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.

fτ0 � 1

|〈ϕ |ϕ 〉|2 � 1− (πfτ0)
2

6

fτ0 � 1

|〈ϕ |ϕ 〉|2 � 1

πfτ0
,

1/πfτ0





S ∈ U2n

H = H+ ⊗H− H+ = H− = n
P = P−P+

H+ H−

PSP † =

⎛⎝u v

v −u

⎞⎠ (Θ−+Θ+)

u, v ∈ Mn Θ±
n

H− H+

S

S =

⎛⎝S−− S−+

S+− S++

⎞⎠ .

S−− = H−− θ−

θ− H−−



S

S =

⎛⎝ H−− S−+

S+− − θ− S++

⎞⎠ θ− .

H−− H−− = P †
−uP−

u

P−SP
†
− =

⎛⎝ u S′−+

S′
+− S++

⎞⎠ Θ− .

Θ− = P−θ−P
†
− S′

+− = P−S+− − θ− S′−+ = S−+P
†
−

u
S′
+−

S′
+− = P †

+v P = P−P+

PSP † =

⎛⎝u S′′−+

v S′
++

⎞⎠ Θ− .

S′′−+ = S′−+P
†
+ S′

++ = P+S++P
†
+

u v S′
++ S′′−+

S′
++ = −(u/v)S′′

−+

u/v uv−1

S′
++

†
( n + (u/v)2)S′

++ =

u2 + v2 = v−1S′
++ = Θ+ Θ+

PSP † =

⎛⎝u v

v −u

⎞⎠ (Θ−+Θ+).



P±, Θ±

u v

n P± Θ±

n − 1





ν = 1

ν = 1

U(x, t)
l

U(x, t) =

⎧⎨⎩0 x /∈
[
− l

2 ,
l
2

]
1
C

∫ l
2

− l
2

n(y, t) y

n φ

φ

(− ω + vF∂x)φ(x, ω) =
e2

hC

(
φ

(
− l

2
, ω

)
− φ

(
l

2
, ω

))
.



ν = 1

φ(x, ω) ωx/vFϕω(x)

∂xϕω(x) =
e2

vFhC
− ωx/vF

×
(

− ωl/(2vF )ϕω

(
− l

2

)
− ωl/(2vF )ϕω

(
l

2

))

ϕω

(
− l

2

)
ϕω

(
l
2

)
φ

(
l

2
, ω

)
= t(ω)φ

(
− l

2
, ω

)

t(ω) = ωl/vF
1 +A(ω, l) − ωl/(2vF )

1 +A(ω, l) ωl/(2vF )

A(ω, l) =
4e2/C

hvF /l

(
ωl

2vF

)
hvF /l

α = e2l/ChvF e2/C

l C
l

t(ω)
ν = 1

t(ω)
α→

0 t(ω) = ωl/vF

α → ∞
t(ω) = 1

α v∞ = vF
ωl/vF � 1

v0
v∞

= 1 +
4e2/C

hv∞/l
.

vF C
C � 4πε0εrl



l
α l

α � α

εr
× c

vF
× ( )

α εr
vF vF � × /

εr � 10

α � 0.73× ( )

1
v0 ∼ . × /

ν = 2

t(ω)
v0 a � 2

vF



ν = 1



γS

γ = γS ⊗ γE γS
S γE

|Ψ(tf )〉 =
∫

〈γS(ti)|ψS(ti)〉 〈γE(ti)|ψE(ti)〉AS⊗E [γS , γE ]

|γS(tf )〉 ⊗ |γE(tf )〉 D[γE ]D[γS ],

AS⊗E

AS⊗E [γS , γE ] = AS [γS ]AE [γE ]A [γS , γE ]



|Ψ(tf )〉 =
∫

〈γS(ti)|ψS(ti)〉AS [γS ] |γS(tf )〉(∫
〈γE(ti)|ψE(ti)〉A [γS , γE ]AE [γE ] |γE(tf )〉 D[γE ]

)
D[γS ],

γS

|E [γS ]〉 =
∫

〈γE(ti)|ψE(ti)〉A [γS , γE ]AE [γE ] |γE(tf )〉 D[γE ]

A [γS , γE ]AE [γE ]
γS

F̂ [γ+, γ−;λ] =
1

Zi

(
λHEUE [γ+] −(β+ λ)HEU †

E [γ−]
)

F̂ [γ+, γ−;λ] =
(θ[γ+]−θ[γ−])

( −βHE )

×
(

λHED(Λ[γ+])
−(β+ λ)HED(−Λ[γ−])

)
.

(
zND

(
ξ, ξ̄
))

=
− (z+1)ξξ̄

2(1−z)

1− z



D
(
ξ, ξ̄
)
D
(
ξ, ξ̄
)
= ξa†−ξ̄a

zN N

zNa†z−N = za† zNaz−N = z−1a

zND(λ) = D
(
zλ, z−1λ∗

)
zN =

|z|=1
D (zλ) zN

D(λ2)D(λ1) = D(λ1 + λ2)
�(λ2λ∗

1)

F̂ [γ+, γ−;λ] =
(θ[γ+]−θ[γ−])

( −βHE )∏
α

(
−βHα

ED
(

�λωαΛα[γ+]− Λα[γ−]
))

×
(
�
(
Λ∗
α[γ−]Λα[γ+]

�λωα

))

F̂ [γ+, γ−;λ] = (θ[γ+]−θ[γ−])∏
α

(
−(1 + 2n̄α)

∣∣∣ �λωαΛα[γ+]− Λα[γ−]
∣∣∣2 /2)

×
(
�
(
Λ∗
α[γ−]Λα[γ+]

�λωα

))

λ = 0



T

FFV,T [γ+, γ−] = F̂ [γ+, γ−;λ = 0]

= (θ[γ+]−θ[γ−])∏
α

(
−(1 + 2n̄α)

(
|Λα[γ+]|2 + |Λα[γ−]|2

)
/2
)

× ((1 + n̄α)Λα[γ+]Λ
∗
α[γ−])

× (n̄αΛ
∗
α[γ+]Λα[γ−])

F̂ [γ+, γ−;λ] = FFV,T [γ+, γ−]

×
∏
α

(
(1 + n̄α)(

�λωα − 1)Λα[γ+]Λ
∗
α[γ−]

)
×

(
n̄α(

− �λωα − 1)Λ∗
α[γ+]Λα[γ−]

)
.

p(Q) = p (Q) + p (Q)

p (Q) γ+ = γ−
p (Q) γ+ �= γ−

γi =
γ+ = γ−

F [γi, γi;λ] =
(
Ni(1 + n̄)( �λω − 1)

) (
Nin̄(

− �λω − 1)
)



px(n) =
−xx

n

n!
p̂x(z) =

∑
n∈N

inzpx(n) =
(
x( z − 1)

)
n ∈ N

n

p′x(n) = px(−n) p̂′x(z) = p̂x(−z) =
(
x( − z − 1)

)

F̂ [γi, γi;λ] = p̂Ni(1+n̄)(�λω)p̂
′
Nin̄(�λω)

F [γ, γ;Q] =
[
pN(1+n̄) ∗ p′Nn̄

]( Q
�ω

)

Z = X −Y X Z
x z

Z f(n;x, y)

f(n;x, y) = [px ∗ p′y](n)

f(n;x, y) = −(x+y)

(
x

y

)n/2

I|n|(2
√
xy)

In

In(x) =
∑
k

1

k!(k + n)!

(x
2

)2k+n
.



(γ+, γ−) =
(γ1, γ2)

F̂ [γ1, γ2;λ] =
Δθ

(
−(1 + 2n̄)

N1 +N2

2

)
(√

N1N2

(
(1 + n̄) Δφ + n̄ − Δφ

))
p̂(1+n̄B)

√
N1N2

Δφ(�ωλ)p̂′n̄B

√
N1N2

− Δφ(�ωλ)

F [γ1, γ2;Q] = Δθ

(
−(1 + 2n̄B)

N1 +N2

2

)
(√

N1N2

(
(1 + n̄) Δφ + n̄ − Δφ

))
f

(
Q

�ω
;
√
N1N2(1 + n̄) Δφ,

√
N1N2n̄

− Δφ

)

f(n; r1
θ, r2

− θ) =
(
r1(1− θ) + r2(1− − θ)

)
nθf(n; r1, r2).

F [γ1, γ2;Q] = Δθ −(1+2n̄B)
(√

N1−
√

N2
)2

2

QΔφ/�ωf

(
Q

�ω
;
√
N1N2(1 + n̄),

√
N1N2n̄

)
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