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Introduction
Great insights on equilibration and thermalization of isolated quantum
systems is given by pure state quantum statistical mechanics. Particu-
larly important are the concepts of typicality and strong thermalization.
Here we want to study whether pure state statistical mechanics can give
insights on the emergence of non-equilibrium steady states and whether
the concepts of typicality and strong thermalization can apply in these
scenarios.
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• V = γBL ⊗BR where BL = σx
NL

and BR = σx
NL+1

• Jyz = Jzz, hx = −1.05Jzz, hz = 0.5Jzz =⇒ Gaussian Unitary Ensemble.
Energy current
Energy current operator with respect to the left bath as

IL = dHL

dt = −i[V ,HL] = ḂL ⊗ BR

where we have defined ḂL ≡ −iγ
[
BL,HL

]
.

Exact current: When performing a exact calculation considering the full
Hamiltonian, the current operator IL is given by
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Perturbative current: Similar to the weak coupling master equations
formalism, by treating coupling term V as a perturbation, one can find a
perturbative current expression

I(t) =ḂL(t)BR(t)− i
∫ t

0
dτ

[−→
C L(t, τ )CR(t, τ )−←−C L(τ, t)CR(τ, t)

]
,

where ḂL(t) = trL

[
ρLḂL(t)

]
, BR(t) = trR

[
ρRBR(t)

]
and we have de-

fined the two-time correlation functions −→C L(t, τ ) = trL

[
ρLḂL(t)BL(τ )

]
,

←−
C L(t, τ ) = trL

[
ρLBL(τ )ḂL(t)

]
, and CR(t, τ ) = trR

[
ρRBR(t)BR].

Initial state and preparation protocol
Energy constraint: | 〈ψα|Hα|ψα〉 − Eα| < ηα
where α = L,R refer to the left or right environment and ηα are small
real numbers.
Random product states |ψα〉 =

⊗Nα

n (un |↑〉n + vn |↓〉n)
where |un|2 + |vn|2 = 1 and un and vn are sampled, or optimized, such
that they satisfy the above constraint.
Preparation protocol:

|ψL⟩
|ψR⟩

e−iHRτprep

e−iHLτprep

V
e−i(HL+HR+V)t

Typicality in the environment
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(a, b) Average over 100 states (c, d) A single realization
(a) Initial state profiles in the eigenbasis of the bath, e.g., HL
(b) Moving averages of a single realization in navy and maroon are

consistent with the averages.
(c) Target energies EL = NLεL are indicated by the black solid

(εL = 5/12) and dashed lines (εL = 0).
(d) D(E ): Many-body density of states

Typicality for nonequilibrium currents
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(a) Benchmarking the exact and perturbative methods.
Comparing time-averged current and microcanonical current.

(b) Exact time evolution for 100 samples for N = 20, 24, 28.
(c) Exponential decay of the variance of currents at t = 5
(d) Distribution of the currents at t = 5 for N = 20, 36, 52

Steady current and strong prethermalization
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(a) Current dynamics for N = 36 and N = 52.
(b) Exponential decay of the variance over time for currents for

a single realization

Conclusions and Discussions
Steady current is a manifestation of prethermalization in the strong sense,
i.e., the current values will stay close to the ensemble averaged one for
most of the time. The fluctuation of current decays with environment size
exponentially both in terms of sample variance and variance over time.
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