Surface defects, phase transitions and supersymmetric

black holes

Mengyang Zhang
(Based on 2306.05463 with Yiming Chen, Matthew Heydeman, Yifan
Wang)

Princeton University
Strings 2023, Perimeter Institute

July 2023

Mengyang Zhang (Based on 2306.05463 withSurface defects, phase transitions and supersy July 2023 1/7



Motivation and overview

@ Motivation: Find an extended observable which detects the deconfinement
phase transition in 4d N =4 SU(N) SYM on S! x S3, and can be
computed exactly in both gravity and gauge theory at large N.
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phase takes dominance in the thermal ensemble)
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@ Large-N deconfinement transition <L> Hawking-Page transition (BH
phase takes dominance in the thermal ensemble)

@ To quantitatively see this correspondence, we can consider the 1—16—BPS
superconformal index, which can be computed faithfully in the
weak-coupling regime via localization. The index counts the %—BPS states,
which matches the supersymmetric black hole entropy.

Mengyang Zhang (Based on 2306.05463 withSurface defects, phase transitions and supersy July 2023 2/7



Motivation and overview

@ Motivation: Find an extended observable which detects the deconfinement
phase transition in 4d N =4 SU(N) SYM on S! x S3, and can be
computed exactly in both gravity and gauge theory at large N.

. ... AdS/CFT ) -
@ Large-N deconfinement transition <L> Hawking-Page transition (BH
phase takes dominance in the thermal ensemble)

@ To quantitatively see this correspondence, we can consider the 1—16—BPS
superconformal index, which can be computed faithfully in the
weak-coupling regime via localization. The index counts the %—BPS states,
which matches the supersymmetric black hole entropy.

@ The superconformal index could be modified by inserting the extended
observable. The extended observable should be at least %—BPS and extend
along temporal direction in order to probe the black hole geometry. The
modified index reflects the entropy of (BH+string/brane) system.
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Gukov-Witten surface defect in 4d SYM

@ Half-BPS Gukov-Witten surface defect ¥ = S x S! (Gukov, Witten). One
S is around the thermal circle and the other corresponds to the great circle
in S3
After the insertion, we obtain a 4d-2d system, with 4d N' = 4 SYM coupled
to 2d N = (4,4) NLSM localized on surface defect ©
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@ Half-BPS Gukov-Witten surface defect ¥ = S x S! (Gukov, Witten). One
S is around the thermal circle and the other corresponds to the great circle
in S3
After the insertion, we obtain a 4d-2d system, with 4d N' = 4 SYM coupled
to 2d N = (4,4) NLSM localized on surface defect ©

@ This 4d-2d system has a holographic dual: Single surface defect insertion
+— Single probe D3 brane extending into the bulk and intersecting with
the stack of N D3 branes (Constable, Erdmenger, Guralnik, Kirsch)

0|12 |3|4|5|6|7|8|9
N D3-branes | x | x | X
Probe D3-brane | x | x X | X

Table: Bulk branes configuration
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Superconformal index with surface defects

@ The Hilbert space over the spatial S3 is modified by including local
operators on the defect: H(S%) — Hp(S3). The defect index can be defined
as a supersymmetric partition function tracing over the defect Hilbert space

HD(S?’):

((_1)Fe*ﬁ{Q7QT}pJ1+%R3qJ2+%R3y1%(R1*R3)y2%(RQ*R3)> .

I’D = TrHD(S3)
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Superconformal index with surface defects

@ The Hilbert space over the spatial S3 is modified by including local
operators on the defect: H(S%) — Hp(S3). The defect index can be defined
as a supersymmetric partition function tracing over the defect Hilbert space
HD(S?’):

1 _ 1 _
Tp = Trp(s) ((_1)Fefﬁ{Q,QT}pJ1+%R3qJ2+%R3y12(R1 Rs)y22(R2 R3)> '

@ The index calculation can be reduced to a unitary matrix integral (Gadde,
Gukov; Nakayama; Drukker, Gomis, Matsuura):

Ip(p.q,yi) = / [dU] Zaa(p. q, yis U)T2d(p. q, yi; U)
SU(N)

T44 and Zpg are minimally coupled via SU(N) gauge fields.
Large N saddle-point approximation (U, is the saddle w.r.t. Zsq):

Io(p,a:yi) = Y Taa(p,a,yii U)Toa(p, @, yis Ud) + - -
saddles U,
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Dual D3 brane action

@ Probe D3 brane wraps the AdS; cigar geometry in BH phase.

s - ‘
—r —r

NG

(a) Thermal AdS (b) Black hole

@ Evaluate the usual DBI action
Ips.e = —TD3/ <d4x v/ —det(hp3) — P[C(4)]> , Tos = O(N)

<D> = I2d(p7 a, i U*) ~ 67193,]3 .
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Summary and Future direction

Conclusion

@ Found Gukov-Witten surface defect as a supersymmetric order parameter of
deconfinement phase transition: (D)thermal-Ads = eC),

(D)gn = e><p{27TiN(U+9T70_1)2 }

@ The holographic dual D3 brane, which interacts with the black hole, probes
finer features of black hole physics

Future directions
@ Other supersymmetric extended observables

@ Half-BPS surface defects in other holographic theories

@ Multiple surface defects insertion and backreaction to the geometry
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Thank you!
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