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Abstract: The study of spectral statistics is of importance due to its universality and utility as a robust diagnostic of quantum chaos. For closed
many-body quantum chaotic systems, | will present two results: (i) a quantum-classical mapping that connects the Thouless time, which
characterizes the onset of RMT of the spectral form factor (SFF); and the spectral gap of a dual classical stochastic system; (ii) a set of Lyapunov
exponents which characterize the spectral statistics in the thermodynamic limit. For open gquantum systems with complex spectra, | will propose and
analyze a generalized SFF, and show that dissipative quantum chaotic systems display a"dip-ramp-plateau” behaviour with a quadratic ramp.
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Overview

Goal:To find universal signatures of many-body quantum chaos

systems [AC, De Luca, Chalker, PRX '18]
[AC, De Luca, Chalker, PRL '18]
[Moudgalya, Prem, Huse, AC, PRR "21]
[AC, Shivam, Huse, De Luca, 2109.04475]
and more upcoming works

Part Il: Open MBQC systems [Li, Prosen,AC, PRL 21]
& SFF [Li,Yan, Prosen, AC, forthcoming]
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eigenlevel correlation in
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[ BGS Conjecture: Piy(g) = Pryur(9) = Quantum chaos ]
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Random matrix theory

e @ © @ @
\HEGUE or UcCUE

e Universality = BGS conjecture
e Analytical tractability
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Many-Body Quantum Chaos!

e RMT: No preferred basis [ No locality

e MBQ: Lieb-Robinson bound
t A

Operator
support

[ Locality

O »
Perturbation
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[ Floquet operator [ —=> Spectral statistics
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Microscopic models™
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More structure
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Floquet RQC |

Microscopic models™ RQC RMT
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More structure
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Spectral Form Factor

= (p(E)p(E +w))
ﬂ: .\{algenvalues
d.o.s. p(E) = 5 3, 6(E — Ep)

[ K(t) = ¥ (€XEn =Bty = (Te{U ()] (U ()] ]
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SFF in HEP

Shenker et al. Bk )
lack holes and random matrices
SYK

EIVEIR: Apral 25, 2017
L ACCERTED:. Moy &, 8007

Jordan 5, Cotler,” Guy Gur-Ari,” Masanori Hanada, " loseph Polchinski,™
Phil Saad,” Stephen H. Shenker.” Douglas Stanford,’ Alexandre Streicher
and Masaki Tezuka®

o Shagifard fastitule for Theoredival Phimnes, Stadfond Uniorrit
j L] L W
."i‘fllll_lrm'll'. A :‘J'F?Tl".-l, [

REcEIVED: May f, 8008
AvcErTEr: Suly 13, 8018
PrpissHED July I8, #3018

Onset of random matrix behavior in scrambling
systems

Hrant Gharibyan,” Masanorl Hanada,” """ Stephen H. Shenker” and Masaki Tezuka'

U Sran vl Frabiticrs for Theoretion] Phisics, Sranfnd Dloaersily,
Sramford, CA S005, £L5.A.

A semiclassical ramp in SYK and in gravity

Phil Saad,” Stephen H, Shenker,” and Douglas Stanford®

® Stanford Institate for Theoretical Physics,
Stanford University, Stanford, CA D05
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AC, De Luca, Chalker Bertini, Kos, Ljubotina, Prosen
Floquet RQC Dual unitary QC

PFHYSICAL REVIEW X 8, 021062 (2] 5)

PHYSICAL BEVIEW X K, (M D19 (N E)

. i L Many-Fody Cuant Chans: Analviic O thsn to Random Matrix Th 3
Sabution of a Minimal Model far Many-Body Quantum Chaos ATy Inati e bl bt

Amos Chan, Andrea De Lica, and | T Chalker Fbel fus: Blwkca. ubatin, o et Seta

Thusics Deparrmenr Facslr of Meohemarss onad Plevce, Eniverary of [asbdms,
Thwaowreiical Phrsses, aford Elanveenry, J Koy Rovdd, Qofed OX 1 NP, iedtred Kimgadom Senfrasibor 19, S5 WO iwnbfiane, Sheroie
| (Recenved 20 December 101 T; published & November 201%) | iBocetved § Pebroary 2008 revised masascnpe received 12 Agwil 208 pablished % Jane 300K
PHYSICAL REVIEW LETTERS 12], (k] (2008 FHYSICAL REVIEW LETTERS 121, 264001 {2008)
Spectral Statistics in Spatially Extended Chaotic Quantum Many-Body Systems Exact Speciral Form Factor in a Minimal Model of Many-Body Quanium Chaos
Amos Chan, Andrea De Luca, s ). T. Chalker Brano Bertini. Pavel Ko, and Tomad Prosen
Theorenoal Phigsics. fhford Uaiverary, J Kebde Rl @agiord CI0F AVP, Dinbeal Kiepaees Ieparsment of Flyvucs, Forait of Sathemanicn sed Phpuc, Eniveenry of d b

ﬁ (Reeccived & April J01R; publidsed 7 Augeu 2118) Juafromsln % 550000 bl Slovenio

| (Reoewved 22 May 2008 published 27 Devomber XHE)
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K(t) 4 ®
N
T
tHei = N {

K@) =(Tt[UOITX[UN®)]) = ¢, < tue

Pirsa: 21100008

Page 18/47 ‘ E



186:54 Tue 26 Oect

< 8 aQ [ 2021_10_26_PI_seminar ~

| « 2021.10_26.p..

SFF for CUE
K(t=3)= |- o+ 1.: + i
OK: = ‘
N
-
bigei = IV t

K(t) =(TiUOITUNO)]) =¢, ¢ < tne

irsa: 21100008 Page 19/47




2021_10_26_PI_seminar -

Regimes K{t) = Lualem=o%)

e Fully-coupled system: K(0)
g~
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K(t) =1, t < QL 0 v :

e Un-coupled subsystems:  *!
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MBQC: Onset of RMT

K(t)

Fully-coupled system

Many independent sub-systems

t'“] T Hei t

the time after which K (¢) ~ Kg‘.g.{']j

—
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Random Phase Model

i = s \

r \ I o
i Haar-random unitaries 4:::::) = e*Pabf, g

e b

[AC, De Luca, Chalker, PRL 18]
[AC, De Luca, Chalker, PRR. '21]

[AC, Shivam, Huse, De Luca, 2109.04475] :
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‘ U=U,-U |

I I\cldl

[| _ Haar-random unitaries Cll'::# = etPab§_

e b

[AC, De Luca, Chalker, PRL 18]
[AC, De Luca, Chalker, PRR. '21]

[AC, Shivam, Huse, De Luca, 2109.04475] ;
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Quantum-Classical Mapping |

K(t) = (Te[U ()] Te[UT(2)])
M PP Pi’“ |n""' P
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K : Boltzmann Weight = { I 0 =0is1

—EL

e if o;# 0

‘ llmq—mo K(t) = Zt—state—Potts
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Quantum-Classical Mapping |

K(t) = (Te[U (@) Te[UT(8)])
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Quantum-Classical Mapping |
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[AC, De Luca, Chalker, PRL '18]
[Garratt, Chalker, PRX '21] [Friedman, AC, De Luca, Chalker, PRL '19]
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Universality

2 Different Mode
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Quantum-Classical Mapping |

K(t) = (Te[U (&) Te[UT(8)])
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Quantum-Classical Mapping |l
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Thouless time 1y, of Floguet random guantum circuit

(X

Spectral gap A of Markov chain and Rokhsar-Kivelson Hamiltonian
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Quantum-Classical Mapping |l
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Spectral gap A of Markov chain and Rokhsar-Kivelson Hamiltonian
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DSFF Interpretation
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DSFF x Dissipative Quantum Chaos

Kpoi(r,7*) = N + N(N = 1)e~I"I°

Features:
Symmetries
Dip-ramp-plateau
Quadratic “ramp™!!
Time scales
Degeneracies
10 05 0.0 05 L0 ] 10 60 S0 100 Hyperuniformity
Re{z) l

[ DMBQC Conjecture: 11y < |7 = Kpgc & KginUE
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Quantum Kicked Top
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Kraus Operator
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Conclusions

Part I: Closed MBQC systems [AC, De Luca, Chalker, PRX 'l 8]
& SFF [AC, De Luca, Chalker, PRL '18]
Quantum-classical mappings [MEUdg?I}m' b i e it
RIE Hamileiiang [AC, Shivam, Huse, De Luca, 2109.04475]
Domain walls and more upcoming works

Thouless time
Scaling forms etc.

Part II: Open MBQC systems [Li, Prosen,AC, PRL '21]
& SFF [Li,Yan, Prosen,AC, forthcoming]

DSFF & universality
Dip-ramp-plateau w/ quadratic ramp
DMBQC & the bump etc.
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DSFF x Dissipative Quantum Chaos
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Open Many-Body Quantum Chaos

L2
~ Dissipative MBQC
Random Kraus Circuit Em‘f":"}: e Signatures
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SFF Results

Models i Quantum-classical | Approximations | References
Floquet RQC w/o symmetries 0(1) / AC. De Luca, Chalker, PRX 2018
log L | Potts chain AC. De Luca, Chalker, PRL 2018
Floquet RQC w/ translational inv. log L. | Model of permutations | Large-q AC. Shivam, Huse, De Luca, 2| 09.04475
Floquet RQC w/ conserved charge L2 Heisenberg chain Friedman,AC, De Luca, Chalker, PRL 2019
Floquet RQC w/ conserved multipoles [2m Reokshar-Kivelson Moudgalya, Prem. Huse. AC, PRR 2021
Kicked Ising w/ dual unitarity 0(1) ! Dual unitarity | BertiniKes, Prasen, PRL 2018; 201212254
Kicked Ising w/f long range int. log L / Long range int. | Kos.Ljubotina, Prosen, PRX 2018
Roy, Prosen. 2005, | 048%
STYK log N / Large-N Saad, Shenker, Stanford, 1806 06840
y Gharibyan et al, JHEP 2018
All-to-allint. | o JHEP 2016

Related works:  Gards-Garcia Verbasrschos, PRE 316, Altland, Bagrets. Muc Phys B 2007, Schiulsz Torros-Herrers, Ssacas PRB 2009, Khramiiows, Lanina, [HEP 21

Liao. Wicram, Galicski, FRL F020. ¥Winer. [ian Swrn‘lt.FRl, B30, Nivedsa, Shackleron, Sachdew. PRE 3020,  Loo, Galiski, ar¥ie 23020, and marg!
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