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PLAN

Problem: relaxation & non-ergodicity in quantum systems
(both closed = unitary & open = dissipative)

vs. slow relaxation in classical glasses

1. Slow relaxation in closed quantum systems due to
dynamical constraints

2. Signatures of many-body localisation in the absence
of disorder

3. Towards a theory of metastability in (open) quantum systems



Generic Q. many-body systems “equilibrate” (become stationary):

{Short, Popescu, Linden, Reimann,
Eisert, Goldstein, many others}

no degenerate E gaps — dephasing in E basis = diagonal ensemble
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Generic Q. many-body systems “equilibrate” (become stationary):

{Short, Popescu, Linden, Reimann,
Eisert, Goldstein, many others}

no degenerate E gaps — dephasing in E basis = diagonal ensemble
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p(t) —— w = tlim ?J Ut/,ooUI,dt’ I{A(t)) — Tr(Aw)| small
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MOSt Q. many_body SyStemS also “thermalise”: {Deutsch, Srednicki, Goldstein, Eisert, Riac;l;lf:’?ho;::i
pa=Trg [} (Y| — pa =Trg Ptn

oth = e~ PH

B set by (¢olH|¢o)

closed

thermalisation < ergodicity (independence of initial conditions)

eigenstate thermalisation hypothesis (ETH):
(E|OiocallE) = smooth F(E)



Ergodic & thermal — non-ergodic & many-body localised (MBL)

{Basko-Aleiner-Altshuler, Huse+, Prosen+,
Abanin+, Moore+, Altman+, many others}

Cf. Anderson localisation, but with interactions

MBL transition driven by quenched disorder (rnd h small = thermal, rnd h large = MBL)
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MBL = breakdown of ETH (excited states = Area law)

MBL often thought of as a “glass transition”

What can we say about slow relaxation in Q.S. and MBL from
what we know of classical glasses?



Classical glasses

- Slowdown & eventual arrest
- Timescales not divergent

- No disorder

Relaxation is intermittent and spatially heterogeneous

t L Tq t> 14

e.g.
50:50 L-J mixture
{Hedges 2009}

Due to (effective) local constraints on dynamics {pc-chandier, PRe 2002}



1. Quantum slow relaxation due to dynamical constraints

{van Horssen-JPG, 2016}

Steric (excluded volume) constraint on hopping:

classical = constrained lattice gas

{Kob-Andersen, Jackle+}
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1. Quantum slow relaxation due to dynamical constraints

{van Horssen-JPG, 2016}
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1. Quantum slow relaxation due to dynamical constraints

{van Horssen-JPG, 2016}
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1. Quantum slow relaxation due to dynamical constraints

{van Horssen-JPG, 2016}
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1. Quantum slow relaxation due to dynamical constraints

{van Horssen-JPG, 2016}
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1. Quantum slow relaxation due to dynamical constraints

{van Horssen-JPG, 2016}
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1. Quantum slow relaxation due to dynamical constraints

{van Horssen-JPG, 2016}
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2. Dynamics of MBL in a quantum glass (w/o disorder)

{van Horssen-Levi-JPG, PRB 92, 100305(R) 2015}

H = —anurl (e™*0X —1)
(

e”=A(1-A) — sgg=0

Classical East glass model (T =0): 11 =01 10><00

{Jackle+, Sollich-Evans, Aldous-Diaconis, JPG-Chandler,
Chleboun-Faggionato-Martinelli, Blondel-Toninelli,
many others}

s<0 active to s>0 inactive transition = quantum phase transition in g.s. of H

o N — o0

{JPG-Jack-
Lecomte-Pitard-
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van Wijland
PRL 2007}




2. Dynamics of MBL in a quantum glass (w/o disorder)

{van Horssen-Levi-JPG, PRB 92, 100305(R) 2015}

H = —Zmﬂ (e™*0X —1)
(

e”=A(1-A) — sgg=0
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Signatures of MBL dynamics for s>0 (inactive):
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2. Dynamics of MBL in a quantum glass (w/o disorder)

{van Horssen-Levi-JPG, PRB 92, 100305(R) 2015}

H = —anurl (e™*0X —1)
(

e”=A(1-A) — sgg=0

¢(t)) = e~y (0))

Signatures of MBL dynamics for s>0 (inactive):

time averaged magnetisation
dependence on initial conditions - ETH (active) v. no-ETH (inactive)
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2. Dynamics of MBL in a quantum glass (w/o disorder)

{van Horssen-Levi-JPG, PRB 92, 100305(R) 2015}

H = —anurl (e™*0X —1)
(

e”=A(1-A) — sgg=0

¢(t)) = e~y (0))

Signatures of MBL dynamics for s>0 (inactive):
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2. Dynamics of MBL in a quantum glass (w/o disorder)

{van Horssen-Levi-JPG, PRB 92, 100305(R) 2015}

H = —ZnH_]_ (e™*0X —1)
e_s=)\/(ll—)\) — Spk =0

Signatures of MBL dynamics for s>0 (inactive):
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3. Towards a theory of quantum metastability

{Macieszczak-Guta-Lesanovsky-JPG, arXiv:1512.05801}

— in A+B (closed) = difficult
B @ — in A only (open) = easier by analogy with classical =~ =<3 hman

quantum master equation: (indolad, Gorini-et-al
otp = —ilH, p1+ ), [Jupsu" = 3 YuIu P}] = L(p)
U

|¢t1) |l//t2) |(/jt3)
stochastic H H i
wave function: eff % off % % (Heff =H - > Z/uT/u)
Dalibard-et-al, Belavkin H
R (77 N P 7 Jia Wt )

E.g. 2-level systemat T =0:

T %'” H=ao, | |

quantum jump trajectory
J=/yo-

0)

Note: if p = diagonal, H=0and J,=rank 1 (e.g. Ju = |C")(C|) then QME — classical ME



3. Towards a theory of quantum metastability

{Macieszczak-Guta-Lesanovsky-JPG, arXiv:1512.05801}

— in A+B (closed) = difficult
B @ — in A only (open) = easier by analogy with classical =~ =<3 hman

quantum master equation: (indolad, Gorini-et-al

0tp = —i[H, 1+ ) [JupJu" = 5 i p}] = L(p)
U

Examples of metastability in open quantum dynamics

(l) 3-level system (electron shelving, blinking g. dot ...)
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3. Towards a theory of quantum metastability

{Macieszczak-Guta-Lesanovsky-JPG, arXiv:1512.05801}

— in A+B (closed) = difficult
B @ — in A only (open) = easier by analogy with classical =~ =<3 hman

quantum master equation: (indolad, Gorini-et-al

0tp = —i[H, 1+ ) [JupJu" = 5 i p}] = L(p)
U

Examples of metastability in open quantum dynamics

(ii) dissipative transverse field Ising model i;-]i {Ates-Olmos-JPG-Lesanovsky PRA 2012}
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3. Towards a theory of quantum metastability

{Macieszczak-Guta-Lesanovsky-JPG, arXiv:1512.05801}

— in A+B (closed) = difficult
B @ — in A only (open) = easier by analogy with classical e shulman,

Bovier et al.}

quantum master equation: (indolad, Gorini-et-al
otp = —ilH, p1+ ), [Jupsu" = 3 YuIu P}] = L(p)
U

metastable states from spectrum: £(R¢) = ARk, LT(Lik) =Akle, Tr(LgR() = ki
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3. Towards a theory of quantum metastability

{Macieszczak-Guta-Lesanovsky-JPG, arXiv:1512.05801}

— in A+B (closed) = difficult
B @ — in A only (open) = easier by analogy with classical e shulman,

Bovier et al.}

quantum master equation: (indolad, Gorini-et-al
otp = —ilH, p1+ ), [Jupsu" = 3 YuIu P}] = L(p)
U

metastable states from spectrum: £(R¢) = ARk, LT(Lik) =Akle, Tr(LgR() = ki
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3. Towards a theory of quantum metastability

{Macieszczak-Guta-Lesanovsky-JPG, arXiv:1512.05801}
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3. Towards a theory of quantum metastability

{Macieszczak-Guta-Lesanovsky-JPG, arXiv:1512.05801}
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3. Towards a theory of quantum metastability

{Macieszczak-Guta-Lesanovsky-JPG, arXiv:1512.05801}
Metastable Manifold = disjoint extreme metastable states (cf. classical {caveau-shulman))

+ Decoherence free subspaces + Noiseless subsystems
L — Leaff in MM

e.g. Metastable M/fold = qubit H=0Q107 +Q207 , L=7v1n0; +7v207(1-n3)
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SUMMARY

1. Slow relaxation through dynamical constraints

Constrained hopping, fast-slow crossover at RK point

2. Signatures of MBL dynamics in absence of disorder
Quantum East model, thermal-MBL (quasi-MBL) transition at RK point

3. Theory of metastability of open quantum systems
Metastable states and effective dynamics from spectrum of dynamical generator

Reduction to low-dimensional metastable manifold



