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Type IIA superstring theory
in the near horizon limit of
a black 0-brane geometry

(0+1)-dim maximally supersymmetric gauge theory



[t Hooft, Susskind, Maldacena ...]

Testing the gauge/ gravity duality

.

(0+1)-dim maximally supersymmetric gauge theory

Type IIA superstring theory
in the near horizon limit of
a black 0-brane geometry

Compute observables that are dual to

each other on both sides and compare
in the easy case (0+1)d
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Dy = 0y - —i|As, -] — gauge covariant derivative
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Supersymmetric quantum mechanics
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obtained from /#'=1 U(N) SYM in (9+1)d via dimensional reduction to (0+1)d
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Dy = 0y - —i|As, -] — gauge covariant derivative
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Matrix quantum mechanics
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Matrix quantum mechanics
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Matrix quantum mechanics
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[MCSMC, Phys. Rev. D94 (2016) 094501]

Monte Carlo simulations
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to long fluctuations
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[MCSMC, Phys. Rev. D94 (2016) 094501]

Monte Carlo simulations

ObservableS: E / NZ, | P | ; T=0.5 N=16 L=32 O(a) improved action
RZZTI-[XZ] /N, 1.2
F2=Te([X, X;]2) /N

1000 Configurations
2000 Configurations
4000 Configurations
6000 Configurations
15101 Configurations

Ttk

@ <« > nm

Large statistics for all
parameters (N,L,T) is

=
needed s
0.9+
Dedicated autocorrelation
analysis is paramount due *
to long fluctuations
07500 2500 4500 6500 8500 10500 12500
- o 5 o First Trajector
All data is published in o

tables and can be used for
future benchmarks!
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[MCSMC, Phys. Rev. D94 (2016) 094501]

Monte Carlo simulations

Observables; E/N2,
R2=Tr[X2]/N,
F2=Tr([X;,Xi|2) /N

Large statistics for all
parameters (N,L,T) is
needed

Dedicated autocorrelation
analysis is paramount due
to long fluctuations

All data is published in
tables and can be used for
future benchmarks!

T N L # config E/N? # bins F? # bins R? # bins
24 77150 | 1.335(11) 653 | 16.6676(40) 637 | 3.45866(92) 258

32 47098 | 1.284(12) 682 | 17.3021(38) 735 | 3.51756(88) 261

32 8 81525 | 1.5790(28) 1772 | 13.4749(24) 627 | 3.1673(12) 119

16 44800 | 1.4435(62) 711 | 15.5880(27) 640 | 3.34742(61) 296

24 37995 | 1.3376(99) 436 | 16.6513(37) 391 | 3.44802(87) 132

32 23365 | 1.282(18) 156 | 17.2927(54) 189 | 3.5079(11) 106

0.60 16 8 35489 | 1.9669(98) 865 | 14.280(11) 134 | — =
12 94960 | 1.8965(92) 1396 | 15.5090(55) 797 | 3.3577(16) 218

16 76700 | 1.8435(87) 2191 | 16.3184(41) 1420 | 3.4363(11) 511

24 38633 | 1.726(17) 858 | 17.3404(70) 529 | 3.5351(18) 108

32 60839 | 1.702(18) 965 | 17.8823(66) 602 | 3.5822(16) 224

64 78466 | 1.612(22) 1318 | 18.8460(58) 861 | 3.6672(14) 288

24 8 49303 | 1.9782(57) 1146 | 14.2312(39) 573 | 3.2155(10) 188

16 43540 | 1.828(11) 649 | 16.2966(46) 544 | 3.41313(96) 235

24 95005 | 1.750(11) 969 | 17.2897(41) 819 | 3.50643(75) 461

32 58712 | 1.704(13) 863 | 17.8506(37) 1030 | 3.55674(70) 431

32 8 85250 | 1.9894(33) 1813 | 14.2281(19) 1522 | 3.20939(45) 600

16 54720 | 1.8519(66) 994 | 16.2872(29) 729 | 3.40559(55) 411

24 52896 | 1.7386(98) 661 | 17.2848(36) 539 | 3.49982(67) 238

32 31240 | 1.696(16) 240 | 17.8483(56) 226 | 3.5506(10) 127

0.70 16 8 47580 | 2.4294(99) 1106 | 15.0002(70) 587 | 3.2961(18) 214
12 104350 | 2.3780(98) 1683 | 16.1766(54) 1054 | 3.4069(12) 366

16 84565 | 2.3210(99) 2349 | 16.9525(43) 1691 | 3.48264(91) 735

24 76014 | 2.199(14) 1900 | 17.9056(53) 1134 | 3.5734(11) 434

32 72060 | 2.183(19) 1242 18.3763(66) 783 | 3.6114(13) 335




Perturbative treatment of type IIA superstring: type IIA supergravity + higher derivative corrections e.g. Hanada et al. arxiv:1603.00538
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Perturbative treatment of type IIA superstring: type IIA supergravity + higher derivative corrections e.g. Hanada et al. arxiv:1603.00538

Analyucal expectations at finite T
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Perturbative treatment of type IIA superstring: type IIA supergravity + higher derivative corrections e.g. Hanada et al. arxiv:1603.00538

Analyucal expectations at finite T
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Perturbative treatment of type IIA superstring: type IIA supergravity + higher derivative corrections e.g. Hanada et al. arxiv:1603.00538

Analyucal expectations at finite T
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Perturbative treatment of type IIA superstring: type IIA supergravity + higher derivative corrections e.g. Hanada et al. arxiv:1603.00538

Analyucal expectations at finite T
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Perturbative treatment of type IIA superstring: type IIA supergravity + higher derivative corrections e.g. Hanada et al. arxiv:1603.00538

Analyucal expectations at finite T
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[MCSMC, Phys. Rev. D94 (2016) 094501]

Extract predictions on the gauge side
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[MCSMC, Phys. Rev. D94 (2016) 094501]

Extract predictions on the gauge side

* LO Eq
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[MCSMC, Phys. Rev. D94 (2016) 094501]

Extract predictions on the gauge side

BN - e
s 10O E, = aoT2-8
+» NLO | EO 20 CL()SFZ'S _l' a}4'6
+* NNLO Eo = aO’FZ = - &1T4 0 +l a9 o
* NNNLO | L f—- Clor = a1l ‘ a2 3 7=

+ NLOP1(fixed LO) | Ep=T. TS + a7 .
+ NNLOP1(fixed LO) e T e G {

|
+ NNLOPO By = P P

=l — - — =—— _———— ———— —— e ——




[MCSMC, Phys. Rev. D94 (2016) 094501]

Extract predictions on the gauge side
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[Hanada et al. arxiv:0811.3102, Kadoh and Kamata arxiv:1503.08499] [MCSMC, Phys. Rev. D94 (2016) 094501]

T'est of duality in BESS
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[Hanada et al. arxiv:0811.3102, Kadoh and Kamata arxiv:1503.08499]

[MCSMC, Phys. Rev. D94 (2016) 094501]

T'est of duality in BESS
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[Hanada et al. arxiv:0811.3102, Kadoh and Kamata arxiv:1503.08499] [MCSMC, Phys. Rev. D94 (2016) 094501]

T'est of duality in BESS
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[Hanada et al. arxiv:0811.3102, Kadoh and Kamata arxiv:1503.08499] [MCSMC, Phys. Rev. D94 (2016) 094501]
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Phase transitions
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[Kawahara, Nishimura, Takeuchi 2007]

+ Temperature corresponds to spatial
circle of 2d SYM

+ Previous results at finite N

/7

+ and finite cutoff
+ Phase transition corresponds to

black hole/black string topology
change in the dual gravity picture

+ Qualitative agreement with
transition of 2nd order
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Order of transition

frequency

12.5;

10.0;

N
o1

o
<

2.57

T — 0.884 — 0.885 — 0.886

O.(&

0 0.2

0.4
IP|

frequency

301

N
<

101

T — 0.884 — 0.885 — 0.886

2.20 225

2.30

2.35




[MCSMC 2019, in preparation]

Order of transition

Transition is 1st order: consistent with gauge/gravity prediction in 2d SYM
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Summary and future work

» Testing the gauge/gravity duality is the first step towards
using it to define a quantum theory of gravity

+ Numerical tests are now mature for low-dimensional

systems: control over continuum and planar limit

* Lower temperatures can probe the M-theory regime of the
model: new results are already coming...

* Higher-dimensional SYM can be studied on the lattice:
first step using etfective lower-dimensional models

+ Phase diagram elucidated with numerical simulations.
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Flat direction: evaporation
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