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e Brief review:

 BPS black holes in N' = 2 supergravity
* Near horizon geometry: attractor mechanism

e [D0-brane probes in near horizon geometry

* Superconformal Quantum Mechanics
* Short multiplets

e BH entropy from [D2-brane wrapping horizon.
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N =2 SUGRA

* /IA (IIB) on Calabi Yau threefold

* gravitational multiplet guy,wu,A 0
* n = hy 1 vector multiplets AL N\ 2

* ho i 4 1 hypermultiplets

* Sp(2n + 2) symmetry: (fA) (XA)

Ga )
o= X

aybyc
P 0 = 0, [ ]
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BPS Black Holes
e Graviphoton: XG4 — F4F4
° Mass: Zo, = (p*Fu — qaX*) ‘oo

* Depends on moduli at infinity.

* Dependence is forgotten near the horizon
¢ XA(r) = X{ (Y qa) as 70

* Scalars flow to an attractor point
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BPS Black Holes

o X}?ed extremizes |Z| = |pFy — qa X*

X

* ‘Re CXﬁxed =p*  Re CFAfiped = qa

* Spu(p,q) = 7|27,

e exp Spy(p,q) ~ Number of microstates of black hole
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Entropy from microstates

A

* Charges (2 A) from D-branes in Calabi-Yau

(p()?pa?qa?(JO) (D67D4, DQ,DO)

* Counting of bound states of D4, D2, D0

* Spr(p,q) = 27/ Dqy
* D= Duep™p’p°  Go = qo + 55D0.q
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Entropy from microstates

A

* Charges (2 A) from D-branes in Calabi-Yau

(p()?pa?qa?(JO) (D67D4, DQ,DO)

* Counting of bound states of D4, D2, D0

* Spr(p,q) = 2mv/Dqo
* D = Daupep"p°  do = qo + 55D"¢qs
» Different computations: M-theory, others.
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Plan 3

Superconformal QM of probe D-branes
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Plan
Superconformal QM of probe D-branes

* Black Hole Entropy:

e microstates as bound states in near-horizon
geometry

o AdSs/CF'Ty correspondence:

* Superconformal Matrix Quantum Mechanics?
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D0 branes in AdS> X Sy x C'Y

e Action in Poincare coordinates

2 . .
c —m / dt \/ A (1-6%)— R2(0%+sin® 007) 29,0, 4" 5"

o qeR/% —I—qu/d¢c089

A
e Charges (:}LA) m = ‘uAFA — X4
G =ploa—qut  F+ G =m
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Hamiltonian

* Hamiltonian to quadratic order (o0 = &)

’ SWRP | 2mR§2L 52 | 2mR§2ACY
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Hamiltonian

* Hamiltonian to quadratic order (o0 = &)

1 2 |
o
SmRP sz§2L Sz 2mR§2ACY

» N' = 4 superconformal symmetry SU (1, 1|2)
= {& P} K =2mRE
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Hamiltonian

* Hamiltonian to quadratic order (o0 = &)

1 2 |
o
SmRP sz§2L Sz 2mR§2ACY

» N' = 4 superconformal symmetry SU (1, 1|2)
o SU(2) R-symmetry Li*t = L2 4 ™"

. j;tot Ltot

cvﬁ_ o
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Fermions

* Fermionic partners: D0 brane has 16 in 10d spinor ©

c O = Mu+nilu+nd T2 4+ N\,
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* Fermionic partners: D0 brane has 16 in 10d spinor ©

e O = \u+ nTu + T 50 + AT

e 4 goldstinos A/} = G“) partners of £, [:SQ (3,4,1)

o {2 )\g} = 2€ABEQ5
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Fermions on CY

* 121, 7% partners of y*, y° 3(2,4,2)

o) = (o %)

 Will appear as q;;l - (na 5.) = \ot 9

* R-symmetry SU(2) acts as Lefshetz action on
(p, q)-forms (JA, (p — q)/2,2(J))
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. {54 Sg} — 2eMBe 3K
e SA =N DAY = 261P¢ 5

. {54 @g} = EAB(eaglA? + QZZALZOE)
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Supersymmetry generators

QA fqozCY_I_
(1P>\A——(LS%+L + 102 A

- {Q, QF} = 26" Pe s H
e Nontrivial cancellations at work.

: [A{ i 8mRP2 | QngzL%ot T ACY + -
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BPS ground states

e Short multiplets of SU (1, 1|2)
* G = 5(Q0 FiS7)

e o=H+K Ly=H—-KTiD

* Highest weight in long multiplet killed by G |

72
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BPS ground states

e Short multiplets of SU (1, 1|2)
Oz,:l:l N (QA - ZS(?)
’£0:H+K L:H:[:[—[A(::iﬁ

* Highest weight in long multiplet killed by G |

72

* In short multiplet also Gf R

2
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BPS ground states:

* Killed by A L% ¢

e Harmonic forms on CY

* Highest SU(2)"" weight

* State counting depends only on CY topology
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Impasse

e No dependence on D4 brane charges

e Matrix degrees of freedom for multi-I)0 branes more
relevant for AdSy /C' F'T}
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Impasse

e No dependence on D4 brane charges

e Matrix degrees of freedom for multi-I)0 branes more
relevant for AdSy /C' F'T}

e 4 charge couples to non-commutative coordinates
« Fy=ws, A plag

e Difficult to write Matrix SCQM
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D2-branes wrapping S*

* No flat directions from gauge field
e Drop L°? part from SCQM

* Magnetic field on CY : F 7 = Z pAOéA = Jup
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D2-branes wrapping S*

* No flat directions from gauge field

e Drop L2 part from SCQM

e Magnetic fieldon CY : Fz = 3 play = J;
* Magnetic field changes anticommutator of qé
S {q&él’ QﬁB} — HCYEQﬁEAB -+ C/ng(fle

* Spurious term in {Qﬁv Qg}
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Corrected supercharge

* Qo = (3PN - 5(LCY+%L3/3>)W+

+C ( )%A + gqoz CcY

- {Q:, QF} = 2¢*Pe,sH
* Extra potential term in bosonic Hamiltonian from mass
of D2
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Corrected supercharge

* Qo = (3PN - 5(LCY+%L3/3>)W+

+C ( )%A + gqoz CcY

- {Q:, QF} = 2¢*Pe,sH
* Extra potential term in bosonic Hamiltonian from mass
of D2

« {S4,Q8} =+ + c(01) Pens

e Central extension from charge of D2 on sphere
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BPS ground states

* [ess short multiplets

* Highest weight killed by one GG _ 1 only
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BPS ground states

* [ess short multiplets

* Highest weight killed by one GG _ 1 only

* Ground states from Landau levels on Calabi Yau.
e [eading order 4 bosonic ground states, 41 fermionic

e D = Dabcpapbpc
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Counting microstates

e 2 brane wrapping horizon has D0 charge only.

e State count indipendent from D0 brane charge
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Counting microstates

e 2 brane wrapping horizon has D0 charge only.

e State count indipendent from D0 brane charge

e Put all DO brane charge of black hole in these states.

e Same counting as usual: different ways to partition q
among D?2 branes of 6.1 kinds

e Asymptotic number of states exp(2m+/Dqp)
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Conclusions

* Near horizon bound states can account for entropy
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Conclusions

* Near horizon bound states can account for entropy

 Why is it interesting?
_ A
° ZBH — Zq Q(p, Q)e 249" ~ ‘Z’z?op
* Q)(p, q) is number of bound states: open string
theory, ignore attractor egn.

V4 ‘tZOP is closed string topological partition function at
the attractor point!

* Natural to seek explanation in attractor geometry.
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Future directions

* Extension to more general charges?

* Counting beyond the leading order
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Future directions

* Extension to more general charges?

* Counting beyond the leading order

* Relate near-horizon microstates to
e D4 — DO bound states, black string excitations.
» SUGRA solutions for single microstates?

* Full Matrix SCQM for Ad.Ss/C F'T}
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