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Why do systems thermalize!

lack of knowledge,
Ignorance
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e Kinematic: o5 = trg 1) (¢|]
* Dynamic: 65(t) = trg [|1(2)) (¥ (2)]]
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Dynamic: 65(t) = trg [[v(6)) (@ (@)]], [0(t)) = e [1o)
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Dynamic: os(t) = trg [[¢ (1) (0 (t)]], [¥(t) = e [vo)

lim o05(t) = ¥ if limit exists, it is equal to &g = trg[d)
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____SuddenquenchiEquilibration
Dynamic: os(t) = trg [[¢ (1) (0 (t)]], [¥(t) = e [vo)

lim o05(t) = ¥ if limit exists, it is equal to &g = trg[d)
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Sudden quench: Equilibration

Dynamic: ds(t) = trg [0 () (w(@)]], [()) = e |y

lim o05(t) = ¥ if limit exists, it is equal to &g = trg[d)
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Sudden quench: Equilibration

Dynamic: o5 (t) = trg [0 () (w(®)]], [(t)) = e |y

lim o5(t) = ¥ if limit exists, it is equal to &g = trg[d)
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* Thermalization!?

o(t) [jllos () = @sllu e On which time scale?
A(00) € dg/tr[@?] * Degenerate energy gaps!
* Purity?
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Sudden quench: Equilibration

Dynamic: ds(t) = trg [0 () (w(@)]], [()) = e |y

lim o05(t) = ¥ if limit exists, it is equal to &g = trg[d)
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Sudden quench to random Hamiltonians: Equilibration

Brandio, Cwiklifiski, Horodecki, Horodecki, Korbicz, Mozrzymas, Convergence to equilibrium under a random Hamiltonian, arXiv:1108.2985.
Masanes, Roncaglia, Acin, The complexity of energy eigenstates as a mechanism for equilibration, arXiv: | 108.0374.



Sudden quench to random Hamiltonians: Equilibration

stpan{|n> — \711---7LN> ‘nz = 1,,dz} = Hs ® Hg
H=U(Y" Enln)(n|)0" 0(t) = e ol

fix E,, pickU at random according to the Haar measure,
denote E[e] = [ du(U)and recall(t) = ||os(t) — @s ]|t

Brandio, Cwiklifiski, Horodecki, Horodecki, Korbicz, Mozrzymas, Convergence to equilibrium under a random Hamiltonian, arXiv:1108.2985.
Masanes, Roncaglia, Acin, The complexity of energy eigenstates as a mechanism for equilibration, arXiv: | 108.0374.



Sudden quench to random Hamiltonians: Equilibration

stpan{|n> — ‘nl"‘nN> ‘nz = ].,,dz} = Hs @ Hg
H=U(Y" Enln)(n|)0" 0(t) = e ol

fix E,, pickU at random according to the Haar measure,
denote Efe] = [e du(U)and recall 6(t) = ||os(t) — &gl

< VdsV/[s(t)| +4/dp

*FT of spectral density ¢(t) = tr[- eltH ]
e Loschmidt echo tr[|¢) (v)|eitH]
e Characteristic function tr[geit]

Brandio, Cwiklinski, Horodecki, Horodecki, Korbicz, Mozrzymas, Convergence to equilibrium under a random Hamiltonian, arXiv: | 108.2985.
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Sudden quench to random Hamiltonians: Thermalization

stpan{|n> — ‘nl"‘nN> ‘nz = ].,,dz} = Hs @ Hg
H=U(Y" Enln)(n|)0" 0(t) = e ol

fix E,, pick(]’ at random according to the Haar measure,
denote Efe] = [e du(U)and recall §(t) = ||os(t) — |52t

< VdsV/[s(t)|1 +4/dp

*FT of spectral density ¢(t) = tr[ 1“’9’]
* Loschmidt echo tr[|y) w\eltH]

)

e Characteristic function tr[geit] = o
explicit expression for

expected purity of 05(?)

Vinayak, Znidaric, Subsystem dynamics under random Hamiltonian evqution,}Xiv:I 107.6035



Sudden quench to random Hamiltonians: Thermalization

fix E,, pickf] at random according to the Haar measure,
denote Efe] = [e du(U)and recall §(t) = [|as(t) — 4= llixr

A(T) = Tfo dt o(t)

5|A(T)] < ¢ implies that with probability at least 1 — ¢’
the fraction of times in |0, T'] for which
6(t) <e isatleast1 — <

ce’

= <1

/

for almost all unitaries and almost all times in [0, T']
the system is close to the maximally mixed state




Sudden quench to randomized solvable Hamiltonians: Thermalization

< VdsV/[s(t)|1 +4/dp
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Sudden quench to randomized solvable Hamiltonians: Thermalization

< VdsV/[s(t)|1 +4/dp

N
solvable system: E,, = Z exng., np =0,1
k=1
N
e.g.: H = Z > Jiap0l6l, — Y hio}
1=1 o,f=x,y 1=1

for |t| < co one has |p(t)] < e 7 ©/2



Sudden quench to randomized solvable Hamiltonians: Thermalization

< VdsV/[s(t)|1 +4/dp

solvable system: E,, = Z exng., np =0,1
k=1
N
e.g: H = Z > Jiap0l6l, — Y hio}
1=1 o,B=x,y 1=1

for T < ¢y one has 41[/\(T)}2 < agdg ( ! - L )




uaden quench to randomized solvable Ramiltonians: I nermalization

E[6(1)]) < Vds/[o(t)|1 +4/dp
N
solvable system: E, = » exng, n, =0,1
k=1
N—1 N
oo N \N" 7 _sozB N\ “p.5%
for sufficiently large system size, quenches under almost all
Hamiltonians with E,, = >, ¢;n; lead to thermalization
(the subsystem spends most of its time in [0, T close to
the maximally mixed state) in a time 7' x N 1/2

in particular E[A(T)]” < aods (N1€J - )

for T o« N2 andall 0 < e <1/2



Sudden quench to randomized local Hamiltonians: Thermalization

2[6(1)]) < VdsV[o()! + 4/ds

* FT of spéctral density ¢(t) = tr[%eitH]
* Loschmidt echo tr[|¢) (y]e*"]
 Characteristic function tr[ge'*]

quantum central limit theorems: lim tr[@eisﬁ] _ o 087/2

N — o0

Goderis, Vets, Central limit theorem for mixing quantum systems and the CCR-algebra of fluctuations, Commun. Math. Phys. 122,249 (1989).
Hartmann, Mahler, Hess, Gaussian quantum fluctuations in interacting many particle systems, Lett. Math. Phys. 68, 103 (2004).



Sudden quench to randomized local Hamiltonians: Thermalization

< VdsV/[s(t)|1 +4/dp

*FT of spéctral density ¢(t) = tr[%e’ ﬁ]
e Loschmidt echo tr|[) (1]eit]
e Characteristic function tr[peitZ]
, 2 2
quantum central limit theorems: Nlim tr[@elSA] —e 7 5 /2
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C

Berry-Esseen theorem: |F(z) — G(x)| < i

quantum version:
e Observables have Gaussian distribution

* Bound on purity (effective dimension) tr[w?]

M. Cramer, M. Guta, in preparation



Sudden quench to randomized local Hamiltonians: Thermalization
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for T oc g? N1/ (5D)=1/2

for sufficiently large system size, quenches under almost all
Hamiltonians that are unitarily equivalent to a local
Hamiltonian lead to thermalization (the subsystem spends
most of its time in [0, T'] close to the maximally mixed
state) in a time 7' oc N/ (5P)~1/2

subsystem may even be of size  log(V)



