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four-qubit entangled state and positive operator-valued measure
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A protocol for cloning an arbitrary unknown two-qubit state and its orthogonal complement state with the assistance of
a state preparer is presented. In this paper, a genuine four-particle entangled state which cannot be reduced to the product of
two Bell states is used as the quantum channel. Moreover, positive operator-valued measure (POVM) instead of usual
projective measurement is employed. In one hand, the usual teleportation is required. And in another hand, the perfect
copies and complement copies of an unknown two-particle state can be implemented with a certain probability in the help of

the state preparer.
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1 Introduction

Many interesting applications in the regime of
information have produced due to the principle of
quantum mechanics in recent years, such as quantum
key distribution'?, quantum secret sharing®”, quantum
teleportation™, remote state preparation’'?, and so on.
According to the nocloning theorem'*', a quantum
state cannot be cloned perfectly in quantum
information, while classical information can.
However, quantum cloning approximately is
necessary in quantum information". In literature,
various approximate cloning machines have been
demonstrated'*.

Pati??> proposed a protocol of producing perfect
copies and orthogonal-complement copies of an
unknown state with the assistance from a state
preparer. In his protocol, usual teleportation is
required in the first stage, and in the second stage the
preparer performs a single-particle measurement and
communicates some classical information to different
parties. Therefore, Pati's protocol can realize perfect
cloning and complementing of an unknown state with
a probabilistic manner. In some previous cloning
protocols, Bell state22'27’31, GHZ state? and the cluster
state®* are employed as the quantum channels.

Recently, Yeo and Chua3? proposed a novel four-
particle entanglement ‘;700> state. This state cannot

be decomposed into a pair of Bell states. Differ from
those of four-party GHZ and W states, it is a genuine
four-particle entangled state. It could play an
analogous role to Bell state in the theory of
multipartite entanglement. The state can be used in
the teleportation’, dense coding®*, quantum
secure direct communication®, quantum  state
splitting® and remote state preparation’’. In the
present paper, the genuine four-particle entangled
state in the regime of assisted cloning using POVM
instead of usual projective measurement, has been
studied. POVM has been extensively studied in the
field of quantum communication®®*'. A protocol will
be put forward of cloning an unknown two-qubit
entangled state via assistance provided by the state
preparer. Previously different assisted cloning
schemes of an unknown two-particle state™" are
used. Now, the genuine four-particle entangled state is
used as the quantum channel in this protocol. The
assisted cloning protocol includes two steps. In the
first step, the ordinary teleportation is needed. In the
second step, the state preparer makes two two-particle
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measurements. Two-particle measurement can be
realized by quantum nondemolition(QND)
measurement in experiment*>**. The act of measuring
a quantum system must disturb the system.
Nevertheless, QND measurement is designed to avoid
the back action produced by a measurement™“°, it has
been widely studied in quantum information
processing®™*®. Then, the state preparer communicates
the result to the partner through the classical channel.
According to the state preparer's measurement result,
the partner performs a POVM on the particles so that
the perfect copies and complement copies of an
unknown two-particle state can be produced with
some certain probability.

2 Assisted Cloning of an Arbitrary Unknown Two-
Qubit Entangled State and Its Orthogonal
Complement State

Now let us consider the case that assisted cloning
of an arbitrary unknown two-particle entangled state
by employing a genuine four-particle entangled state
as quantum channel. Suppose there are three
participants, Victor, Alice and Bob. Victor is the state
preparer. He prepares an arbitrary unknown two-
particle entangled state.

|Z>12 =0(|00>12 +13|01>12 + 7|10>12 +§|11>12 (1)

where a, f, ¥ and O are all the complex numbers.
They satisfy |05|2 + |,6’|2 +|}/|2 +|5|2 =1, and which are

known completely to Victor but unknown to Alice.
Then he transmits the two particles to Alice. After
receiving the state, Alice uses it as her input state. The
input state is unknown to both Alice and Bob. Alice
wishes to create either a copy or an orthogonal copy

of the unknown state |Z>12 at her place with the

assistance of Victor. Assume that Alice and Bob share
a genuine four-particle entangled state as the quantum
channel, given by:

‘}700 >3456 - %

The |J >’s constitute an orthonormal basis, and

X)) e, .(2)
J 34

explicitly:

|0) = cos 6,00) +sin 4 |11)

|1)=cos ¢ |01) +sin ¢ [10)
|2) =—sing; |01) +cos ¢ |10)
|3) =—sin 6,|00) +cos 6, |11) ..3)

The |J '> ’s constitute another orthonormal basis:

> cos 6, |OO>+s1n o, |11>

> os¢2|01>+s1n¢2|10>

> —sm¢2|01>+cos¢2|10>

) —sm6’2|00>+cost92|11> .4

where 0<6,.6,.¢,.0, <§ and assume that

6, #6,, ¢ #¢,. Alice owns the particles 3 and 4, and

the particles 5 and 6 belong to Bob. The state of the
six qubit is:

|®> - 12 ‘ _OO>3456 -

On receiving the state, Alice carries out two two-
particle measurements on the particle pairs (1, 3) and

(2, 4) in the basis{‘gpf),‘y/i >} .

...(6)

\/\/\/\/

@
)-a|®”
=a| ") +b|w"
)—al¥”

+ |b|2 =1 and
|a| > |b| . Thus, the state particles 5 and 6 become:

2
where a and b are real numbers, |a|

1 .
2 <ﬂ |13 <U | ®>123456 = E[(G cos @+ H sin 9)|OO>56

+(I sin@+ K cos )| 01). +(Rcos g+ Ssing)[10),,
+(X sin@+Y cosO)[11), ..

where §=6,—-6, and ¢=¢ —¢,, and G, H, I, K, R,
S, X, Y can be seen in Table 1.
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Table 1 — o4 <ﬂ‘ and 13 <U‘ represent Alice’s measurement results on the particle pairs (2,4) and (1,3), respectively

24<ﬂ‘ 13<U‘ G H 1
+ + 2 2 _
Lt N (o (R 5 pab
24<¢ ‘ l3<¢ ‘ aab dab Ba
+ + 2 2 _
24<'// ‘ 13<¢ ‘ Ba 7b aab

- +
24<!I/ ‘ l3<¢ ‘ Pab —yab aa’
+ - _ 2
24<¢ ‘ 13<¢ ‘ aab dab —fb
- - 2 2
L I ol B 5a pab
+ - _ 2
24<l// \ 13<¢ ‘ Bab yab —ab
- - 2 2
na Sl o va aab
+ + 2 2 _
o] L va b Sab
24<¢ ‘ 13<l// ‘ yab Pab Sa
+ + 2 2 _
L2t I (0 B Y B yab
24<§1/ ‘ 13<l// ‘ dab aab ya
+ - - 2
” <¢ ‘ 13<V/ ‘ yab Pab _5b
- - 2 2 _
N N " fa Sab
+ - _ 2
24<W ‘ 13<W ‘ dab aab —vb
- - 2 2
L2 B 7 aa yab

K R N X Y
yab Bab yab ~aa® &*
b iy e —quab ~Sab
oab aab dab —Bd® 7>
5b* &b* ~aa* ~pab ~yab
—7a2 ﬁb2 _}/az —aab —dab
—yab —Pab —yab —ab? Sa’
-8d> ab? -8d> —pab ~yab
—oab —aab —oab e ya®
aab dab aab —ya? iy
ab® -8d> ab® —yab —pab
Bab yab Bab -8a* ab®
Bb? —ya® Bb? —dab —aab
~aa? 5b° —aa® —yab —pab
—aab ﬁaz —oab oab _7b2
—Ba? 7> —Ba? —dab —aab
—pab —yab —pab ~5b* aa®

Without loss of generality, given that Alice's

measurement outcome is ‘¢_>]3‘1//+>Z4, the qubits 5

and 6 will collapse into the state:

IT =l[(,b’abcose—}/absin 6)|00
2 56

—(ab” sin g+ Sa’ cos §)|01)
+(ab® cos ¢ — 8a” sin @) | 10>56
+(~Babsin 6 - yabcos O)|11), ] ..(8)

Bob executes an unitary operation U on his particles 5
and 6. U takes the following form:

U= ; ...(9)

Consider the case of A;=0, Aj,=—sing A;;=—cos¢
A14:0, Az]:COSQ, A22:0, A23:0, A24:sin9, A31:Si1’19,
A32=0, A33=0, A34=COSH, A41:0, A42:—COS¢, A43=—sin¢,
A44=0.

Hence, the state of the qubits 5 and 6 becomes:

iy, = %(ab2 |00)+ Bab|01) + yab|10) + Sa*|11))s4
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To the other cases, the operation U can be found in
Table 2. Ultimately, Bob introduces two auxiliary

particles m, n with the initial state |00>mn, and

performs two controlled-not (CNOT) operations on
particles (5, m) and (6, n), respectively (the particles 5
and 6 are the controlled bits, while the auxiliary
particles m and n are the target ones). Consequently,
the state of particles 56mn becomes:

— 1
|L>56mn = §(| Kl >56 |Q1 >mn + | K2 >56 |Q2 >mn

+|K3>56|Q3>mn +|K4>56|Q4>mn)

...(10)

where

|K}) = (@]00)+ 5|01)+ y[10) + 5|11))5

|K,) = (| 00) + B|01) - ¥]10) — 5] 11))s¢
|K31) = (@]00)— B|01) + 7[10) - 5]11))s6
|Ky) = (@|00) - B|01) — #|10) + 5] 11))s¢
|0,) = (6%]00) + ab|01) + ab|10) + a*|11))

mn

|0,) = (1?]00) +ab|01) — ab|10) — a> [11)),,,
|03) = (b |00) - ab|01) + ab|10) - a*|11)),,,
|0,) = (b°]00) — ab|01) - ab|10) + a*|11)),,,  ...(11)
Apparently, Bob  will obtain the states
|Ki)s (i=1,2,3,4) if the states |Q;) ~ can be

distinguished. In general, the four states |QI->

mn
cannot be differentiated deterministically by using a
usual projective measurement because they are not

Table 2 — AMRs denotes Alice’s measurement results. Suppose that C=sin8, D=cos 6, E=sing and F=cos¢

AMRs AI 1 Alz A13 A14 A21 A22
+ +
‘¢ >13‘¢ >24 D 0 0 C 0 E
‘¢*> ‘¢’> D 0 0 c 0 E
13 24
+ +
‘¢ >13‘l// >24 0 E F 0 D 0
+ —
‘¢ >13‘1// >24 0 E F 0 D 0
— +
‘¢ >13‘¢ >24 D 0 0 -C 0 E
\¢—>13‘¢ >24 p 0 0 - 0 E
‘¢_> ‘l//+> 0 E F 0 D 0
13 24
‘¢ >13‘§// >24 0 E F 0 D 0
+ +
“// >13‘¢ >24 0 F E 0 C 0
‘l//+> ‘¢_> o F E 0 c 0
13 24
+ +
v )W), ¢ o o b o F
+ —
vk, < o o o o F
‘l//_> ‘¢+> 0 F -E 0 c 0
13 24
‘l// >13‘¢ >24 0 F E 0 C 0
- +
V)W, < o o o o
)W), 0 0 b o0

Ay A3 1 A32 A33 A34 A4 1 Ay A43 Ay
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orthogonal. Nevertheless, the discrimination can be
achieved as long as Bob carries out an optimal POVM
on the auxiliary particles m and n as follows:

1 1 1
1 V|N1><N1|’ ) V|N2><N2|’ 3 V|N3><N3|
1 1 &
by =;|N4><N4|’ Py =1—;Z|Ni><Ni|
i=1
where

1 1 1 1 1
M) =500+ Loty Lo+ i,

J¢
11 1 1 1
|N2>_f(b_z|00>+5|01>_E|10>_a_2|11>)’”"

1 1 1 1 1
=—(—|00)—=—|01) + —[10) ——|11
30) =G 100) = {0+ 10) =)

1 1 1 1 1
|N4>__\E(b_2|00>_5|01>_5|10>+a_2|11>)’”"
1 2 1
gza—4+W+b—4 (12)

where [ is an identity operator, and the parameter v
closely relates to a and b, and Ps must be positive. To
gain the parameter v, the five operators
Pj(j =1,2,3,4,5) can be denoted by the forms:

Bll B12 B13 B14

By, By -Bj3 -By

Pzzi By By, —By; —By
v{| =By —By By By
=By —By By By

=B, By B3 -By

P = 1| =By By By By
ve| By —By, By —By
=By By By By

Bll _B12 _B13 Bl4

p = 1| =By By By —By
) =—
v{|—B;; By By;  —Byy
By —By, —Byz By
4B
1-— 0 0 0
174
1 0 1—43% 0 0
1%
B=e 4B
el 0o 1-B3
174
4B
0 0 0 1-—34
144

...(13)

The parameter v should be chosen as 1<V <4 as
all the diagonal elements of Ps are positive. Based on
the POVM’s outcome, Bob can positively deduce the

state |Q,->mn of qubits m and n. In the case that Bob

knows the state of qubits 5 and 6, he can reconstruct
the original state without any operation or performing
appropriate unitary operation on the particles 5 and 6.
However, Bob cannot infer which state the particles 5
and 6 is in if his POVM outcome is Ps with the

probability 1—%as shown in Table 3. Under this
v

circumstance, the task fails.
Up to now, we have showed one case of Alice’s

and Bob’s BSM results ‘¢_>13‘l/l+>24. For the other

15 cases, the protocol also can be achieved. The total
success probability of this scheme is:

16

_? ...(14)

p

If |a|=|b|=x/§/2, one can see V=1. The total

success probability equals 1. Obviously, the scheme
becomes to a deterministic one. In essence, it equals
to the case of teleporating an arbitrary unknown two-
qubit state.

Afterwards Alice sends the particles 1 and 2 to
Victor. Victor measures the particles 1 and 2 in the set
of mutually orthogonal basis vectors

{190).]1).]9,).|93)} , where
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Table 3 — Bob’s POVM result is P; with the probability p = ﬁ
V.
AMRs By By Bz By By By B3 By By By Bs3 B3 Byy By By3 Byy
L S N HE ES U N SO U NS SN SR S RS G
¢+>n ¢+>z4 a4 a’b a’b a’b’ a’b a’b? a’b? ab a’b a’b a’h? ab® a’b ab’® ab® b4
T s O O S S S S RS B
¢+>]3‘¢7>Z4 PErSs P ab’ a2b2 &b u4 a2b? &b ab’ a2b? b4 ab’ a2b? b ab® 2%b?
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
¢+>13‘ +>24 22b? &b E 22?2 &b a74 22 &b ﬁ a2b? b74 7[73 a2b? a2b? W a2b?
+ - 1 1 1 1 1 1 1 R 1 1 1 1 1 1 1
¢ >12‘y/ >,,4 a4 aTb ﬁ a’h? a3 ab? a’b ab &3 a’b? a’b ab’ a’b? ab’ ab’ b
167).|¢") L e S ! L L
B a’b ab® a’b a’b? a’b pt a’b? ab’® a’b a’b? a4 a’b a’b ab® a’b a’b®
_ 1 1 1 1 1 1 1 1 1 1 1 1
19-)a/97). r a’ a’ b ab  ab ab  ab  ab’  a’b @b ab  ab  ab b at
S\ [ 1 1 1 1 1 1 1 1 1 1 1 1 1
‘¢>Hw>24 4 3 R 272 3 2,2 2.2 3 e 2.2 2,2 3 2,2 3 T3 4
b al ab a’b ab a’b a’b a’b ab ab” ab a’b a’b” a’b a a
. - 1 1 1 1 1 1 1 1 1 1 1
“b >13‘W >24 a’b? ab’ azb a’b? azb b4 a*b ab’ awb a’b? a4 a3b a’b? ab® azb a’b?
W+> ¢+> 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1
13 24 b abz a}h ab? aqh b4 ab? abz u3b a’b? a4 a3b ab? abx aq/ﬂ ab?
+ - 1 1 1 1 1 1 1 1 1 1 1 1 1
1//>”‘¢>24 4 3 R 2.2 -3 2.2 2.2 E 3 2.2 2,2 3 2 E 3 4
’ b ab ab a’b ab a’b ab a’b a ab” ab a’b b a’b a’b a
RN 1 1 1 1 1 1 1 1 1 1 1 1 1
‘V/ >n"// >24 4 3 3 2,2 3 2,2 BErN 3 2,2 BTN 2 BETR ETN 4
b ab ab a’b” ab a’b a’b a’b a ab a’b a’b ab a’b a’b a
- 1 1 1 1 1 1 1 1 1 1 1 1 1
‘V/+> ‘l/l >7 2,2 3 E 272 PE 4 2,2 3 BT 2,2 4 3 2,2 3 T 2,2
13 2% a’b ab a’b ab a’b b a’b ab a’b a’b a a’b a’b ab a’b ab
TN P s A W S U IO N N SO S S B
13 % g a’b a’b a’b? a’b a’b? a’b? ab® a’b a’b? a’b? ab’® a’b ab® ab® p*
- - 1 1 1 1 1 1 1 1 1 1 1 1 1 1
"// > ‘¢ > 2,2 3 3 2,2 3 4 2,2 3 3 2,2 o4 3 2 3 3 2
13 24 a’b a ab a’b a’b a a’b a’b a a’b b ab ab a’b a ab
- 1 1 1 1 1 1 1 1 1 1 1 1
‘l// > “//+>7 2,2 3. 3 2,2 DT 4 2,2 T 3 2,2 4 3 2,2 3 3 2,2
13 2% a’b a’b ab a’b a’b a ab a’b ab a’b b ab ab a’b a a’b
_ - 1 1 1 1 1 1 1 1 1 1
VMW F m wm wE  oF o @ o o o @ T @ @ R
— _ * *
|Q0) = (@|00)+ B|01) + 7[10)+ 6]11)) =|%) Qlo7) |lwt)  =(abB|00)+b%a"|01
12 123770 13 24
_ _ — 2 ok *
|©Q,) = (a|00) -7~ B|01) -1~ ¥|10)+75]11)) —a’6 [10)—aby [11))3,
* * * *
= fa— —_ — + — ¥ 2 &
|Q2)=(57|00) +7"|01) = 5[10) — ' [11)) L{Qi|e7) |vT) | = abnB7|00)+b7na’ |o1)
13 24
. s _ ok _ % * " .
|Q3)=@6"[00) =17y |01) + 775" [10) ~na[11)) —a*n8 [10)+abyy 7 [11))s,
...(15)

and {|OO>12 ’|01>12 )

10>12’|11>12} is

the computation basis. Victor holds qubits 1 and 2,

Alice owns qubits 3 and 4. ‘¢_>13‘W+>24 can be

given by:

p(Qaler) |¥7),, = (abr|00)+55]01)
+a’a|10)+abB|11)),
p(Qslen) |v), =(abn7|00)+b7p5]01)

+a’na|10)—aby B[11))s,
...(16)
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If Victor’s measurement outcome is |Qz>12, the

state of the particles 3 and 4 becomes:

0, = %(ab}/|00> +b25]01)+ a’a[10)+ ab)s,

...(17)

Victor sends the measurement outcome to Alice
with two bits through a classical channel. Then Alice
performs o3 on the particle 3, thus, the state of the

particles 3 and 4 evolves to

1Y 3, = @al00) + ab|o1)-+ aby|10)+ 5251 )y,

Next, Alice introduces two auxiliary particles g, &

with the initial state |00>gh , and performs two CNOT

operations on particles (3, g) and (4, h), respectively
(the particles 3 and 4 are the controlled bits, while the
auxiliary particles g and h are the target ones).

Afterwards, Alice carries out o, and o} on the

particle g and £, respectively. So the state of particles
3, 4, g and h turns into:

1
|A>34gh :§(|K1>34|Ql>gh _|K2>34|Q2>gh

[ K3)34|03) oy +1Ka )3y |Qa) )

...(18)

Alice performs POVM which is the same as the
form of the formula given in Eq. (13) on the particles
3 and 4, we choose:

1
B11=—4
a
B,=B;=B, =B L
12 13 21 = P31 b

By, = B3, =By, = By3 = 3
ab

1
B,=By,,=By=B: =Bux=B, =————
L e A L
By, = ! (19)
44 b4

Only if she knows that the state of qubits 3 and 4,
she can get the original state. However, if her POVM

1
outcome is Ps with the probability 1——4,, Alice
Vi

cannot deduce the state of the particles 3 and 4. As a
result, the scheme fails.

3 Discussion and Conclusions

A perfect copy or orthogonal-complement copies of
an unknown two-qubit entangled state with the
assistance of the state preparer Victor, has been
demonstrated. In the present paper, the genuine four-
particle entangled state is used as the quantum
channel, which has some special characteristics that
differ from other four-particles entangled states.
Furthermore, the state has been realized in some
systems®°, for example, cavity QED, ion trap’' and
linear optical elements™. Therefore, our protocol can
be realized in experiment. Additionally, POVM
instead of usual projective measurement is used. The
assisted cloning protocol includes two steps. In the
first step, the ordinary teleportation is needed. In the
second step, the state preparer measures two particle
in the set of mutually orthogonal basis vectors and
informs the result to the partner through the classical
channel. On the basis of the state preparer’s
measurement outcome, the partner introduces two
auxiliary particles, and does two CNOT operations on
two particle pairs. In the following, the partner
performs POVM on the particles so that the perfect
copies and complement copies of an unknown two-
particle state can be achieved with some certain
probability.

Acknowledgement

LFH was supported by the academic innovation
foundation for postgraduate of Anhui University, the
foundation for academic youth of Anhui Medical
University, National Natural Science Foundation of
China (NSFC) under Grant Nos.11274010 and
61073048, the Specialized Research Fund for the
Doctoral Program of  Higher  Education
(20113401110002), the Key Project of Chinese
Ministry of Education.(No0.210092), and the personnel
department of Anhui province.

References

1 Gisin N, Ribordy G, Tittel W & Zbinden Z, Rev Mod Phys,
74 (2002) 145.

2 Wang X B, Phys Rev Lett, 94 (2005) 230503.

3 Hillery M, Bu-zek V& Berthiaume A, Phys Rev A, 59 (1999)
1829.

4 Xiao L, Long G L, Deng F G & Pan J W, Phys Rev A, 69
(2004) 052307.

5 HanLF, et al, Phys Lett A, 361 (2007) 24.

6 ManZ X, XiaY J & An N B, Phys Rev A, 75 (2007) 052306.

7 Han L F, et al, Commun Theor Phys, 46 (2006) 217.

8 Han L F& Yuan H, Int J Theor Phys, 51 (2012) 2540.

9 Lo HK, Phys Rev A, 62 (2000) 012313.

0 Pati AK, Phys Rev A, 63 (2001) 014302.



570

11
12
13

14
15

INDIAN J PURE & APPL PHYS, VOL 52, AUGUST 2014

Bennett C H, et al, Phys Rev Lett, 87 (2001) 077902.

Han L F & Yuan H, Int J Quan Inf, 9 (2011) 539.

Wootters W K& Zurek W H, Nature (London), 299 (1982)
802.

Dieks D, Phys Lett A, 92 (1982) 271.

Nielsen M A & Chuang I L, Quantum Computation and
Quantum Information, Cambridge University Press, New
York (2000).

D'Ariano G M & Yuen H P, Phys Rev Lett, 76 (1996) 2832.
Buzek V & Hillery M, Phys Rev A, 54 (1996) 1844.

Hillery M & Buzek V, Phys Rev A, 56 (1997) 1212.

Duan L M & Guo G C, Phys Rev Lett, 80 (1998) 4999.
Werner R F, Phys Rev A, 58 (1998) 1827.

Murao M, Jonathan D, Plenio M B & Vedral V, Phys Rev A,
59 (1999) 156.

Pati A K, Phys Rev A, 61 (2000) 022308.

LiWL,Li CF & Guo G C, Phys Rev A, 61 (2000) 034301.
Bru B D & Macchiavello C, J Phys A, 34 (2001) 6815.

Fan H, Phys Rev A, 68 (2003) 054301.

Zou X B, Pahlke K & Mathis W, Phys Rev A, 67 (2003)
024304.

Zhan Y B, Phys Lett A, 336 (2005) 317.

MaS'Y, et al, Int J Quantum Inform, 08 (2010) 913.

Zhan Y B, Int J Theor Phys, 51 (2012) 1655.

Xiao X Q and Liu J M, Int J Theor Phys, 50 (2011) 2864.
Han L F, et al, Commun Theor Phys, 51 (2009) 648.

32
33
34

35

51

Yeo Y & Chua W K, Phys Rev Lett, 96 (2006) 060502.

Yeo Y, Phys Rev A, 74 (2006) 052305.

Yang Y G, Xia J, Jia X & Zhang H, Int J Theor Phys, 51
(2012) 1917.

Lin S, Wen Q Y, Gao F & Zhu F C, Phys Rev A, 78 (2008)
064304.

Luo M X & Deng Y, Quant Inf Proc, 12 (2013) 773.

Ma CY, Zhang Y S & Guo G C, Chin Phys Lett, 24 (2007)
606.

Hao S R, et al, Commun Theor Phys, 39 (2003) 157.

Wang Z'Y, Int J Theor Phys, 49 (2010) 1357.

Song J F & Wang Z Y, Int J Theor Phys, 50 (2011) 2410.
Zhou P, J Phys A Math Theor, 45 (2012) 215305.

Mi sta L & Filip R, Phys Rev A, 71 (2005) 022319.

Guo G P, Zhang H & Guo G G, ModPhysLettB, 21 (2007)
867.

Ding D & Yan F L, Acta Phys Sin, 62 (2013) 100304.

Thorne K S, et al, Phys Rev Lett, 40 (1978) 667.

Braginsky V B, Vorontsov Y I & Thorne K S, Science, 209
(1980) 547.

Ralph T C, et al, Phys Rev A, 73 (2006) 012113.

Tang Y C, et al, Phys Rev A, 85 (2012) 022329.

He Y & Jiang N Q, Opr Commun, 283 (2010) 1558.

Lin X, Chin Phys Lett, 27 (2010) 044207.

Wang X W & Yang G J, Phys Rev A, 78 (2008) 024301.
Shen H W, et al, Chin Phys B, 18 (2009) 3706.



