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This paper investigates the decoherence of photo-subtracted squeezed vacuum state (PSSVS) in dissipative channel

by describing its statistical properties with time evolution such as Wigner function, Husimi function, and tomogram. It

first calculates the normalization factor of PSSVS related to Legendre polynomial. After deriving the normally ordered

density operator of PSSVS in dissipative channel, one obtains the explicit analytical expressions of time evolution of

PSSVS’s statistical distribution function. It finds that these statistical distributions loss their non-Gaussian nature and

become Gaussian at last in the dissipative environment as expected.

Keywords: photon-subtracted squeezed vacuum state, Wigner function, Husimi function, tomogram

PACS: 42.50.–p, 03.65.–w DOI: 10.1088/1674-1056/20/2/024203

1. Introduction

Since 1991, when photon-added coherent states
(PACS) was first presented by Agarwal and Tara,[1]

subtracting photons from and/or adding photons to
quantum states have been paid much attention. Be-
cause these states are of particular interest since they
exhibit quite significant and unusual physical prop-
erties, studying them can not only deepen our un-
derstanding of the nature of quantum fields but also
help us to realize these fields experimentally for pos-
sible future applications such as in weak-signal detec-
tion, quantum computing, and quantum coding.[2−10]

For example, PACS exhibits some nonclassical prop-
erties such as negativity of Wigner function, higher-
order squeezing and higher-order sub-Poissonian pho-
ton statistics, etc.[1,11,12] Photon-added entangled co-
herent state (PAECS)[13−15] can violate the Clauser,
Horne, Shimony and Holt (CHSH) inequality and
have the nonclassical quasiprobability distribution.
Its amount of entanglement can be increased by re-
peatedly adding photon number.

In the present work, we shall focus our study on
another nonclassical state, photo-subtracted squeezed
vacuum state (PSSVS) and discuss its statistical prop-
erties with time evolution in dissipative channel. As is
well known, dissipative quantum channels tend to de-

teriorate the degree of nonclassicality. Thus, it is nec-
essary to investigate the decoherence properties in dis-
sipative channels. Historically, for the single PSSVS,
Biswas and Agarwal[16] investigated theoretically its
nonclassical properties and decoherence in two differ-
ent decoherent channels (amplitude decay and phase
damping). In Ref. [17], statistical properties of PSSVS
were investigated in a thermal environment.

This work is arranged as follows. In Section 2,
we first calculate the normalization factor of PSSVS,
which turns out to be a Legendre polynomial of the
squeezing parameter, by using the principle of math-
ematical induction. In Section 3, based on our pre-
ceding results,[18] we directly derive the normally or-
dered density operator of PSSVS in dissipative chan-
nel, which is convenient for us to calculate the follow-
ing statistical distribution function. We devote Sec-
tions 4 and 5 to deducing the explicit analytical ex-
pressions of time evolution of PSSVS’s Wigner func-
tion (WF) and Husimi function (HF), respectively.
In Section 6, The tomogram with time evolution of
PSSVS is calculated via the intermediate coordinate-
momentum representation. Through the limited dis-
cussion, it is found that these statistical distributions
loss their non-Gaussian nature and become Gaussian
at long times in the dissipative environment as ex-
pected. Conclusions are involved in the last section.
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2. Normalization of PSSVS

Photon substraction is a useful way to condition-
ally manipulate a nonclassical state of the optical field.
Recently, an SPSSV has also been experimentally pre-
pared with a pulsed and continuous wave squeezed
vacuum.[19,20] Theoretically, the PSSVS can be ob-
tained by repeatedly operating the photon annihila-
tion operator a on a squeezed vacuum state S(r) |0〉,
i.e.,

|r,m〉 ≡ Nr,mamS(r) |0〉 , (1)

where |0〉 is single mode vacuum, S(r) is the single-
mode squeezing operator S(r) = exp[r(a†2 − a2)/2]
with r being the squeezing parameter, [a, a†] = 1, and
Nr,m is the normalization factor to be determined.

In order to obtain the normalization factor, we let

|r〉m ≡ amS(r) |0〉 , (2)

where

|r〉 ≡ S(r) |0〉 =
√

sech r exp
(

tanh r

2
a†2

)
|0〉 .

According to the principle of mathematical induction
and a† |r〉 = a coth r |r〉, we have

1 〈r |r〉1 = coth2 r sech r 〈0| exp
(

tanh ra2

2

)
a†a

× exp
(

tanh ra†2

2

)
|0〉 − 1

= i sinh rP1(− i sinh r), (3)

where P1(x) = x is the first-order Legendre polyno-
mial, and

2 〈r |r〉2 = 〈r| (aa† − 1)(aa† − 1) |r〉 − 1 〈r| |r〉1
= 2(i sinhλ)2P2(− i sinhλ), (4)

where P2(x) = 1
2 (3x2 − 1) is the second-order Legen-

dre polynomial. Similarly, for the case n ≤ m, we can
easily obtain the following expression:

n−1 〈r |r〉n−1

= (i sinh r)n−1(n− 1)!Pn−1(− i sinh r), (5)

where Pm(x) is m-order Legendre polynomial whose
definition is[21]

Pm (x) =
[m/2]∑

l=0

(2m− 2l)! (−1)l
xm−2l

2ml! (m− l)! (m− 2l)!
. (6)

Therefore, we can also prove that

m 〈r |r〉m = 〈r| a†m−1(aa† − 1)am−1 |r〉
= coth2 r m 〈r |r〉m
− (2m− 1) m−1 〈r |r〉m−1

− (m− 1)2 m−2 〈r |r〉m−2 , (7)

i.e.,

m 〈r |r〉m = (− sinh2 r){−(2m− 1) m−1 〈r |r〉m−1

− (m− 1)2 m−2 〈r |r〉m−2 }. (8)

Comparing Eq. (8) with the recurrence relation of Leg-
endre polynomial

(m + 1)Pm+1(x)− (2m + 1)xPm(x)

+ mPm−1(x) = 0, (9)

we have

m 〈r |r〉m = m!(i sinh r)mPm(− i sinh r), (10)

which leads to compact expression for the normaliza-
tion factor of PSSVS

N−2
r,m = m! (i sinh r)m Pm (− i sinh r) . (11)

This is a remarkable result. From Eq. (11) it is clearly
seen that PSSVS’s normalization factor is related to
the m-order Legendre polynomial of the squeezing pa-
rameter r, where m is just the subtracted photon num-
ber.

3. Normally ordered form of

PSSVS’s density operator in

dissipative channel

When the PSSVS evolves in the dissipative chan-
nel (or cavity at zero temperature), the evolution of
the density matrix can be described by[22]

dρ (t)
dt

= κ
[
2aρ (t) a† − a†aρ (t)− ρ (t) a†a

]
, (12)

where
[
a, a†

]
= 1 and κ is the dissipative coefficient.

By virtue of the entangled state representation, we
find that the density operator ρ (t) for the dissipative
channel satisfies the following relation:[18]

ρ (t) =
∞∑

n=0

Tn

n!
e−κta†aanρ0a

†n e−κta†a, (13)

where T = 1 − e−2κt and equation (13) is just the
Kraus sum representation.

The initial density matrix ρ0 is the PSSVS in
Eq. (13), i.e.,

ρ0 = |r,m〉 〈r,m|
≡ N2

r,mamS(r) |0〉 〈0|S†(r)a†m. (14)

Substituting it into Eq. (13) yields

ρr,m (t) =
∞∑

n=0

Tn

n!
Gr,m,n

(
a, a†; t

)
, (15)

where
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Gr,m,n

(
a, a†; t

)
= N2

r,me−κta†aanamS(r) |0〉 〈0|S†(r)a†ma†ne−κta†a. (16)

By noticing

S(r) |0〉 = sech1/2r exp
(

tanh r

2
a†2

)
|0〉 , (17)

and using

e−κta†aa eκta†a = a eκt,

e−κta†aa†eκta†a = a†e−κt, (18)

we can rewrite Eq. (16) as

Gr,m,n

(
a, a†; t

)
= N2

r,msech r e2(n+m)κtan+m

× eµ2a†2 |0〉 〈0| eµ2a2
a†n+m, (19)

where µ ≡
√

tanh r/2 e−κt.

On the other hand, using the Bogolyubov trans-
formation

eABe−A = B + [A,B] +
1
2!

[A, [A,B]] + · · · , (20)

and the operator identity[23]

(
xa + ya†

)m
=

(
− i

√
xy

2

)m

: Hm

(
i
√

x

2y
a + i

√
y

2x
a†

)
: , (21)

where : : denotes the normal ordering and Hm(x) is
the Hermite polynomial[24]

Hm(x) =
[m/2]∑

l=0

(−1)l
m!

l!(m− 2l)!
(2x)m−2l

=
∂m

∂tm
e2tx−t2 |t=0, (22)

we obtain the following two expressions:

an+meµ2a†2 |0〉 = eµ2a†2 (
a + 2µ2a†

)n+m |0〉
= (− iµ)n+m eµ2a†2

×Hn+m

(
iµa†

) |0〉 , (23)

and

〈0| eµ2a2
a†n+m = 〈0|Hn+m (− iµa)

× eµ2a2
(iµ)n+m

. (24)

Substituting Eqs. (23) and (24) into Eq. (19) and con-
sidering the normal product form of vacuum projector
|0〉 〈0| = : exp(−a†a) : , we can simplify Eq. (19) as

Gr,m,n

(
a, a†; t

)
= N2

r,msech r

(
tanh r

2

)n+m

× : eµ2a†2Hn+m

(
iµa†

)
e−a†a

×Hn+m (− iµa) eµ2a2
: . (25)

Therefore, we obtain the normal ordering form of
ρr,m (t) in Eq. (15), which is very convenient to calcu-
late the following content. As the result of Eq. (15),
when κt = 0, T = 0, ρr,m (0) = ρ0 as expected. When
κt →∞, T = 1, we find ρr,m (∞) → |0〉 〈0|, which im-
plies that the system state reduces to a Gaussian state
after a long time interaction in dissipative channel.

4. Wigner function of ρr,m (t)

It is well known that the WF evolution is usu-
ally a useful approach to monitor the decoherence of
some quantum state. In the following section, using
the normally ordered form of ρr,m (t), we evaluate the
WF with time evolution for PSSVS. For a single-mode
system ρ, the Wigner function is given by[25]

W (α, α∗) = Tr [ ρ∆w (α, α∗)] , (26)

where α = (q + i p)/
√

2 and the Wigner operator
∆w (α, α∗) in the coherent representation |z〉 can be
expressed as[26]

∆w (α, α∗)=
e2|α|2

π

∫ ∞

−∞

d2z

π
|z〉 〈−z| e−2(zα∗−z∗α). (27)

Knowing the normally ordered form of ρr,m (t) for
|r,m〉, we easily obtain

W (α, α∗; t) =
e2|α|2

π

∫ ∞

−∞

d2z

π
〈−z| ρr,m (t) |z〉

× e−2(zα∗−z∗α). (28)

Substituting Eqs. (15) into Eq. (28), we obtain the
analytical expression of WF evolution of PASVS for
any photon-added number m in the dissipative envi-
ronment, which reads as

W (α, α∗; t) =
N2

r,msech r e2|α|2

π

∞∑
n=0

Tn

n!

(
tanh r

2

)n+m

×
∫ ∞

−∞

d2z

π
e−|z|

2−2α∗z+2αz∗+µ2z2+µ2z∗2

×Hn+m (− iµz∗)Hn+m (− iµz) . (29)

Noticing the generating function of single-mode Her-
mitian polynomials in Eq. (22) and using the following
integral formula

∫
d2z

π
exp

(
ζ |z|2 + ξz + ηz∗ + fz2 + gz∗2

)

=
1√

ζ2 − 4fg
exp

(−ζξη + ξ2g + η2f

ζ2 − 4fg

)
, (30)

024203-3



Chin. Phys. B Vol. 20, No. 2 (2011) 024203

whose convergent condition is Re(ζ ± f ± g) < 0 and Re
(

ζ2 − 4fg

ζ ± f ± g

)
< 0, we can write Eq. (29) as

W (α, α∗; t) =
N2

r,msech r

π
√

1− 4µ4

∞∑
n=0

Tn

n!

(
tanh r

2

)n+m

e−2D|α|2−C(α2+α∗2)

× ∂2n+2m

∂λn+m∂εn+m
exp

(Cλε− Bε2 − Bλ2 +Aε +A∗λ) |λ=ε=0, (31)

where we have set

A =
−4 iµα + 8 iµ3α∗

1− 4µ4
, B =

1
1− 4µ4

, C =
−4µ2

1− 4µ4
, D =

1 + 4µ4

1− 4µ4
. (32)

Further expanding the term exp (Cλε) to the form of the series and noticing the recurrence relation of Hermite
polynomial

dl

dxl
Hn (x) =

2ln!
(n− l)!

Hn−l (x) , (33)

we finally obtain the analytic expression of Wigner function for the PSSVS in the dissipative channel,

W (α, α∗; t) =
N2

r,msech r e−2D|α|2−C(α2+α∗2)

π
√

1− 4µ4

×
∞∑

n=0

n+m∑

l=0

Tn
(

tanh r
2

)n+m Cl |B|n+m−l [(n + m)!]2

n!l! [(n + m− l)!]2

∣∣∣∣Hn+m−l

( A∗
2
√B

)∣∣∣∣
2

. (34)

It is shown from Eq. (34) that the arbitrary PSSVS’s
WF evolution is related to Hermite polynomial.

In particular, when κt = 0, T = 0, it leads to
B = cosh2 r, C = − sinh 2r, D = cosh 2r,

A =
√

tanh r cosh2 r[2p(1 + tanh r)

+ i 2q(tanh r − 1)] (35)

and m = 0, 1, equation (34) becomes, respectively,

Wm=0 (α, α∗; 0) =
1
π

e−(q2e−2r+p2e2r), (36)

which is just the WF of squeezed vacuum state, a
Gaussian distribution in phase space, and

Wm=1 (α, α∗; 0) =
1
π

[
2

(
q2e−2r + p2e2r

)− 1
]

× e−(q2e−2r+p2e2r), (37)

which shows that its WF becomes negative as
2

(
q2e−2r + p2e2r

)
< 1. From Eqs. (36) and (37) we

can see that when the added-photon number m ≥ 1,
the corresponding WF is a non-Gaussian distribution
in phase space. Additionally, when κt → ∞, T = 1,
then A → 0,B → 1, C → 0,D → 1, equation (34) is

W (α, α∗;∞) =
e−q2−p2

π
, (38)

which indicated that the WF losses its non-Gaussian
nature and becomes Gaussian at long times in the dis-
sipative environment.

In fact, by compacting the summation in Eq. (31)
and employing the similar procedure to obtain
Eq. (34), one can obtain the Wigner function in an-
other form as follows:

W (α, α∗, t) =
N2

r,m

√
κ

π
exp

[
−κ [(

4e−2tκ sinh2 r + 2
)] |α|2 + κ e−2tκ sinh 2r

(
α2 + α∗2

)]

× ∂2m

∂λm∂εm
exp

(
c1λ

2 + c1ε
2 + c2λε + c3λ + c∗3ε

) |λ=ε=0

=
m!
√
κ

(− iκ cosh r
2

)m

πPm (− i sinh r)
exp

[
−2κ

(
2e−2tκ sinh2 r + 1

) |α|2 + κe−2tκ sinh 2r
(
α2 + α∗2

)]

×
m∑

k=0

[
2 tanh r

(
1− 2e−2κt

)]k

k! [(m− k)!]2
|Hm−k (M)|2 (39)
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with

κ =
(
4e−2tκT sinh2 r + 1

)−1
, c1 =

κ sinh 2r

4
,

c2 = κ
(
1− 2 e−2tκ

)
sinh2 r, c3 = 2 e−tκ (c2α + 2c1α

∗) ,

M = − i e−κt
√
κ

((
1− 2 e−2tκ

)
sinh r

√
2 tanh rα +

√
sinh 2rα∗

)
. (40)

Using Eq. (39), we show the variation of the Wigner function at different time scales in Fig. 1. It is easy to
see how the negative region of the Wigner function gradually diminishes. Note that at the centre of the phase
space, the Wigner function Eq. (39) can be expressed as

W (0, 0, t) =
m!
√
κ

(− i κ cosh r
2

)m

πPm (− i sinh r)

m∑

k=0

[
2 tanh r

(
1− 2 e−2κt

)]k

k! [(m− k)!]2
|Hm−k (0)|2 . (41)

From Eq. (41), one can verify that when the following condition
(
1− 2e−2κt

)
> 0 is satisfied, i.e.

κt > κtc =
1
2

ln 2, (42)

the Wigner function has no chance to show the negative region (see Fig. 2). This is in agreement with the
conclusion in Ref. [16].

Fig. 1. Wigner function of PSSVS for m = 1 and r = 0.31 at (a) κt = 0.05, (b) κt = 0.1, (c) κt = 0.3, and (d)

κt = 0.5.

Fig. 2. Wigner function of PSSVS at the centre of the phase space as the function of the time t (a) m = 1 and

r = 0.3, 0.5, 0.8; (b) r = 0.3 and m = 1, 2, 3.
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5. Husimi function of ρr,m(t)

The WF itself is not a probability distribution since not always positive. To overcome this shortcoming,
the so-called HF is introduced,[27] which is defined in a manner which guarantees it to be non-negative and
gives it a probability interpretation. The theoretical calculation of HF can help experimentalists to judge the
quality of the experiment. Based on this, we discuss the HF of PASVS and its effect with time evolution in a
dissipative channel.

To begin with, we derive the expression of HF
evolution of ρr,m (t) for PASVS in a dissipative chan-
nel. Recall that Husimi operator ∆h(q, p; ε), which
smoothes out the Wigner operator ∆w(q′, p′), is intro-
duced via averaging over a “coarse graining” function,

∆h(q, p; ε) = 2
∫

dq′dp′∆w(q′, p′)

× exp
[
−ε (q′ − q)2 − 1

ε
(p′ − p)2

]
,(43)

where positive ε is the Gaussian spatial width param-
eter, and may express a pure state density operator,
i.e.,[28]

∆h(q, p; ε) = |q, p〉ε,ε 〈q, p| , (44)

where |q, p〉ε is expressed as

|q, p〉ε =
√

C exp
(

D

2
+ A∗a† + Ba†2

)
|0〉 , (45)

in which

A ≡
√

2 (εq − i p)
1 + ε

, B ≡ 1− ε

2 (1 + ε)
,

C ≡ 2
√

ε

1 + ε
, and D ≡ −εq2 + p2

1 + ε
.

Thus, the HF of various density matrix is given by

H(p, q) ≡ ε 〈q, p| ρ |q, p〉ε , (46)

which is the expectation value of a pure state. For
simplicity, here we assume 0 < ε < 1. Equation (46)
provides us a good representative space for studying
various properties of HF.

Substituting Eq. (15) into Eq. (46), we can de-
scribe the HF of ρr,m (t) for PSSVS as

H(p, q; t) = N2
r,msech r

∞∑
n=0

Tn

n!

(
tanh r

2

)n+m ∣∣∣ε 〈q, p| eµ2a†2Hn+m

(
iµa†

) |0〉
∣∣∣
2

. (47)

Firstly we calculate the overlap ε 〈q, p| eµ2a†2Hn+m

(
iµa†

) |0〉. Inserting the completeness relation of coherent
state and using Eqs. (30) and (22), we have

ε 〈q, p| eµ2a†2Hn+m

(
iµa†

) |0〉 =
∫

d2z

π ε
〈q, p |z〉 〈z| eµ2a†2Hn+m

(
iµa†

) |0〉

=
√

CeD/2 ∂n+m

∂tn+m

∫
d2z

π
e−|z|

2+Az+2 i µtz∗+Bz2+µ2z∗2−t2 |t=0

=
√

CeD/2En+m+1e(AEµ)2Hn+m (iAEµ) , (48)

where E =
√

1/(1− 4Bµ2), then the HF of ρr,m (t) is expressed as

H(p, q; t) = N2
r,msech rCeD

∣∣∣exp
[
(AEµ)2

]∣∣∣
2

×
∞∑

n=0

Tn

n!

(
tanh r

2

)n+m ∣∣E2
∣∣n+m+1 |Hn+m (iAEµ)|2 , (49)

which is non-negative in phase space and is related to Hermite polynomial.
Especially, when κt = 0, T = 0, equation (51) becomes the HF of PSSVS

H(p, q; 0) = N2
r,msech rCeD

(
tanh r

2

)m ∣∣∣∣
1

1− 2B tanh r

∣∣∣∣
m+1

×
∣∣∣∣∣exp

(
A2 tanh r

2− 4B tanh r

)
Hm

(
iA

√
tanh r

2− 4B tanh r

)∣∣∣∣∣

2

, (50)
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while κt →∞, T → 1, then

H(p, q;∞) =
2
√

ε

1 + ε
exp

(
−εq2 + p2

1 + ε

)
, (51)

which is also of a Gaussian form.

6. Tomogram of ρr,m(t)

Once the probability distributions Pθ (x̂θ) of the quadrature amplitude are obtained, one can use the inverse
Radon transformation familiar in tomographic imaging to obtain the WF and density matrix. Thus the Radon
transform of the WF corresponds to the probability distributions Pθ (x̂θ).[29] The tomogram T of the PSSVS
in dissipative channel, denoted as the Radon transform of WF, is defined by[30,31]

T (q, t)f,g =
∫

δ (q − fq′ − gp′)Tr [∆w (β, β∗) ρr,m (t)] dq′dp′

= Tr
[
|q〉f,gf,g 〈q| ρr,m (t)

]
= f,g 〈q| ρr,m (t) |q〉f,g , (52)

where the operator |q〉f,gf,g 〈q| is just the Radon transform of single-mode Wigner operator ∆w (β, β∗), and

|q〉f,g = M exp

(√
2qa†

G
− G∗a†2

2G

)
|0〉 , (53)

as well as

G = f − i g, M =
[
π

(
f2 + g2

)]−1/4
exp

[
− q2

2 (f2 + g2)

]
. (54)

Thus the tomogram of a quantum state ρr,m (t) is just the quantum average of ρr,m (t) in the |q〉f,g representation,
which is a kind of intermediate coordinate–momentum representation.

Substituting Eq. (15) into Eq. (52), we obtain the tomogram of ρr,m (t), i.e.

T (q, t)f,g = N2
r,msech r

∞∑
n=0

Tn

n!

(
tanh r

2

)n+m ∣∣∣f,g 〈q| eµ2a†2Hn+m

(
iµa†

) |0〉
∣∣∣
2

. (55)

Firstly we will calculate the overlap f,g 〈q| eµ2a†2Hn+m

(
iµa†

) |0〉. Inserting the completeness relation of coherent
state and using Eqs. (30) and (22), we obtain

f,g 〈q| eµ2a†2Hn+m

(
iµa†

) |0〉

= M
∂n+m

∂τn+m

∫
d2z

π
exp

[
− |z|2 +

√
2q

G∗
z + 2 iµτz∗ − G

2G∗
z2 + µ2z∗2 − τ2

]∣∣∣∣
τ=0

= M

(√
G∗

2Gµ2 + G∗

)n+m+1

exp

(
2q2µ2

2µ2 |G|2 + G∗2

)
Hn+m


 i

√
2qµ√

2 |G|2 µ2 + G∗2


 . (56)

Then we have the tomogram of ρr,m (t) as

T (q, t)f,g = N2
r,msech r

∞∑
n=0

M2Tn

n!

(
tanh r

2

)n+m ∣∣∣∣
G∗

2Gµ2 + G∗

∣∣∣∣
n+m+1

×
∣∣∣∣∣∣
exp

(
2q2µ2

2µ2 |G|2 + G∗2

)
Hn+m


 i

√
2qµ√

2 |G|2 µ2 + G∗2




∣∣∣∣∣∣

2

. (57)

Especially, when κt = 0, T = 0, equation (51) becomes the tomogram of PSSVS

T (q, 0)f,g = N2
r,mM2sech r

(
tanh r

2

)m ∣∣∣∣
G∗

G tanh r + G∗

∣∣∣∣
m+1
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×
∣∣∣∣∣exp

(
q2 tanh r

|G|2 tanh r + G∗2

)
Hn+m

(
i q

√
tanh r

|G|2 tanh r + G∗2

)∣∣∣∣∣

2

, (58)

while κt →∞, T → 1, then

T (q,∞)f,g =
[
π

(
f2 + g2

)]−1/2
exp

(
− q2

f2 + g2

)
, (59)

which is also a Gaussian distribution corresponding to the vacuum state.

7. Conclusions

In summary, we discussed the decoherence of
PSSVS in dissipative channel by describing its statis-
tical properties with time evolution, such as Wigner
function, Husimi function, and tomogram. First, we
calculated the normalization factor of PSSVS, related
to Legendre polynomial and derived the normally or-
dered density operator of PSSVS in dissipative chan-
nel. Then, the explicit analytical expressions of time
evolution of PSSVS’s statistical distribution function
were also deduced in detail. By analysing the spe-

cial case, we found that these statistical distributions
loss their non-Gaussian nature and become Gaussian
at last in the dissipative environment, this shows the
fact that dissipative quantum channels tend to dete-
riorate the degree of nonclassicality. At present, the
combination of the photon addition and subtraction
has been discussed in Ref. [32], thus studies about the
combination of the photon addition and subtraction
applying on the squeezed vacuum state are in progress
in dissipative channel and new results will be reported
later.

References

[1] Agarwal G S and Tara K 1991 Phys. Rev. A 43 492

[2] Hu L Y and Fan H Y 2009 Mod. Phys. Lett. A 24 2263

[3] Jones G N, Haight J and Lee C T 1997 Quantum Semi-

class. Opt. 9 411

[4] Meng X G, Wang J S, Liang B L and Li H Q 2008 Chin.

Phys. B 17 1791

[5] Yuan H C, Xu X X and Fan H Y 2009 Int. J. Theor. Phys.

48 3596

[6] Ourjoumtsev A, Dantan A, Tualle B R and Grangier P

2007 Phys. Rev. Lett. 98 030502

[7] Kim M S 2008 J. Phys. B: At. Mol. Opt. Phys. 41 133001

[8] Parigi V, Zavatta A, Kim M S and Bellini M 2007 Science

317 1890

[9] Wang J S and Meng X G 2008 Chin. Phys. B 17 1254

[10] Chang P, Shao B and Long G L 2008 Phys. Lett. A 372

7124

[11] Nath P and Muthu S K 1996 Quantum Semiclass. Opt. 8

915

[12] Duc T M and Noh J 2008 Opt. Commun. 281 2842

[13] Zhang J S and Xu J B 2009 Phys. Scr. 79 025008

[14] Yuan H C, Li H M and Fan H Y 2009 Can. J. Phys. 87

1233

[15] Ren Z Z, Jing H and Zhang X Z 2008 Chin. Phys. Lett.

25 3562

[16] Biswas A and Agarwal G S 2007 Phys. Rev. A 75 032104

[17] Hu L Y and Fan H Y 2008 J. Opt. Soc. Am. B 25 1955

[18] Hu L Y and Fan H Y 2008 Mod. Phys. Lett. B 22 2435

[19] Wakui K, Takahashi H, Furusawa A and Sasaki M 2007

Opt. Express 15 3568

[20] Ourjoumtsev A, Tualle B R, Laurat J and Grangier P

2006 Science 312 83

[21] Rainville E D 1945 Bull. Am. Math. Soc. 51 268

[22] Garder C and Zoller P 2000 Quantum Noise (Berlin:

Springer)

[23] Meng X G, Wang J S and Liang B L 2009 Chin. Phys. B

18 1534

[24] Rainville E D 1960 Special Functions (New York: MacMil-

lan)

[25] Wigner E 1932 Phys. Rev. 40 749

[26] Hu L Y and Fan H Y 2009 Chin. Phys. B 18 902

[27] Husimi K 1940 Proc. Physico-Math. Soc. Jpn. 22 264

[28] Fan H Y and Liu S G 2007 Commun. Theor. Phys. 47

427

[29] Deans S R 1983 The Radon Transform and Some of Its

Applications (New York: Wiley)

[30] Fan H Y and Chen H L 2001 Chin. Phys. Lett. 18 150

[31] Meng X G, Wang J S and Li Y L 2007 Chin. Phys. 16

2415

[32] Yang Y and Li F L 2009 J. Opt. Soc. Am. B 26 830

024203-8


