
日本大学歯学部紀要 52，1‒10，2024

─ 1 ─

境界誘起型非平衡量子系での流れとエントロピーの関係
鈴木　秀則 1,2 ，橋爪　洋一郎 3

Relation between current and entropy in nonequilibrium
boundary-driven quantum systems

Hidenori Suzuki 1,2 , Yoichiro Hashizume 3

Abstract

　Nonequilibrium boundary-driven quantum systems, where the dissipation terms in the 
Lindblad equation are represented by operators located at the boundaries of the system, are 
one of the open quantum systems that have recently attracted signicant interest. In this paper, 
we investigate the relation between spin current and entropy production rate in the steady 
state of a boundary-driven quantum spin system by numerical and analytical approaches. 
Using numerical calculations on the nite-size XXZ model, we observe that the anisotropy 
parameter dependence of both spin current and entropy production rate exhibits similar 
behavior. This fact is further conrmed analytically on the basis of the repeated interactions 
scheme, and an expression for the entropy production rate in terms of steady-state spin 
currents is obtained. This relation can be intuitively understood, as the spin current between 
the system and the reservoirs directly corresponds to the entropy flow, given that the spin 
degree of freedom is the fundamental unit of information within the system.
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boundary-driven quantum systems

Hidenori Suzuki1,2, Yoichiro Hashizume3

Abstract

Nonequilibrium boundary-driven quantum systems, where the dissipation terms in the
Lindblad equation are represented by operators located at the boundaries of the system,
are one of the open quantum systems that have recently attracted significant interest. In
this paper, we investigate the relation between spin current and entropy production rate
in the steady state of a boundary-driven quantum spin system by numerical and analytical
approaches. Using numerical calculations on the finite-size XXZ model, we observe that
the anisotropy parameter dependence of both spin current and entropy production rate
exhibits similar behavior. This fact is further confirmed analytically on the basis of the
repeated interactions scheme, and an expression for the entropy production rate in terms
of steady-state spin currents is obtained. This relation can be intuitively understood, as
the spin current between the system and the reservoirs directly corresponds to the entropy
flow, given that the spin degree of freedom is the fundamental unit of information within
the system.
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τ → 0 t JL

∆t 1 ∆t 0 ∼ τ

⟨JL⟩t = lim
τ→0

1

τ

∫ τ

0

TrTrL,RJL

(
− i∆t

ℏ
[HT, ρT(t)]

)
d(∆t)

= − iτ

2ℏ
TrTrL,RJL [HT, ρT(t)] (4.3)

2 Lindblad

∆t τ (4.2)

∆t τ t ∼ t+ τ

(4.3) 2 RIS

Lindblad
5)

(4.3) (2.1) (2.9) (4.1) TrL,R

⟨JL⟩t = Tr

(
2γL
ℏ

(
TrLσ

+
L σ

−
L ρL

)
σ−
1 σ

+
1 − 2γL

ℏ
(
TrLσ

−
L σ

+
L ρL

)
σ+
1 σ

−
1

)
ρ(t) (4.4)

(3.8)

⟨JL⟩t = Tr 2
(
Γ+
Lσ

−
1 σ

+
1 − Γ−

L σ
+
1 σ

−
1

)
ρ(t) (4.5)

⟨JR⟩t = Tr 2
(
−Γ+

Rσ
−
Nσ+

N + Γ−
Rσ

+
Nσ−

N

)
ρ(t) (4.6)

(4.5) (4.6) (3.9)

Φ(t) =
kB⟨JL⟩t

2
log

Γ+
L

Γ−
L

− kB⟨JR⟩t
2

log
Γ+
R

Γ−
R

(4.7)

XXZ

(3.4)

⟨JL⟩ss = ⟨JR⟩ss = ⟨J ⟩ss (4.8)

— 7 —



日本大学歯学部紀要 52，1‒10，2024

─ 8 ─

kiyo52(2024)_suzuki_ : 2024/10/31(9:2)

(3.10) (4.7) (4.8)

Πss = Φss =
kB⟨J ⟩ss

2
log

Γ+
LΓ

−
R

Γ−
LΓ

+
R

(4.9)

kB
2

log
Γ+
LΓ

−
R

Γ−
LΓ

+
R

2 3 Jz

5.

(4.9) 1 XXZ

σ1 σN

4

J (4.8) (4.9)

(4.7) JL

Γ+
L > Γ−

L ⟨JL⟩t > 0 JR

Γ+
R < Γ−

L ⟨JR⟩t > 0

Φ(t)

RIS

Lindblad

τ 0 ∼ τ

4: J
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