Numerical tests of the Eigenstate Thermalization Hypothesis
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Eigenstate thermalization: a model

ETH holds already in relatively small quantum many-body systems

2d bosons, spin chains, 1d fermionic and bosonic systems
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Diagonal matrix elements
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Diagonal observables vary smoothly; fluctuations decrease for larger systems
D’Alessio, Kafri, Polkovnikov, Rigol, AdvPhys’16



Diagonal matrix elements I

N=L/2 Observable: ()= b'bbib, B)y oy [—L=70

Distribution of
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For larger systems, fluctuation
exponentially small
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Off-diagonal matrix elements

Zoom in onto a small energy window 100 eigenstates
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Off-diagonal matrix elements: energy dependence
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Carries information about transport, Thouless energy

Fast decay at large Khatami et al'13



Energy level statistics: Wigner-Dyson distribution
. - N . 1 1
Model: 1d fermions 7 _ Z [_J (f}fj-i»l + H.c.) LV (.ﬁj _ 5) (ﬁj_*_l _ 5)
j=1
) (st . 1) /. 1
—J (f] fj+2 + HC) + V 'nj — 5‘ 'n.j+.2 — 5

J'=V'=0 Integrable > Poisson level statistics P(w) = exp[-w]

1

1
P
0.5
0
1
[0)
max
0.5
0
0 2 40 2 40 2 4
® @ ®

Broken integrability = Wigner-Dyson distribution

From Santos, Rigol’10






