VufU5bc1Y2swt+hfX1DaItoMs=</latexit>

f(�) f(�) = �R(�) @f(�)



<latexit sha1_base64="bZfE0YBaX57a+t44WoGIIPRIjaY="></latexit>

�brstec = f(�̊+ e�) (̊c+ ec) (̊c+ ec)� f(�̊) c̊ c̊

�brst
2 = 0

<latexit sha1_base64="Re5EtWbJi+dWUWySc0tDonSif6E="></latexit>

�brste� = R(�̊+ e�) (̊c+ ec)�R(�̊) c̊

<latexit sha1_base64="8YW4X0W0j54a2zxK5JZ3PR5DQXU="></latexit>

�̊e� =
�
R(�̊+ e�)�R(�̊)

�
⇠̊

• Background symmetry transformations
<latexit sha1_base64="nFW6FxCcAJrlMHJ6t95WRQsCEEM=">AAACNHicbVDLSgMxFM34rPU16tJNsAgVpMxIUTdC0Y3gpop9QGcomUzahmYyQ5IRy9CPcuOHuBHBhSJu/QYz7WC19ULCyTnnknuPFzEqlWW9GHPzC4tLy7mV/Ora+samubVdl2EsMKnhkIWi6SFJGOWkpqhipBkJggKPkYbXv0j1xh0Rkob8Vg0i4gaoy2mHYqQ01TavnACpnqC86/iEKQQn76hHoXMIz9IL3hR/hCRVhvAAamHivqf5tlmwStao4CywM1AAWVXb5pPjhzgOCFeYISlbthUpN0FCUczIMO/EkkQI91GXtDTkKCDSTUZLD+G+ZnzYCYU+XMER+7sjQYGUg8DTznRIOa2l5H9aK1adUzehPIoV4Xj8USdmUIUwTRD6VBCs2EADhAXVs0LcQwJhpXNOQ7CnV54F9aOSfVwqX5cLlfMsjhzYBXugCGxwAirgElRBDWDwAJ7BG3g3Ho1X48P4HFvnjKxnB/wp4+sbO26p8Q==</latexit>

�̊�̊ = R(�̊) ⇠̊

Split the fields into background + quantum

<latexit sha1_base64="+yRUguyQlsyxnw2nlfQcIAq/jgM="></latexit>

�brst�̊ = R(�̊) c̊

<latexit sha1_base64="H7IjjzokHU0suVpb91T1fmc7RPc="></latexit>

�brst̊c = f(�̊) c̊ c̊

<latexit sha1_base64="cZEsz1SExhOTuOqF/KXkt5e4PdE="></latexit>

e�e� = R(�̊+ e�) e⇠

• Gauge transformations (quantum)
<latexit sha1_base64="76gRAI7MOTbWPNSErrWzkLFLafQ=">AAACE3icbVA9SwNBEN3z2/gVtbRZDIKIhDsJaiOINpYRTCLkQtjbmyRL9vaO3TklHPkPNv4VGwtFbG3s/DfuJSk0+mCXx3szzMwLEikMuu6XMzM7N7+wuLRcWFldW98obm7VTZxqDjUey1jfBsyAFApqKFDCbaKBRYGERtC/zP3GHWgjYnWDgwRaEesq0RGcoZXaxQP/XoSAQobghyCRUT9i2NNCdTM/6Ykh9Q/pWf657WLJLbsj0L/Em5ASmaDaLn76YczTCBRyyYxpem6CrYxpFFzCsOCnBhLG+6wLTUsVi8C0stFNQ7pnlZB2Ym2fQjpSf3ZkLDJmEAW2Ml/YTHu5+J/XTLFz2sqESlIExceDOqmkGNM8IBoKDRzlwBLGtbC7Ut5jmnG0MRZsCN70yX9J/ajsHZcr15XS+cUkjiWyQ3bJPvHICTknV6RKaoSTB/JEXsir8+g8O2/O+7h0xpn0bJNfcD6+AYH/nT0=</latexit>

e��̊ = 0
<latexit sha1_base64="yz6S2yjOG5t188M0yDykoeTPZYU=">AAACFnicbVDLSgMxFM3UV62vUZdugkUQ1DIjRd0IRTcuK9gHdErJZG7b0ExmSDJKGfoVbvwVNy4UcSvu/BszbRfaeiDhcM693HuPH3OmtON8W7mFxaXllfxqYW19Y3PL3t6pqyiRFGo04pFs+kQBZwJqmmkOzVgCCX0ODX9wnfmNe5CKReJOD2Noh6QnWJdRoo3UsU+8uM+wd4wvs88Lie5LJnppJo+OvAcWgGY8gInQsYtOyRkDzxN3SopoimrH/vKCiCYhCE05UarlOrFup0RqRjmMCl6iICZ0QHrQMlSQEFQ7HZ81wgdGCXA3kuYJjcfq746UhEoNQ99UZnurWS8T//Naie5etFMm4kSDoJNB3YRjHeEsIxwwCVTzoSGESmZ2xbRPJKHaJFkwIbizJ8+T+mnJPSuVb8vFytU0jjzaQ/voELnoHFXQDaqiGqLoET2jV/RmPVkv1rv1MSnNWdOeXfQH1ucPcxWfAg==</latexit>

� = �̊+ e�

[cf. Weinberg QFT Vol 2 for YM theory]



<latexit sha1_base64="bZfE0YBaX57a+t44WoGIIPRIjaY="></latexit>

�brstec = f(�̊+ e�) (̊c+ ec) (̊c+ ec)� f(�̊) c̊ c̊

�brst
2 = 0

<latexit sha1_base64="Re5EtWbJi+dWUWySc0tDonSif6E="></latexit>

�brste� = R(�̊+ e�) (̊c+ ec)�R(�̊) c̊

<latexit sha1_base64="+yRUguyQlsyxnw2nlfQcIAq/jgM="></latexit>

�brst�̊ = R(�̊) c̊

<latexit sha1_base64="H7IjjzokHU0suVpb91T1fmc7RPc="></latexit>

�brst̊c = f(�̊) c̊ c̊

Now freeze the background fields to the 
boundary values

now    can get a vev (fermionic transf)!
<latexit sha1_base64="uINb3UMKWoe80a/IGKMF6Fs2bPA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APaoWTS2zY0kxmTTKEM/Q43LhRx68e482/MtLPQ1gOBwzn3ck9OEAuujet+O4W19Y3NreJ2aWd3b/+gfHjU1FGiGDZYJCLVDqhGwSU2DDcC27FCGgYCW8H4LvNbE1SaR/LRTGP0QzqUfMAZNVbyuyE1I8XlMGUz0itX3Ko7B1klXk4qkKPeK391+xFLQpSGCap1x3Nj46dUGc4EzkrdRGNM2ZgOsWOppCFqP52HnpEzq/TJIFL2SUPm6u+NlIZaT8PATmYh9bKXif95ncQMbvyUyzgxKNni0CARxEQka4D0uUJmxNQSyhS3WQkbUUWZsT2VbAne8pdXSfOi6l1VLx8uK7XbvI4inMApnIMH11CDe6hDAxg8wTO8wpszcV6cd+djMVpw8p1j+APn8wftbZI2</latexit>

c̊

+ freeze backgnd ghosts!
• Partial gauge fixing 

<latexit sha1_base64="bwioSyhSFfpfi9edIJZza1IM4Ao=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFcCFlRoq6EYpuXFawD+gMJZOmbWgmMyQZoYxd+CtuXCji1t9w59+YaWehrQcSDufcS05OEHOmtON8W4Wl5ZXVteJ6aWNza3vH3t1rqiiRhDZIxCPZDrCinAna0Exz2o4lxWHAaSsY3WR+64FKxSJxr8cx9UM8EKzPCNZG6toHXoj1UDIxSMkEeafoKrucrl12Ks4UaJG4OSlDjnrX/vJ6EUlCKjThWKmO68TaT7HUjHA6KXmJojEmIzygHUMFDqny02n+CTo2Sg/1I2mO0Giq/t5IcajUOAzMZJZWzXuZ+J/XSXT/0k+ZiBNNBZk91E840hHKykA9JinRfGwIJpKZrIgMscREm8pKpgR3/suLpHlWcc8r1btquXad11GEQziCE3DhAmpwC3VoAIFHeIZXeLOerBfr3fqYjRasfGcf/sD6/AG9KJSe</latexit>

c̊ = 0

Or isometries!
<latexit sha1_base64="fAsD26ph6iaAq0sGXko8yvR0nIg=">AAACFHicbVDLSgMxFL1TX7W+qi7dBItQUcqMFHUjFN24rGIf0BlKJs20oZnMkGSEUvoRbvwVNy4UcevCnX9jpi2irQcSTs65l9x7/JgzpW37y8osLC4tr2RXc2vrG5tb+e2duooSSWiNRDySTR8rypmgNc00p81YUhz6nDb8/lXqN+6pVCwSd3oQUy/EXcECRrA2Ujt/hG6Lboh1TzLRdeMeO0TuMfpREEmfF+mF7Ha+YJfsMdA8caakAFNU2/lPtxORJKRCE46Vajl2rL0hlpoRTkc5N1E0xqSPu7RlqMAhVd5wvNQIHRilg4JImiM0Gqu/O4Y4VGoQ+qYynVbNeqn4n9dKdHDuDZmIE00FmXwUJBzpCKUJoQ6TlGg+MAQTycysiPSwxESbHHMmBGd25XlSPyk5p6XyTblQuZzGkYU92IciOHAGFbiGKtSAwAM8wQu8Wo/Ws/VmvU9KM9a0Zxf+wPr4BvVvm5Y=</latexit>

R(�̊) c̊ = 0 Note: non- 
normalizable 

on AdS

Deformation

[B. de Wit, S.M., V. Reys, ’18]



<latexit sha1_base64="EjVVn10YZ+7uYbjFc1195a3Wu7U=">AAACEHicbVDLSgMxFM3UV62vqks3wSK6kDIjRd0IRTcuFewDOqVk0tsamsmMyR2xDP0EN/6KGxeKuHXpzr8xU7tQ64GEk3PuJfeeIJbCoOt+OrmZ2bn5hfxiYWl5ZXWtuL5RN1GiOdR4JCPdDJgBKRTUUKCEZqyBhYGERjA4y/zGLWgjInWFwxjaIesr0ROcoZU6xV2/CxJZx0e4wxRuRtQPGV5rofopt499epJdbqdYcsvuGHSaeBNSIhNcdIoffjfiSQgKuWTGtDw3xnbKNAouYVTwEwMx4wPWh5alioVg2ul4oRHdsUqX9iJtj0I6Vn92pCw0ZhgGtjKb1vz1MvE/r5Vg77idChUnCIp/f9RLJMWIZunQrtDAUQ4tYVwLOyvl10wzjjbDgg3B+7vyNKkflL3DcuWyUqqeTuLIky2yTfaIR45IlZyTC1IjnNyTR/JMXpwH58l5dd6+S3POpGeT/ILz/gVdq5wc</latexit>

�eqc̊ = 0

<latexit sha1_base64="JKKrh3zn2WgtBAndidvRds9wixs="></latexit>

�eqe� = R(�̊+ e�) (̊c+ ec)

<latexit sha1_base64="U3JzfvBIae79EjNQjY3Jk+0jOVI=">AAACE3icbVBNSwMxEM36bf2qevQSLIKIlF0p6kUoevGoYFXolpLNTttgNrsms2JZ+h+8+Fe8eFDEqxdv/huzdQ/a+iDh5b0ZMvOCRAqDrvvlTExOTc/Mzs2XFhaXllfKq2uXJk41hwaPZayvA2ZACgUNFCjhOtHAokDCVXBzkvtXd6CNiNUF9hNoRayrREdwhlZql3f8ECSyto9wjxncDqgfMexpobqZn/SEfe/So/xy2+WKW3WHoOPEK0iFFDhrlz/9MOZpBAq5ZMY0PTfBVsY0Ci5hUPJTAwnjN6wLTUsVi8C0suFOA7pllZB2Ym2PQjpUf3dkLDKmHwW2Mh/YjHq5+J/XTLFz2MqESlIExX8+6qSSYkzzgGgoNHCUfUsY18LOSnmPacbRxliyIXijK4+Ty72qt1+tndcq9eMijjmyQTbJNvHIAamTU3JGGoSTB/JEXsir8+g8O2/O+0/phFP0rJM/cD6+AdqNnXQ=</latexit>

�eq�̊ = 0

<latexit sha1_base64="tIjJldo9leoR1l4NMpSmksBH1eg="></latexit>

�eqec = f(�̊+ e�) (̊c+ ec) (̊c+ ec)� f(�̊) c̊ c̊

Freezing the background ghost deforms 
the BRST algebra to an equivariant algebra

[B. de Wit, S.M., V. Reys, ’18]

<latexit sha1_base64="lWIxtNg7gBGN/3yk0cOhDO1Mx1M=">AAACHXicbVBNS8NAEN34bf2qevSyWAQPUhIp6kUoevGoYKvQ1LLZTuvSzSbuTsQS8ke8+Fe8eFDEgxfx37hpc/DrwSyP92bYmRfEUhh03U9nYnJqemZ2br60sLi0vFJeXWuaKNEcGjySkb4MmAEpFDRQoITLWAMLAwkXweA49y9uQRsRqXMcxtAOWV+JnuAMrdQp1/wuSGQdH+EOU7jJrnapv0MP8yevwk79kOG1FqqfDrKsU664VXcE+pd4BamQAqed8rvfjXgSgkIumTEtz42xnTKNgkvISn5iIGZ8wPrQslSxEEw7HV2X0S2rdGkv0rYU0pH6fSJloTHDMLCd+ZLmt5eL/3mtBHsH7VSoOEFQfPxRL5EUI5pHRbtCA0c5tIRxLeyulF8zzTjaQEs2BO/3yX9Jc7fq7VVrZ7VK/aiIY45skE2yTTyyT+rkhJySBuHknjySZ/LiPDhPzqvzNm6dcIqZdfIDzscXNxOhaw==</latexit>

�2eq = �̊k
<latexit sha1_base64="xgcvDZ2SJVpN/tE7J280TTZLJZc=">AAACL3icbZBdS8MwFIZTP+f8qnrpTXAIE2S0MtQbYSiIlxPcB6xlpFm6haVpSVJhlP4jb/wruxFRxFv/helW2Nw8kPDmOeeQc14vYlQqy3o3VlbX1jc2C1vF7Z3dvX3z4LApw1hg0sAhC0XbQ5IwyklDUcVIOxIEBR4jLW94l+Vbz0RIGvInNYqIG6A+pz7FSGnUNe+dAKmBoLyfDFPonMOb7PLLM+xEA5qeaThDeFI5/+6aJatiTQIuCzsXJZBHvWuOnV6I44BwhRmSsmNbkXITJBTFjKRFJ5YkQniI+qSjJUcBkW4y2TeFp5r0oB8KfbiCEzrfkaBAylHg6cpsRrmYy+B/uU6s/Gs3oTyKFeF4+pEfM6hCmJkHe1QQrNhIC4QF1bNCPEACYaUtLmoT7MWVl0XzomJfVqqP1VLtNrejAI7BCSgDG1yBGngAddAAGLyAMfgAn8ar8WZ8Gd/T0hUj7zkCf8L4+QWw/Kjq</latexit>

k̊ = f(�̊) c̊ c̊

Killing 
vector

Killing 
spinor

<latexit sha1_base64="s7ehpjRg526X+SkbRnf9JQ4upys="></latexit>

Q2
eq = Lk̊ +

X

I

�I(m̊
I) Backgnd 

bosonic 
symmetries 

of sugraLie derivative

• General 
equivariant 
algebra

[I. Jeon, S.M., ’18]• Explicit transformations for N=2 sugra in



Potential definition of the index in gravity
[B. de Wit, S.M., V. Reys, ’18] [I. Jeon, S.M., ’18]

Index localizes to Q-invariant configurations 

<latexit sha1_base64="8VPf4cw6p0Kk/J3jsLU7zHXMeMk=">AAACBHicbVDLSsNAFJ34rPUVddnNYBHqpiRS1I1QdOOm0oJ9QBPCZDpph04mYWYilJCFG3/FjQtF3PoR7vwbp20W2nrgwuGce7n3Hj9mVCrL+jZWVtfWNzYLW8Xtnd29ffPgsCOjRGDSxhGLRM9HkjDKSVtRxUgvFgSFPiNdf3wz9bsPREga8Xs1iYkboiGnAcVIackzS04KW9CJJfUasDL00sZddgqvoAWdzDPLVtWaAS4TOydlkKPpmV/OIMJJSLjCDEnZt61YuSkSimJGsqKTSBIjPEZD0teUo5BIN509kcETrQxgEAldXMGZ+nsiRaGUk9DXnSFSI7noTcX/vH6igks3pTxOFOF4vihIGFQRnCYCB1QQrNhEE4QF1bdCPEICYaVzK+oQ7MWXl0nnrGqfV2utWrl+ncdRACVwDCrABhegDm5BE7QBBo/gGbyCN+PJeDHejY9564qRzxyBPzA+fwBA9ZXu</latexit>

{Q! M (gMN ) = 0}

<latexit sha1_base64="Wkkcn3B4KoTNPdY3P8+LQQil5P4=">AAACA3icbVC7SgNBFJ31GeNr1U6bxSBYhV0Jahm0sYxgHpjEZXb2JhkyO7vM3A0JIWDjr9hYKGLrT9j5N04ehSYeGDiccy93zgkSwTW67re1tLyyurae2chubm3v7Np7+xUdp4pBmcUiVrWAahBcQhk5CqglCmgUCKgG3euxX+2B0jyWdzhIoBnRtuQtzigaybcP7/0GQh+HbUV7o4cp5zKE/si3c27encBZJN6M5MgMJd/+aoQxSyOQyATVuu65CTaHVCFnAkbZRqohoaxL21A3VNIIdHM4yTByTowSOq1YmSfRmai/N4Y00noQBWYyotjR895Y/M+rp9i6bJpISYog2fRQKxUOxs64ECfkChiKgSGUKW7+6rAOVZShqS1rSvDmIy+SylneO88Xbgu54tWsjgw5IsfklHjkghTJDSmRMmHkkTyTV/JmPVkv1rv1MR1dsmY7B+QPrM8fl6qYyQ==</latexit>

Z index
grav

<latexit sha1_base64="yFsKmIKgagfT+14J1h4wFNZAoEE="></latexit>

=

Z
DgMN eµi

R
A i �Sgrav(gµ ⌫) Z1-loop(gMN )

[Schwarz, Zaboronsky ’95]•Slice integral into orbits of generators.  
Integral localizes to fixed-points.

•Susy algebra 
<latexit sha1_base64="iE/8RRnXYG0d3d9uYC+yzoYmsKw=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFcSJkpRd0IRTddtmAf0I4lk2ba0ExmTDKFMvQ73LhQxK0f486/MdPOQlsP3MvhnHvJzfEizpS27W9rbX1jc2s7t5Pf3ds/OCwcHbdUGEtCmyTkoex4WFHOBG1qpjntRJLiwOO07Y3vU789oVKxUDzoaUTdAA8F8xnB2khu47GMepfoNm21fqFol+w50CpxMlKEDPV+4as3CEkcUKEJx0p1HTvSboKlZoTTWb4XKxphMsZD2jVU4IAqN5kfPUPnRhkgP5SmhEZz9fdGggOlpoFnJgOsR2rZS8X/vG6s/Rs3YSKKNRVk8ZAfc6RDlCaABkxSovnUEEwkM7ciMsISE21yypsQnOUvr5JWueRclSqNSrF6l8WRg1M4gwtw4BqqUIM6NIHAEzzDK7xZE+vFerc+FqNrVrZzAn9gff4AfqiP+w==</latexit>

Q
2 = H

<latexit sha1_base64="gp3iPqAozL4GkDYXneyfGZ1BPkw=">AAACBHicbVDLSgMxFM3UV62vUZfdBItQN2VGiroRim5ctmAf0BmGTCZtQ5PMkGSEMnThxl9x40IRt36EO//GtJ2Fth4IHM65h5t7woRRpR3n2yqsrW9sbhW3Szu7e/sH9uFRR8WpxKSNYxbLXogUYVSQtqaakV4iCeIhI91wfDvzuw9EKhqLez1JiM/RUNABxUgbKbDLXgZb0GMmESFYRYHH0zN4DR3oTQO74tScOeAqcXNSATmagf3lRTFOOREaM6RU33US7WdIaooZmZa8VJEE4TEakr6hAnGi/Gx+xBSeGiWCg1iaJzScq78TGeJKTXhoJjnSI7XszcT/vH6qB1d+RkWSaiLwYtEgZVDHcNYIjKgkWLOJIQhLav4K8QhJhLXprWRKcJdPXiWd85p7Uau36pXGTV5HEZTBCagCF1yCBrgDTdAGGDyCZ/AK3qwn68V6tz4WowUrzxyDP7A+fwBW75X8</latexit>

{Q�(aµ) = 0}

<latexit sha1_base64="cqcZX5kTsSNhXVwWPRjK5KmwQt4="></latexit>

=

Z
Daµ eµ iqi�SCFT (aµ) Z1-loop(aµ )

<latexit sha1_base64="TS6XrOx2INTdctASz2XHnLwVYWc=">AAACAnicbVDJSgNBFOxxjXEb9SReBoPgKcxIUI/BgHiMkA2TOPT0vCRNeha630hCGLz4K148KOLVr/Dm39hZDppY0FBUvcfrKi8WXKFtfxtLyyura+uZjezm1vbOrrm3X1NRIhlUWSQi2fCoAsFDqCJHAY1YAg08AXWvXxr79QeQikdhBYcxtAPaDXmHM4pacs3DO7eFMMBR6bqS3k8pD30YpK6Zs/P2BNYicWYkR2You+ZXy49YEkCITFClmo4dY3tEJXImIM22EgUxZX3ahaamIQ1AtUeTCKl1ohXf6kRSvxCtifp7Y0QDpYaBpycDij01743F/7xmgp3Lto4UJwghmx7qJMLCyBr3YflcAkMx1IQyyfVfLdajkjLUrWV1Cc585EVSO8s75/nCbSFXvJrVkSFH5JicEodckCK5IWVSJYw8kmfySt6MJ+PFeDc+pqNLxmzngPyB8fkDIg+X7A==</latexit>

Z index
CFT

[Nekrasov ’00]

<latexit sha1_base64="v3Hxiai5kbtf1O9MONp2tuh8AcY="></latexit>Z
DGMN D M eµi

R
Ai�Sgrav(GMN , M )

<latexit sha1_base64="0otJJ4a5kO4X1ytV3OoJVVMD4XY=">AAACCHicbVC7SgNBFJ31GeMramnhYBAsJOxKUBshaGMZwTwwG8Ps5CYZMvtg5m5ICClt/BUbC0Vs/QQ7/8ZJsoUmHhg4nHMvd87xIik02va3tbC4tLyymlpLr29sbm1ndnbLOowVhxIPZaiqHtMgRQAlFCihGilgvieh4nWvx36lB0qLMLjDQQR1n7UD0RKcoZEamYP7hovQx2Fbsd7oYcpF0IT+iLon9LKRydo5ewI6T5yEZEmCYiPz5TZDHvsQIJdM65pjR1gfMoWCSxil3VhDxHiXtaFmaMB80PXhJMiIHhmlSVuhMi9AOlF/bwyZr/XA98ykz7CjZ72x+J9Xi7F1UTe5ohgh4NNDrVhSDOm4FdoUCjjKgSGMK2H+SnmHKcbRdJc2JTizkedJ+TTnnOXyt/ls4SqpI0X2ySE5Jg45JwVyQ4qkRDh5JM/klbxZT9aL9W59TEcXrGRnj/yB9fkDFumaAA==</latexit>

Z index
grav =






