Available online at www.sciencedirect.com

SCIENGE@DIRECT“
PHYSICS LETTERS A

ELSEVIE Physics Letters A 336 (2005) 317-323

www.elsevier.com/locate/pla

Assisted cloning of an unknown two-particle entangled state

You-Bang Zhan
Department of Physics, Huaiyin Teachers College, Huaian 223001, Jiangsu, PR China
CCAST (World Laboratory), P.O. Box 8730, Beijing 100080, PR China
Received 23 June 2004; received in revised form 28 December 2004; accepted 29 December 2004
Available online 6 January 2005
Communicated by P.R. Holland

Abstract

We propose a protocol where one can realize quantum cloning of an unknown two-particle entangled state and its orthogonal
complement state with assistance offered by a state preparer. The first stage of the protocol requires usual teleportation via two
entangled particle pairs as quantum channel. In the second stage of the protocol, with the assistance (through a two-particle pro-
jective measurement) of the preparer, the perfect copies and complement copies of an unknown state can be produced. We alsc
put forward a scheme for the teleportation by using non-maximally entangled quantum channel. The clones and complement
clones of unknown state can be obtained with certain probability in the latter scheme.
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Quantum information theory has opened up the possibility of novel form of information processing tasks which
are not possible classically. Some important quantum information processing tasks have been quantum teleporta-
tion [1], quantum dense codirig], quantum computatiof8], quantum key distributiofd], and so on. In recent
years, the possibility of cloning quantum states approximately has attracted much attention. A quantum state cannot
be cloned exactly because of the no-cloning thed®B]. However, quantum cloning approximately is necessary
in quantum informatior7]. Though exact cloning is no possible, in the literature various cloning machines have
been proposeB-22]which operate either in a deterministic or probabilistic way. Universal quantum cloning ma-
chines was originally addressed by BuZek and Hilld§]. The deterministic state-dependent cloning machine,
proposed firstly by Hillery and Buzel 1], is designed to generate approximate clones of states belonging to
a finite set. Gisin and Mass§t2] and Bruf3 et al[13] constructed the universal cubit cloner that maximizes
the local fidelity. The probabilistic cloning machine was first considered by Duan and1@liasing a general
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unitary-reduction operation with a postelection of the measurement results. Murad 8t pfoposed the quantum
telecloning process combining quantum teleportation and optimal quantum cloning from one inpaiiputs.
The other category of quantum cloning machines were developed by some dlif@]

Recently, Patj16] proposed a scheme where one can produce perfect copies and orthogonal-complement copies

of an arbitrary unknown state with minimal assistance from a state preparer. More recently, Chen[2a{iMé+

sented a protocol to probabilistically clone an unknown state and its orthogonal complement state with assistance.
In this Letter, we propose a protocol which can produce copies of an unknown two-particle entangled state via two
entangled particle pairs as the quantum channel. Different from the previous protocol using a single-particle von

Neumann orthogonal measuremgl@], here we will realize the assisted cloning by using a two-patrticle projective
measurement consisting of a set of non-maximally entangled basis vectors.

Suppose Alice has an unknown input two-particle entangled gtate = «|00)12 + 8]11)12 from a state pre-
parer Victor, witha as a real number anglas a complex number, amg|? + | 8|2 = 1. Alice wishes to create either
a copy or an orthogonal copy of the unknown stgta > at her place with the assistance of Victor. Assume Alice
and Bob share two entangled particle pairs, as the quantum channel, given by

¥)aa= —=(101) +[10),,, (1)

7
V)56 = EOOD +110)) 56 2)

Here, we assume that particles 3 and 5 belong to Alice while particles 4 and 6 belong to Bob. The inji}state
is unknown to both Alice and Bob. The initial state of the combined system is

V) =1)12® [¥)3a ® [¥)56 = [¥(1)) + [¥(2)) + |¥(3) + [W(a)), 3)
where
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V) = [|¢+>13|‘1’+)25(“|10 +B10D)) 45+ [@7)15|¥ ) 5(2120) — BIOD)) 45
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where|®*);; and|¥*);; are the Bell states of particlésand j
|qbi)l.j = %000) + 1), |t1/i)ij = %001) +10)),;- (8)

Assume Alice performs Bell-state measurements on partitle® and(2, 5), respectively, and if the measurement
outcome of Alice iS¥ ~)13|¥ )25 (the probability of this result is only/1L6), then the resulting six-particle state
can be written as
+ +lw— -
|‘I’ >25<‘1' |‘1’ >13<W |l1’> =
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