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Late-time spin transport
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Heisenberg chain: 1 =]Y.S5;-S,,,
Numerics in linear-response regime at infinite temperature:
Anomalous dynamical exponent z = 3/2
Non-Gaussian scaling function fxpy;
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1D XXZ model
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Cold atoms, lifetime of spin helices: T ~ g7*
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Outline

Experimental platform
Measuring dynamical exponents
Probing microscopic requirements

Characterizing transport fluctuations




Quantum gas microscope

realize Bose-Hubbard model:

87Rb atoms in optical lattice H=—tY, . éte, + L3 a.(h; + 1)
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Hopping On-site interaction
Single-site resolved Mott insulators
fluorescence imaging with 2000 atoms
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ting the Heisenberg model

Spin encoding in Heisenberg model in atomic limitt <« U
hyperfine ground states Second-order spin exchange Jo, = 4t2/U
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Isotropic Heisenberg model for 8’Rb
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Site-resolved addressing

Digital micromirror device (DMD) Potential shaping and local spin flips

: Laser beam
VI formed by OMD_
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—- B programmable
addressing patterns
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» Measuring dynamical exponents




easuring scaling functions

Measurement protocols for experiments with spatiotemporal readout:
(S%(x, 1)) = (S7(x,0))eq ~ J dx'(S7(x", )NS? (x, t)S*(x", 0)),

Local initial state: S%(x,0) ~ §(x)
(S%(x,)) ~ (S7(x,)S*(0,0)); ~ == f (25)

Domain-wall initial state: S%(x,0) ~ O(x)
(57(x, ) ~ [ dx (§7(x,£)5%(0,0))c ~ F (7).
F'(¢) = f({)

Sinusoidal initial state: S%(x,0) ~ cos kx
(S7(0,8)) ~ [~ dx (S?(x,t)S%(0,0)). ~ f(kt'/?),
f) = [dle™ ()
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Measuring scaling functions
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Realize high-temperature initial state 2
in the linear-response regime: n - 0

- Domain wall protocol with
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Experimental sequence

Spin-polarized MW transfer of Global MW pulse to Local dephasing
Mott insulator addressed DW side reduce S# contrast for high-entropy DW

| L
/"T/ ( MW

Single image Average density Average density
. 48 sites . n=0.95 n=0.22

Initial state

Evolved
state




Superdiffusive polarisation transfer with z = 1.54(7)

Spin profile 25*

Polarization transfer P

Spin profile 25°

Time t/t

o+

0.22

-0.22

Evaluate polarization transfer
P(t) ~ [7(5%(x,t) — §7(x,0))dx ~ t'/7

Superdiffusive spin transport

257(x, 1)
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Rescaled profiles collapse
onto KPZ scaling form
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* Probing microscopic requirements




opic origin of superdiffusion

Generalized hydrodynamics:
« Spin transport as result of ballistically propagating

quasiparticles In Ising limit:

* Quasiparticle kinematics governed by 0000000000
thermodynamic quantities like Q00000000 O
density, magnetization, velocity 0000000000

¢ 20000000000

dx (i(x,£)j(0.0)). ~ Y. j2p.e s 0000000000
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Consequence at isotropic point: Space
 Drude weight: D ~ m?|log m|
- Diffusion constant: D ~ t1/3 = z = %
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B. Bertini, et al., Rev. Mod. Phys. 93, 025003 (2020)

V. B. Bulchandani, et al., J. Stat. Mech. 084001 (2021)




ioscopic origin of superdiffusion

8 z=1

% ballistic Requirements for

| z° Fijé2 Heisenberg .superdiffusion:
g superdiffusive * Integrability

% z=2 « SU(2) symmetry

= diffusive
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Breaking integrability: Dimensionality

Use inherently 2D system to couple chains
Vary coupling between 1D and (non-integrable) 2D Heisenberg model

J

Breakdown of superdiffusion under integrability breaking
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Prepare net magnetized DW § # 0
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Spin helix initial states

Spin helix preparation with magnetic gradient

Decay rate: y ~ k* with z = 1.9(1) and 2.3(2) ] 0

S. Hild, et al., PRL 113, 147205 (2014)
P. N. Jepsen, et al., Nature 588, 403 (2020)
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Dephasing DMD pulse after helix preparation

Pure helix: z = 2.1(1)
Dephased: z =1.4(1),n ~ 0.3
z=15(1),n ~ 0.9

0.1 0.3
Wave number k/2rt

Indication of non-uniform population of quasiparticles for full-contrast helix




Full-contrast domain walls

Domain walls without contrast-reducing MW pulse
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Expect diffusion for full contrast at very late times
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» Characterizing transport fluctuations




uctuations as KPZ signature
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Signature for universality class beyond dynamical exponent

Numerics: (0, h(x,t)d,h(0,0)) ~ (S%(x,t)S%(0,0))
Assume as effective mapping: d,h ~ S?2? = Pr(Sh) ~ Pr(6P)?

Quantum gas microscope single-spin sensitive
Access to full counting statistics Pr(P;t) atn ~ 1




Vioments of polarization transfer
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Conclusion

« Spin superdiffusion with z = 1.54(7) in 1D Heisenberg model

« Diffusive/ballistic when breaking integrability/SU(2) symmetry

 Polarization transfer statistics at n ~ 1 showing nonlinear transport
with growth exponent f = 0.31(1) and distribution skewness 0.33(8)
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« Fundamental relation to KPZ?

« Skewness consistent with KPZ in transient non-equilibrium regime
- near-equilibrium statistics?




Near-equilibrium fluctuations
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