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1.- Why & what of KCMs ?

2.- Generalising to quantum dissipative KCMs

3.- How KCM dynamics emerges in Rydberg gases

4.- KCMs and many-body localisation in quantum systems

5.- Outlook



Basics of KCMs

Competing perspectives on glass transition & how to model them
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Statics = Dynamics Statics does not = Dynamics

eg. RFOT metric & Dynamic facilitation

{Parisi+Wolynes+many others} .
ideal models KCMs

{Anderson+Andersen+Jackle+many others}

ideal models e.g. p-spin spin glass



Basics of KCMs

otlP) =WIP) — W=> (n_1+6)[ecf +07 —e(l—n)—ni] +(i—i-1)



Basics of KCMs

..x)——i—d.
:--*—-“- v ;-A e =2 trivial statics

free gas
5

heterogeneous & hierarchical dynamics

East model

@ el X
Q Sl el | e 4

Mo el L
g_ ‘_f!m ‘Af‘ P, o L, DL 14
wv N

otlP) =WIP) — W=> (n_1+6)[ecf +07 —e(l—n)—ni] +(i—i-1)



Basics of KCMs

free gas
N

T P futeddia | . :

:‘f—*—w—:ﬁ‘f“‘“ e =2 trivial statics

e m ) (WY - - .
A——*“-*-.*A‘: (hains *““‘ heterogeneous & hierarchical dynamics

East model FA model

space

otlP) =WIP) — W=> (n_1+6)[ecf +07 —e(l—n)—ni] +(i—i-1)



Basics of KCMs

free gas
N

;-—”-‘*—-w:ﬁ‘;ﬁ o w2 trivial statics
&L’h ‘_.,-.a'c,-?'. ' ) WY - - .
deesiton | sweccas o heterogeneous & hierarchical dynamics

T 1T . 3 W R

FA model

otlP) =WIP) — W=> (n_1+6)[ecf +07 —e(l—n)—ni] +(i—i-1)

N J/
7

constraint = operator valued rate



Basics of KCMs

dhm Sl | ZSHean trivial statics

free gas
N

1 § ot ‘—F‘&_m“\

(. It
e, .
Ml nr R A B Y -

beanison, | gwsadsl oo heterogeneous & hierarchical dynamics

= ke S,

:._.ﬁ.._._...‘-":ﬁﬁ,.,,

2 East model FA model

J - i
| » skl rve)
“ 4
1 R m"&- -
Cor'} I e 4 A —-f.‘_}

- . .4

L -
» A s

space

otlP) =WIP) — W=> (n_1+6)[ecf +07 —e(l—n)—ni] +(i—i-1)

N J/
7

constraint = operator valued rate

Dynamics is more than statics

Transitions between active (relaxing) and inactive (non-relaxing) dynamical phases

Can extend beyond classical glasses?
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Recap: Open quantum systems and Quantum Markov processes

quantum master
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Recap: Open quantum systems and Quantum Markov processes

quantum master

Ht =H+ Hg + Hpgs
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NB: classical Master Eq. c Quantum Master Eq. (H=0 & L, =rank-1 = pdiag)
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Quantum facilitated

spin models:

(*) constrained dynamics
(**) trivial stationary state
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Emergence of KCM dynamics in Rydberg systems
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Many-body localisation (MBL) transition:

{Altshuler+, Huse+, many others}

» Like Anderson localisation but for interacting system

» Singular change throughout spectrum

» Eigenstates change from “thermal” (ETH (peutsch, sdrenicki}) to MBL
» Observables do not relax in MBL phase

» Often thought of as “glass transition” but modelled with disorder
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Many-body localisation (MBL) transition:

{Altshuler+, Huse+, many others}

» Like Anderson localisation but for interacting system

» Singular change throughout spectrum

» Eigenstates change from “thermal” (ETH (peutsch, sdrenicki}) to MBL
» Observables do not relax in MBL phase

» Often thought of as “glass transition” but modelled with disorder

Can KCMs (good models for classical glasses) say
anything about quantum MBL?
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Recap: active-inactive “space-time” transitions in KCMs (eq. East/FA)
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Largest e/value = cumulant G.F. for activity = 1st order phase transition
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Recap: active-inactive “space-time” transitions in KCMs (eq. East/FA)

W — \V\Vs=2n[_1 e (e0f +07)—€(1—n) —ni| +({—i-1)
i

Largest e/value = cumulant G.F. for activity = 1st order phase transition

Can transform into Hermitian operator through equilibrium distribution
He = —P~1W. P = —Zni_l [e‘S«/Eof —€(1 —n;) — n[} +({e—i(—1)
(

Consider as Hamiltonian and corresponding quantum unitary dynamics |{¢) = e~ ™Ms|y0)
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Signatures of MBL transition: (ii) transitions throughout spectrum
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Signatures of MBL transition: (iii) localisation onto classical basis
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SUMMARY

KCMs as open quantum glasses

qFA & qEast
interplay between classical & quantum fluctuations

KCMs emergent in atomic Rydberg gases
correlated non-equilibrium structures (e.g. hyperuniform)

recent experimental evidence

KCMs and many-body localisation in quantum systems
s-ensemble active-inactive transition throughout spectrum

MBL models without disorder



