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Perfect agreement between gravitational computation and the counting formula.

By matching the leading ferm and logarithmic correction,
what did we learn about the microscopic theorye
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Gravitational Derivation
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Gravitational Derivation
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What is the microscopic information
fhat controls ay and a,, ¢

Does the agreement with a4, follow
from symmetries or dynamicse

Ay Ay
Spy = E + Agrav log (E) + -
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Hard work goes into finding corrections
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—) “logd(n,?) = Sgy”



Outline

o Asymptotic expansion of d(n, )

» Implement holographic conditions (HKS)

o Revisit black hole entropy
» Y4-BPS BH V=4, D=4
» Y4 -BPS BH IV =4, D=5 (BMPV)
» BPS BH N=2, D=4 (MSW)
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Asymptoftic expansion of d(n, f)

Weak Jacobi form

¢(t,z) = Z d(n, £)e2mitn p2mizt
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Modular properties -
2mi t ¢ z2

at + b Z
- ke~ cord
<p( ct +d’ ct +d) (cr+d) e cm ¢(1,2)

weight

Elliptic properties
o(t,z+AT+p) = e—Znit()lzr+2/12+u)(p(T, 2)

ALu€elZ

Convenient to organize states via the

discriminant
2

(n,f)—>A=n—4—t, £ (mod 2t)

A < 0: polar states ( )
A = 0: non-polar states (heavy)

b2
Ay = e b <t :most polarstate
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Asymptoftic expansion of d(n, f)

Rademacher Expansion
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Inpu’r. polar/light states

Output: non-polar/heavy states
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Asymptoftic expansion of d(n, f)

Rademacher Expansion
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d(n,€) = Z z dn’, 3)22”< ) (%W)KI(A,&A’,F;C)

A<0 ' =-

We will not use this. Whye

Gravity path integral (holography or black holes) is coarse: t — A t with A >» 1,
And this enters in the logarithmic corrections.
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Asymptoftic expansion of d(n, £)

Incorporate Gravity

d(n,£) ~ py(n, £) = et™ARol+ ¢ ...

Universally valid if A >» |Ay| (high temperature regime) and usually A, and t are fixed (Cardy regime)

In the limit t,Ay, — oo, the validity of the Cardy regime will be extended if

p,(n,£) S e?m(8=ho) Ay <A<DO Sparseness condition on light states.

d(n,€) ~ py(n,€) = e*™ARl+ L ... A=A > 1



Crossing Kernels Sparseness criteria (HKS)
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Only data needed from the light spectrum is

po(4,) : ground state degeneracy.



Crossing Kernels

Sparseness criteria (HKS)

co (00}

pu(E,j):= j dE’ de’pL(E’,j’) P jye’ iy + o + p.(n, ) S e?T(A=R0) Ay <A<O
0 — 00

Subleading corrections fall into two categories (k = 0, for simplicity):

Universal Regime A = |Ay| > 1 Non-Universal Regime Ay = [A] > 1

Sensitive to light spectrum. In a democracy:
d(n,f) ~ pO(AO) |A0| 847-[ /Alel 4.

w+2—a
A t

d(n, 0y ~ 22000 [0l (02O o] .

Only data needed from the light spectrum is
Ao = |A] > |Ap|?%* > 1
po(4,) : ground state degeneracy.
pL(8) = po(Ag) (A — Ag)™e?mr(A-20)"

0<a<i, y >0



Revisit Black Hole Entropy
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Microscopic Derivation
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Local contribution, Lero modes,
from massless fields from isometries

QD(T, Z) — d(n, »g)ezniTTleZTL'izf
n,t

l

Counting BPS states Tr (-1)F ...

HKS: p,(n,£) S e?™8=80) A <A <0

logd(n, ) = 4m\/A|Ao| + aplog A + ap log|Ag| + -
Universal Regime A = [Ay| > 1

Only ground state data is needed

Non-Universal Regime A, = [A] > 1

pL(A) = po(Ap) (A — Ao)weznyAa



Vi-BPS V=4 D=4
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Local contribution, Zero modes,
from massless fields from isometries
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/4-BPS W'=4 D=4
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Ay Ay
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Local contribution, Zero modes,
from massless fields from isometries

|

1

N:4‘, nV:nH‘l‘].

Microscopic Derivation

1
—— = Exp — Lift(—2§00,1)(T» z,0)

D,
t 0%
= A = —_——= — —
t=0>, 0 2 3
PZ
Tl:7, £:Q°P,
4m\[A|Ag| = m/Q?P? — (Q - P)?

1
\‘E(—6+8) =1

Universal Regime A ~ |Aq| > 1

d(,-1)-1
d(n,?;t) = 0 A eV Aldol 4 ...

d(0,—1) = 2: Ramond grounds states.
Compatible with AdSs;xS$3xK3 and dual CFT,
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Local contribution, Zero modes,
from massless fields from isometries

1
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ny=20+2x3+1 =27
for Type IIB on K3xS!
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Microscopic Derivation
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N

t
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Non-Universal Regime Ay > |A] > 1: Ag ~ A* A ~ A?
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Local contribution, Zero modes,
from massless fields from isometries
1
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ny=20+2x3+1 =27
for Type IIB on K3xS!

Microscopic Derivation

Z(0,1,2) = z o(1,z; Sym" (K3))e?™oN
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Non-Universal Regime Ay > |A] > 1: Ag ~ A* A ~ A?

A A

A@=D=1 714 | W
d(n,?;t) = 0 ( 0 > edmVAldol 4 ...

d(0,—1) = 2: Ramond grounds states.

d(O 0)

W+——d(0 —1) — = —3

d(0,0) = ht! = 20 for K3
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qdo > Aqo, p'— AD',
q — Aq;
A>1
Ay _
4G = Zﬂ\/CIOCUKPIp]Pk

Ay Ay
Sgn = E + Agrav log (E) + -
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Local contribution,
from massless fields

Zero modes,
from isometries

1 1
5 (113 = NV) —ny +ny) 5(-6+8)=1

1
Agrav = E(Z3 —ny +ny)




V2 -BPS W =2 D=4 Microscopic Derivation: MSW / OSV

Z(x, ‘L_',ZI) — Tr(FZ(_l)FeZniTLO eZnionyfl)

Q@ tyy = cyxkp®, Do = _t_ axp'py p"’
= s

QO:LO_ZO: t;=q;, A =17

G > Aqo,p' > AP, —
q; — Aq 4\ AlAo| = ZFJQOCIJKPIPJPR
A>1
Ay — . . ;
G ZH\/qOCUKp’p]pk Non-Universal Regime Ay > [A] > 1: Ay ~ A°,A ~ A
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Ay Ay ’
San =53¢+ orav10855) + 80N\ 1801°% i
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Agrav = 5(23 —ny +ny) Extremely sensitive to the light spectrum!
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q = Aq 4\ AlDy| = ZFJQOCIJKPIPJPR
A>1
Ay [ . . 3
G ZH\/qOCUKp’p]pk Non-Universal Regime Ay > [A] > 1: Ay ~ A°,A ~ A
d(n,t)
AH AH ’ ny 5
B = 4G + Agrav1og (E) + 1A i |A0|w+§ 41 |A Ié
/ \ = |A0| dettU A le 0% 4 ...
Local contribution, Zero modes, (AlAo)%
from isometries ¥ + 24

from massless fields
1 —_
%(11(3—N)—nv+n,,) 5(-6+8)=1 Match! v 36
. x = 2(ny —ny + 1): Euler number CY;

Agrav = 5(23 —ny +ny) Extremely sensitive to the light spectrum!
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Z(Q,P) = J Dg Dop; e 1900
M

Ay Ay
logZ = 1c + Agravlog <4G)

o Local contribution, from
masssless fields.

o Zero modes, from isometries.

(P(T; Z) = z d(n, {)QZﬂirnezmz{’
n,f

logd(n, ) = 4m\/A|Ao| + aplog A + ap log|Ag| + -
o Universal Regime A = |Ay] > 1

o Non-Universal Regime Ay, = [A] > 1

Quantified the imprint of
oNn a, and a,,



Conclusion

Z(Q,P) = J Dg Dep; e~ @0 ¢(1,2) = Z Ap,petigtts

Py, nf

y y logd(n, ) = 4m\/A|Ao| + aplog A + ap log|Ag| + -

H H

log Z =7C + Agrav log(E) = ooc . |
o Universal Regime A = Ay > 1
o Local conftribution, from o Non-Universal Regime Ay, = [A] > 1
massless fields.

o Lero modes, from isometries. Quantified the imprint of

oNn a, and a,,

Universality/Simplicity that might happen on each side is not preserved.
Important to develop tools that allow to quantity CFT observables for continuous N.



Gravitational Derivation Microscopic Derivation
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Supersymmetric BHs in AdS,4

Ay Ay
Spy = E + Agrav log <_) +

4G
Local contribution, Zero modes,
from massless fields from isometries

If the EFT is AdSxS7 (infinite number of fields):

S. Bhattacharyya, A. Grassi, M. Marino, A. Sen 2012

agrav : A rational number mdependen’r of chorges. J.T. Liu, L. Pando Zayas, V. Rathee, W. Zhao 2017

If the EFT in AdS, has a finite number of fields:

7\ . . . | M. David, V. Godet, Z. Liu, L. Pando Zayas 2023
Agrav (@) . A non frivial function of the charges! N. Bobev, M. David, J. Hong, V. Reys, X. Zhang 2024



‘ Gravitational Derivation ‘

°

Supersymmetric BHs in AdS,4

Ay Ay
Spn = E + Agrav log (E) T -
<\

Local contribution, Zero modes,
from massless fields from isometries

If the EFT is AdSxS7 (infinite number of fields):

Agrav - A rational number independent of charges.

If the EFT in AdS, has a finite number of fields:

Agrav (é) : A non trivial function of the charges!

‘ Microscopic Derivation ‘

Zindex (1', Z) = Z d(n’ g)QZﬂirnezmz{’
n,{
logd(n,¢) = 4nN f(n,€) + a,, log N + -

To date: not a single example of a,, (é)
Always independent of charges!

Lessons:

o GPlresponds differently at the quantum
level depending on the matter content.

o Could provide non-trivial insight about
scale separation in AdS/CFT.

o We need a better understanding of what
controls a,, in the CFT!



Thank youl!
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Rademacher Expansion

3

d(n,€) = Z z dn’, 3)22”< ) (%@)KI(A,&A’,F;C)

A<0 ' =-

We will not use this. Whye

Gravity path integral (holography or black holes) is coarse: t — A t with A >» 1,
And this enters in the logarithmic corrections.



Symmetric Product Orbifolds and
Exponential Liffs

Gravity path integral (holography or black holes) is coarse: t — A% t with A » 1,
And this enters in the logarithmic correction:s.

Pr(1,2) = z d(n,£)e?mitng2mizt > Z(o,71,2) = Z O+ (1, 2)e?™ot
:

n=0
{€EL

Sum over theories!



Symmetric Product Orbifolds and
Exponential Liffs

A class of modular forms where it is natural to sum over the index

Poc,(7,2) = z A(n, £)e*Tm P! s 2(0,1,2) = Z Po,t,n (T, z; SymN (Cy))e?motoN
nz0 ~
ret Symm Prod Orb B 1
= nll_n[{) (1-— ezmtneZniz{’ezmam)d(nm,i’)

N copies of a unitary and
compact CFT,
Cp Co = seed theory
XN

Co C
= sy =
Orbifold by the N
permutation group Sy



Symmetric Product Orbifolds and
Exponential Liffs

Coefficients of symmetric product orbifolds

. 1
— . N 2 toN _—
Z(O', T, Z) — z QOO,tON(T, Z, Sym (CO))B Tt = 1_[ (1 _ eZnirnezmz{’eZniam)d(nm,{’)
N

mmn,?t

Use poles in Z(a, t,z) and countour deformations. Main assumption is A|Aq| > 1

(dévd(oyl;b;))_l ) o (T Z) e—zni(nr+g—br—z+fz)
0,—by) — 1)1 7=\P

d(n,¢;t) = f dtdz
C




Symmetric Product Orbifolds and
Exponential Liffs

Coefficients of symmetric product orbifolds

. 1
— . N 2 toN _—
Z(O', T, Z) — z QOO,tON(T, Z, Sym (CO))B Tt = 1_[ (1 _ eZnirnezmz{’eZniam)d(nm,{’)
N

mmn,?t

Use poles in Z(a, t,z) and countour deformations. Main assumption is A|Aq| > 1

(dévd(oyl;b;))_l ) o (T Z) e—zni(nr+g—br—z+fz)
0,—by) — 1)1 7=\P
\

Y
Effective p, (n, ). counts polar states

with fixed A in the [Imit N - oo

d(n,¢;t) = f dtdz
C




Symmetric Product Orbifolds and
Exponential Liffs

Coefficients of symmetric product orbifolds
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Z(O', T, Z) — z QOO,tON(T, Z, Sym (CO))E mato (1 _ eZm‘mQanz{’eZmam)d(nm ?)
N
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Use poles in Z(a, t,z) and countour deformations. Main assumption is A|Aq| > 1

(dévd(oyl;b;))_l ) o (‘[ Z) e—zni(nr+g—br—z+fz)
0,—by) — 1)1 7=\P

d(n,¢;t) = f dtdz

Yo (T,z) : for K3 generating of perturbative '/4-BPS
6D SUGRA states on AdS;xS3




Symmetric Product Orbifolds and
Exponential Liffs

Coefficients of symmetric product orbifolds

. 1
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N
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Use poles in Z(a, t,z) and countour deformations. Main assumption is A|Aq| > 1

(dévd(oyl;b;))_l ) o (T Z) e—zni(nr+g—bl_—z+fz)
0,—by) — 1)1 7=\P

d(n,?;t) = f dtdz
C

Complete classification,
Controlled by seed (,



Symmetric Product Orbifolds and
Exponential Liffs

Symm Prod Orb

. 1
_ E . N 2miot,N _ ‘ ‘ t =tyN,
Z(O', T, Z) = QOO,tON(T, Z, Sym (CO))e ot = (1 _ eZnirnezmz{’eZniam)d(nm,{’) X
N

mmn,?t

Use poles in Z(a, t,z) and countour deformations. Main assumption is A|Aq| > 1

(dévd(oyl;b;))_l ) o (T Z) e—zni(nr+g—bl_—z+fz)
0,—by) — 1)1 7=\P

d(n,?;t) = f dtdz
C

In perfect agreement with crossing kernels!

Universal Regime A = |Aq| > 1 Non-Universal Regime Ay, = Al > 1



