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Spin size 7 ~ 14 (for YIQ)
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Small spins
Quantum effects are typically suppressed

Strong but non-collective interactions




Experiments



Experiments

Spin Liquids

Semeghini et al., Sci '21 / Chiocchetta et al., Nat Com 21



Experiments

Spin Liquids Programmable arrays
Semeghini et al., Sci ‘21 / Chiocchetta et al., Nat Com ‘21 Periwal et al., Nat '21/ Setharam et al., PRR&PRB ‘22



Experiments

Spin Liquids Programmable arrays
Semeghini et al., Sci ‘21 / Chiocchetta et al., Nat Com ‘21 Periwal et al., Nat '21/ Setharam et al., PRR&PRB ‘22

Density waves (fermions)

Zwettler et al., ‘24



Experiments

Programmable arrays
Periwal et al., Nat '21/ Setharam et al., PRR&PRB ‘22

arXiv 2311.05682
arXiv 2312.11624

Spin Glasses

Density waves (fermions) |
Kroeze et al., arXiv:2311.04216 / Marsh et al., PRX '24/
Zwettler et al., '24 Buchhold et al. PRA “13 / Strack & Sachdev, PRL '11



What is a glass?



What is a glass?

Simple example: Sherrington-Kirkpatrick model

H = hZG +2JZJGZG

— — 72
Jlj — O, Jl]Jl] —J /N —>

Sherrington & Kirkpatrick 75

Conflicting couplings
(FM or AFM ?)




What is a glass?

Simple example: Sherrington-Kirkpatrick model

H = hZa +2JZJGZG

— — 72
Jlj — O, Jl]Jl] —J /N —

Sherrington & Kirkpatrick 75

T/J

Conflicting couplings
(FM or AFM ?)

h/J



What is a glass?

Simple example: Sherrington-Kirkpatrick model

Sherrington & Kirkpatrick 75
H = hEG-FEJlJGZG

T —_ 72
Jlj — O, Jl]Jl] — J /N —>

T/J

Conflicting couplings
(FM or AFM ?)

h/J

“Generic” phase transition

T < Ty
»{M} »{M}




What is a glass?

Simple example: Sherrington-Kirkpatrick model

H = hZG +2Jl]0l0

T — 72
.]ﬁ-—-(),gﬂyjb'——g, /PJ —

Sherrington & Kirkpatrick 75

Conflicting couplings
(FM or AFM ?)

“Generic” phase transition Glass phase transition

T >Th T < Ty

~{M}

h/J

Rugged free energy landscape

Ny
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What is a glass?

Unusual relaxation

(Quasi) ergodicity at short times

v

“ffective temperature T, of

quick fluctuations

—nergy barriers obstruct more “tlips”

— Slow thermalization

Equilibration becomes slower
with time (aging)

r

“ffective temperature T, for fluctuations

over longer timescales
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e Short range interactions

e | ack of control

e Only access to certain macroscopic quantites
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Long range + sign changing
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Experimental realization

Confocal cavity QED platforms
Cavity mediated couplings:

Guo et al.,, PRA 19

int Marsh et al., PRX ‘21
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H. . o — ZJ.-S-XSJ?C+
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Long range + sign changing

For large spins (S ~ 10°) = direct imaging of spin configuration.
Kroeze et al., arXiv:2311.04216
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Figure: Marsh et al., PRX ‘21

Figure: Kroeze et al., arXiv:2311.04216




A simple model for cavity spin glass



A simple model for cavity spin glass

M N N

M N
H = a)cZa;aa +%ZS§ —Z Z Zga,i(aa‘l‘ ay) Sy
a=1 =1 a i
M

A

Lp = K‘Z Dla,lp 8 =0 8,85 = aﬁéijgz/\/ZS(N+ M)




A simple model for cavity spin glass

M A Y M N N,
H = a)cZa;aa +EZS§ —Z Z Zga,i(aa+a;)5f
a ] A

a= —

ek

Lp = K‘Z Dla,lp 8 =0 8,85 = aﬁéijgz/\/ZS(N+ M)
a=1

M

v




A simple model for cavity spin glass

M A Y M N N,
H = a)cZa;aa +EZS§1 —Z Z Zga,i(aa+a;)5ix
a ] A

o=

ek

Lp = K‘Z Dla,lp 8 =0 8,85 = aﬁ5ljg2/\/25(N+ M)
a=1

Adiabatic elimination:

4 1
H=025; 2SN D) 2 Zg“’g“’mx

l j o

&N

v




A simple model for cavity spin glass

M M N N
.;.
a

N s
H = a)CZa a, +%ZS§ —Z Z Zga,i(aa+a;)5f
i=1 i

a= a

ek

Lp = K‘Z Dla,lp 8 =0 8,85 = aﬁéijgz/\/ZS(N+ M)
a=1

Adiabatic elimination: # patterns ~ # groundstates

460_1 A

\”L

/\/\J

\ﬂ\/\/\' \\/

S\

W
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To solve for non-eq. dynamics
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Loss rate of the cavity modes — «

(atID)loss — KZ (Zdapd; o {a;aa’p})
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Loss is good, but not too much!
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Dissipation vs interactions

Both are stronger for slow photons
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Summary

® clean/controlled dynamics of SG vs solid state experiments

(access to certain macroscopic quantities only/short range interactions - RKKY)
® possibility to engineer tunable range interactions (from long to short)

(open problems in theory of spin glasses)

® role of (controlled) dissipation

(moderate cavity loss helps SG formation)
® tunable quantum fluctuations at the network nodes
(un-thinkable in solid state)

® quantum-to-classical crossover in a many body system

(in general: intractable/very few examples/ purely phenomenological)

® broad applicability: programmable interactions & dissipation in c-QED
with tweezers, correlated emission in atomic arrays, Rydbergs in cavities.



