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1. BASIC IDEA

For a IIA Calabi-Yau black hole

ZBH =
∑

near− horizon bound states

=
∑

(wrapped M2− branes)×
(wrapped anti−M2− branes)

= ZtopZ̄top.

(1.1)

We will see this in 6 steps.
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2. STEP ONE

Write the elliptic genus of the D4-D2-

D0 (pA, qA, q0) black hole as a partition

function of a wrapped M5 brane

ZBH = ZCFT (τ, yA) (2.1)

= TrR(−)F qL0− cL
24 q̄L̄0− cR

24 e2πiyAqA (2.2)

a la MSW. qA is a membrane charge(=

momenta in Narain latttice) and yA the

conjugate potential.
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3. STEP TWO

Use spectral flow to NS sector and

AdS3/CFT2

ZCFT = e
−πiτcL

12 Zsugra(AdS3×S2×CY3)

(3.1)

to reexpress as a sum over chiral primaries

on the M5 attractor with

G4 = ωS2 ∧ pAωA (3.2)

∫

αA

J = (2π)2
pA

`
(3.3)

4



4. STEP THREE

Find classical BPS wrapped M2-branes.

These have

L0 = L0 = J3 = 1
2qApA. (4.1)

MAIN POINT: CAN BE WRAPPED

BRANES AT NORTH POLE OR WRAPPED

ANTI M2-BRANES AT S POLE!!

Can also orbit.
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5. STEP FOUR

Go quantum. After some work; there

are NqA,jL,jR
(Gopakumar-Vafa invariant)

chiral primary hypermultiplets with

L0 = 1
2qApA + 2mL + l + 1 + Jφ (5.1)

−jL,R ≤ mL,R ≤ jL,R, l ≥ 0, Jφ ≥ 0.

(5.2)
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6. STEP FIVE

Sum over dlilute gas of multiparticle

chiral primary wrapped M2s

Zsugra

=
∏

qA,n,mL,jL,jR

[
1− e2πiτ(

1
2 qApA+n+2mL)

e2πiqAyA](−)2jR+2jLn(2jR+1)NqA,jL,jR

× (yA → −yA),
(6.1)

where Jψ and l are non-negative inte-

gers, n is a positive integer and −jL,R ≤

mL,R ≤ jL,R.
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7. STEP SIX

Modular transform ZCFT and use

GV-GW relation

ZBH

= ZCFT (τ, yA)

= ZCFT (−1/τ, yA/τ)e−
2πi
τ y2

= exp
[
2πi

τ

(cL

24
− y2

)]
Zsugra(−1/τ, yA/τ)

= TrR[(−)F q̄L̄0− cR
24 e−φAqA−φ0(L0− cL

24 )]

=
∣∣∣∣Ztop(gtop =

4π2

φ0
, tA =

φA − πipA

φ0
)
∣∣∣∣
2

.

(7.1)

for purely imaginary τ = iφ0/2π and

yA = iφA/2π. THIS IS OSV!
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8. Direct derivation (in progress)

At high temperatures, M → IIA,

so we should look for a direct string the-

ory worldsheet derivation. BGGHSY (in

progress) propose

(i) Euclidean string partition func-

tion on a IIA attractor=ZBH

(ii) This IIA partition function is

(N pole worldsheet instantons)× (S pole

worldsheet anti-instantons)

(iii)This gives ZBH = |Ztop|2

(iv)Seems to be working with Green-

Schwarz formalism
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THANK YOU!
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