SCRAMBLING WITH
MATRIX BLACK HOLES

based on arXiv:1205.3847 with Riggins, 1306.5200 with Brady, 1409.77?7 with Pramodh (work in progress)



SCRAMBLING

Scrambling time: amount of time required for any subset
of a system — up to |/2 of the total number of d.o.f. —
to attain maximal entanglement entropy

For a self-respecting theory
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For black holes, conjecture suggests
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Sekino, Susskind 0808.2096, Susskind 1101.6048, Page gr-q¢/9305007



OUTLINE

« Matrix black holes

» Black hole qubrts
* Ripples near the horizon

* High seas



AT RIX BLACK ROESS

BEEORNM]-tacory = DO Matrix meerimis

Banks, Fischler, Shenker, Susskind 9610043, Susskind 9704080, Seiberg /10009

M-theory Schwarzschild black hole ~ DO gas
Horowitz, Martinec 9710217, Banks, Fischler, Klebanov, Susskind 9709091, 9711005

DLCQ M-theory

on PP wave background = BMIN Mgt

Berenstein, Maldacena, Nastase 0202021

Bubbling black giant gravitons  ~  Fuzzy D2 branes
Asano, Ishiki, Okada, Shimasaki1401.5079: Lin, Lunin, Maldacena 0409174 Lin, Maldacena 0509235



BEACK HOLE QUBHSS

Lagrangian
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Spherical configurations + deformations
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BEACK HOLE QUBHSS

Spherical harmonic matrix decomposition
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Hermiticity condrtions
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Decoupled gas regime
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8 N* qubits with nearest neighbor interactions
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N plays the role of a UV cutoff

No fast scrambling

Brady, VS 13065200



HIGH SEAS

Membrane-Qubits coupling

L=Lggp+ Lrrp+ Lgppp + LrrB

bath bath  coupling
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HIGH SEAS

Setup

Focus on BMN case only

Compactify to 3 dimensions (y* = 0)

Use bosonic sector (membrane) as a heat bath
Consider large N regime

Consider large r regime
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HIGH SEAS

Diagonalization
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HIGH SEAS

Density matrix & Feynman-Vernon technique
p(Fy, Fy,t) = /dBf<Ffo\ﬁ(t)!F}Bf>
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HIGH SEAS

Density matrix & Feynman-Vernon (cont.)

Inrtial condrtion

p(Fi, F{,0) =1

Grv(F,F") =exp[—Spv (F, F')]
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HIGH SEAS

Density matrix & Feynman-Vernon (cont.)

/dt / at = COthB}\/Q (cos(At") cos( At w(tw(t") + sin(At") sin( At )w (' )w(t"))
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Quartic In fermions

Contains couplings between
all angular momentum modes

Non-local in time, one-loop result



HIGH SEAS

Density matrix & Feynman-Vernon (cont.)

exp [—Spv(F, F/)] ~ 1 — Spv(F, F/) — 1 — SF\/’(5/5J, 5/5J/)

PN X5 XF)
Reduced density matrix
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Entropy
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P SEAS

When the dust settles
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+ time independent part
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CONCLUSICONS

VWe have quantum informational playground for black hole problems

We can determine whether Matrix black holes are fast scramblers

Pramodn, VS, to appear soon

Matrix theory case may require numerical technigues
Cole, VS, work in progress

VWe can start modeling black hole evaporation via Matrix qubits
Giddings, Mathur, Avery

VWe can perhaps address firewall dilemma directly



