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Abstract

Here we give a brief study on the derivation of accessible information of 3 Phase Shift Keyed signal

in coherent states. Especially, reduction in the domain of variables to be optimized is carried out. It

will improve the accuracy or a time of numerical analysis.
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|f1〉 = |α〉, |f2〉 = |αe2πi/3〉,
|f3〉 = |αe−2πi/3〉. (1)

α

V̂ (= exp[2πin̂/3])

|fi〉 = V̂ i−j |fj〉, V̂ 3 = Î , (2)

n̂(= â†â)
V̂ 3 = Î 3
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⎡
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⎤
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|e1〉 =
1√
3h1

{
|f1〉+ e−2πi/3|f2〉

+e2πi/3|f3〉
}
,
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|e2〉 =
1√
3h2

{
|f1〉+ e2πi/3|f2〉

+e−2πi/3|f3〉
}
,

|e3〉 =
1√
3h3

{|f1〉+ |f2〉+ |f3〉} , (5)

hi, i = 1, 2, 3

h1 = 1−Kc +
√
3Ks,

h2 = 1−Kc −
√
3Ks,

h3 = 1 + 2Kc. (6)
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3
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√
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h2√
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⎤
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3

⎡
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√
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√
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⎤
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3
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√
h1
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√
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⎤
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(2) V̂ {|ei〉}

V = diag
[
e2πi/3, e−2πi/3, 1

]
. (8)
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}
1 3 9 [1]

3

1

Π̂j = |ωj〉〈ωj |, j = 1, 2, . . . N, (9)

|ωj〉 ⇒ �ωj

=
√
mj

⎡
⎢⎢⎣

eiθ
(1)
j cosφj cosψj

eiθ
(2)
j cosφj sinψj

eiθ
(3)
j sinφj

⎤
⎥⎥⎦ ,

θ
(3)
j = 0

−π ≤ θ
(1)
j ≤ π, −π ≤ θ

(2)
j ≤ π,

0 ≤ φj , ψj ≤ π
2 . (10)

|ωj〉 mj ,

φj , ψj , θj

Π̂j ≥ 0,
∑
j

Π̂j = Î . (11)

{|ωj〉, j = 1, 2, . . . N} Iac

3 3N

|μj,k〉 Iac

[2]
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⎡
⎢⎢⎣

eiθ
(1)
j cosφj cosψj

eiθ
(2)
j cosφj sinψj

sinφj

⎤
⎥⎥⎦ ,
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=
√
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j +2πi/3 cosφj cosψj

eiθ
(2)
j −2πi/3 cosφj sinψj

sinφj

⎤
⎥⎥⎦ ,
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=
√
pj

⎡
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eiθ
(1)
j −2πi/3 cosφj cosψj

eiθ
(2)
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⎤
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{|μj,k〉}
uj = cos2 φj , vj =

cos2 φj sin
2 ψj

∑
j pj = 1,

∑
j pjuj = 2/3,∑

j pjvj = 1/3. (12)
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|fi〉 |μj,k〉

[P (j, k|i)] =
[
|〈μj,k|fi〉|2

]
(13)

=
pj
3

⎡
⎢⎣ |Aj |2 |Bj |2 |Cj |2
|Cj |2 |Aj |2 |Bj |2
|Bj |2 |Cj |2 |Aj |2

⎤
⎥⎦ ,

Aj =
√

h1(uj − vj) exp[−iθ(1)j ]

+
√

h2vj exp[−iθ(2)j ] +
√

h3vj/uj ,

Bj =
√

h1(uj − vj) exp[−i(θ(1)j + 2π/3)]

+
√

h2vj exp[−i(θ(2)j − 2π/3)]

+
√
h3vj/uj ,

Cj =
√
h1(uj − vj) exp[−i(θ(1)j − 2π/3)]

+
√

h2vj exp[−i(θ(2)j + 2π/3)]

+
√

h3vj/uj . (14)

I(Y ;X) =

3∑
i=1

ξi

N∑
j=1

3∑
k=1

P (j, k|i)

× log2

[
P (j, k|i)∑
� ξ�P (j, k|�)

]

=

N∑
j=1

pj

{
|Aj |2 log |Aj |2

+|Bj |2 log |Bj |2
+|Cj |2 log |Cj |2
+
(|Aj |2 + |Bj |2 + |Cj |2

)
× log

[
3

|Aj |2 + |Bj |2 + |Cj |2
]}

≡
N∑
j=1

pjF (uj , vj , θ
(1)
j , θ

(2)
j ). (15)

ξi = 1/3, ∀i

F (uj , vj , θ
(1)
j , θ

(2)
j ) ≡ |Aj |2 log |Aj |2

+|Bj |2 log |Bj |2 +|Cj |2 log |Cj |2
+
(|Aj |2 + |Bj |2 + |Cj |2

)
× log

[
3

|Aj |2 + |Bj |2 + |Cj |2
]

(16)
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j

F (uj , vj , θ
(1)
j , θ

(2)
j )

(uj , vj) θ
(1)
j , θ

(2)
j

Fmax(uj , vj)

Fmax(uj , vj) ≡ max
θ
(1)
j

max
θ
(2)
j

F (uj , vj , θ
(1)
j , θ

(2)
j ).

(17)
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(17)

θ
(1)
j , θ

(2)
j (10)

(14)

(14)

A = xe−iθ
(1)

+ ye−iθ
(2)

+ z, (18)

B = xe−i(θ
(1)+2π/3) + ye−i(θ

(2)−2π/3) + z,

C = xe−i(θ
(1)−2π/3) + ye−i(θ

(2)+2π/3) + z.

θ(1), θ(2)

±2π/3
[−π, π] 3

A,B,C 1

A,B,C −π π
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π
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π
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1

θ(1), θ(2)

A,B,C

θ(1)

θ(2) −π π

θ(2) θ(1)

−π π
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−π
3 ≤ θ

(1)
j ≤ π

3 , −π ≤ θ
(2)
j ≤ π,

0 ≤ φj , ψj ≤ π
2 . (19)
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