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TNS: entanglement-based ansatzes for quantum
many-body states
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TN assisted Metropolis-Hastings

collective updates

Nishino, JPS] 1995
Levin & Wen PRL 2008
Xie et al PRL2009: Zhao et al PRB 2010
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SciPost Phys. 14, 123 (2023)




a question we want to address...



how do quantum systems thermalize?



Thermalization of quantum systems

quantum system

H |0



Thermalization of quantum systems

quantum system

U) — U(t)|¥) =e " |¥)  remains pure



Thermalization of quantum systems

quantum system
U) — U(t)|¥) =e " |¥)  remains pure

thermalization of (local) observables

(O(1))

- -1-"‘-'.-,./-“-\&\-;'-" e e i —(h—*--'-‘—-q—?.qb—-/—f-h--—--& -




Thermalization of quantum systems

quantum system
U) — U(t)|¥) =e " |¥)  remains pure

thermalization of (local) observables

(O(1))

reach (remain close to)
equilibrium value

(O)tn

- -1-"‘-'.-,./-“-\&\-;'-" e e i —(h—*--'-‘—-q—?.qb—-/—f-h--—--& -




Thermalization of quantum systems

quantum system

U) — U(t)|¥) =e " |¥)  remains pure

thermalization of (local) observables

(O(1))

(O)tn
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reach (remain close to)
equilibrium value

predicted by thermodynamic
ensemble (microcanonical)
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eigenbaSiS Srednicki, Deutsch 90s
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expected to hold for generic (non-integrable)
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systems that violate ETH: integrable, MBL...

many numerical tests (mostly | D), but
imrted to small system sizes

problem: exponentially large iIn N = lensor Networks

may be of help
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filtering a state costs entanglement

In general, P-(E
entanglement of (\ ()
filtered state grows ” apply the filter
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MCB, Huse, Cirac, PRBIOI, 144305 (2020)
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energy filter as ensemble

diagonal In energy eigenbasis = microcanonical
tr (OPs(F))

trP5 (E)
trP(;(E) = DOS

= O(F)

equivalent to diagonal ensemble of
\ a certain pure state

reached only after long
time evolution

A

Lu et al. PRX Q2,02032 (2021);Yang et al PRB 106, 024307 (2022)
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can be run in a quantum simulator
or simulated with TNS

quantum inspired classical method

Lu et al. PRX Q2,02032 (2021);Yang et al PRB 106, 024307 (2022)
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algorithm

can be computed using Monte Carlo sampling

Z \AP5 E\m V| P5(E)| W)
_1\11’ 0 )“I’/>

efﬂmently computed by quantum simulator

importance sampling (classical)

simulating classically with TNS we can reach § ~ 1/log N

Lu et al. PRX Q2,02032 (2021);Yang et al PRB 106, 024307 (2022)



weak ETH probe: diagonal part
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TNS simulation

non-integrable quantum Ising chain
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more challenging: off—diagonal part of ET

Onp = O(E)oap+ e~ 7 fo(E,w)Rag

structure function

Luitz, Bar Leyv, PRL2016; Mondaini, Rigol 2017; Brenes et al PRL2020, PRB 2020.. ;

Schonle et al PRB2021; Essler; de Klerk, 2307.12410; ...
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function fo(E,w) related to two-time correlators

Co(t) = tr (peO(t)0(0))

\’ So(w) = Zpaa|0a5‘25(w — Eg + E)

et 0p gyl Ps (w)
average times filter in energy

density of states difference
factor (commutator)

Luo et al 2312.00736
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O\ .
broadened spectral function of filter ensemble
Ea
P ~ S(E4w 2
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see also Pappalardi, Foin, S(E4w)—S(E)
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using ETH

entropy factor extracted from DoS
calculation or eliminated from S?, (—w)

Luo et al 2312.00736



w-dependence of |fo(E,w)|?
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