
J. At. Mol. Sci.

doi: 10.4208/jams.031211.041011a

Vol. 3, No. 1, pp. 64-72

February 2012

Teleportation of a product state of an arbitrary single-

particle state

Man-Lan Li a,b,∗, Liu Yea,∗, and Jie Yanga

a School of Physics and Material Science, Anhui University, Hefei 230039, China
b School of Sciences, Anhui Agricultural University, Hefei 230036, China

Received 12 March 2011; Accepted (in revised version) 10 April 2011

Published Online 28 September 2011

Abstract. This paper proposes two schemes for teleporting a product state of an arbitrary

single-particle state from a sender to a receiver via a four-particle entangled cluster state.

The two different quantum channels are used, while the successful probabilities of these

two schemes are different. In the first proposal, the successful probability is 1.0 and in the

second proposal, the successful probability is 4q2 if the receiver performs an appropriate

unitary operation.
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1 Introduction

Recently, much attention has been paid to quantum information. Entanglement is considered

as the fundamental resource of quantum information processing such as quantum teleporta-

tion, quantum dense coding, and quantum secret sharing and so on. Quantum teleportation,

first proposed by Bennett et al. [1] in 1993, can transmit an unknown quantum state from a

sender to a receiver at a distant location via a quantum channel with the help of some classical

information. As quantum teleportation is one of the basic methods of quantum communica-

tion [2] and may be useful in quantum computation [3], it has attracted much attention, and

some experimental work has been reported [4, 5], much theoretical work has been reported

over the past decade [6–23].

However, all of the aforementioned schemes are focused on some entangled states. In their

schemes, the unknown quantum state, which is transmitted between two parties, usually is a

single-particle or two-particles entangled state or three-particles entangled state, even four-

particles entangled state, little attention has been devoted to teleporting a product state. In
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this paper, we present two schemes for teleportating a product state via a four-particle cluster

state. In the first scheme, quantum channel is a maximally cluster state; while in the second

scheme, quantum channel is a non-maximally cluster state. The successful possibility of our

first scheme is reach 1.0, and the successful probability of our second scheme is 4q2.

The rest of this paper is organized as follows. The Section 2 presents the first scheme for

teleportating via a maximally cluster state. Probabilistic teleportation via a non-maximally

cluster state is described in Section 3. Finally, a short conclusion is given in Section 4.

2 Teleportation of a product state of arbitrary single-particle via

a four-particle cluster state

In our scheme, the two parties, a sender (namely, Alice) and a receiver (namely, Bob), Alice

has a product state of arbitrary single-particle (i.e. |φ〉ab = |φ〉a⊗|φ〉b), which she wants to

send to Bob

|φ〉ab= |φ〉a⊗|φ〉b, (1)

where |φ〉a=αa|0〉a+βa|1〉a, |φ〉b=αb|0〉b+βb|1〉b. αa, αb, βa and βb are any set of complex

numbers and need satisfying the following conditions: |αa|2+|βa|2 =1, |αa|> |βa|, |αb|2+
|βb|2=1 and |αb|> |βb|.

A cluster state is used as quantum channel between Alice and Bob, which is in the follow-

ing state

|ϕ〉1234=
1

2

�

|0000〉+|0011〉+|1100〉−|1111〉
�

1234
. (2)

Particles a, b, 2 and 3 belong to Alice; particles 1 and 4 belong to Bob. Initially, the joint

system before Alice’s measurement can be written as:

|ψ〉ab1234=|φ〉a⊗|φ〉b⊗|ϕ〉1234

=
1

2

�

αa|0〉a+βa|1〉a
��

αb|0〉b+βb|1〉1
��

|0000〉+|0011〉+|1100〉−|1111〉
�

1234

=
1

2

�

αaαb|000000〉+αaαb|000011〉+αaαb|001100〉−αaαb|001111〉
+αaβb|010000〉+αaβb|010011〉+αaβb|011100〉−αaβb|011111〉
+βaαa|100000〉+βaαb|100011〉+βaαb|101100〉−βaαb|101111〉
+βaβb|110000〉+βaβb|110011〉+βaβb|111100〉−βaβb|111111〉

�

ab1234
. (3)

In order to realize the teleportation, twice Bell-state measurements on particles (a, 2) and

particles (b, 3) are made by Alice, respectively, which will cause particles (1, 4) collapses into

one of the following state

b3

¬

φ±
�

�

a2

¬

φ+
�

�|Ψ〉ab1234=
1

4

�

αaαb|00〉±αaβb|01〉+βaαb|10〉∓βaβb|11〉
�

14
, (4)


