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The SCI and black hole entropy

▶ The superconformal index - protected counting of BPS states in SCFT

AdS5 × S5 / N = 4 SYM:

▶ Agreement with AdS black hole entropy at large-N [Choi, Kim ,Kim, Nahmgoong ’18]

▶ Also at small finite N (unrefined index) [Agarwal,. . . ’20][Murthy ’20]

▶ Captures new phases: grey galaxies
[Choi, Jain, Kim, Krishna, Kwon, Lee, Minwalla, Patel ’25]

[ED, Pando Zayas, Zhou ’25]

AdS4/CFT3:

▶ Unrefined index at finite N [Huang, Lei, Tang ’25]

▶ Prediction: dressed black holes [Jones, Krishna, Larsen ’25]

Goal: Dressed black holes (DBH) at finite-N?
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The ABJM superconformal index

▶ 3d U(N)k ×U(N)−k ABJM dual to M-theory on AdS4 × S7/Zk

▶ Cartans: J ∈ SO(3), Q1, . . .Q4 ∈ SO(8)R (for k = 1)

Specialization: IN(x , y) = TrBPS

[︂
(−1)FxQyh

]︂
=

∑︂
Q,h

d(Q, h)xQyh

Q ≡ 4J +
4∑︂

I=1

QI , h ≡ Q1 − Q2 + Q3 − Q4

▶ Compare: log |d(Q, h)| vs SBH(Q, h)
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Index from localization

▶ Compute in 3d N = 4 ADHM theory

▶ For one fundamental hyper (Nf = 1): IR SCFT equivalent to k = 1 ABJM

▶ Matrix Integral:

I(q, ξℓ, ξF , ξT ) =
1

N!

∑︂
m∈ZN

∮︂ N∏︂
i=1

dzi
2πizi

ξmi
T Ivec(q, ξF ; z,m)Iadj hyp(q, ξℓ, ξF ; z,m) [Ifund hyp(q, ξF ; z,m)]Nf

▶ Factorized:

I(x , ξℓ, ξF , ξT ) =
∑︂

|Y|=N

ZY
pert(x , ξℓ, ξF )Z

Y
vort(x , ξℓ, ξF , ξT )Z

Y
vort(x

−1, ξ−1
ℓ , ξ−1

F , ξ−1
T )

Nonperturbative
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AdS4 Black Holes

▶ Restrict to Q1 = Q3, Q2 = Q4 → Q = 4J + 2(Q1 + Q2), h = 2(Q1 − Q2)

▶ SBH(Q, h) at fixed Q:

SBH

0.0 0.2 0.4 0.6 0.8 1.0
h/Q0

1

2

3

4

5

GNS
Fixed GNQ=20
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Dressed AdS4 Black Hole Entropy

SBH
SDBH
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Dressed AdS4 Black Holes

▶ If the dressing carries flux away from the central BH (M2 branes):

SBH
G

N=GN

G
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G
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N = 2: no dressed BH

SBH Log|d(Q,h)|
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N=2, Nf=1, Q=200 (w/o decoupled)
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≥ 1/8 BPS

Higgs/Coulomb Index: log |dQ | ∼ 2N logQ
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N = 3: dressed BH

SBH Log|d(Q,h)|
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N = 3: dressed BH
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N = 3: dressed BH
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Log|d(Q,h)|

0 100 200 300 400
h

10

20

30

40

50

N=3, Nf=1, Q=400 (w/o decoupled)

SDBH(G̃N ,Q, h) with fitted G̃N



Multiple flavors (Nf > 1)
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Another charge limit: Q1 ̸= Q2 = Q3 = Q4
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Summary and future directions

▶ Precise evidence for dressed black holes with N = 2, 3, 4

▶ Decreased G̃N as predicted by M2 brane dressing

Open questions

▶ Direct identification of index saddles

▶ How does G̃N behave at larger N?

▶ Construction of gravitational saddles beyond the probe brane limit
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Dressed AdS4 Black Holes

▶ Consider (Q,Q1,Q2) space at fixed Q

▶ dressed black holes:
central BH w/ non-interacting “gas”

(J,Q1,Q2) = (Jbh,Q1,bh,Q2,bh)

+ (Jdr,Q1,dr,Q2,dr)

▶ Assume gas entropy is negligible

Q2,dr ≠ 0

Q1,dr = Q2,dr = 0

Q1,dr ≠ 0, Q2,dr ≠ 0

Q1,dr ≠ 0

— Q = QBH(GN, Q1, Q2)

2 GN Q1

2 GN Q2



Dressed AdS4 Black Holes

▶ Index is sensitive only to (Q, h)

▶ Dressed black holes (DBH) dominate entropy on some h lines

h = 0

h = -Q/4

GN Q

GN Q

2 GN Q1

2 GN Q2

dressed BH
dominant

BH dominant
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