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Remote information concentration by a Greenberger-Horne-Zeilinger state
and by a bound entangled state
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We compare remote quantum information concentration by a Greenberger-Horne-Zeilinger~GHZ! state with
an unlockable bound entangled state. We find that in view of communication security the bound entangled state
works better than the GHZ state.
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Quantum entanglement, a peculiar feature of quantum
malism, has been at the center of quantum information p
cessing. For example, the Einstein-Podolsky-Rosen state
manifested highly counterintuitive effects such as quant
teleportation@1#, quantum dense coding@2#, quantum cryp-
tography@3#. In practice, one usually deals with noisy e
tanglement described by mixed state of a composite sys
All the noisy entanglement of two-qubit system can be d
tilled to the singlet form@4#. But, for the mixed entangled
states of more-than-two-qubit system, there are two qua
tively different kinds of entanglement: free entangleme
which can always be distilled and bound one which can
be brought to the singlet form only by local quantum ope
tions and classical communication~LOCC! @5#. In the recent
years, the bound entangled state of multipartite system
extensively studied because it arouses a deeper unders
ing of the entanglement and the nonlocality of quant
states@6–9#.

At first glance, the bound entanglement seems to be
less alone for quantum information work such as relia
transmission of quantum state via teleportation@5,10#. But,
recent researches have shown that the bound entangle
can be activated and used to process quantum informa
@11–14#. And more recently, Murao and Vedral have pr
sented in Ref.@15# a surprising fact that a single copy of
bound entangled state@16# can perform effectively remote
information concentration, which cannot be achieved
classically correlated state. In the process of remote infor
tion concentration@15#, they considered that the quantu
information of a single qubit was previously distributed
three spatially separated qubits by asymmetrictelecloning
procedure@17#, and now has to be remotely concentrat
back to a single qubit by an unlockable bound entang
state@16# with LOCC. In this paper, we show that the sam
task can also be achieved by a four-particle Greenber
Horne-Zeilinger~GHZ! state. But, importantly, when we in
vestigate the more general case where the quantum info
tion of the single qubit was previously distributed by
asymmetrictelecloning procedure@18#, we find that the
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bound entangled state does the work of remote informa
concentration better than the GHZ state in view of comm
nication security. In the following, we discuss the issue
detail.

Remote information concentration begins with a situat
where three separate parties Alice, Bob, and Charlie h
three qubitsA, B, and C, respectively. For generality, th
three qubits are in a cloning stateuc&ABC after the asymmet-
ric telecloning procedure@17,18#,

uc&ABC5auf0&ABC1buf1&ABC , ~1!

where a and b are complex numbers and satisfyuau2

1ubu251. The statesuf0&ABC and uf1&ABC are defined as

uf0&ABC5
1

AN
~ u0&Au0&Bu0&C1pu1&Au0&Bu1&C

1qu1&Au1&Bu0&C),

uf1&ABC5
1

AN
~ u1&Au1&Bu1&C1pu0&Au1&Bu0&C

1qu0&Au0&Bu1&C), ~2!

whereq512p,p.q,N is a normalization factor given by
N511p21q2 ~when p5q5 1

2 , it reduces to the case con
sidered in Ref.@15#!. That is, the information of an unknow
stateux&5au0&1bu1& is diluted to a composite system con
sisting of qubitsA, B, andC by the asymmetric telecloning
procedure@17,18#. Now our task is to concentrate the info
mation back to a single qubit without the collective ope
tions among the three qubits. The schematic picture of
remote information concentration is illustrated in Fig. 1.

The first protocol achieving the task is to share in adva
a four-particle GHZ state

uw&DEFG5
1

A2
~ u0&Du0&Eu0&Fu0&G1u1&Du1&Eu1&Fu1&G)

~3!
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among four parties Alice, Bob, Charlie, and David, who ho
the qubitsE, F, G, andD, respectively. Then, three partie
Alice, Bob, and Charlie perform the Bell-state measureme
~BSMs! on the respective pairs of qubitsA1E, B1F, and
C1G, and inform David of the results of the measuremen
Each of the three BSMs gives one of four possible outp
$uF i& ( i 50,1,2,3)%, where uF i& ( i 50,1,2,3) represent the four Bel
states uF0,1&5(u00&6u11&)/A2, uF2,3&5(u01&6u01&)/A2.
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And each of the four possible outputs is associated wit
Pauli operator in the set$s ( i 50,1,2,3)

i %, where s05I ,s1

5sz ,s25sx , and s35sy . Finally, according to their re-
sults of the measurements, David rotates his qubitD cor-
rectly and obtains the stateux&.

The process of remote information concentration by
GHZ state can be understood in a formula way. We write
statesuc&ABC and uw&DEFG together:
uc&ABCuw&DEFG5~auf0&ABC1buf1&ABC) ^
1

A2
~ u0&Du0&Eu0&Fu0&G1u1&Du1&Eu1&Fu1&G)

5
1

A2N
$a~ u00&AEu00&BFu00&CGu0&D1pu10&AEu00&BFu10&CGu0&D1qu10&AEu10&BFu00&CGu0&D

1u01&AEu01&BFu01&CGu1&D1pu11&AEu01&BFu11&CGu1&D1qu11&AEu11&BFu01&CGu1&D)

1b~ u10&AEu10&BFu10&CGu0&D1qu00&AEu00&BFu10&CGu0&D1pu00&AEu10&BFu00&CGu0&D

1u11&AEu11&BFu11&CGu1&D1qu01&AEu01&BFu11&CGu1&D1pu01&AEu11&BFu01&CGu1&D)%. ~4!
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A lengthy but straightforward calculation shows that wh
the combination of the results of the three BSMs is in the
$FAE

0 FBF
0 FCG

0 , FAE
0 FBF

1 FCG
1 , FAE

1 FBF
0 FCG

1 ,
FAE

1 FBF
1 FCG

0 , FAE
2 FBF

0 FCG
2 , FAE

3 FBF
0 FCG

3 ,
FAE

3 FBF
1 FCG

2 , FAE
2 FBF

1 FCG
3 , FAE

2 FBF
2 FCG

0 ,
FAE

3 FBF
3 FCG

0 , FAE
2 FBF

3 FCG
1 , FAE

3 FBF
2 FCG

1 %, David
chooses the operators0 on the qubitD in order to get the
state ux&. In other words, ifsAE

l , sBF
j , and sCG

k , where
l , j ,k50,1,2,3, denote the Pauli operators pertaining to
results of three BSMs on the pairs of qubitsA1E, B1F,
and C1G, respectively, and if the product ofsAE

l , sBF
j ,

andsCG
k is s0 up to a global phase factor, the operators0 is

chosen to perform on the qubitD. The same rule is suited t
the other combining results of the three BSMs. That is, if
to global phase factor,s i5sAE

l sBF
j sCG

k , David performs the
operators i on his qubitD to retrieve the stateux&. So the

FIG. 1. The schematic picture for remote information conc
tration.
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protocol achieves the task:uc&ABC→ux& with certainty by
presharing a four-particle GHZ state.

It is worth noting that the distribution probability of th
combining results reveals some information of the st
uc&ABC . For instance, while we getFAE

0 FBF
0 FCG

0 with the
probability of 1/16N, we obtainFAE

2 FBF
0 FCG

2 with the one
of p2/16N, FAE

2 FBF
2 FCG

0 with q2/16N, and FAE
0 FBF

2 FCG
2

with zero. When using Eq.~3! to perform remote information
concentration withp5q5 1

2 , i.e., the case discussed in Re
@15#, FAE

0 FBF
0 FCG

0 occurs with the probability of 1
24 ,

FAE
2 FBF

0 FCG
2 with 1

96 , FAE
2 FBF

2 FCG
0 with 1

96 , and
FAE

0 FBF
2 FCG

2 with zero.
Then, we inspect the achievement of remote informat

concentration by an unlockable bound entangled state
LOCC. Instead of the previous four-particle GHZ sta
uw&DEFG , a four-particle unlockable bound entangled sta
@16#

rDEFG
ub 5

1

4 (
i 50

3

uF i&DE^F iu ^ uF i&FG^F i u, ~5!

whereuF i& are defined as before, is preshared among Al
Bob, Charlie, and David. In the same way as above, the q
E is sent to Alice, the qubitF to Bob, the qubitG to Charlie,
and the qubitD to David. No joint operations among qubit
belonging to different parties are allowed. The three par
Alice, Bob, and Charlie perform the Bell-state measureme
on their respective pairs of qubits in hand. Likewise, each
them obtains one of the possible outcomes$uF i& ( i 50,1,2,3)%
which has a corresponding Pauli operator in the
$s ( i 50,1,2,3)

i %, and communicates the result with David, r
spectively. According to the product of the three Pauli ope
tors pertaining to the results of the three BSMs, David de
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mines an appropriate Pauli operators i on his qubitD to
retrieve the stateux&. Finally, David gets a qubitD in the
stateux& with certainty.

The process can also be expressed in the same form
way as before. While the direct calculation shows that th
is something different from the above protocol with the GH
state. The distribution of the combining results in the pro
col with the bound entangled state does not reveal any in
mation about the stateuc&ABC . Each of all combining results
of the three BSMs happens with the equal probability of1

64 .
For example, the combining resultsFAE

0 FBF
0 FCG

0 ,
FAE

2 FBF
0 FCG

2 , FAE
0 FBF

2 FCG
2 , and FAE

2 FBF
2 FCG

0 come out
with the equal probability of1

64 . Because the probability o
distribution of the combining results is independent of t
parametersp, q, andN, all combining results occur with the
same probability of1

64 in the process of remote informatio
concentration discussed in Ref.@15#. So, allowing for secure
communication, the unlockable bound entangled state
more suitable for remote information concentration than
GHZ state.

Hence, by employing an unlockable bound entang
state, the same task of remote information concentratio
achieved as by a GHZ state. But from the view of comm
, a
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nication security, the bound entangled state is more us
than the GHZ state.

In summary, it is shown that the task of remote inform
tion concentration can be achieved by a GHZ state and b
copy of a bound entangled state. This demonstrates that
sense, a single copy of a bound entangled state is as use
quantum information processing as a GHZ state. But, imp
tantly, in view of communication security, the bound e
tangled state does the work of remote information concen
tion better than the GHZ state. Because in the protoco
using the bound entangled state, the distribution of the co
bining results of the three local BSMs does not reveal a
information about the concentrated stateuc&ABC , while that
does so in the protocol of using a GHZ state. The reason
this difference is open. And the consideration for the diff
ence is helpful for deeper understanding the relation betw
the free entanglement and the bound one, and quantum
tanglement itself. We hope that our work will stimulate mo
research into the nature of entanglement and its applicat
in quantum communication.
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