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H = ∫ (ψ̄(γ1(−i∂z − g A1) + m)ψ +
1
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ℰ2)dz

Fermion

Schwinger model

I. Time evolution of Wigner function
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Weak coupl. 
NonThermalize

W = Ws + Wv γ0 + Wa γ1 − iWp γ5
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II. Eigenstate Thermalization Hypothesis

⟨Ea |𝒪 |Eb⟩ = f𝒪(E)δab + Ω−1/2(E)rab
E = (Ea + Eb)/2

III. Subsystem thermalization
| |ρA

a − ρA(E = Ea) | | ∼ O[Ω−1/2(Ea)]
| |ρA

ab | | ∼ O[Ω−1/2(E )]
Diagonal

Anti-fermion

1+1 D QED Chain
εn = g−1E(zn) ϕn = agA0(zn)

χ2n = a1/2ψ↑(z2n) χ2n+1 = a1/2ψ↓(z2n+1)

zn = na
Discretization field
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f𝒪(E) A smooth function of energy

Off diagonal
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Ω(E) State Density

Strong coupl. 
Thermalize
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Subsystem
 size

Wab(t, z, p) = ∫ ψ̄a(z +
y
2

)ψb(z −
y
2

)eipydy

Wigner function


