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This paper presents a realistic scheme for the teleportation of coherent states in which a two-mode squeezed

vacuum state serves as the quantum channel and the position-sum and momentum-difference of two local modes serve

as the measuring observables. The average fidelity of the teleportation of coherent states is derived for finite squeezing

parameters and it turns out that fidelity greater than 1/2 cannot be achieved by using a classical channel alone and

the probability distribution of the measurement result is a Gaussian distribution around the unknown parameter of the

input coherent state with a width given by the squeezing parameter.

Keywords: quantum teleportation, coherent states, squeezed vacuum states

PACC: 0367, 4250, 0365B

Quantum teleportation (QT) plays a central role

in quantum communication and information process-

ing. Since Bennett el al
[1] showed that an unknown

quantum state of a two-state particle can be teleported

from one place to another in 1993, much attentions

have been paid to QT. The QT of finite-level systems

has been demonstrated[2] and many other aspects such

as general schemes[3−6] and some applications[7,8] have

also been investigated. On the other hand, the idea of

QT for the discrete quantum states has been general-

ized to continuous variables corresponding to states of

infinite-systems.[9,10] The discrete variable and contin-

uous variable teleportation was unified in the frame-

work of canonical quantum teleportation.[11] The QT

of optical coherent states was demonstrated experi-

mentally by using squeezed-state entanglement.[12]

In this paper, we present a more realistic scheme

for teleportation of coherent states by using a two-

mode squeezed vacuum state. The average fidelity

and the probability distribution of measurement are

investigated. Our scheme also provides a general-

ized nonideal measurement of the unknown coherent

state. A kind of trade-off between the measurement-

disturbance and the teleportation fidelity is demon-

strated.

Generally speaking, the QT consists of three ba-

sic steps: (i) to prepare two systems in Einstein–

Podolsky–Rosen (EPR) entangled state or a Bell state

and send them to two different places to establish a

quantum channel; (ii) at one place, to perform the so-

called joint Bell operator measurements with respect

to one system involved in the EPR entanglement and

a third system in an unknown state to be transferred;

(iii) at other place, to perform necessary unitary oper-

ations to the other system involved in the EPR entan-

glement according to the outcomes of Bell operator

measurements. By this means the unknown state is

transferred from one place to another.

In our proposal, the entangled state produced by

a beam splitter[13] is a two-mode squeezed vacuum

(TMSV) state

|ψ〉23 = |TMSV〉

=

√

1 − |q|2 exp
[

−qâ†2a†3
]

|0, 0〉23 , (1)

where q is a parameter which stands for the degree of

entanglement.

We make use of |ψ〉23 as a quantum channel so

that Alice and Bob will share the entangled state of

mode 2 and mode 3. An unknown coherent state to

be teleported from Alice to Bob is

|α〉1 = exp
[

αâ
†
1 − α∗â1

]

|0〉1

= exp

[

−|α|2
2

]

exp
[

αâ
†
1

]

|0〉1 . (2)
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Thus the total initial state of the whole system can be

expressed as

|ψ〉123 = |α〉1|ψ〉23. (3)

To teleport this unknown state |α〉1 to Bob, Alice

only makes a local measurement of the position-sum

Q1 +Q2 and the momentum-difference P1 −P2 on his

two modes, where

Q1 =
â1 + â

†
1√

2
, Q2 =

â2 + â
†
2√

2
;

p1 =
â1 − â

†
1√

2
, P2 =

â2 − â
†
2√

2
. (4)

The common eigenstates {|η〉} of these two com-

muting observables are given by the following entan-

gled states of two-mode optical field[14]

|η〉12 = exp

[

−|η|
2

2

+ ηâ
†
1 + η∗â

†
2 − â

†
1â

†
2

]

|0〉1 |0〉2 ,

(5)

in which η = η1 + iη2 is an arbitrary complex num-

ber. And we have (Q1 +Q2) |η〉 =
√

2η1 |η〉, and

(P1 − P2) |η〉 =
√

2η2 |η〉. Because the state |η〉 is

complete
∫ d2η

π
|η〉 〈η| = 1 and orthonormal 〈η′| η〉 =

πδ (η − η′) (η∗ − η′∗), it is proper to be considered as

continuous Bell basis. After the measurement made

by Alice with outcome η the projected state for mode

3 shared by Bob is

|ψ〉3 = 12 〈η| α〉1 |ψ〉23
=

∑

m

1 〈m|2 〈m| (−1)m exp
[

a1η
∗ − a

†
1η

]

|α〉1
√

1 − q2
∑

n

(−q)n |n〉2 |n〉3

=
∑

m,n

1 〈m| (−1)m
D

†
1 (η) |α〉1

√

1 − q22 〈m| n〉2 (−q)n |n〉3

=
√

1 − q2
∑

n

qn |n〉3 〈n|D
†
3 (η) |α〉3

=
√

1 − q2qN̂3D
†
3 (η) |α〉3 , (6)

where N̂3 = â
†
3â3 is a particle number operator acting

on mode 3. In the limit of infinite squeezing (q → 1)

the TMSV state which serves as the quantum channel

tends to EPR state |ψE〉23 ∝ exp
[

−â†2â†3
]

|0〉2 |0〉3 and

we obtain

|ψE〉3 =12 〈η| α〉1 |ψE〉23 ∝ D
†
3 (η) |α〉3 . (7)

We note that D†
3 is an unitary transformation. If Al-

ice now sends the result of measurement (η) to Bob

via a classical channel, Bob is able to perform unitary

operation D3 to mode 3 and mode 3 is then at the

unknown state |α〉3 though no one knows what the

unknown state is.

To consider the effects of finite squeezing, we com-

pute the average fidelity of the teleported state with

respect to the initial coherent state. Because the nor-

malized probability of finding the outcome η after the

measurement is p (η) =
1

π
3 〈ψ| ψ〉3, one is able to de-

scribe the fidelity of teleportation F (η) and the aver-

age fidelity F̄ as follows:

F (η) =
1

πP (η)
|3 〈ψE| ψ〉3|

2
, (8)

F̄ =

∫

d2ηP (η)F (η) =

∫

d2η

π
|3 〈ψE| ψ〉3|

2
. (9)

Using Eqs.(6) and (7), we derive

F̄ =

∫

d2η

π

(

1 − q2
)

∣

∣

∣
〈α|D (η) qN̂D† (η) |α〉

∣

∣

∣

2

=

∫

d2η

π

(

1 − q2
)

∣

∣

∣
exp

[

− (1 − q)
(

|η|2 − α∗η − αη∗ + |α|2
)]∣

∣

∣

2
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=

∫

d2η

π

(

1 − q2
)

e−2(1−q)|η−α|2

=
1 + q

2
. (10)

It is easy to see that as q → 1, F̄ → 1, i.e., a perfect

teleportation is performed. Moreover, F̄ = 0.5 sets

a boundary beyond which entanglement is required in

continuous variable teleportation of coherent states; in

other words, fidelity greater than 1/2 could not have

been achieved through the use of a classical channel

alone.

Now, let us analyse the probability of measuring

the result η. From Eq.(6) we have

p (η) =
1

π
3 〈ψ| ψ〉3

=
1

π

(

1 − q2
)

〈α|D (η) q2N̂D† (η) |α〉

=
1

π

(

1 − q2
)

exp
[

−
(

1 − q2
)

(

|η|2 − α∗η − αη∗ + |α|2
)]

=
1 − q2

π
e−(1−q2)|η−α|2 . (11)

It is clear that the probability density function p (η)

is a Gaussian distribution which has a maximum at

η = α. This means that Alice’s measurement value η

has a maximum probability for the coherent states. If

parameter q is made larger, then the maximum value

of p (η) is smaller and values drop off less rapidly with

distance of η from α. Hence, larger q means greater

spread and smaller q means greater concentration of

probability mass about η = α. This provides a non-

ideal measurement of the parameter α. This infor-

mation gain and the fidelity of the teleportation are

complementary in the sense that the more accurate

Alice knows about the unknown state via the mea-

surement the less possible Bob can obtain the state

and vise versa.

In summary, we have shown how a two-mode

squeezed vacuum state can be used for teleportation

of an unknown coherent state with measurement of

the joint quadrature phase quantities, Q1 + Q2 and

P1 − P2. If the entanglement source is squeezed in-

finitely, perfect teleportation can be achieved. We

calculate the average fidelity and the probability of

measurement, and find that the average fidelity that

exceeds 1/2 must have come about through the use of

some entanglements, while the measuring probability

is a Gaussian distribution which has a maximum at

η = α and parameter q gives an indication of how the

probability is spread around the centre of the distri-

bution.
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