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A scheme for teleporting an arbitrary and unknown three-particle state from a sender to either one of two receivers

is proposed. The quantum channel is composed of a two-particle non-maximally entangled state and two three-particle

non-maximally entangled W states. An arbitrary three-particle state can be perfectly teleported probabilistically if the

sender performs three generalized Bell-state measurements and sends to the two receivers the classical result of these

measurements, and either one of the two receivers adopts an appropriate unitary transformation conditioned on the

suitable measurement outcomes of the other receiver. All kinds of unitary transformations are given in detail.
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Quantum teleportation has been paid much atten-
tion both theoretically and experimentally in recent
years due to its important applications in quantum
communication and quantum calculation. Quantum
teleportation was originally proposed by Bennett et
alll In their scheme, an unknown state was trans-
mitted from a sender (Alice) to a receiver (Bob) via a
quantum channel with the help of some classical infor-
mation. Teleportation of the polarized photon and a
single coherent mode of the radiation field has been
realized experimentally by using parametric down-
conversion.2=4 Davidovich et all’! have presented a
protocol to teleport an unknown atomic state between
two high-Q cavities initially prepared in an entangled
Fock state. Cirac and Parkinsl® also investigated an-
other quantum electronic dynamics (QED) proposal

for quantum teleportation of an atomic state.

Recently, more and more attention has been paid
to teleportation of an unknown entangled state. Shi

et all717]

have investigated teleportation of a two-
particle entangled state under various conditions. The
proposals for teleportation of a three-particle entan-
gled state have been put forward by Yang et al.['8—23]

However, how to probabilistically teleport an arbi-

trary three-particle state is an important and inter-
esting problem in quantum information. Dai et all?4
have presented a scheme to probabilistically teleport
an arbitrary three-particle state by using a partial-
entangled four-particle state and a partial-entangled

pair.

In this paper, we propose another scheme to tele-
port an arbitrary and unknown three-particle state. In
contrast to the scheme in Ref.[24], the present one has
the following advantages. First, such an arbitrary and
unknown state is transmitted from a sender to either
one of two receivers Bob and Charlie, whereas the pre-

vious schemel24]

considered only the quantum telepor-
tation from a sender to a receiver. Second, the quan-
tum channel is different. In our present protocol, the
quantum channel is composed of a two-particle non-
maximally entangled state and two three-particle non-
maximally entangled W states, whereas in the previ-
ous scheme, a partial-entangled four-particle state and
a partial-entangled pair are used as the quantum chan-
nels. Third, the present scheme may be more easily
implemented than the previous scheme?*! due to the
fact that three-particle entanglement is much easier

to prepare and maintain than four-particle entangle-
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ment. We show that the probabilistic teleportation of
the arbitrary and unknown three-particle state can be
realized if Alice performs three generalized Bell-state
measurements on her side while either one of the two
receivers introduces an appropriate unitary transfor-
mation in each receiver’s laboratory with the help of
the other receiver’s simple measurement and classical
communication. All possible unitary transformations

performed by each receiver are given in more detail.

Suppose that the sender (Alice) wants to transmit
an arbitrary and unknown three-particle state from a
sender to either one of two receivers Bob and Charlie
who are spatially separated. The arbitrary and un-
known three-particle state that will be teleported can

be expressed as

| ¥) 125 =(20[000) + 1|001) + 22(010)
+ x3/100) + x4]110) + 5/101)
+ 26|011) + 27|111))123, (1)

7
where Z lz;|> = 1. Without loss of generality, the
=0

quantur;l channel, composed of two three-particle non-

maximally entangled W states and a two-particle non-

maximally entangled state, reads as follows:

| ¥)as6 = (a]001) + b|010) + ¢[100)) 456, (2)
| ¥)7s0 = (d|001) + €|010) + f[100))7s0,  (3)
| ¥)10,11 = (g]00) + A|11))10,11, (4)

where the real coefficients a, b and c satisfy |a|? +
1b]2 + |¢|? = 1, and |c| is smaller than the other two
coefficients’ absolute value; real coefficients d, e and f
satisfy |d|? +|e|?+|f|? = 1, and | f| is smaller than the
other two coefficients’ absolute value; real coefficients
g and h satisfy |g|? + |h|? = 1, and |g| > |h|. Particles
4, 7 and 10 belong to the sender Alice while particles
(5, 8) and particles (6, 9) belongs to the receivers Bob
and Charlie, respectively. But particle 11 only be-
longs to one of receivers, Bob or Charlie. Therefore,
the state of the whole system composed of particles

(1, 2, 3) and the quantum channel is given by
|T) = [T)125 @ | ¥)a56 @ | ¥)780 @ | ¥)10,11- (5)

In order to realize teleportation, Alice must carry
out the Bell-state measurements on particles (1,4),
particles (2,7), and particles (3,10) separately. Af-
ter the three Bell-state measurements, all possible 64

results are

1
3.10(DF |27 (DF|14(DF| ¥) = =(20adg|01010) + zgaeg|01100) + zbdg|10010)

2V2

+ 2beg|10100) 43 21adh|01011) 5 z,aeh|01101) +5 2,bdh|10011)

+3 x1beh|10101) 1 x3¢dg|00010) £ z3¢ceg|00100) £ +3x5¢dh|00011)

+1 +325c€h|00101) 5 25afg|01000) +5 25bfg|10000) +5 +326afh|01001)

+5 £326bfh|10001) £1 £224¢fg|00000) £1 £ 3 x7cfh|00001))s5689.11; (6)

1
3.0 UF |27 (9% ]14(8E| W) =—=(20adh|01011) + zgaeh|01101) 4 2obdh|10011)

2v/2

+ xbeh|10101) £3 21adg|01010) +5 z1aeg|01100) +5 x1bdg|10010)

+3 21beg|10100) +; x3¢dh|00011) £; 23ceh|00101) £+, +525¢dg|00010)

1 £325ceg|00100) £5 22afh|01001) %5 22bfh|10001) 5 +3z6afg|01000)

+5 £326bfg|10000) 1 £ox4cfh|00001) £1 £ 3 x7¢fg|00000))5659,11; (7)

1
3.10( D a7 (UE|14( D | ¥) =—=(z0afg|01000) + zobfg|10000) +3 z1afh|01001)

2v/2

+3 21bfh|10001) +5 22adg|01010) £ z2aeg|01100) +5 x2bdg|10010)

5 22beg|10100) 5 +326adh|01011) %5 *3z6ach|01101) +5 +326bdh|10011)

+9 +326bdh|10101) 1 z3¢fg|00000) £ +o924¢dg|00010) £ +oz4ceg|00100)

41 43250 fh|00001) 4 +5 +5 27¢dh|00011) 4, 45 +5 27¢eh|00101))5680.115  (8)
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1
310 UE o (U] 14( | W) :2—\/§(x0afh\01001> + 2obfh|10001) £3 z,afg|01000)

+3 21bfg|10000) 5 z2adh|01011) 5 z2aeh|01101) £2 x9bdh|10011)

+5 29beh|10101) +9 +326adg|01010) £+ +326a€9]|01100) +5 +326bdg|10010)

+9 +326bdg|10100) £ 25¢fh|00001) £ +2x4¢dh|00011) 1 +oz4ceh|00101)

41 +325¢9|00000) £, 5 +5 27¢dg|00010) £, £, £5 27ceg|00100))5650.11;  (9)

1
3.10{ D% o7 (DF|14(UF|¥) =—=(20cdg]|00010) + z¢ceg|00100) +3 x1cdh|00011)

2V/2

+3 x1ceh|00101) 5 x2cfg|00000) £5 +326¢fh|00001) £ 25adg|01010)

+1 23aeg|01100) £, 25bdg|10010) £, z3beg|10100) +1 £224afg|01000)

41 45240 g|10000) £, £325adh|01011) +1 +325aeh|01101) £, £525bdh|10011)
41 +325beh|10101) £ %5 %3 27afh|01001) %1 %5 £5 27bfh[10001))s6s0.11; (10)

1
3.10( UF o7 (@F|14(UE| W) == (20cdh|00011) + zoceh|00101) 43 x1cdg|00010)

2V2

+3 21¢eg|00100) +5 zocfh|00001) +5 +326cfg|00000) +1 23adh|01011)

1 23aeh|01101) £, 23bdh|10011) £ 23beh|10101) £, £oazsafh|01001)

+1 +224bfh[10001) +1 £325adg|01010) +1 £325ae9|01100) £+ +325bdg|10010)
+1 £325beg|10100) £1 £2 £3 27af¢|01000) 1 5 £3 £7bfg|10000))5689,11; (11)

1
3,10( B |ar (UE|14(FE| W) :m(mocfngOOO) 43 21¢fh|00001) £5 x2cdg|00010)

+9 x2ceg|00100) £2 +3x6¢dh|00011) +5 +326ceh|00101) +1 z3afg|01000)

+1 23bfg|10000) +; +224adg|01010) +1 +524aeg|01100) +1 +22,4bdg|10010)

+1 +224beg|10100) 1 +325afh|01001) £ +325bfh|10001) 1 £5 +3 z7adh|01011)
£y g 5 27aeh|01101) £y 5 45 27bdh|10011) £, £, +5 27beh|10101))s6s0.11; (12)

1
3.0 OE |2 (TE] 14 (FE| W) :ﬁ(azocfh\OOOOU +3 21¢£g|00000) 45 25cdh|00011)

+9 @2ceh|00101) +5 +326¢dg|00010) +5 +326c9|00100) £ x50 fh|01001)

41 23bfR[10001) £, £,24adh|01011) 4y +o24aeh|01101) £, £r24bdh[10011)

1 £owabeh|10101) £ 3250 fg|01000) £ £525bfg|10000) £ %5 +3 w7adg|01010)
+1 £2 £3 27aeg|01100) £1 £2 3 27bdg|10010) £1 £ £3 x7beg|10100))s5689.11, (13)

where the Bell-states, in which the particles (i, j) are  the Bell-state composed of particles (1, 4), (2, 7) and

measured, are defined as (3, 10), respectively. For instance, if Alice’s measure-
1 ment results are @7 )14, | ¥ )27 and |$7 )3 19, i.e. the
|65) 5 = 7(|00> = [11))s5, (14) d& . B B
2 corresponding superscripts are +, — and — the state
1 of particles 5, 6, 8, 9, 11, as shown by Eq.(8), will
) = =00 £ 10 (15) | ®
V2 collapse into

Here +;, +5 and +3 correspond to the superscripts for
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1
v =——(zgafg|01000) + xobfg|10000
| >5689,11 2\/5( 0 fg| > 0 f9| >

— z1afh|01001
— 2,bf1[10001

~  ~

— x2adg|01010)
— 22aeg|01100) — 22bdg|10010)
— x2beg|10100) + zgadh|01011)
+ zgaeh|01101) 4+ 26bdh[10011)
+ 26bdh|10101) + z3¢fg|00000)
— x4¢dg|00010) — z4ceg|00100)
— 25¢fh|00001) + 7cdh|00011)
+ 27ceh|00101))5689,11-

~

(16)

That is, after three measurements, the entanglement
among particles 1, 2 and 3 disappears, the new entan-
glement among particles 5, 6, 8, 9 and 11 is set up,
and the entanglement swapping occurs. Next, Alice

informs the two receivers of her measurement results

via a classical communication. If Bob wants to receive
the teleported state |¥)123 in Eq.(1), particle 11 be-
longs to the receiver Bob. First, he can ask Charlie to
make the projection measurement on particles 6 and

9 in the basis {|0), |1)}, respectively; then we have

| ¥)5689,11 :ii[(ﬂﬂoafgmlom + 2obfg|1000)
— z1afh|0101)
— x1bfh|1001) — x2aeg|0110)
— x2beg|1010) + zgaeh|0111)
+ 26bdh|1011) + z3¢fg|0000)
— x4ceg|0010) — z5cfh|0001)
+ x7ceh|0011))s568,11]0)9 + (—xz2adg|0100)
— 22bdg|1000) + z¢adh|0101)
+ 26bdh|1001) — z4cdg|0000)
)

—|—$7th|0001 )568,11|1>9}' (17)

If Charlie obtains the result of |0)g, then

1
| )s568,11 zz—ﬁ(woafgmlOO) + xobfg|1000) — z1afh|0101) — z1bfh|1001) — z2aeg|0110)

— x2beg|1010) + xgaeh|0111) + x6bdh|1011) + x3¢fg|0000)
— z4ceg|0010) — z5cfh|0001) + x7ceh|0011))s56s 11

1
=——[(zobfg|100) — z1bfh|101) — z2beg|110) 4+ zgbdh|111) + z3cfg|000)

2v/2

— x4ceg|010) — x5cfh|001) + x7ceh|011))58.11]0)6 + (zoafg|000)

— 21afh|001) — z2aeg|010) + zgaeh|011))s5511|1)¢]-

Again, if Charlie measures the result of |0)g, the state
of particles 5, 8 and 11 will become

1
4 =——(xpbfg|100) — z1bfh|101
| U)ss8,11 2\/5( 0bfg|100) 1bfh|101)
— x2beg|110) + x3c¢fg|000)
— x4ceg|010) — z5cfh|001)

+ Igbdh|111> + $7C€h‘011>)58!11. (19)

Then, Charlie will inform the receiver Bob of
his measurement results via a classical channel. Sec-
ondly, Bob needs to establish a correspondence so that
the coefficients z;(s = 0,1,...,7) can correspond to
|000)55,11, [001)58,11, |010)58,11, [100)58,11, |110)58,11,
|101)58,11, |011)58,11, and |111)s5 11, respectively. This

can be realized by performing the following unitary

(18)
|
transformation:
U =(|0)(1] + [1)(0])s
® (10)€0] = [1){1])s
® (10)(0] = [1){1])11 (20)

on particle (5, 8, 11) shown in Eq.(19); that is,
1
v =——(xobfg|000) + z1bfh|001
| ¥)ss,11 2\/5(on| ) 1bfh|001)
+ x2beg|010) + z3cf g|100)
+ x4ceg|110) + z5cfh|101)
+ $6bdh|011> + I7C€h|111>)58711. (21)

At the same time, Bob introduces another aux-
iliary particle A with its initial state |0) 4 and makes
another unitary transformation Us on particles 5, 8
11 and A. In order for Bob to reincarnate the origi-
nal state under the basis {|0000)5s 11,4, [0010)55 11,4,
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|0100)58 11,4, |1000)58,11,4, |1100)58,11,4, |1010) 5511, 4,
|0110)58,11,4, |1110)58 11,4, |0001)58 11,4, [0011)58 11,4,
|0101)58,11,4, [1001)58,11,4, [1101)58,11,4, [1011)58 11, 4,
|0111)58 11,4, |1111)58,11,4}, the unitary transforma-
tion may take the form of the following 16 x 16 ma-

A A
Uy = < v ) (22)
Ay —A

trices:

where Ay and A, are 8 x 8 matrices and may be writ-

ten as

A1 :diag(al,ag,as, a4,a57a67a77a8)7 (23)

B, :diag(\/l—a%,\/1-(1%,\/1—(13,\/1—%21,
\/l—ag,\/l—ag,\/l—ag,\/l—ag), (24)

.,8 and |a;| < 1) depends on the
state of particles 5, 8 and 11. For example, Bob in-

where a; (i =1,2,..

troduces an auxiliary A with its initial state |0) 4, the
state described in Eq.(21) will become

1
| P)58,11 @ [0) 4 Zﬁ(xobfg|000) + z1bfh|001)

+ x2beg|010) + z5¢fg[100)

+ x4ceg|110) + z5¢fh|101)

+ 26bdh|011)

+ wrceh|111))58.11|0) 4, (25)

if we choose

(alaa27a37a45a55a67a77a8)

ch ¢ cfbh h fh _ cf f
(=2 2 ny 2Ll 26
<bg’b’b€g’g’€g’ "bd e ( )

The unitary transformation Us will transform the
state in Eq.(25) into

I (201000) + 21[001) + 2[010) + 25[100)

——(z x x x

52 0 1 2 3

—+—cc4\110>+a:5|101>+;c6|011>+x7|111>)58711|0>A
1
+ ——=[f/(bg)? — (ch)2z(|000
2\/§[f (9) ( ) 0| >58,11
+ fh\/ b2 — 62$1‘001>58711

+ 1/ (beg)? — (cfh)2x2]|010)58 11

+cfv/ g% — h?x3|100)55 11

+cv/(eg)? — (fh)?x4]110)58 11

+ hy/(bd)? — (cf)?26]011)58 11

+ chy/e2 — f2a7|111)58 11]|1) 4. (27)

Of course, U; and Uy may be incorporated into
a single transformation U = U; ® Us. Such a uni-
tary transformation can be decomposed into univer-

[25] that have been ex-

sal quantum logic operations
perimentally realized in some physical systems.[26] All
possible unitary transformation U; and the coefficients
for unitary transformation Us performed by Bob on
the states of particles 5,8 and 11 are given in Tables 1
and 2, respectively, where 4+, +5 and +3 correspond
to the superscripts for the Bell-state composed of par-
ticles (1, 4), (2, 7) and (3, 10), respectively. Finally,
Bob measures the state of auxiliary particle A. If the

result |0) 4 is given, quantum teleportation is success-

h 2
fully realized with the probability of % Other-
wise, teleportation fails. It can be easily verified that
64 kinds of states have the same results for Bob, there-

fore the total probability of successful teleportation is

8lcfh|?.

Table 1. Unitary transformation Uj on the states of particles 5,8 and 11.

States of particles 5, 8 and 11 Unitary transformation Uy
Eq.(6)| ¥)s8,11 (10) (1] £1 [1){0)s ® (|0)(1] £2 [1)(0])s @ (|0)(O] &3 [1)(1])11
Eq.(7)| ¥)ss,11 (10) (1] £1 [1){0)s @ (10)(1] £2 [1)(0])s @ (|0)(1] &3 [1)(0)11
Eq.(8)|¥)s8,11 (10) (1] £1 11){0)s ® (10)(0] £2 [1)(1])s @ (|0)(O] £3 [1)(1])11
Eq.(9)| ¥)s8,11 (10) (1] £1 11){0)s ® (10)(0] £2 [1)(1])s @ (|0)(1] £3 [1)(0])11
Eq.(10)| ¥)ss,11 (10){0] £1 11)(1])s ® (|0)(1] £2 [1)(0])s @ (|0)(O] £3 [1)(1])11
Eq.(11)|¥)5s,11 (10){0] £1 [1)(1])s ® (10)(1] £2 [1)(0])s @ (|0)(1] %3 [1)(O])11
Eq.(12)|¥)s8,11 (10){0] £1 1)(1])s ® (10)(0] £2 [1)(1])s @ (|0)(O] £3 [1)(1[)11
Eq.(13)|¥)ss,11 (10){0] £1 11)(1])s ® (10)(0] £2 [1)(1])s @ (|0)(1] £3 [1)(0])11
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Table 2. Values a;(i = 1,---,8) of unitary transformation Uy corresponding to the states

of particles 5, 8 and 11.

States of particles 5, 8 and 11 ai as as a4 as ag a7 as
cfh c ch h h c
Eq.(6)| ¥)ss,11 cfh et bkl fh n f c 1
beg be bg eg g e b
c cfh c h ch h
Eq.(7)| ¥)s8,11 f cfh c b L fh ch h
be beg b e eg bg g
ch c cfh h h c
Eq.(8)| ¥)ss,11 - d cfh i Ih 1 cf i
by b beg g eg bd e
c ch c h cfh h
Eq.(9)| ¥)ss,11 - — cf 1 ! o cfh fh
b bg be e g bdg eg
h h cfh ch c c
Ea.(10)| #)ss,11 Ih ! h cfh ch of . c
eg e g beg bg be b
h c c cfh h ch
Eaq.(11)] %5812 ! fh ! of c cfh h ch
€ eg be b beg g bg
h h ch cfh c c
Eq.(12)|w>5g711 — 1 f— — L — i _f
g eg bg beg b e be
h c c ch h cfh
Eq.(13)| ¥)s8,11 1 h ! c cf ch fh cfh
g € b be bg eq beg

Similarly, if Charlie wants to receive the tele-
ported state | )93 in Eq.(1), particle 11 will belong
to the receiver Charlie. First, he can ask Bob to do
the projection measurements on his particles 8 and 5
in the basis {|0),|1)}, then we have

| P)s650.11 zﬁ[(mga £910100) -+ ob £ 4/1000)
— 21afh|0101)
— x1bfh|1001) — z2adg|0110)
— x2bdg|1010) + z¢adh|0111)
+ 26bdh|1011) + z3¢f¢|0000)
)

— 24¢dg|0010) — z5cfh|0001

— x2beg|1000) + zgach|0101)

)
)
)
+ 27¢dh|0011))569,11]0)s + (—z2aeg|0100)
)
+ x6bdh|1001) — z4ceg|0000)

)

+ I7C€h|0001 )569,11‘1>8]- (28)|

Then Charlie will successfully receive the tele-

ported state |¥)q23 in Eq.(1) with the probability of
|efhf?

, as soon as he can do the same thing as Bob

does, but with different unitary transformation. Also,

it can be easily proven that 64 kinds of states have

If Bob obtains the result of |0)s, then

| P)s60.11 :%[(xoa £910100) + 2o £g|1000)
— z1afh|0101)
— x1bfh|1001) — z2adg|0110)
— 2bdg|1010) + xgadh|0111)
+ x6bdh|1011) + z3cfg|0000)
— x4¢dg|0010) — z5¢fh|0001)
+ 27cdh|0011))s60.11.- (29)

Again, if Bob measures the result of |0)s5, the state of
particles 6, 9 and 11 will become

| #)69,11 :ii[(l‘oafgﬂom — z7afh|101)

— x2adg|110) 4+ z5cfg|000)
— 24¢dg|010) — z5¢fh|001)
+ mﬁadh\111> + x7cdh|011>)69711. (30)

the same results for Charlie, and the total probabil-
ity of successful teleportation is 8|cfh|2. Tables 3 and
4 give all possible unitary transformation U; and the
coefficients for the unitary transformation U; which

Charlie makes on the states of particles 6, 9 and 11.
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Table 3. Unitary transformation U; on the states of particles 6, 9 and 11.
States of particles 6, 9 and 11 Unitary transformation Uj
Eq.(6)|¥)e9,11 (10){1] &1 [1){0])6 @ (|0){1] £2 [1)(0[)9 ® (|0)(O] £5 |1){1])11
Eq.(7)[¥)e9,11 (10)(1] &1 [1){0])6 ® (|0){1] £2 [1)(0[)9 ® (|0)(1] £5 |1){0])11
Eq.(8)[¥)e9,11 (10){1] &1 [1){0])¢ ® (10){0] £2 [1)(1])o ® (10)(0] £5 |1){1])11
Eq.(9)| ¥)e9,11 (10)(1] &1 [1){0])6 @ (10){0] £2 [1)(1])o ® (|0)(1] £5 |1){0])11
Eq.(10)| ¥)69,11 (10){0] £1 [1){1])6 ® (|0){1| £2 [1)(0])9 ® (|0)(O] £5 |1){1])11
Eq.(11)| ¥)69,11 (10){0] £1 [1){1])6 ® (|0){1| £2 [1)(0])o ® (|0)(L] £5 |1){0])11
Eq.(12)[ ¥)69,11 (10)€0 £1 [1){1])6 @ (|0)(0] £2 [1){1])9 ® (|0)(O] £3 [1){1[)11
Eq.(13)|¥)69,11 (10){0] &1 [1){1])6 ® (|0){0] £2 [1)(1])o ® (|0)(1] £5 |1){0])11
Table 4. Values a; (¢ = 1,---,8) of unitary transformation Uz corresponding to the states of
particles 6, 9 and 11.
States of particles 6, 9 and 11 a as as aq as ag a7 ag
cfh c ch h h c
Eq.(6)| #)g9,11 cIh f ch n h ! ¢ 1
adg ad ag dg g d a
c cfh c h ch h
Bq.(7)| ¥)eo 11 f cfh c f 1 fh ch h
ad adg a d dg ag g
ch c cfh h h c
Ea.(8)] ¥)60,11 ch < cfh b h 1 °f !
ag a adg g dg ad d
c ch c h cfh h
Eq.(9)| ¥)eo,11 = — of 1 ! it cfh fh
a ag ad d g adg dg
h h cfh ch c c
B0 P R L
dg d g adg ag ad a
h c c cfh h ch
Ea.(11)] )e0.11 4 Jh 1 el ¢ clh h ch
d dg ad a adg g ag
h h ch cfh c c
Eq.(12)| W>69711 — 1 f— —_— L - i —f
g dg ag adg a d ad
h c c ch h cfh
Ea.(13)| #)60,11 1 b ! € of ch h cfh
g d a ad ag dg adg

From the above analysis, we can see that, in each

case, the total probability of successful teleportation

1
for each receiver is 8|cfh|?. If |a| = |b] = |¢|] = —,
e e = =1l = 5
d:e: = —F, :h:—,i.e. fOI‘a
= Jel = 1f] = = lal = I =

quantum channel composed of two three-particle max-
imally entangled W states and a two-particle max-

imally entangled state, the total probability equals

é. Obviously, the unitary transformation made by
each receiver in this situation is reduced to the uni-
tary transformations U; operated on either the par-
ticles (5,8,11) only, or particles (6, 9, 11), in which
the auxiliary particle A and unitary transformations
U, are not needed. Thus probabilistic teleportation of
an arbitrary and unknown three-particle state from a
sender to either one of two different receivers becomes
the usual standard teleportation via a maximally en-
tangled quantum channel.

In conclusion, we have proposed a protocol for

teleporting an arbitrary and unknown three-particle
state from a sender to either one of two receivers
by using two three-particle non-maximally entangled
W states and a two-particle non-maximally entangled
state as the quantum channel. The results show that,
for such a non-maximally entangled quantum channel,
there is still a certain probability of successful telepor-
tation if the sender performs three generalized Bell-
state measurements and sends to the two receivers
the classical results of these measurements, and either
one of the two receivers adopts an appropriate unitary
transformation conditioned on the suitable measure-
ment outcomes of the other receiver. The probability
of success is determined by the smaller coefficients of
the non-maximally entangled states used as quantum
channel. Recently, some experimental schemes27—3
for preparing the W state have been proposed; there-
fore, we believe that this scheme will be realized by

experiment.
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