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Black holes are “theoretical laboratories” 
useful to test any theory of quantum gravity

Microscopic statistical derivation ?

Thermodynamic properties
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4
<latexit sha1_base64="srpfksnbedPdyJ2qjLQFOPUb4mg="></latexit><latexit sha1_base64="srpfksnbedPdyJ2qjLQFOPUb4mg="></latexit><latexit sha1_base64="srpfksnbedPdyJ2qjLQFOPUb4mg="></latexit><latexit sha1_base64="srpfksnbedPdyJ2qjLQFOPUb4mg="></latexit>

Black hole microstate counting

Major achievement of string theory:✤

✤

to provide the microstates for classes of supersymmetric  black holes.

Strominger, Vafa ’96   . . . 

Benini, Hristov, Zaffaroni ’15,   . . . 

asymptotically flat

asymptotically locally AdS



General picture for BPS black holes in AdS

We focus on rotating BH’s that are asymptotically AdS

Hosseini, Hristov, Zaffaroni ’17, ’18;

Choi, Hwang, Kim, Nahmgoong ’18

Entropy : Legendre transform of a simple function of chemical potentials

complex constraint
XXX

!i �
XXX

'I = 2⇡i
<latexit sha1_base64="VCT2s9c33lpPfq3F8dGDLGWEcs0="></latexit><latexit sha1_base64="VCT2s9c33lpPfq3F8dGDLGWEcs0="></latexit><latexit sha1_base64="VCT2s9c33lpPfq3F8dGDLGWEcs0="></latexit><latexit sha1_base64="VCT2s9c33lpPfq3F8dGDLGWEcs0="></latexit>

asymptotics charges BPS entropy “log grand-canonical 
partition function”

M,  AdS4 x S7 

IIB,  AdS5 x S5 

IIA,  AdS6 xw S4 

M,  AdS7 x S4 
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In this talk

complexified solution,

This will also define the microscopic computation via AdS/CFT✤
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will discuss the AdS5/CFT4 case in some detail

new BPS limit of black hole thermodynamics

1810.11442, 1904.05865 with A. Cabo-Bizet, D. Martelli, S. Murthy

1906.10148   with L. Papini



Supersymmetric black holes in AdS5

1/16 BPS,   carry angular momentum & electric charge

Supersymmetric black holes in AdS5 have been known for 15 years

Gutowski, Reall ’04,    Chong, Cvetic, Lu, Pope ’05,    Kunduri, Lucietti, Reall ‘06

SO(2,4)  x  SO(6) symmetry 

start from type IIB on  AdS5   x  S5

Q1,Q2,Q3
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replace S5 with more general M5  ➜  SO(6) broken to just U(1)   ➜ E, J1, J2, Q
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Supersymmetric black holes in AdS5

microscopic origin ??     use  AdS / CFT!

Bekenstein-Hawking
entropy S =

Area

4
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Supersymmetric black holes in AdS5

microscopic origin ??     use  AdS / CFT!

Bekenstein-Hawking
entropy 

microstates: 1/16 BPS states with assigned angular momenta and charge

type IIB on AdS5 x S5     ⟺                SYM , 

replace S5 with more general M5  ⟺               SCFT4 ,  e.g. conifold theoryN = 1
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Task: count them at large N and see if there is O(N2) degeneracy.   
Attempts in the past unsuccessful
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Difficulties on field theory side
Why failed?

natural quantity to consider: superconformal index● Romelsberger ’05
Kinney, Maldacena, Minwalla, Raju ’05

Witten index
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chemical potentials, taken real

commute with supercharge Q
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At large    ,               ➜  cannot reproduce              entropyI(!1,!2)
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reason: many cancellations between bosonic and fermionic states●



Difficulties on gravity side

Black hole thermodynamics: 
entropy S and on-shell gravity action are related as

Gibbons, Hawking

Quantum Statistical Relation

� = T�1
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Difficulties on gravity side

Black hole thermodynamics: 
entropy S and on-shell gravity action are related as

Gibbons, Hawking

Quantum Statistical Relation
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Thermodynamics for supersymmetric black holes is subtle : � ! 1
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Let us clarify the issues on the gravity side first 



The non-BPS solution

Five-dimensional minimal gauged supergravity

L = (R+ 12)⇤1� 2
3
F ^ ⇤F + 8

27
F ^ F ^A
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The non-BPS solution

Five-dimensional minimal gauged supergravity

L = (R+ 12)⇤1� 2
3
F ^ ⇤F + 8

27
F ^ F ^A
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●

Chong, Cvetic, Lu, Pope

Non-supersymmetric, non-extremal black hole solution

4 parameters

4 independent charges

4 independent chemical pot.

●

✔
We want to take susy & extremal limit � ! 1
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The BPS limit

many possible limits towards susy & extremal BH

supersymmetry is : 

➜  in the Lorentzian causally meaningful solution, susy implies extremality.

q = �ab+ (1+ a+ b) r2+ ±
q

�r2+(r2+ � r2⇤)
2

<latexit sha1_base64="+iUuEri2RQMtd6CbSmxCBrcqxMg="></latexit><latexit sha1_base64="+iUuEri2RQMtd6CbSmxCBrcqxMg="></latexit><latexit sha1_base64="+iUuEri2RQMtd6CbSmxCBrcqxMg="></latexit><latexit sha1_base64="+iUuEri2RQMtd6CbSmxCBrcqxMg="></latexit>

r+ = r⇤
<latexit sha1_base64="Ev0q3Y0TwL/sUR+1ghUEjLUoHVs="></latexit><latexit sha1_base64="Ev0q3Y0TwL/sUR+1ghUEjLUoHVs="></latexit><latexit sha1_base64="Ev0q3Y0TwL/sUR+1ghUEjLUoHVs="></latexit><latexit sha1_base64="Ev0q3Y0TwL/sUR+1ghUEjLUoHVs="></latexit>

reality requires

●

susy & extremal horizon radius
➜  tune two parameters

●

susy

� = 1
<latexit sha1_base64="N/9oH3SaIHrxL+HhxbCZKyYmvss="></latexit><latexit sha1_base64="N/9oH3SaIHrxL+HhxbCZKyYmvss="></latexit><latexit sha1_base64="N/9oH3SaIHrxL+HhxbCZKyYmvss="></latexit><latexit sha1_base64="N/9oH3SaIHrxL+HhxbCZKyYmvss="></latexit>

r⇤ =
p
a + b + ab

<latexit sha1_base64="goRl765vD4ZV4XPj7zb3xv/R59I="></latexit><latexit sha1_base64="goRl765vD4ZV4XPj7zb3xv/R59I="></latexit><latexit sha1_base64="goRl765vD4ZV4XPj7zb3xv/R59I="></latexit><latexit sha1_base64="goRl765vD4ZV4XPj7zb3xv/R59I="></latexit>



The BPS limit

many possible limits towards susy & extremal BH

supersymmetry is : 

➜  in the Lorentzian causally meaningful solution, susy implies extremality.

q = �ab+ (1+ a+ b) r2+ ±
q

�r2+(r2+ � r2⇤)
2

<latexit sha1_base64="+iUuEri2RQMtd6CbSmxCBrcqxMg="></latexit><latexit sha1_base64="+iUuEri2RQMtd6CbSmxCBrcqxMg="></latexit><latexit sha1_base64="+iUuEri2RQMtd6CbSmxCBrcqxMg="></latexit><latexit sha1_base64="+iUuEri2RQMtd6CbSmxCBrcqxMg="></latexit>

r+ = r⇤
<latexit sha1_base64="Ev0q3Y0TwL/sUR+1ghUEjLUoHVs="></latexit><latexit sha1_base64="Ev0q3Y0TwL/sUR+1ghUEjLUoHVs="></latexit><latexit sha1_base64="Ev0q3Y0TwL/sUR+1ghUEjLUoHVs="></latexit><latexit sha1_base64="Ev0q3Y0TwL/sUR+1ghUEjLUoHVs="></latexit>

reality requires

●

susy & extremal horizon radius
➜  tune two parameters

●

susy

� = 1
<latexit sha1_base64="N/9oH3SaIHrxL+HhxbCZKyYmvss="></latexit><latexit sha1_base64="N/9oH3SaIHrxL+HhxbCZKyYmvss="></latexit><latexit sha1_base64="N/9oH3SaIHrxL+HhxbCZKyYmvss="></latexit><latexit sha1_base64="N/9oH3SaIHrxL+HhxbCZKyYmvss="></latexit>

➜ allow q to be complex  ➜ 3-param family of complexified, susy solutions at finite �
<latexit sha1_base64="bcrDLmF75NV86InM/eRDP80CfzM="></latexit><latexit sha1_base64="bcrDLmF75NV86InM/eRDP80CfzM="></latexit><latexit sha1_base64="bcrDLmF75NV86InM/eRDP80CfzM="></latexit><latexit sha1_base64="bcrDLmF75NV86InM/eRDP80CfzM="></latexit>

impose susy and only later               .� ! 1
<latexit sha1_base64="LQxNI3my7y3MB6Ph3rGIiSeAKag="></latexit><latexit sha1_base64="LQxNI3my7y3MB6Ph3rGIiSeAKag="></latexit><latexit sha1_base64="LQxNI3my7y3MB6Ph3rGIiSeAKag="></latexit><latexit sha1_base64="LQxNI3my7y3MB6Ph3rGIiSeAKag="></latexit>

r⇤ =
p
a + b + ab

<latexit sha1_base64="goRl765vD4ZV4XPj7zb3xv/R59I="></latexit><latexit sha1_base64="goRl765vD4ZV4XPj7zb3xv/R59I="></latexit><latexit sha1_base64="goRl765vD4ZV4XPj7zb3xv/R59I="></latexit><latexit sha1_base64="goRl765vD4ZV4XPj7zb3xv/R59I="></latexit>



BPS limit of BH thermodynamics

a , b , r+
<latexit sha1_base64="6Sl29rCEaFr4YbJKVRGZh1kAIp8="></latexit><latexit sha1_base64="6Sl29rCEaFr4YbJKVRGZh1kAIp8="></latexit><latexit sha1_base64="6Sl29rCEaFr4YbJKVRGZh1kAIp8="></latexit><latexit sha1_base64="6Sl29rCEaFr4YbJKVRGZh1kAIp8="></latexit>

� , ⌦1 , ⌦2 , �
<latexit sha1_base64="nJ1hXD6UyIbjDpTEg9Jwz6dU7wQ="></latexit><latexit sha1_base64="nJ1hXD6UyIbjDpTEg9Jwz6dU7wQ="></latexit><latexit sha1_base64="nJ1hXD6UyIbjDpTEg9Jwz6dU7wQ="></latexit><latexit sha1_base64="nJ1hXD6UyIbjDpTEg9Jwz6dU7wQ="></latexit>

J1 , J2 , Q
<latexit sha1_base64="zonpSNWHf/oF+Z9XxjroiZdRaC8="></latexit><latexit sha1_base64="zonpSNWHf/oF+Z9XxjroiZdRaC8="></latexit><latexit sha1_base64="zonpSNWHf/oF+Z9XxjroiZdRaC8="></latexit><latexit sha1_base64="zonpSNWHf/oF+Z9XxjroiZdRaC8="></latexit>

E = J1 + J2 + 3
2
Q

<latexit sha1_base64="MaFkuAHJufUPitf9jdmpKS7I6lA="></latexit><latexit sha1_base64="MaFkuAHJufUPitf9jdmpKS7I6lA="></latexit><latexit sha1_base64="MaFkuAHJufUPitf9jdmpKS7I6lA="></latexit><latexit sha1_base64="MaFkuAHJufUPitf9jdmpKS7I6lA="></latexit>

follows from superalgebra

� (1 +⌦1 +⌦2 � 2�) = 2⇡i
<latexit sha1_base64="oncHGIsnUPQVJ08Ys6GnUMhTf9Y="></latexit><latexit sha1_base64="oncHGIsnUPQVJ08Ys6GnUMhTf9Y="></latexit><latexit sha1_base64="oncHGIsnUPQVJ08Ys6GnUMhTf9Y="></latexit><latexit sha1_base64="oncHGIsnUPQVJ08Ys6GnUMhTf9Y="></latexit>

constraint on chemical potentials

{Q,Q} = E � J1 � J2 � 3
2
Q

<latexit sha1_base64="Qjw5N9v92EkM7eHq86HJiQKXr4w="></latexit><latexit sha1_base64="Qjw5N9v92EkM7eHq86HJiQKXr4w="></latexit><latexit sha1_base64="Qjw5N9v92EkM7eHq86HJiQKXr4w="></latexit><latexit sha1_base64="Qjw5N9v92EkM7eHq86HJiQKXr4w="></latexit>

chemical potentials are complex!

physical meaning?

regularity condition ensuring the Killing spinor is
antiperiodic along the shrinking thermal circle

crucial that we have not taken                yet � ! 1
<latexit sha1_base64="LQxNI3my7y3MB6Ph3rGIiSeAKag="></latexit><latexit sha1_base64="LQxNI3my7y3MB6Ph3rGIiSeAKag="></latexit><latexit sha1_base64="LQxNI3my7y3MB6Ph3rGIiSeAKag="></latexit><latexit sha1_base64="LQxNI3my7y3MB6Ph3rGIiSeAKag="></latexit>

⌧
<latexit sha1_base64="IfRXhplWyy/gMBVg1vSnJ0ORpGQ="></latexit><latexit sha1_base64="IfRXhplWyy/gMBVg1vSnJ0ORpGQ="></latexit><latexit sha1_base64="IfRXhplWyy/gMBVg1vSnJ0ORpGQ="></latexit><latexit sha1_base64="IfRXhplWyy/gMBVg1vSnJ0ORpGQ="></latexit>r

<latexit sha1_base64="B17vvLTqWL2jsQQuwgmkBN+qsz4="></latexit><latexit sha1_base64="B17vvLTqWL2jsQQuwgmkBN+qsz4="></latexit><latexit sha1_base64="B17vvLTqWL2jsQQuwgmkBN+qsz4="></latexit><latexit sha1_base64="B17vvLTqWL2jsQQuwgmkBN+qsz4="></latexit>

1 · 0 =?
<latexit sha1_base64="aiylnelXosjC+UwoGHxGb2hxG/c="></latexit><latexit sha1_base64="aiylnelXosjC+UwoGHxGb2hxG/c="></latexit><latexit sha1_base64="aiylnelXosjC+UwoGHxGb2hxG/c="></latexit><latexit sha1_base64="aiylnelXosjC+UwoGHxGb2hxG/c="></latexit>



BPS limit of BH thermodynamics

Define difference between the chemical potentials and their BPS values

!1 = �(⌦1 � 1) , !2 = �(⌦2 � 1) , ' = �(�� 3
2
)

<latexit sha1_base64="f0yeDzl+R5kG7dF50/00rhJAano="></latexit><latexit sha1_base64="f0yeDzl+R5kG7dF50/00rhJAano="></latexit><latexit sha1_base64="f0yeDzl+R5kG7dF50/00rhJAano="></latexit><latexit sha1_base64="f0yeDzl+R5kG7dF50/00rhJAano="></latexit>

Silva

These are conjugate to                  if one takes time translations 
to be generated by the susy Hamiltonian {Q,Q} = E � J1 � J2 � 3

2
Q

<latexit sha1_base64="Qjw5N9v92EkM7eHq86HJiQKXr4w="></latexit><latexit sha1_base64="Qjw5N9v92EkM7eHq86HJiQKXr4w="></latexit><latexit sha1_base64="Qjw5N9v92EkM7eHq86HJiQKXr4w="></latexit><latexit sha1_base64="Qjw5N9v92EkM7eHq86HJiQKXr4w="></latexit>

J1 , J2 , Q
<latexit sha1_base64="zonpSNWHf/oF+Z9XxjroiZdRaC8="></latexit><latexit sha1_base64="zonpSNWHf/oF+Z9XxjroiZdRaC8="></latexit><latexit sha1_base64="zonpSNWHf/oF+Z9XxjroiZdRaC8="></latexit><latexit sha1_base64="zonpSNWHf/oF+Z9XxjroiZdRaC8="></latexit>

(as in the index)



BPS limit of BH thermodynamics

Define difference between the chemical potentials and their BPS values

!1 = �(⌦1 � 1) , !2 = �(⌦2 � 1) , ' = �(�� 3
2
)

<latexit sha1_base64="f0yeDzl+R5kG7dF50/00rhJAano="></latexit><latexit sha1_base64="f0yeDzl+R5kG7dF50/00rhJAano="></latexit><latexit sha1_base64="f0yeDzl+R5kG7dF50/00rhJAano="></latexit><latexit sha1_base64="f0yeDzl+R5kG7dF50/00rhJAano="></latexit>

Silva

These are conjugate to                  if one takes time translations 
to be generated by the susy Hamiltonian {Q,Q} = E � J1 � J2 � 3

2
Q

<latexit sha1_base64="Qjw5N9v92EkM7eHq86HJiQKXr4w="></latexit><latexit sha1_base64="Qjw5N9v92EkM7eHq86HJiQKXr4w="></latexit><latexit sha1_base64="Qjw5N9v92EkM7eHq86HJiQKXr4w="></latexit><latexit sha1_base64="Qjw5N9v92EkM7eHq86HJiQKXr4w="></latexit>

J1 , J2 , Q
<latexit sha1_base64="zonpSNWHf/oF+Z9XxjroiZdRaC8="></latexit><latexit sha1_base64="zonpSNWHf/oF+Z9XxjroiZdRaC8="></latexit><latexit sha1_base64="zonpSNWHf/oF+Z9XxjroiZdRaC8="></latexit><latexit sha1_base64="zonpSNWHf/oF+Z9XxjroiZdRaC8="></latexit>

(as in the index)

becomes:The constraint � (1 +⌦1 +⌦2 � 2�) = 2⇡i
<latexit sha1_base64="oncHGIsnUPQVJ08Ys6GnUMhTf9Y="></latexit><latexit sha1_base64="oncHGIsnUPQVJ08Ys6GnUMhTf9Y="></latexit><latexit sha1_base64="oncHGIsnUPQVJ08Ys6GnUMhTf9Y="></latexit><latexit sha1_base64="oncHGIsnUPQVJ08Ys6GnUMhTf9Y="></latexit>

!1 + !2 � 2' = 2⇡i
<latexit sha1_base64="+7LXy9ws+XIMIK5/noTV+DTADGc="></latexit><latexit sha1_base64="+7LXy9ws+XIMIK5/noTV+DTADGc="></latexit><latexit sha1_base64="+7LXy9ws+XIMIK5/noTV+DTADGc="></latexit><latexit sha1_base64="+7LXy9ws+XIMIK5/noTV+DTADGc="></latexit>

on-shell action I =
16

27

'3

!1!2
c

<latexit sha1_base64="JaHMayULyir7WNc51ClwFr1JfWg="></latexit><latexit sha1_base64="JaHMayULyir7WNc51ClwFr1JfWg="></latexit><latexit sha1_base64="JaHMayULyir7WNc51ClwFr1JfWg="></latexit><latexit sha1_base64="JaHMayULyir7WNc51ClwFr1JfWg="></latexit>

➜   matches the entropy function!



BPS limit of BH thermodynamics

I = �S � !1J1 � !2J2 �'Q
<latexit sha1_base64="pLCgJwVjpmwylsCqXT8x2SuS1dw="></latexit><latexit sha1_base64="pLCgJwVjpmwylsCqXT8x2SuS1dw="></latexit><latexit sha1_base64="pLCgJwVjpmwylsCqXT8x2SuS1dw="></latexit><latexit sha1_base64="pLCgJwVjpmwylsCqXT8x2SuS1dw="></latexit>

Quantum Statistical Relation becomes :

!1 + !2 � 2' = 2⇡i
<latexit sha1_base64="+7LXy9ws+XIMIK5/noTV+DTADGc="></latexit><latexit sha1_base64="+7LXy9ws+XIMIK5/noTV+DTADGc="></latexit><latexit sha1_base64="+7LXy9ws+XIMIK5/noTV+DTADGc="></latexit><latexit sha1_base64="+7LXy9ws+XIMIK5/noTV+DTADGc="></latexit>

constraint

➜ these relations define a BPS black hole thermodynamics

Now take extremal limit  

� ! 1
<latexit sha1_base64="fA3U7ZgL4CQIWAcC9EgxGWzy65g="></latexit><latexit sha1_base64="fA3U7ZgL4CQIWAcC9EgxGWzy65g="></latexit><latexit sha1_base64="fA3U7ZgL4CQIWAcC9EgxGWzy65g="></latexit><latexit sha1_base64="fA3U7ZgL4CQIWAcC9EgxGWzy65g="></latexit>

!1 , !2 , '
<latexit sha1_base64="2eTitgnww54U/7ASJnqfaR+JlzM="></latexit><latexit sha1_base64="2eTitgnww54U/7ASJnqfaR+JlzM="></latexit><latexit sha1_base64="2eTitgnww54U/7ASJnqfaR+JlzM="></latexit><latexit sha1_base64="2eTitgnww54U/7ASJnqfaR+JlzM="></latexit>

remain finitebut ➜ the limit is smooth

r+ ! r⇤
<latexit sha1_base64="o7JMyixjB8YTp4KZ2ZcJ5iqg7hI="></latexit><latexit sha1_base64="o7JMyixjB8YTp4KZ2ZcJ5iqg7hI="></latexit><latexit sha1_base64="o7JMyixjB8YTp4KZ2ZcJ5iqg7hI="></latexit><latexit sha1_base64="o7JMyixjB8YTp4KZ2ZcJ5iqg7hI="></latexit>

on-shell action I(!i,') =
16

27

'3

!1!2
c

<latexit sha1_base64="IUY6lXZgddiIf9l0hbtMNxvwnpI="></latexit><latexit sha1_base64="IUY6lXZgddiIf9l0hbtMNxvwnpI="></latexit><latexit sha1_base64="IUY6lXZgddiIf9l0hbtMNxvwnpI="></latexit><latexit sha1_base64="IUY6lXZgddiIf9l0hbtMNxvwnpI="></latexit>

E = J1 + J2 + 3
2
Q

<latexit sha1_base64="MaFkuAHJufUPitf9jdmpKS7I6lA="></latexit><latexit sha1_base64="MaFkuAHJufUPitf9jdmpKS7I6lA="></latexit><latexit sha1_base64="MaFkuAHJufUPitf9jdmpKS7I6lA="></latexit><latexit sha1_base64="MaFkuAHJufUPitf9jdmpKS7I6lA="></latexit>

using

Entropy: S = ⇡
q
3Q2 � 8c

�
J1 + J2

�
=

Area

4
<latexit sha1_base64="NmNCtYM69gIXhMj5I6M/I+kL3ow="></latexit><latexit sha1_base64="NmNCtYM69gIXhMj5I6M/I+kL3ow="></latexit><latexit sha1_base64="NmNCtYM69gIXhMj5I6M/I+kL3ow="></latexit><latexit sha1_base64="NmNCtYM69gIXhMj5I6M/I+kL3ow="></latexit>

upon requiring reality
of Legendre transform



Other dimensions

A similar derivation holds for the other cases 

complex constraint
XXX

!i �
XXX

'I = 2⇡i
<latexit sha1_base64="VCT2s9c33lpPfq3F8dGDLGWEcs0="></latexit><latexit sha1_base64="VCT2s9c33lpPfq3F8dGDLGWEcs0="></latexit><latexit sha1_base64="VCT2s9c33lpPfq3F8dGDLGWEcs0="></latexit><latexit sha1_base64="VCT2s9c33lpPfq3F8dGDLGWEcs0="></latexit>

asymptotics charges BPS entropy “log grand-canonical 
partition function”

M,  AdS4 x S7 

IIB,  AdS5 x S5 

IIA,  AdS6 xw S4 

M,  AdS7 x S4 

J1, J2, Q1,Q2,Q3
<latexit sha1_base64="KXgP/2IrAJcr+Ipat+/mjD46p2U="></latexit><latexit sha1_base64="KXgP/2IrAJcr+Ipat+/mjD46p2U="></latexit><latexit sha1_base64="KXgP/2IrAJcr+Ipat+/mjD46p2U="></latexit><latexit sha1_base64="KXgP/2IrAJcr+Ipat+/mjD46p2U="></latexit>

J1, J2, J3, Q1,Q2
<latexit sha1_base64="sy0RsH/51AX6DZGfYAI1FJF89jA="></latexit><latexit sha1_base64="sy0RsH/51AX6DZGfYAI1FJF89jA="></latexit><latexit sha1_base64="sy0RsH/51AX6DZGfYAI1FJF89jA="></latexit><latexit sha1_base64="sy0RsH/51AX6DZGfYAI1FJF89jA="></latexit>

J, Q1,Q2,Q3,Q4
<latexit sha1_base64="KQIH4+QMZi7dDI7j4OvY3hc7nzk="></latexit><latexit sha1_base64="KQIH4+QMZi7dDI7j4OvY3hc7nzk="></latexit><latexit sha1_base64="KQIH4+QMZi7dDI7j4OvY3hc7nzk="></latexit><latexit sha1_base64="KQIH4+QMZi7dDI7j4OvY3hc7nzk="></latexit>

J1, J2, Q
<latexit sha1_base64="p47Edes11tFnnbBl9mme9V02zjY="></latexit><latexit sha1_base64="p47Edes11tFnnbBl9mme9V02zjY="></latexit><latexit sha1_base64="p47Edes11tFnnbBl9mme9V02zjY="></latexit><latexit sha1_base64="p47Edes11tFnnbBl9mme9V02zjY="></latexit>

I =
⇡ i

3G

'3

!1 !2
<latexit sha1_base64="WO/fzA3R8NtWBZHnVKDoQ0M8uKM="></latexit><latexit sha1_base64="WO/fzA3R8NtWBZHnVKDoQ0M8uKM="></latexit><latexit sha1_base64="WO/fzA3R8NtWBZHnVKDoQ0M8uKM="></latexit><latexit sha1_base64="WO/fzA3R8NtWBZHnVKDoQ0M8uKM="></latexit>

S = S(Ji,QI)
<latexit sha1_base64="w0+XFB++l2x8zeXjGL1UPN9Dn3c="></latexit><latexit sha1_base64="w0+XFB++l2x8zeXjGL1UPN9Dn3c="></latexit><latexit sha1_base64="w0+XFB++l2x8zeXjGL1UPN9Dn3c="></latexit><latexit sha1_base64="w0+XFB++l2x8zeXjGL1UPN9Dn3c="></latexit>

I = �
⇡3

128G

'2
1'

2
2

!1!2!3
<latexit sha1_base64="v6T7ycRMUfinq5czskym17d3DYk="></latexit><latexit sha1_base64="v6T7ycRMUfinq5czskym17d3DYk="></latexit><latexit sha1_base64="v6T7ycRMUfinq5czskym17d3DYk="></latexit><latexit sha1_base64="v6T7ycRMUfinq5czskym17d3DYk="></latexit>

I =
⇡

4G

'1'2'3

!1!2
<latexit sha1_base64="fiIdxoeYqMcJt7NMeCZRgbU9mdc="></latexit><latexit sha1_base64="fiIdxoeYqMcJt7NMeCZRgbU9mdc="></latexit><latexit sha1_base64="fiIdxoeYqMcJt7NMeCZRgbU9mdc="></latexit><latexit sha1_base64="fiIdxoeYqMcJt7NMeCZRgbU9mdc="></latexit>

I = �
i

2G

p
'1'2'3'4

!
<latexit sha1_base64="CC7mcRhwBOxUnEbHxuz6XiFI2Zw="></latexit><latexit sha1_base64="CC7mcRhwBOxUnEbHxuz6XiFI2Zw="></latexit><latexit sha1_base64="CC7mcRhwBOxUnEbHxuz6XiFI2Zw="></latexit><latexit sha1_base64="CC7mcRhwBOxUnEbHxuz6XiFI2Zw="></latexit>

(explicitly proven for restricted sets of charges)

DC, Papini ’19,  for AdS7 also Kantor, Papageorgakis, Richmond 



From gravity to field theory

Now that we have gained insight on the gravity side

let’s see how the dual field theory computation is defined.



From gravity to field theory

➜  need to specify

boundary conditions on the dynamical fields 

background fields (        and      )ds2
<latexit sha1_base64="L3kC2AkqAXZ9GwQJuS/vhoF9V3M="></latexit><latexit sha1_base64="L3kC2AkqAXZ9GwQJuS/vhoF9V3M="></latexit><latexit sha1_base64="L3kC2AkqAXZ9GwQJuS/vhoF9V3M="></latexit><latexit sha1_base64="L3kC2AkqAXZ9GwQJuS/vhoF9V3M="></latexit>

A
<latexit sha1_base64="864Ou0fQZgzi6zNM0CSZMjBGUiQ="></latexit><latexit sha1_base64="864Ou0fQZgzi6zNM0CSZMjBGUiQ="></latexit><latexit sha1_base64="864Ou0fQZgzi6zNM0CSZMjBGUiQ="></latexit><latexit sha1_base64="864Ou0fQZgzi6zNM0CSZMjBGUiQ="></latexit>

Take              SYM, or a Lagrangian              SCFT, such as the conifold theory N = 4
<latexit sha1_base64="85YS8mBph/f794BE4QDfYYbtwbM="></latexit><latexit sha1_base64="85YS8mBph/f794BE4QDfYYbtwbM="></latexit><latexit sha1_base64="85YS8mBph/f794BE4QDfYYbtwbM="></latexit><latexit sha1_base64="85YS8mBph/f794BE4QDfYYbtwbM="></latexit>

N = 1
<latexit sha1_base64="/sjccIVS5SjevwBEJtFS5vYQemg="></latexit><latexit sha1_base64="/sjccIVS5SjevwBEJtFS5vYQemg="></latexit><latexit sha1_base64="/sjccIVS5SjevwBEJtFS5vYQemg="></latexit><latexit sha1_base64="/sjccIVS5SjevwBEJtFS5vYQemg="></latexit>

The partition function, Z, can be computed as a path integral. 

AdS/CFT  master equation (at large N)

AdS5 gravity boundary conditions ⟺ CFT4 background fields

Zgravity ' e�Ion shell = ZCFT
<latexit sha1_base64="O3mi01AHjjebRO3A9lz597htLaM="></latexit><latexit sha1_base64="O3mi01AHjjebRO3A9lz597htLaM="></latexit><latexit sha1_base64="O3mi01AHjjebRO3A9lz597htLaM="></latexit><latexit sha1_base64="O3mi01AHjjebRO3A9lz597htLaM="></latexit>



Localization computation

A = i�d⌧
<latexit sha1_base64="Lmk82zoGK/qKlKRk1KDfnShL07E="></latexit><latexit sha1_base64="Lmk82zoGK/qKlKRk1KDfnShL07E="></latexit><latexit sha1_base64="Lmk82zoGK/qKlKRk1KDfnShL07E="></latexit><latexit sha1_base64="Lmk82zoGK/qKlKRk1KDfnShL07E="></latexit>

�(1 +⌦1 +⌦2 � 2�) = 2⇡in , n 2 Z
<latexit sha1_base64="nTZgmwu2FjqwF+OHkZH4Orhl21I="></latexit><latexit sha1_base64="nTZgmwu2FjqwF+OHkZH4Orhl21I="></latexit><latexit sha1_base64="nTZgmwu2FjqwF+OHkZH4Orhl21I="></latexit><latexit sha1_base64="nTZgmwu2FjqwF+OHkZH4Orhl21I="></latexit>

complexify chemical pot, 

ds2 = d⌧2 + d✓2 + sin2✓ (d�1 � i⌦1d⌧ )
2 + cos2✓ (d�2 � i⌦2d⌧ )

2
<latexit sha1_base64="s2BLogccmZofWcVQIOpoE2puWs0="></latexit><latexit sha1_base64="s2BLogccmZofWcVQIOpoE2puWs0="></latexit><latexit sha1_base64="s2BLogccmZofWcVQIOpoE2puWs0="></latexit><latexit sha1_base64="s2BLogccmZofWcVQIOpoE2puWs0="></latexit>

in the regular Euclidean section, boundary fields are: ●

S3
<latexit sha1_base64="gMFQZvLiLyloA2HSCsFmFOnRR38="></latexit><latexit sha1_base64="gMFQZvLiLyloA2HSCsFmFOnRR38="></latexit><latexit sha1_base64="gMFQZvLiLyloA2HSCsFmFOnRR38="></latexit><latexit sha1_base64="gMFQZvLiLyloA2HSCsFmFOnRR38="></latexit>

S1
<latexit sha1_base64="OL8q5o1/N3/ffunka3U96Z9pHGU="></latexit><latexit sha1_base64="OL8q5o1/N3/ffunka3U96Z9pHGU="></latexit><latexit sha1_base64="OL8q5o1/N3/ffunka3U96Z9pHGU="></latexit><latexit sha1_base64="OL8q5o1/N3/ffunka3U96Z9pHGU="></latexit>

fibered over

➜ dynamical fields are: periodic bosons, antiperiodic spinors

for     odd, supercharge is antiperiodicn
<latexit sha1_base64="F4XRQpx9Ae7YFncYAgABC2QxWi8="></latexit><latexit sha1_base64="F4XRQpx9Ae7YFncYAgABC2QxWi8="></latexit><latexit sha1_base64="F4XRQpx9Ae7YFncYAgABC2QxWi8="></latexit><latexit sha1_base64="F4XRQpx9Ae7YFncYAgABC2QxWi8="></latexit>

S3

S1
�

<latexit sha1_base64="miciH7q069FJfmlpimEx//vyK6g="></latexit><latexit sha1_base64="miciH7q069FJfmlpimEx//vyK6g="></latexit><latexit sha1_base64="miciH7q069FJfmlpimEx//vyK6g="></latexit><latexit sha1_base64="miciH7q069FJfmlpimEx//vyK6g="></latexit>

black hole requires n = ±1
<latexit sha1_base64="wZvhM77sqRLOXMydvaQm9Mb6D+Q="></latexit><latexit sha1_base64="wZvhM77sqRLOXMydvaQm9Mb6D+Q="></latexit><latexit sha1_base64="wZvhM77sqRLOXMydvaQm9Mb6D+Q="></latexit><latexit sha1_base64="wZvhM77sqRLOXMydvaQm9Mb6D+Q="></latexit>



Localization computation

!1 = �(⌦1 � 1) , !2 = �(⌦2 � 1) , ' = �(�� 3
2
)

<latexit sha1_base64="f0yeDzl+R5kG7dF50/00rhJAano="></latexit><latexit sha1_base64="f0yeDzl+R5kG7dF50/00rhJAano="></latexit><latexit sha1_base64="f0yeDzl+R5kG7dF50/00rhJAano="></latexit><latexit sha1_base64="f0yeDzl+R5kG7dF50/00rhJAano="></latexit>

Z(!1,!2,') = e�F(!1,!2,')I(!1,!2,')
<latexit sha1_base64="m3q2JOkHQW/MFniwcZNeQFnrZFQ="></latexit><latexit sha1_base64="m3q2JOkHQW/MFniwcZNeQFnrZFQ="></latexit><latexit sha1_base64="m3q2JOkHQW/MFniwcZNeQFnrZFQ="></latexit><latexit sha1_base64="m3q2JOkHQW/MFniwcZNeQFnrZFQ="></latexit>

A localization computation gives the exact partition function: ●

!1 + !2 � 2' = 2⇡in
<latexit sha1_base64="WmizsmFduMCn950v92GN3Fco1EI="></latexit><latexit sha1_base64="WmizsmFduMCn950v92GN3Fco1EI="></latexit><latexit sha1_base64="WmizsmFduMCn950v92GN3Fco1EI="></latexit><latexit sha1_base64="WmizsmFduMCn950v92GN3Fco1EI="></latexit><latexit sha1_base64="WmizsmFduMCn950v92GN3Fco1EI="></latexit>

where again

with



The index

Can be expressed as

I(!1,!2,') = Tr (�1)F e��{Q,Q}+(!1�2⇡in)(J1+ 1
2Q)+!2(J2+ 1

2Q)
<latexit sha1_base64="WcTFh7Ajk2mLln9LZNIrgguthX0="></latexit><latexit sha1_base64="WcTFh7Ajk2mLln9LZNIrgguthX0="></latexit><latexit sha1_base64="WcTFh7Ajk2mLln9LZNIrgguthX0="></latexit><latexit sha1_base64="WcTFh7Ajk2mLln9LZNIrgguthX0="></latexit>

➜ superconformal index with a shifted chemical potential

●

= I(!1 � 2⇡in , !2)
<latexit sha1_base64="fduV+gdnA9Eq1hSMpXjvKZv/b+w="></latexit><latexit sha1_base64="fduV+gdnA9Eq1hSMpXjvKZv/b+w="></latexit><latexit sha1_base64="fduV+gdnA9Eq1hSMpXjvKZv/b+w="></latexit><latexit sha1_base64="fduV+gdnA9Eq1hSMpXjvKZv/b+w="></latexit>

Non-trivial as the shift is not an invariance of the index!  Introduces extra phases

I(!1,!2,')
<latexit sha1_base64="vABUbrynaNT7B6Sy9V93K0f6axI="></latexit><latexit sha1_base64="vABUbrynaNT7B6Sy9V93K0f6axI="></latexit><latexit sha1_base64="vABUbrynaNT7B6Sy9V93K0f6axI="></latexit><latexit sha1_base64="vABUbrynaNT7B6Sy9V93K0f6axI="></latexit>



Cardy limit of the index

' = 1
2
(!1 + !2 � 2⇡in)

<latexit sha1_base64="Kl/RB0yYOs9ganE9MM1cidvo/64="></latexit><latexit sha1_base64="Kl/RB0yYOs9ganE9MM1cidvo/64="></latexit><latexit sha1_base64="Kl/RB0yYOs9ganE9MM1cidvo/64="></latexit><latexit sha1_base64="Kl/RB0yYOs9ganE9MM1cidvo/64="></latexit>

remains finite when n = ±1
<latexit sha1_base64="wZvhM77sqRLOXMydvaQm9Mb6D+Q="></latexit><latexit sha1_base64="wZvhM77sqRLOXMydvaQm9Mb6D+Q="></latexit><latexit sha1_base64="wZvhM77sqRLOXMydvaQm9Mb6D+Q="></latexit><latexit sha1_base64="wZvhM77sqRLOXMydvaQm9Mb6D+Q="></latexit>

Choi, J. Kim, S. Kim, Nahmgoong;  Honda;  Arabi Ardehali;

  CCMM ’19; J. Kim, S. Kim, Song;  Amariti, Garozzo, Lo Monaco

limit of large charges (at finite N)  : !1, !2 ! 0
<latexit sha1_base64="dQtigYBB+RhRB21zkUAB/Ebaxe8="></latexit><latexit sha1_base64="dQtigYBB+RhRB21zkUAB/Ebaxe8="></latexit><latexit sha1_base64="dQtigYBB+RhRB21zkUAB/Ebaxe8="></latexit><latexit sha1_base64="dQtigYBB+RhRB21zkUAB/Ebaxe8="></latexit>●



Cardy limit of the index

' = 1
2
(!1 + !2 � 2⇡in)

<latexit sha1_base64="Kl/RB0yYOs9ganE9MM1cidvo/64="></latexit><latexit sha1_base64="Kl/RB0yYOs9ganE9MM1cidvo/64="></latexit><latexit sha1_base64="Kl/RB0yYOs9ganE9MM1cidvo/64="></latexit><latexit sha1_base64="Kl/RB0yYOs9ganE9MM1cidvo/64="></latexit>

remains finite when n = ±1
<latexit sha1_base64="wZvhM77sqRLOXMydvaQm9Mb6D+Q="></latexit><latexit sha1_base64="wZvhM77sqRLOXMydvaQm9Mb6D+Q="></latexit><latexit sha1_base64="wZvhM77sqRLOXMydvaQm9Mb6D+Q="></latexit><latexit sha1_base64="wZvhM77sqRLOXMydvaQm9Mb6D+Q="></latexit>

Choi, J. Kim, S. Kim, Nahmgoong;  Honda;  Arabi Ardehali;

  CCMM ’19; J. Kim, S. Kim, Song;  Amariti, Garozzo, Lo Monaco

limit of large charges (at finite N)  : !1, !2 ! 0
<latexit sha1_base64="dQtigYBB+RhRB21zkUAB/Ebaxe8="></latexit><latexit sha1_base64="dQtigYBB+RhRB21zkUAB/Ebaxe8="></latexit><latexit sha1_base64="dQtigYBB+RhRB21zkUAB/Ebaxe8="></latexit><latexit sha1_base64="dQtigYBB+RhRB21zkUAB/Ebaxe8="></latexit>●

at large N :              ➜ matches grand can. fct.     ➜ Bekenstein-Hawking entropy a = c
<latexit sha1_base64="2+M+VQXAMI5dlXkYLMUFJMhBXDU="></latexit><latexit sha1_base64="2+M+VQXAMI5dlXkYLMUFJMhBXDU="></latexit><latexit sha1_base64="2+M+VQXAMI5dlXkYLMUFJMhBXDU="></latexit><latexit sha1_base64="2+M+VQXAMI5dlXkYLMUFJMhBXDU="></latexit>

Di Pietro, Komargodski
version of

holds at finite N   ➜   prediction for quantum black hole entropy !

universal saddle point controlled by anomalies. ●

�logI ⇠
8'3

27!1!2
(5a� 3c) +

8⇡2'

3!1!2
(a� c)

<latexit sha1_base64="xsjKW0eAZ97NU5vViSBUN1MLWm8="></latexit><latexit sha1_base64="xsjKW0eAZ97NU5vViSBUN1MLWm8="></latexit><latexit sha1_base64="xsjKW0eAZ97NU5vViSBUN1MLWm8="></latexit><latexit sha1_base64="xsjKW0eAZ97NU5vViSBUN1MLWm8="></latexit>

Dominant under some assumptions

I<latexit sha1_base64="CTMTjRtVlUwmQ1JK5wTF2IkZ3YM="></latexit><latexit sha1_base64="CTMTjRtVlUwmQ1JK5wTF2IkZ3YM="></latexit><latexit sha1_base64="CTMTjRtVlUwmQ1JK5wTF2IkZ3YM="></latexit><latexit sha1_base64="CTMTjRtVlUwmQ1JK5wTF2IkZ3YM="></latexit>

n = ±1
<latexit sha1_base64="wZvhM77sqRLOXMydvaQm9Mb6D+Q="></latexit><latexit sha1_base64="wZvhM77sqRLOXMydvaQm9Mb6D+Q="></latexit><latexit sha1_base64="wZvhM77sqRLOXMydvaQm9Mb6D+Q="></latexit><latexit sha1_base64="wZvhM77sqRLOXMydvaQm9Mb6D+Q="></latexit>



Entropy from the index

There is evidence that the SCFT4 index counts O(N2) states 
for suitable complexified chemical potentials

✤

the same appears to be true in other dimensions

e.g. SCFT3

Choi, Hwang, S. Kim;

Bobev, Crichigno;


Nian, Pando Zayas;

          Benini, Gang, Pando Zayas     2019.

✤

● large N limit of the SCFT4 index Benini, Milan Cabo-Bizet, Murthy



The prefactor

' = 1
2
(!1 + !2 � 2⇡in)

<latexit sha1_base64="Kl/RB0yYOs9ganE9MM1cidvo/64="></latexit><latexit sha1_base64="Kl/RB0yYOs9ganE9MM1cidvo/64="></latexit><latexit sha1_base64="Kl/RB0yYOs9ganE9MM1cidvo/64="></latexit><latexit sha1_base64="Kl/RB0yYOs9ganE9MM1cidvo/64="></latexit>

              ➜n = 0
<latexit sha1_base64="7o2j0K+BC3uF53pmNKIgajlTWRU="></latexit><latexit sha1_base64="7o2j0K+BC3uF53pmNKIgajlTWRU="></latexit><latexit sha1_base64="7o2j0K+BC3uF53pmNKIgajlTWRU="></latexit><latexit sha1_base64="7o2j0K+BC3uF53pmNKIgajlTWRU="></latexit> susy Casimir energyF = �

2

27

(!1 + !2)3

!1!2
c

<latexit sha1_base64="BhJ79uoxqO9NKerg758FNzvU8ow="></latexit><latexit sha1_base64="BhJ79uoxqO9NKerg758FNzvU8ow="></latexit><latexit sha1_base64="BhJ79uoxqO9NKerg758FNzvU8ow="></latexit><latexit sha1_base64="BhJ79uoxqO9NKerg758FNzvU8ow="></latexit>

F = �
16

27

'3

!1!2
c

<latexit sha1_base64="5N0P0PrkDIrM1EDpKqvij5hBVU0="></latexit><latexit sha1_base64="5N0P0PrkDIrM1EDpKqvij5hBVU0="></latexit><latexit sha1_base64="5N0P0PrkDIrM1EDpKqvij5hBVU0="></latexit><latexit sha1_base64="5N0P0PrkDIrM1EDpKqvij5hBVU0="></latexit>

n = 1
<latexit sha1_base64="3MmPJ3aNGMXJ5DOcVFdJqhgaQkg="></latexit><latexit sha1_base64="3MmPJ3aNGMXJ5DOcVFdJqhgaQkg="></latexit><latexit sha1_base64="3MmPJ3aNGMXJ5DOcVFdJqhgaQkg="></latexit><latexit sha1_base64="3MmPJ3aNGMXJ5DOcVFdJqhgaQkg="></latexit> F = �

2

27

(!1 + !2 � 2⇡i)3

!1!2
c

<latexit sha1_base64="bwpYDlTGp0mv4iC1NwPsc+z4+pU="></latexit><latexit sha1_base64="bwpYDlTGp0mv4iC1NwPsc+z4+pU="></latexit><latexit sha1_base64="bwpYDlTGp0mv4iC1NwPsc+z4+pU="></latexit><latexit sha1_base64="bwpYDlTGp0mv4iC1NwPsc+z4+pU="></latexit>

              ➜

➜   Legendre transform of          is the Bekenstein-Hawking entropy�F
<latexit sha1_base64="sXA3b9CLEOcOhJmQqSt8Q2s+pOo="></latexit><latexit sha1_base64="sXA3b9CLEOcOhJmQqSt8Q2s+pOo="></latexit><latexit sha1_base64="sXA3b9CLEOcOhJmQqSt8Q2s+pOo="></latexit><latexit sha1_base64="sXA3b9CLEOcOhJmQqSt8Q2s+pOo="></latexit>

S = ⇡
q
3Q2 � 8c

�
J1 + J2

�
=

Area

4
<latexit sha1_base64="NmNCtYM69gIXhMj5I6M/I+kL3ow="></latexit><latexit sha1_base64="NmNCtYM69gIXhMj5I6M/I+kL3ow="></latexit><latexit sha1_base64="NmNCtYM69gIXhMj5I6M/I+kL3ow="></latexit><latexit sha1_base64="NmNCtYM69gIXhMj5I6M/I+kL3ow="></latexit>

➜

localization gives

matches 
minus I<latexit sha1_base64="CTMTjRtVlUwmQ1JK5wTF2IkZ3YM="></latexit><latexit sha1_base64="CTMTjRtVlUwmQ1JK5wTF2IkZ3YM="></latexit><latexit sha1_base64="CTMTjRtVlUwmQ1JK5wTF2IkZ3YM="></latexit><latexit sha1_base64="CTMTjRtVlUwmQ1JK5wTF2IkZ3YM="></latexit>

Assel, DC, Martelli ‘14

➜   Legendre transform = 0  ➜  no entropy

at large N 



Summary

S(Ji,Q) = ⇡
q

3Q2 � 8c
�
J1 + J2

�
<latexit sha1_base64="i/mJFcP2KbcryAYvRDOoEuFZNbo="></latexit><latexit sha1_base64="i/mJFcP2KbcryAYvRDOoEuFZNbo="></latexit><latexit sha1_base64="i/mJFcP2KbcryAYvRDOoEuFZNbo="></latexit><latexit sha1_base64="i/mJFcP2KbcryAYvRDOoEuFZNbo="></latexit>

I(�,⌦i,�) = �E � S � �⌦iJi � ��Q
<latexit sha1_base64="jUhbG3wFri6HT6FLhvvHaxWEhlw="></latexit><latexit sha1_base64="jUhbG3wFri6HT6FLhvvHaxWEhlw="></latexit><latexit sha1_base64="jUhbG3wFri6HT6FLhvvHaxWEhlw="></latexit><latexit sha1_base64="jUhbG3wFri6HT6FLhvvHaxWEhlw="></latexit>

supergravity on-shell action (at finite    )    �
<latexit sha1_base64="IWbhFOqdt1k3JrqUuK3Hcm68pik="></latexit><latexit sha1_base64="IWbhFOqdt1k3JrqUuK3Hcm68pik="></latexit><latexit sha1_base64="IWbhFOqdt1k3JrqUuK3Hcm68pik="></latexit><latexit sha1_base64="IWbhFOqdt1k3JrqUuK3Hcm68pik="></latexit>

SCFT partition function

!1 + !2 � 2' = 2⇡i
<latexit sha1_base64="+7LXy9ws+XIMIK5/noTV+DTADGc="></latexit><latexit sha1_base64="+7LXy9ws+XIMIK5/noTV+DTADGc="></latexit><latexit sha1_base64="+7LXy9ws+XIMIK5/noTV+DTADGc="></latexit><latexit sha1_base64="+7LXy9ws+XIMIK5/noTV+DTADGc="></latexit>

I(!i,') =
16

27

'3

!1!2
c

<latexit sha1_base64="IUY6lXZgddiIf9l0hbtMNxvwnpI="></latexit><latexit sha1_base64="IUY6lXZgddiIf9l0hbtMNxvwnpI="></latexit><latexit sha1_base64="IUY6lXZgddiIf9l0hbtMNxvwnpI="></latexit><latexit sha1_base64="IUY6lXZgddiIf9l0hbtMNxvwnpI="></latexit>

entropy

Legendre transform

modified indexvariant of Casimir energy

BPS limit

Z(!1,!2, n) = e�F(!1,!2,n)I(!1,!2, n)
<latexit sha1_base64="yhSI1Ceo5d9vw9m3qFmDHFXF3bU="></latexit><latexit sha1_base64="yhSI1Ceo5d9vw9m3qFmDHFXF3bU="></latexit><latexit sha1_base64="yhSI1Ceo5d9vw9m3qFmDHFXF3bU="></latexit><latexit sha1_base64="yhSI1Ceo5d9vw9m3qFmDHFXF3bU="></latexit>

Hosseini,

Hristov,


Zaffaroni


CCMM



Two open questions

4d Cardy formula relating degeneracy of states to vacuum energy?

● Why is    encoded both in prefactor and index?I<latexit sha1_base64="CTMTjRtVlUwmQ1JK5wTF2IkZ3YM="></latexit><latexit sha1_base64="CTMTjRtVlUwmQ1JK5wTF2IkZ3YM="></latexit><latexit sha1_base64="CTMTjRtVlUwmQ1JK5wTF2IkZ3YM="></latexit><latexit sha1_base64="CTMTjRtVlUwmQ1JK5wTF2IkZ3YM="></latexit>

subleading corrections to Bekenstein-Hawking entropy●
localization in supergravity?

New window into quantum gravity



thanks for your attention !


