
Int J Theor Phys (2010) 49: 2016–2027
DOI 10.1007/s10773-010-0385-3

Weyl Ordering Symbol Method for Studying Wigner
Function of the Damping Field

Xu-Bing Tang · Yun Sun · Haibin Su

Received: 14 December 2009 / Accepted: 19 May 2010 / Published online: 2 June 2010
© Springer Science+Business Media, LLC 2010

Abstract The symbolic method (including normal ordering. antinormal ordering and Weyl
ordering symbol) is usually utilized to tackle miscellaneous operators which have different
commutative relations. Considering the Weyl ordering symbol’s remarkable properties, we
have efficiently and conveniently derived the Wigner distribution function for field damp-
ing in a squeezed bath and a vacuum bath respectively, and then examined the decoherence
processes from the plots of Wigner function and its contour in quantum phase space. Alter-
natively, we can employ a general Wigner operator under phase space transform to calculate
distribution function and discuss the damping process.

Keywords Weyl ordering · Wigner function · Similar transformation · Density operator ·
Decoherence

1 Introduction

Wigner distribution function (WDF) [1–5] is the most popularly used in studying quantum
mechanics, quantum optics and quantum statistics, not only because it is an useful compu-
tational tool that enables one to transcribe operator equations into c-number equations, but
also it has led to new concepts such as non-classic states of radiation field. As an important
quantum phase-space technique, its two marginal distributions lead to measuring probability
density in coordinate space and momentum space respectively. For a state, if Wigner func-
tion of the state has a negative part in the phase space, then the state is a nonclassical state. It
gives the most analogous description of quantum mechanics in the phase space to classical
statistical mechanics of Hamilton systems. Recently, direct measurement of quantum phase
space distributions becomes possible by quantum state reconstruction [6].
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In dealling with Wigner distribution function, people always face to tackle miscellaneous
operators which have different commutative relations. Putting operators in normal ordering
[7–10], antinormal ordering [11] or Weyl ordering [12, 13] is usually needed. It has been
well-known for long that the phase space formulation of quantum mechanics is based on
Wigner’s quasi-distribution function and the Weyl’s correspondence [12] between operators
and c-number phase-space functions. In our previous work [25], we have introduced a uni-
tary squeezing operator S = exp[ψ

2 (a†2e−iθ − a2eiθ )] to simplify the density equation of
field damping in a squeezed bath, i.e.

d

dt
ρ = −λ

2
(N + 1)[a†aρ − 2aρa† + ρa†a] − λ

2
N [aa†ρ − 2a†ρa + ρaa†]

+ λ

2
M[aaρ − 2aρa + ρaa] + λ

2
M∗[a†a†ρ − 2a†ρa† + ρa†a†], (1)

to be a vacuum bath case

d

dt
ρ ′ = λ

2
(2aρ ′a† − a†aρ ′ − ρ ′a†a), and ρ ′ = S−1ρS. (2)

Utilizing the so-called entangled state representation method we have converted master
equation into a c-number equation and derived the time evolution density of state

ρ(t) = Sρ ′(t)S−1 = G 2
2∑

i, j=1

〈αj |αi〉(1−e−λt )S
∣∣αie

− λ
2 t

〉〈
αje

− λ
2 t

∣∣S−1. (3)

In this letter, considering the Weyl ordering symbol’s three remarkable properties: (1) the
order of Bose operators within a Weyl ordered product can be permuted; (2) a Weyl ordered
product can be integrated with respect to a C-number provided that the integration is con-
vergent; (3) the Weyl ordering is invariant under the similar transformations [14, 15], we
would like to employ the explicit Weyl-ordered form of Wigner operator and the technique
of integration within Weyl ordered product (IWWOP) of operators [13] to derive the Wigner
function characterizing the time evolution density of state, and then examine the decoher-
ence processes of the damping field.

We arrange this letter as follows. In Sect. 2, we briefly review Wigner operator, Weyl
ordering and their properties. In Sect. 3, by virtue of the Weyl ordering technique, we shall
derive the Wigner function W(q,p; t) = Tr[ρ(t)�(q,p)] for a damping field in a squeezed
bath with initial state of the superposition of two coherent squeezed state, and show the de-
coherence process from the plots of Wigner function and its contour. In Sect. 4, considering
a simplified damping field in a vacuum bath, we obtain the corresponding Wigner function
and exhibit the decoherence process of this damping system. In Appendix, we find that a
classical canonical transform (q,p) → (−Cq + Ap, Dq − Bp) generates a more general
Wigner transform �(−Cq + Ap, Dq − Bp), which can be employed to derive the distribu-
tion function and discuss the damping process.

2 Preview of the Weyl Ordering and Its Properties

Weyl ordering is a useful one but quite troublesome because its definition is complicated.
The Weyl ordering of operators is a recipe of quantizing a classical polynomial qmpr of q
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and p,

qmpr →
(

1

2

)m m∑

l=0

m!
l!(m − l)!Q

m−lP rQl, [Q,P ] = i�, (4)

where Q,P are the coordinate and momentum operator respectively. The Weyl ordering is
tightly related to the Weyl correspondence rule which is a recipe for quantizing a classical
function defined in classical phase space as an operator. According to this rule, the quantum
operators, F, Pi, and Qi corresponding to the classical quantities f, pi and qi are given by,

F(P,Q) =
∫ ∫

dqdpf (p,q)�(q,p), (5)

where �(q,p) denotes the Wigner operator [16–18]. By introdcuing the bosonic annihila-
tion, creation operators

a = 1√
2
(Q + iP ), a† = 1√

2
(Q − iP ), (6)

and α = 1√
2
(q + ip) we can see

�(p,q) → �(α,α∗) =
∫

d2z

π2
|α + z〉〈α − z|eαz∗−α∗z = 1

π
: exp

[−2(a† − α∗)(a − α)
] :,

(7)
where 〈z| = 〈0| exp[− 1

2 |z|2 + z∗a] is he coherent state [19–24], : : denotes the normal order-
ing symbol [7–10]. Note that the right hand side of (4) is in Weyl ordering, so we introduced
in Ref. [13] the Weyl ordering symbol :

:
:
: and invented the technique of IWWOP, within

:
:
:
: the Bose operators are permutable. As a result we found the Weyl ordering form of the

Wigner operator is

�(p,q) = :
:δ(q − Q)δ(p − P )

:
: . (8)

It then follows that the Weyl correspondence formula (5) can be recast to

:
:f (P,Q)

:
: =

∫ ∫
dqdpf (p,q)�(p,q), (9)

which means that the Weyl ordered operator :
:f (P,Q)

:
: is obtained by just replacing p,q in

f (p,q) by P,Q with the function form invariant, the exponential operator itself is in Weyl
ordering. Thus using the IWWOP technique we have

�(α,α∗) =
∫

d2z

2π2

:
: exp[z(a† − α∗) − z∗(a − α)] :: = 1

2

:
:δ(a

† − α∗)δ(a − α)
:
: . (10)

Supposing an operator S engenders a similar transform

SaS−1 = μa + νa†, Sa†S−1 = σa + τa†, (11)

where μτ − σν = 1 keeps

[μa + νa†, σa + τa†] = 1, (12)
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we shall prove that S operator can “run across” the “border” of :
:
:
: . In other words, the Weyl

ordering is invariant under the similar transformations, which means if

F(a†, a) = 2
∫

d2αf (α∗, α)�(α,α∗) = :
:f (a†, a)

:
: , (13)

where f (α∗, α) is the classical Weyl correspondence of F(a†, a), then

SF(a†, a)S−1 = F(μa + νa†, σa + τa†) = :
:f (μa + νa†, σa + τa†)

:
: . (14)

The proof is as follows. Using (7), (11) we have

S�(α,α∗)S−1 =
∫

d2z

2π2
: exp

{
−|z|2

(
σν + 1

2

)
+ z(σa + τa† − α∗)

− z∗(μa + νa† − α) + 1

2
(στz2 + μνz∗2)

}
:

= 1

π
: exp{−2(a† − μα∗ + σα)(a − τα + να∗)} : . (15)

Performing S operator on (13) and using (7) and (10), (15) we have

SF(a†, a)S−1 = 1

π
2
∫

d2αf (α∗, α) : exp{−2(a† − μα∗ + σα)(a − τα + να∗)} :

=
∫

d2αf (μα + να∗, σα + τα∗)
:
:δ(a

† − α∗)δ(a − α)
:
:

= :
:f (μa + νa†, σa + τa†)

:
: . (16)

Thus (14) is proved. Equation (16) is a very useful operator formula for recasting given op-
erators into their Weyl ordering forms. Also we have demonstrated Dirac’s δ-operator func-
tion within Weyl ordering symbol :

:
:
: , which brings convenience in studying some problems

of quantum statistics and quantum optics. The advantage of introduction of Weyl ordering
symbol :

:
:
: is manifestly shown in this work.

3 Wigner Function of Damping Field in a Squeezed Bath

In [25], when t = 0, if the system is the superposition of two coherent squeezed states, i.e.

ρ(t = 0) ≡ ρ0 = G 2
∑

i,j=1,2

S|αi〉〈αj |S−1, (17)

where unitary operator S = exp[ψ

2 (a†2e−iθ − a2eiθ )] engenders squeezing transformation

SaS−1 = a coshψ − a† sinhψe−iθ , Sa†S−1 = a† coshψ − a sinhψeiθ , (18)

we derived the time evolution density of state has shown as (3). From W(q,p; t) =
Tr[ρ(t)�(q,p)], we have

W(q,p; t = 0) = Tr[ρ0�(q,p)] = G 2 Tr

[ ∑

i,j=1,2

S|αi〉〈αj |S−1�(q,p)

]
, (19)
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in which existing of S makes it more difficulty to perform trace. Note that the Weyl ordering
is invariant under the similar transformations (shown in Sect. 2), we shall convert |αi〉〈αj |
to be its Weyl ordering. Utilizing Mehta formula [26]

ρ = 2
∫

d2β

π

:
: 〈−β|ρ|β〉 exp[2(β∗a − βa† + a†a)] :: , (20)

where |β〉 denotes the coherent state representation, we have

|αi〉〈αj | = 2
∫

d2β

π

:
: 〈−β|.αi〉〈αj .|β〉 exp[2(β∗a − βa† + a†a)] ::

= 2
:
: exp

[
−|αi |2 + |αj |2

2
− α∗

j αi + 2α∗
j a + 2αia

† − 2a†a

] :
: , (21)

where we have used the following integral formula

∫
d2α

π
exp[h|α|2 + sα + ηα∗ + f α2 + gα∗2]

= 1√
h2 − 4fg

exp

[−hsη + s2g + η2h

h2 − 4fg

]
, (22)

with convergent condition Re(h + f + g) < 0 or Re(h − f − g) < 0, where h, s, η, f and
g are real parameters. Utilizing (14), (18) and (21) we can obtain

ρ0 = 2G 2
∑

i,j=1,2

:
: exp

[
−|αi |2 + |αj |2

2
− α∗

j αi + 2(α∗
j coshψ − αie

iθ sinhψ)a

− 2(a†a cosh2 ψ + a†a sinh2 ψ − a2eiθ sinhψ coshψ − a†2e−iθ sinhψ coshψ)

+ 2(αi coshψ − α∗
j e

−iθ sinhψ)a†

] :
: ≡ :

:F(a†, a)
:
: . (23)

On the other hand, based on Wigner operator in coherent state representation (shown in (7)),
we shall convert ρ0 in (23) to be its normal ordering, which can be obtained by replacing
(a, a†) in (23) by (α,α∗) and using Wigner operator on the second expression of (7), we
have

ρ0 = 4G 2
2∑

i,j=1

: exp

[
−|αi |2 + |αj |2

2
− α∗

j αi − 2a†a

]∫
d2α

π

× exp[2α(α∗
j coshψ − αie

iθ sinhψ + a†) + 2α∗(αi coshψ − α∗
j sinhψe−iθ + a)

− 4 cosh2 ψ |α|2 + 2α2 sinhψ coshψeiθ + 2α∗2 sinhψ coshψe−iθ ] :

= G 2

coshψ

∑

i,j=1,2

: exp

[
−|αi |2 + |αj |2

2
− α∗

j αi − 2a†a

+ AB + sinhψ

2 coshψ
(e−iθA2 + eiθB2)

]
:, (24)
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where

A = α∗
j coshψ − αie

iθ sinhψ + a†, B = αi coshψ − α∗
j sinhψe−iθ + a. (25)

Substituting (24) into (9) and using Wigner operator on the first expression of (7), we derive
the Wigner distribution function of initial state ρ0

W(z, z∗;0) = Tr[ρ0�(z, z∗)] = 1

π
Tr

[
ρ0

∫
d2β

π
|z + β〉〈z − β|ezβ∗−z∗β

]

= G 2

π

∑

i,j=1,2

exp

[
−|αi |2 + |αj |2

2
− α∗

j αi − 2(sinh2 ψ + cosh2 ψ)|z|2

+ 2(α∗
j coshψ − αie

iθ sinhψ)z + 2(αi coshψ − α∗
j e

−iθ sinhψ)z∗

+ 2(z2eiθ + z∗2e−iθ ) sinhψ coshψ

]
. (26)

If t 	= 0, similarly, we can obtain ρ(t) within the Weyl ordering symbol,

ρ(t) = G 2
2∑

i,j=1

〈αj |αi〉(1−e−λt )S
∣∣αie

− λt
2
〉〈
αje

− λt
2
∣∣S−1

= 2G 2
2∑

i,j=1

〈αj |αi〉(1−e−λt ) :
: exp

[
−e−λt |αi |2 + |αj |2

2
− α∗

j αie
−λt

+ 2e− λt
2 (α∗

j coshψ − αi sinhψeiθ )a + 2e− λt
2 (αi coshψ − α∗

j sinhψe−iθ )a†

− 2a†a(cosh2 ψ + sinh2 ψ) + 2(a2eiθ + a†2e−iθ ) sinhψ coshψ

] :
: . (27)

It then follows

ρ(t) = G 2

coshψ

2∑

i,j=1

〈αj |αi〉(1−e−λt ) : exp

[
−e−λt |αi |2 + |αj |2

2
− α∗

j αie
−λt − 2a†a

]

+ AB + sinhψ

2 coshψ
(A2e−iθ + B2eiθ )

]
:, (28)

where

A = α∗
j e

− λt
2 coshψ − αie

− λt
2 eiθ sinhψ + a†,

(29)
B = αie

− λt
2 coshψ − α∗

j e
− λt

2 e−iθ sinhψ + a.

Thus the Wigner function of time evolution of state reads

W(z, z∗; t) = G 2

π

∑

i,j=1,2

〈αj |αi〉(1−e−λt ) exp

[
−e−λt |αi |2 + |αj |2

2

− e−λtα∗
j αi − 2(2 sinh2 ψ + 1)|z|2
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+ 2(α∗
j coshψ − αie

iθ sinhψ)z + 2(αi coshψ − α∗
j e

−iθ sinhψ)z∗

+ 2(z2eiθ + z∗2e−iθ ) sinhψ coshψ

]
. (30)

In Appendix, we show that the unitary operator S, which maps into a classical canonical
transform (q,p) → (−Cq + Ap, Dq − Bp), generates a more general Wigner transform
�(p,q) → �(−Cq + Ap, Dq − Bp) with the constraint AD − B C = 1. Thus we can employ
this general Wigner operator under phase space transform to calculate distribution function
and discuss the damping process.

In order to further view the decoherence of this damping system, we discuss changes in
Wigner function and its contour plot with varying time in Figs. 1 and 2. In Fig. 1 we can
clearly see that at initial time two peaks are compressed and deflexion, which can be well
interpreted from the squeezing parameter ψ and rotation parameter θ in unitary squeezing
operator S. The negative part means that the initial state is a nonclassical state. With time
increasing, we can see the peaks values increase and the two peaks tend to combination,

Fig. 1 Wigner function of ρ(t) at G 2

π = 1, α1 = 1+2i, α2 = 3+4i, z = x + ip, ψ = 1
2 , θ = π

4 and different

time: (1) t = 0 and (2) t = ln 2
λ

Fig. 2 Contour plots of Wigner function of ρ(t) at t = 0 and t = ln 2
λ
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which indicates the decoherence. From the contour plots (shown in Fig. 2) of the Wigner
function we can more clearly see this point.

4 Wigner Function of Damping Field in a Vacuum Bath

Employing the unitary transformation S = exp[ψ

2 (a†2e−iθ − a2eiθ )], we have transformed
the damping field in a squeezed bath into a simple case (shown in (2)), which describes a
field damping in a vacuum bath. If the initial state is the superposition of two coherent states,
i.e.

ρ ′
0 = G 2

∑

i,j=1,2

|αi〉〈αj |, (31)

its time evolution of density operator reads

ρ ′(t) = G 2
2∑

i,j=1

〈αj |αi〉(1−e−λt )
∣∣αie

− λ
2 t

〉〈
αje

− λ
2 t

∣∣, (32)

from which we can see

W(z, z∗; t) = G 2

π

∑

i,j=1,2

〈αj |αi〉(1−e−λt ) exp

[
−2|z|2 − e−λt |αi |2 + |αj |2

2

+ 2e− λt
2 (αiz

∗ + α∗
j z) − e−λtαiα

∗
j

]
, (33)

and when t = 0

W(z, z∗;0) = G 2

π

∑

i,j=1,2

exp

[
−2|z|2 − |αi |2 + |αj |2

2
+ 2αiz

∗ + 2α∗
j z − αiα

∗
j

]
. (34)

If t → ∞, from (32) we have ρ ′(t) =⇒ ρ ′(∞) = G 2
∑2

i,j=1〈αj |αi〉|0〉〈0|, which demon-
strates that if time is long enough the time evolution of state degenerates to be a vacuum
state. Corresponding Wigner function is

W ′(z, z∗;∞) = G 2

π

∑

i,j=1,2

〈αj |αi〉 exp[−2|z|2] (35)

which is just (33) at t = ∞.

If initial states is the superposition of two coherent, plots of the Wigner function and its
contour have been shown in Fig. 3 with α1 = 1+2i, α2 = 2+ i for different time. When t =
0, double peaks show the well-known Winger function characteristic of the superposition of
two coherent states. With time increasing, we also can see one peak is gradually close to the
other. To our knowledge, decoherence shorten the distance between peaks. If time increase
enough, from (35) we can see the system will degenerate into a vacuum state, whose Wigner
function and its contour have been shown in Fig. 4.

In summary, by virtue of Weyl ordering symbol and its well properties, we can deal with
the miscellaneous operators which have different commutative relations. Employing Weyl
ordering symbol method, we have calculated the Wigner functions for field damping in a
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Fig. 3 Wigner function and its contour plot of ρ′(t) at G 2

π = 1, α1 = 1 + 2i, α2 = 2 + i, z = x + ip and

different time: (1) t = 0 and (2) t = 1
8

Fig. 4 Wigner function and its contour plot of the vacuum state
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squeezed bath and vacuum bath, respectively, and then analyzed the decoherence processes
from quantum phase-space distribution plots. The results show that this approach actually is
efficient and convenient for studying quantum phase-space distribution.

Appendix

From (11), we can see unitary operator S engenders a similar transform

S−1QS = 1

2
[(τ + μ − σ − ν)Q + (τ − μ − σ + ν)iP ] ≡ AQ + BP,

(36)
S−1PS = 1

2i
[(τ − μ + σ − ν)Q + (τ + μ + σ + ν)iP ] ≡ CQ + DP,

i.e.

S−1

(
Q

P

)
S =

(
A B

C D

)(
Q

P

)
, AD − B C = 1. (37)

Utilizing (8) and (37), we have

S−1�(p,q)S = S−1 :
:δ(q − Q)δ(p − P )

:
:S = :

:δ(q − AQ − BP )δ(p − CQ − DP )
:
:

= :
:δ(−Cq + Ap − P )δ(Dq − Bp − Q)

:
:

= �(−Cq + Ap, Dq − Bp), (38)

which is a more general Wigner transform mapping from the classical canonical transform
(q,p) → (Dq − Bp,−Cq + Ap) in phase space. Considering (9) and (38), we have

�(−Cq + Ap, Dq − Bp)

=
∫

dp′dq ′δ(−Cq + Ap − p′)δ(Dq − Bp − q ′)�(p′, q ′)

= 1

π
:
∫

dp′dq ′δ(−Cq + Ap − p′)δ(Dq − Bp − q ′) exp[−(q ′ − Q)2 − (p′ − P )2] :

= 1

π
: exp[−(Dq − Bp − Q)2 − (−Cq + Ap − P )2] :, (39)

and then

�(−Cq + Ap, Dq − Bp)

⇒ �′(z, z∗)

= 1

π
: exp

[
−

(
D + iB√

2
z + D − iB√

2
z∗ − a + a†

√
2

)2

−
(

− C + iA√
2

z − C − iA√
2

z∗ − a − a†

√
2i

)2]
: . (40)
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Substituting (40) into (19)

W(z, z;0) = G 2 Tr

[ ∑

i,j=1,2

|αi〉〈αj |S−1�(q,p)S

]
= G 2 Tr

[ ∑

i,j=1,2

|αi〉〈αj |�′(z, z∗)
]

= G 2

π

∑

i,j=1,2

exp

[
−|αi |2 + |αj |2

2
+ α∗

j αi −
(

D + iB√
2

z + D − iB√
2

z∗ − αi + α∗
j√

2

)2

−
(

− C + iA√
2

z − C − iA√
2

z∗ − αi − α∗
j√

2i

)2]
, (41)

and then using (18) and (36), we identity

A = coshϕ + sinhϕ cos θ, B = C = − sinhϕ sin θ,
(42)

D = coshϕ − sinhϕ cos θ,

then it follows

W(z, z;0) = G 2

π

∑

i,j=1,2

exp

[
−|αi |2 + |αj |2

2
− α∗

j αi − 2(sinh2 ψ + cosh2 ψ)|z|2

+ 2(α∗
j coshψ − αie

iθ sinhψ)z + 2(αi coshψ − α∗
j e

−iθ sinhψ)z∗

+ 2(z2eiθ + z∗2e−iθ ) sinhψ coshψ

]
, (43)

which is just (26). In the same way, we can derive the Wigner function of time evolution
W(z, z; t).

References

1. Wigner, E.: Phys. Rev. 40, 749 (1932)
2. Agarwal, G.-S., Wolf, E.: Phys. Rev. D 2, 2161 (1972)
3. Agarwal, G.-S., Wolf, E.: Phys. Rev. D 2, 2187 (1972)
4. Agarwal, G.-S., Wolf, E.: Phys. Rev. D 2, 2206 (1972)
5. Hillery, M., O’Connell, R.-F., Scully, M.-O., Wigner, E.P.: Phys. Rep. 106, 121 (1984)
6. Smithey, D.-T., Beck, M., Raymer, M.-G., Faridani, A.: Phys. Rev. Lett. 70, 1244 (1993)
7. Fan, H.-Y., Zaidi, H.-R., Klauder, J.-R.: Phys. Rev. D 35, 1831 (1987)
8. Fan, H.-Y., Zou, H.: Phys. Lett. A 252, 281 (1999)
9. Fan, H.-Y., Zhang, Y.: Phys. Rev. A 57, 3225 (1998)

10. Fan, H.-Y., Fu, L.: Int. J. Theor. Phys. 44, 529 (2005)
11. Fan, H.-Y.: Phys. Lett. A 161, 1 (1991)
12. Weyl, H.: Z. Phys. 46, 1 (1927)
13. Fan, H.-Y.: J. Phys. A 25, 3443 (1992)
14. Fan, H.-Y., Wang, J.-S.: Mod. Phys. Lett. A 20, 1525 (2005)
15. Fan, H.-Y.: Mod. Phys. Lett. A 21, 809 (2006)
16. Fan, H.-Y., Ruan, T.-N.: Commun. Theor. Phys. 3(3), 345 (1984)
17. Fan, H.-Y., Ruan, T.-N.: Commun. Theor. Phys. 2(5), 1563 (1983)
18. Fan, H.-Y., Xiao, M.: Mod. Phys. Lett. A 244, 256 (1998)
19. Klauder, J.-R., Skargerstam, B.S.: Coherent States. World Scientific, Singapore (1985)



Int J Theor Phys (2010) 49: 2016–2027 2027

20. Perelomov, A.-M.: Generalized Coherent States and Their Applications. Springer, Berlin (1986)
21. Zhang, W.-M., Feng, D.-F., Gilmore, R.: Rev. Mod. Phys. 64, 867 (1990)
22. Glauber, R.-J.: Phys. Rev. 130, 2529 (1963)
23. Glauber, R.-J.: Phys. Rev. 131, 2766 (1963)
24. Cahill, K.-E., Glauber, R.-J.: Phys. Rev. 177, 1857 (1969)
25. Tang, X.-B., Fan, H.-Y.: Int. J. Theor. Phys. 47, 2952–2959 (2008)
26. Mehta, C.-L.: Phys. Rev. Lett. 18, 752 (1967)


	Weyl Ordering Symbol Method for Studying Wigner Function of the Damping Field
	Abstract
	Introduction
	Preview of the Weyl Ordering and Its Properties
	Wigner Function of Damping Field in a Squeezed Bath
	Wigner Function of Damping Field in a Vacuum Bath
	Appendix
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


