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localisation in the lattice Schwinger model
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Thermalisation: classical and quantum
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Arresting thermalisation in a gauge theory?
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* Recent Google experiment simulated a Z, LGT: T
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Many-Body Localisation (MBL)
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* Interacting system + strong disorder

= Memory of initial conditions

= Generic violation of thermalisation

[ Can this physics arise in LGTs without disorder? ]

= Eigenstates are short range correlated

= Interacting cousin of Anderson with “area law” entanglement entropy
localisation [PW. Anderson, 1958] S, < |0A]| 94
B

= Slow growth of entanglement
after a quench S,~log(t)




Gauge constraint induces effective disorder

super-selection sectors
[ ] disorder-free
[ highly-disordered

(Fig 1, top row)
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Hamiltonian is block diagonal in superselection sectors {gj}

Superposition of local d.o.f. <= superposition over sectors

Each sector has a different effective Hamiltonian
Heff({gj}) — effective disorder ensemble

Expectation values ~ disorder average
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Figure: Google Quantum Al et al., Science 393, 71-75 (2026)
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The Schwinger model: aU(1) LGT in 1+1D
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J. Schwinger, Phys. Rev. 82, 914 (1951)

J. Kogut and L. Susskind, Phys. Rev. D 11, 395 (1975) 1 1 1
T. Banks, L. Susskind, and J. Kogut, Phys. Rev. D 13, 1043 (1976) Stagge red fermlons eleCtrIC fleld

. Gauss'slaw: G, = Ly, — Lyy_1 — W), + (nmod 2), [é’n, I:[] =0

 Physical states G, |Y) = g,,|) defined by a set of conserved charges q,, € Z

[Effective model in superselection sectors? J
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Mapping the Schwinger model to a spin chain
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Previous studies claimed ultraslow dynamics

Initial state: [vac) = [101010...), g, € {—1,0,+1}

PE

0.5 @ [ J=10 ] ) Entanglement growth appears even slower than MBL.:
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] ~ wregime: MBL eigenstates

H =wH, + J[Hzz + Hy({gn})]
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] ~ wregime: MBL dynamics

H =wHy + J[Hzz + H,({qn})]

MPS simulation, N = 50

Expect:

* Power law for thermalisation
* log(t) for localisation
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Density, P(FE)

J > w: afragmented limit
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Constraint: dynamical charges screen background charges

* Hopping only resonant if constraint met
* “J-level” splits into many weakly-mixed subspaces
* Nearly-degenerate eigenstates & atypical dynamics!

13



De = ™ - | n® - | L NN
: ,n]?,/é\ccuracyof DPT: A -

chal ¢ confirms fragmentation picture
* suggestslog(t) growth atintermediate times |

L

=4 o ultraslow power-law approach to steady stateA/
. , S
* Finite cou.pling.: expand 0.4 T— DPT(1) — DPT(o0)
perturbatively |n]/w DPT(2) - Full
H i X H[O] 4+ (w/J) 1] 4+ (w/J)ZH[Q] 0.3 14— DPT(3) — Full (scaled)
- l|' S o il
- virtual hops via 2 027 | . WS
L 1 other energy levels s o v- |
r” 01 s R
—
I . 0.0 | I | | | I I
} ! ' 10-1 109 10' 10% 10® 10* 10° 10°
| Time, wt 14




Outline

e Thermalisation and its breakd

e Disorder-free localisationin t
e Conclusions & outlook

ne Schwinger model

own in gauge theories

15



Conclusions

approximately

fragmented

integrable
pojuOUISRIJ

0 ~1 J/w ~d 00
Jeyaretnam et al., Commun Phys 8, 172 (2025)

* U(1) LGTs can also exhibit disorder-free localisation
* Conventional MBL at intermediate coupling

* Strong coupling is controlled by proximity to a fragmented limit
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* Google experiment: (2+1)D Z, gauge theory [1], but two-level links only
* How do we faithfully simulate full U(1) LGT with matter and infinite dimensional links?
* Related: poster on how many levels we need to see MBL!

r Digital Analogue
* e.g.trapped ion qudits for links [2-3] * e.g.cold atoms, using BECs for links [4]
* Truncation is a tunable dial e Close to continuum U(1)
 Gate-based = high level of control * Scalable to very large systems!

1 L

Faithful links
Large systems

Local control
and readout

Hybrid approaches with
continuous variables? e.g. [5-7] 17



Thank
you!

Quantum electrodynamics in (1 + 1)1
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