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Probabilistic quantum cloning via Greenberger-Horne-Zeilinger states
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We propose a probabilistic quantum cloning scheme using Greenberger-Horne-Zé{Bri®rstates, Bell-
basis measurements, single-qubit unitary operations, and generalized measurements, all of which are within the
reach of current technology. Compared to another possible scheme via Tele-comtaaligate][ D. Gottesman
and I. L. Chuang, Naturé_ondon 402, 390(1999], the present scheme may be used in experimealoire
the states of one particle to those of two different partioléth higher probability and less GHZ resources.

PACS numbds): 03.67—a, 03.65.Bz, 89.76.c

[. INTRODUCTION NOT operation, which yields a 1/8 probability of success in
experiment. To complete a wunitary operator, many
Quantum computers can solve problems that classicatontrolledNOT gates may be needed, which makes the prob-
computers can never soly&]. However, the practical imple- ability of success close to zero. Moreover, the creation effi-
mentation of such devices needs careful consideration of theiency of GHZ states is still not high in experiment now
minimum resource requirement and feasibility of quantum[11]. Therefore, a practical experiment protocol requires
operation. The basic operation in a quantum computer is unieareful consideration of the minimum resource and the maxi-
tary evolution, which can be performed using some singlemum probability of success.
qubit unitary operations and controllebT gates[2]. While In this paper, we investigate the problem of probabilistic
single-qubit unitary operation can be executed ed8ilythe  quantum cloning using GHZ states, Bell-basis measure-
implementation of controlledtoT operation between tWo ments, single-qubit unitary operations, and generalized mea-
particles (for example, two photonsencounters great diffi- g, rements. The single-qubit generalized measurement can be
culty in experiment4]. With linear optical devicesbeam  oformed by the unitary transformation on the composite
splitters, phase shifters, eicthe controlledvot operations system of that qubit and the auxiliary probe with reduction
between the several quantum qubissich as location and measurement of the proié2]. In an optical quantum cir-

polarization of a single photon is within the reach of current _ - . .
; . . . cuit, the probe qubit can be represented as the location of a

guantum optics technolod¥], but nonlinear interactions are . :
photon and such a process can be implemented using only

required for the construction of a practical controlleo i tical tsuch larizing b litt
gate of two particle§4]. Those nonlinear interactions are In€éar optical componentsuch as polarizing beam Spiitter
and polarization rotation[5]. We mention above that the

normally very weak, which forecloses the physical imple- . :
mentation of quantum logic gate. construction of practical controlledoT between two par-

To solve this problem, Gottesman and Chudé sug- ticles is not wjthin current experimental _technology, bgt it
gested that a generalization of quantum teleportatiorﬁjoes not prohibit the controlledoT operation between dif-
[7]—using single-qubit operations], Bell-basis measure- ferent degree'_s of freed.om. of one phot'on.'Th|s .klnd of
ments [8], and certain entangled quantum states such agpntrolledNOT is allowed in linear optical circuit and is of a
Greenberger-Horne-Zeiling¢6Hz) stateg9]—is sufficient  different type from controlledtoT between different par-
to construct a universal quantum computer and presentdifes [5]. So the single-qubit generalized measurement on
systematic constructions for an infinite class of reliable quanth€ polarization can be performed with location as the probe.
tum gates(including Tele-controlledkoT gate. Experimen- Consider the following: a sender Alice holds a one-qubit
tally, quantum teleportation has been partially realiga] quantum statég) and \_lehes to transmit |dent|ca_l copies to
and three-photon GHZ entanglement has been obs¢idgd N associategBob, Claire, etg. Quantum no-cloning theo-
Thus, their construction of quantum gates offers possibilitie§®m [13] implies that the copies cannot be perfect; but this

for relaxing experimental constraints on realizing quanturf€Sult does not prohibit cloning strategies with a limited de-
computers. gree of success. Two most important cloning machines—

Unfortunately, up until now there has been no way touniversal[14—-16 and state dependeft7—19—have been
experimentally distinguish all four of the Bell states, al- Proposed by some authors. However, it is not avaifafie

though some schemes do work for two of the four requireclic@ to generate the copies locally using an appropriate
cases—yielding at most a 50% absolute efficiefigy In ~ duantum network16,19,2Q and then teleport each one to its

Gottesman and Chuang’s scheme, two GHZ states and thrégcipient by means of teleportation due to the difficulty of
Bell-basis measurements are needed to perform a controlled-

IHowever, it is available to clone the states of one qubit of a
*Electronic address: cfli@ustc.edu.cn single photon to two qubits of that photon using optical simulation

TElectronic address: gcguo@ustc.edu.cn [5].
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executing controlledkoT operation[4]. To avoid such diffi-  P(x) is the discrete function of and can be represented as a
culty, recently, Muraet al.[21] presented an optimal 1 % series of discrete lines in tHe(x)-x plane, which we called
universal quantum telecloning strategy via aN(2particle  probability spectrum Different probabilistic cloning strate-
entangled state. Such entanglement is difficult to prepare igies correspond to differeprobability spectrums

experiment whem is large. A quantum probabilistictate- Two important parameters can be obtained frmmbabil-
dependentcloning machine is designed to perfectly repro- ity spectrumthat is, the expected value of the output copies
duce linear independent states secretly chosen from a finifgumberE and the probability of failuré, which are defined
set with no-zero probabilitf18—20. The corresponding as

telecloning process can be executed via the Tele-controlled-

NOT gateg 6] according to the cloning strategies provided in sTON;
[19,20; but such a procedure requires too many GHZ states E{k,N;,9}= > xP(x), (2.4)
and Bell-basis measurements and can succeed with probabil- x=0

ity close to zero. The scheme we propose in this paper needs
only (N—1) GHZ states andN—1) Bell-basis measure-
ments to implemen¥ — N cloning. Although such a process F{ki N;, 9 K} = XZO P(x). (2.9
cannot reach the optimal probability as that in a local situa- -

tion, it may be used in the current experimenttoning the ¢ js regarded as failure if the copies number Alice attains is

states of one particle to those of two different particlath less than the cloning go#l. WhenM is large, the above two

higher probability and less GHZ resources. parameters can well describe different cloning strategies. In
The rest of the paper is organized as follows. In Sec. llyhe following, we discuss the two most important cloning

we discuss some strategie_; of probabilistic cI_oning a”%trategies{the cloning goaK =N): (1) cloning theM copies
present the concept @robability spectrunto describe dif- oo 2 \Wwhole KM —N), (2) cloning each copy respectively
ferent strategies. Comparing the two most important ONeS\ % (1—N)].

we show thatM entries 1-N cloning give more copies at ~ The gecond is included for it is the strategy we choose in
the price of higher probability of failure than ond—N e propabilistic telecloning process. Comparing the above
cloning. In Sec. Ill, we present the probabilistic telecloning,q strategies with the two parametd&sandF, we find the
process via the three-particle entangled state and also sha¥.qnq gives more copies at the price of higher probability of
how to construct the entangled state from GHZ state by l0c&yjjyre. In fact, if Alice chooses the second strategy, the clon-
operations. A summary is given in Sec. IV. ing attempts may succeed for two or more initial copies, thus
Alice may have a chance to get more thidncopies. The
Il. STRATEGIES OF PROBABILISTIC CLONING expected values for the two different strategies can be repre-
sented as

K-1

Generally, the most useful states aeg. (6))=cos6|1)
*sin60) in quantum information theory. GiveM initial E;=Nyun. (2.6)
copies, Alice need not always execute the cloning operation

by taking these copies as a whole. Suppose Alice divides the M

M copies intom different kinds of shares, each of which EZZZ kNCKNIiN(l_?’lN)M_k

includesd; entriesk;—N; cloning processes. For different k=0

kinds of shares, one of the two parameterandN; should M

be different. These parameters should satisfy =MNyn > Ch Ly (1 — g M- D= (kD)
- k=1
21 kidi=M. (2.1 =MNyn, (2.7
=

where 2<M <N. Denotingt=cos 2, we getAE=E,—E;
The probability of obtaining« copies for Alice can be =NAE/(1-t"), where AE=M—Mt—1+tM. Obviously,
represented as O<t=<1. Whent=0, AE=M—1>0. If t=1, yyn=MI/N
" andAE=AE=0. Whent#1, dAE/dt=—-M+MtM~1<0,
PX)= >, H C%j_ VE.iN.(l_ ykiNi)ﬁrgi, (2.2) thusAE is monotonously decreasing and always greater than
sMogiNg=x 1=1 T or equal to zero, that is
WhereC?;i: 91/9;(9;—g;)!, g; denotes successful cloning Ei=<Es, 28

attempts ind; same processes angl , is the success prob- with equality only for ¢, (6))=[e_(0)) (t=1). AE is
ability of k;— N; cloning, which is very large wherM is large. The expected values for different
M, N are plotted in Fig. 1.
1—codiog 03 The failure probabilities of the above two strategies are

YN T odiog” Fi=1—yun=tM2—tN"M)/(1-tN), (2.9
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FIG. 2. The failure probabilities for the two different strategies.

FIG. 1. The expected values of the copy number for the twoThe four kinds of lines represent the same strategies as those in Fig.
different strategies. Anglé is corresponding to initial states set 1.

{cos#|1)=sin ¢|0)}. Here the solid line, dashed line, dotted line, and
dashed-dotted line denote XQ1—20), 1x(10—20), 2x(1

"23), and 1x(23) cloning strategies, respectively. action between two particles using a special unitary gate

[19]:
Fo=(1—y)V=[(t—tN/(1-t")", (210

respectively. Note the fact that for amy=0, (II[_,a;)*™

D(61,60,)|¢+(03))|1)=]d-(61))d~(62)), (3.1

=(UM)(Z,a)) with equality only fora;=a,=---=an,  jth cos 2,=cos 2, cos X, and 0= 6;=< /4, which suffice
we derive to determined; uniquely. This operatio® (6, ,6,) trans-
M forms the information describing the initial states
= (1—tNM=1(1—N-M) | (61)) d-(65)) into one qubit ¢-.(H3)). With such pair-
(1-tNHM wise interaction, the initial statdgb..(6))“™ can be trans-
ferred into state$e.. (6y))0)®™M -1 using the correspond-
_ 1_tN*MJr(M—l)tN M ing  operator Dy=D1(6y_1,01)D2(Ou_2.61), ...,
- (1—tN)M M Dy-1(61,01), whereD;(6y - ,61) is denoted as the opera-
tor D(6y-j,041) that acts on particles (j.+1), and ¢; is
tM determined by cos@=cod26. This operator is unitary and
s ———(1-tN"HhV=F, (2.1) D/, can perform the reverse transformation. Thus we onl
(1—tNHM M P y

need to transfer the statgs..(6y)) to the appropriate form

with equality only fort=0 or 1 (9=/4 or 0. The failure  |#=(6x)) t -olbtain|¢$(0))®.’\' using the operatiod (with

probabilities for differentM, N are illustrated in Fig. 2. similar definition asDy,). This process can be accomplished
Now that the two different strategies have both advantag®y @ unitary-reduction operation

and shortage, Alice should choose one according to her need.

If she need more copies, she can adopt theNL strategy. If Ul (0m))1]Po)= Vol = (00))1] Po) + VI—y|1)41|P),

she wishes to obtain the copies with greater success probabil- (3.2

ity, she should choose thd — N cloning process.

where|Py) and|P;) are the orthogonal bases of the probe

system. If a postselective measurement of pbesults in
Suppose Alice hold¥ copies of one-qubit quantum state |Po), the transf_ormation is success_ful, .otherwis.e thg cloning

|$)y that is secretly chosen from the séte.(6)) attempt has failed a_md the res_qlt is d|scard_Bd|s unitary

=cos6|1)+sin¢l0)} and wishes to clone it td\ associates and the transformation probability=yyy. U is a qubit 1

(Bob, Claire, etd. In a local situation, she can do so using controlling probeP rotation

the unitary-reduction operation—a combination of unitary

evolution together with measurements—on tie-1 qubit

(N-qubit of the cloning system and a probe to determine Ry(Zw)=<

whether the cloning is successfukith maximum success

probability [19] yun=(1—cos"26)/(1—cos'26). This

unitary-reduction operator can be decomposed into the intewith

IIl. PROBABILISTIC TELECLONING PROCESS

(3.3

COSw Sinw
—Sinw COoSw
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w=arccos/(1—cod' 26)(1+co 26)/(1+cod' 26)(1—cos' 20).

OperationsD,, and D, involve the interactions of two 5,00l ac =(—1) ") ac.. (3.7
particles that are difficult to implement in the current experi- . !
ment. In this paper, we adopd X (1—N) strategy to sub- with the above operations, the states of systa@, are

stitute D), and transfeiM copies of the Statebd)t(e)> to transferred t0| ¢i(0ij)>A| ¢i(91)>Cj’ just as operation

| (6y)), respectively, using a similar unitary-reduction op- D;(6y_;,6;) functions.

eration as that in Eq3.2). To substitute the operatidDy,, (iii ) In the case in which one of the other two Bell states
we use three-par_tlcle entanglement to implement the operat?&,r>xp is obtained, the corresponding states are entangled
D;(On-j.61), which acts as states. For example, if the measurement resultbis)yp,
the remaining states can be written as
Dj(On-j, 00| D= (On-j+ 1)) 1) =] (On-_)))|D=(61)). g
34 @)= (= 1/8in 26 )| 6 (Oy—))| b2(6)
Assume Alice and thgth associateC; share a three- —C0S 2 _j+1| = (On-)))| b= (61))],

particle entangled stade//j)SAq as a starting resource. This

state must be chosen so that, after Alice performs local Belvhich lie in the subspace spanned by states
measurements and inforn@ of the results, she an@; can  {[¢+(On-))#-(61)).|d-(On-;))|#-(61))}. The inner
obtain the statge. (6y_;))al = (61))c. by using only local ~ products  show that |a.) are orthogonal to
; ; ' N ; +(On_i 3 . hey are entangled states unless

operation. Denotinde!)=D;(0y-;,01)|i)|1), ie{0,1}, a |b=(6n-;))|¢=(61)). So they 9
choice of|¢//i>5Aq with these properties may be the three-|‘l5+('9N*J)>|¢+(‘91)> _are orthogonal to

. |¢_(On=j)) d-(61)), which meang ¢-.(6)) are orthogo-
particle state nal. When|¢..(6;)) are not orthogonal, Alice an@; must
disentangle the states to the needed states
|+ (0n-j))|#+(61)) simultaneously using only local op-
erations and classical communicatidhQCC). Unfortu-
nately, this process cannot be deterministic although both
where S represents a single qubit held by Alice, which we transformation |a.)—|¢.(0n-j))|#+(61)) and |a_)
should refer to as the “port” qubit. The tensor product of —|¢_(6y-;))|¢_(6,)) can be deterministically executed
|l/fJ>SAq with the state|¢.(Oy—j+1))x=h;|1)=t;]0) (h;  according to Nielsen theoref22]. In fact, suppose there
=COSfy_j+1, tj=SsiN6y_j+1) held by Alice is a four-qubit exists a proceskl to accomplish this using only LQCC, the

state. Rewriting it in a form that singles out the Bell basis ofévolution equation of the composite system of particles
qubit X and S, we get A,C;, and the local auxiliary particle&”, GCi can be ex-

pressed as

) 1 ) )
|¢">SAq = E(|O>s| (PJ:L>AC]~_ 1)l @B)ch)a (3.9

Q:j =— 1~ h. i =+t J ) j
| >XSACI 2| xs( J|€D1>ACJ J|€DO>ACJ) H|ai>|GoA>|G§J>

+%|\I’+>X8(hj|€011>ACJ-Itj|(P%)>ACj) hoo .
. . = il b= (On_i))| d=(02))|GHIGT). (3.8
e 1o ) ltenc = ebac) 2 2 il (00 ) 6-(60)IGHIGT). (38

+1 |(I>*)xs(tj|<pj1)ACjIhj|<p{,>ACj), H is a linear operation, thus we get
36 Hl - (01| b+ (02))|GH)IG)
where [¥*)xs= (1N2) (|01 xs* [10)x), | )xs h | c
=(1/4/2)(|00)xs* | 11)x o) are the Bell basis of the two-qubit =la.) > 2 V7l GHIG). (3.9
<1 &

systemX®S. The telecloning process can now be accom-

lished by the following procedure. . . .
P y gp OperationH uses only local operations and classical commu-

i) Alice performs a Bell-basis measurement of qubits "~ .
) b q nications that cannot enhance the entanglement. Obviously,

andS, obtaining one of the four result¥ *)yxs, |®*)xs. o ;
(i) Alice uses different strategies according to different”© entanglement exists in the left side of B8.9), but the

measurement results. If the resulfi~)ys, the subsystem right side is an entangled state between paml@i - Thus
. . . : i such processl does not exist. However, considering current
AC; is projected precisely into the staté;|e}) AC,

. _ experiment technology, only two Bell bageis™) of the four
“tileblac, =1 b= (On-))al #=(01))c- If [¥7)xs is ob-  can be identified by interferometric schemes, with the others
tained, o,® o, must be performed on systewC; since |®~) giving the same detection sigrfd], so we only need
|¢{))ch and|<p'1>ACj obey the following simple symmetry:  to consided¥*) in our protocol.
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After Alice obtains the statgp. (6y-))a, She takes it as
the input state$e . (O i))x and uses another three-particle |V|,-21=<
entangled state |4/"!) to obtain the states
|¢¢(9N—(j+1))>A|<f>,(491)>cj+1 between Alice andCj,,
etc. In the last process, if Alice wishes to transmit the copies )
to the associate€y_; andCy, the systenmA should be on _[sin ) 0
the sideCy . With the series transformations, the associates IS ) cosé, |’
C., C,, ... ,Cy Obtain the statewi(al))cj, respectively,
and they finish the telecloning process.

In the following, we show how to prepare the three- (cosal 0 )

j31

COSO - | 0

0 sinfy_j/’

particle entangled statpy!) represented in Eq(3.5 by
LQCC using GHZ state as resource. Consider that Alice and
C; initially share a GHZ state|§)5Aq—(1/\/—)(|OOO>
+]112), to implement the telecloning process, they muston the baSlS|0> 1), respectively. Note thaM] M;io
transfer it to the suitable state using only LQCC First, a+ Mj,lMJ,l , therefore those define a generalized mea-
local unitary operaUOIRS(ﬂ-/z)@ RA( 77/2)®|:3 i(—m/2)is  surementon egch sy_stem,_which may _be i_mplemented using
performed  to transfer |&)sac to |€ >SA =1/4(|0) standard techniques involving only projective measurements
C11)s(]1) 4+ |0)) 22 +(|0>+|1>)S(|1> 10)22]. To ob- and unitary transform$12]. If we consider a probé® to

- assist the generalized measurement
tain required states local generalized measurel(n[msmtlve

0 sing,

operator-valued measurement, POV needed, which is .

described by operatondl ,, on corresponding system, satis- :(sme 0 )
fying the completeness relatioB M M,=1. After the 1 0 cosg)’
measurement, the resultslassical communicatiorare sent

to another system, which performs a local quantum operation cosd O

ey ON its system according to the requirement of the trans- Ml:( 0 sing)’

formation task. The operatiaty, is conditional on the result
m and may be non-unitary.

However, it is difficult to perform the operatiofy,, ac- the unitary operator acting on the particle and the probe can
cording to classical communication in experiment. In the fol-be represented as
lowing, we introduce a method to prepare the initial state by
systemsS A, and C; performing local operations, respec- R,(—7+26) 0
tively, without classical communication. In our protocol, ( Y )
there are two possible final states and both of them can be
used for telecloning with same Bell stateE ™) measured.

Define operation i, (i=1,2,3m=0,1) onS A, andC;  on the basig|0Pg),|0P),|1Pg),|1P;)}, where
system with matrix representations

0 R,(—26)

0 .0
sin 0N7j+1 0 COSE Slnz
HO_( 0 COSQN—]+1>, Ry(6) .0 6
—sin5  cos;
COSON-j+1 0
'“=< 0 sineN_j+l>’ is a rotation byé around§/. If the measurement result gives

m=1 for a system, then a rotatian, is performed on this
, system. Let §(_1)k+p+1>SAq denote the state after the mea-
Sinfy- 0 .
M= surement and locakr,, given that outcomé, p, t occurred
j20 ' .
0 COSON - | for A, C;, Ssystem respectively, then

1 ) )
E(|0>s|¢11>ch_|1>s|<PJo>ch) when (—1)kTPTt=1
|§(*1)k+p+t>SAC]= . N (3.10
K h_J_|0>S|<P{)>ch—t—_l|1>s|(pjl>ACj when (_1)k+p+t:_1'
) j
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where 1) ‘@
k=+1—c0S 20y_.1/2(1+COS 20y_j11). X ®

Bell

The probability to obtain the first statEﬁSAq is p1 s .__| R, (x/2) |_| M(gz)l_ G

=sin220N_j+1/2 and the second 5—1>8Aq is p_1=(1 Communication
. . . ) B -n/2 M@ |7 Rotation

+cosz26N,j+1)/2. The first state in Eq3.10 is exactly the ¢ e -I R/ mi2) H ©) + o

state in Eq.(3.5) and the second state can also be used fori ¢, o -_| R, (-7/2) |—| M@) |—

telecloning. In fact, the combined states of syste®AG GHZ
can be rewritten in a form that singles out the Bell basis of
qubit X andS as (a)

|'r/’tj>),(SAq:I%|‘P7>Xs(hj|§D!L>chitj|¢%)>ACj) Me) | = | O | % % |°
|P)— R,(-20) H R,(-7+26) —l—

K . _ .
iﬁ|‘P+>xs(hj|¢11>ch”1|¢]0>ch) (b)

n _ ; ; FIG. 3. The logic network of 42 probabilistic cloning via
+ E@ >X5(h13|¢]1>ACjit13|¢6>ACj) GHZ state. Alice and her associafg, C, initially share a GHZ
state consisting of the qub& (the por}, C; and C, (outputs, or
“copy qubits”). Alice successfully transforms the initial states
|(I)+>x5(h]f°’|goil)ACthje’|<pg>ch), c_ose|1>xj:sin 6|0)y to cosez|1>xisin_02|0)x if the probe(the loca-
tion qubit of the photorX) results in|Py), where the parameters
3.11 oS Y,=cos ¥, w=arccos/(1+cos26)/(1+cos H)°. Using the
unitary rotationRy(s) and generalized measuremevi{0), Alice
where 5= 2«/sin26y_;.,. Obviously the first two terms can andC,, C, transform the GHZ state to the required three-particle
be transferred to the target states using the same unitary op?tangled state in the form Eg.10. Then Alice performs a Bell
erations as those in Eq(3.6) and states h13|¢JO>AC_ measuremen_t_of the poﬁ_alon_g with |n+put qublt_Xand has a

3 4 B i 25% probability to obtain|W ™) or |¥"), respectively; subse-
iti |¢1>AC,- = ¢i(0N*J’)>| ¢-(01))+cos 29N*J+l|¢1(0ij)> quently, the receiver€,; andC, do no operation oo, rotations on
X|é=(6,)) need not be considered. the output qubits, obtaining two perfect quantum clor{eg.The

The probabilistic quantum cloning process via GHZ statesmplementation of generalized measuremiét) in (a). The loca-
is illustrated in Figs. & and 3b) for the caseM=1, N tion qubit of the photon is adopted as the prdbe
=2.

The unitary-reduction operatiod in Eg. (3.2) and the Each generalized measuremémtgives two output paths
generalized measuremerit;;,, can be implemented using 0 and 1 and eight possible results may be output for the three
linear optical components, i.e., polarizing beam splitterphotons while they only represent two possible final states
(PBS and polarization rotatiofPR). In Ref.[5], Cerfet al. |§1>SAq andlg_l)SAq. By the use of fiber, the two paths for

constructed the location controlling polarizatiirCP) NOT  eachM can be converted into one, which means tracing out
gate using a PR. A general LCP unitary rotation can also bgyer the location qubit, and the final state of the three pho-

executed similarly. The polarization controlling location tons turns into the mixed statepsac =pi|&1)(&
(PCL) NOT gate is performed by the use of a PBS. However, 9

a PCL unitary rotation needs two PBS and some PR since 1
direct rotation of the location qubit is impossible. Generally, = &
a PCL unitary rotation can be represented as

( R(¢§) 0 )
Ry(x)

on the orthogonal basi§0)|Pg),|0)|P1),|1)|Po),|1)|P1)},
with |0),|1) denoted as the polarization qubit afieh),|P,)

as the location qubit.V can be decomposed int&¥/
=V,V,V3V,V4, whereV, is a LCPNOT gate,V, is a PCL-
NOT gate, andV3 represents a LCP unitary operation that
performsR, () on the polarization qubit if the location qubit  FiG. 4. Optical simulation of PCL unitary rotation by the use of
is on|Py), andRy(— x) if the location qubit is or{P;). SO two polarizing beam splitters and some polarizing rotators, where
operationV can be implemented using linear optical compo-PR1 performs operatiorR,(£) and PR2 executes operation
nents such as those in Fig. 4. Ry(—x)-
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|[+p_1|€ 1€ 4]. However, after Bell-basis measurement of error distinguishing two statg®24]. In this sense it may re-
the tensor product state G (On-j+1))x{D=(On-j+1) flect the possible physical approximation between the states:
|®pSAq, the final states are Stil‘llj|<p]1>chitj|<plo>ch and  the smaller the value of the trace distance, the more similar
hj|¢jl>ACthJ|<P{)>AC,- corresponding 4V ~)xs and|¥ ") xs E;etawot statecsj_. f\dlrect eé(ilrr]np]!% |s|_tthat for F;Utredséaﬁemq |

, the trace distance and the fidelity are related by a simple
because of Eqg3.6) and(3.11).

Let us compare the efficiency of above telecloning pro_formula

cess and that of using Tele-controlleds gates[6]. To T(4, ) =2V1—F (¢, ). (3.14
complete a Tele-controlledoT operation, two GHZ states

and three Bell-basis measurements are needed, which yields Ruskai[23] has shown that the trace distance contracts
1/8 probability. Performing ®;(6y-;,6,) operation needs under physical processes. More preciselygsiindo are any
three controlledvoT gates[19,20, that is, Alice only has a two density operators, and #6'=£(w) ando’'=&(o) de-
probability of 5 to succeed. While our protocol use one note states after some physical process represented by the

GHZ state and yields the probability (trace-preservingquantum operatiod occurs, then
1 , SIP26y_j.; 1-cosMN7I*h 24 T(w',0)<T(w,0). (3.19
P=P15 +tPp_1k= > = 5 )

(3.12 So, after the telecloning process, the change of the final
' states is limited by the trace distance between initial states
When 6 is not too small, the success probability is not toolé)sac(é| and o, and the continuity of probability also
low. If we do not consider the preparation of three-particlepromises the lesser alteration of the successful probabilities
entanglement states, the efficiency of TBIg0y_;,6,) is  represented by Eq¢3.12) and (3.13. Of course, the final
50%, which is exactly the efficiency of Bell measurement. Ifstates may not be the pure cloning states we required in this
we have enough GHZ states, we can prepare enough requirsduation. They may be mixed states resembling the cloning
three-particle entangled states. In the initial informationstates with the accuracy dependent on the windage of the
compress process, we adopt thle< (1—N) cloning strat- initial states.
egy. Using this strategy, more than ohg.(6y)) can be Such a telecloning process can also be accomplished us-
obtained. So if the Tel®(6y_;,6,) operation fails to one ing a multiparticle entangled state, similar to that shown in
| (6y)), we have a chance to use another and that inf21]. The quality of our method is that only three-particle
creases the success probability. The overall cloning probabientanglement is used. In this scheme, we use local general-
ity of our protocol(not including that in states preparation ized measurements and Bell-basis measurement to avoid the

can be represented as interactions between particles, so it may be feasible in cur-
rent experiment condition.
M 1\N-17k
_ k _k _ M-k _ _| =
P=2, Clu¥in(1-7w) [1 {1 (2) } ] IV. SUMMARY

(3.13 In summary, we have presented a probabilistic quantum
P decreases with the increaseNftherefore we often adopt C/oNing scheme using GHZ states, Bell-basis measurements,
12 cloning strategy in practice. single-qubit unitary operations and generalized measure-

Up to this point, our discussion has assumed that the iniments, all of which are within the reach of current technol-
tially shared three-partite entangled states are pure GH29Y: W‘fa conS|de.|r'ed different strategies and prhopose the con-
states. Suppose, however, thlfs g is corrupted a little by cept of probability spectrumto describe them. Most

. . importantly, we show thaM entries 1-N cloning process
decoherence before it is made available to the sys@&ms b y gp

. . » give more copies than onkl —N process at the price of
andc; , so they receive a density matrdtxmstea'd.. Whatcan her probability of failure. Also, compared to another pos-
we say about the final states and the probabilities of succes fole scheme via Tele-controlledsT [6] gate, our scheme
We argue that the final states and the probabilities do no ay be feasible in experiment tone the ’states of one
I(;hrgzge too much if the windages of Initial states are not to(f)article to those of two different particlesith higher prob-

o . . . . ility and | HZr rce.
We discuss this problem using ttrace distancea metric ability and less G esource
on Hermitian operators defined by(A,B)=Tr(|A—B|),
where|X| denotes the positive square root of the Hermitian
matrix X2. The trace distance is a quantity with a well-  This work was supported by the National Natural Science
definedoperational meanings the probability of making an Foundation of China.
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