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Abstract:Two-qubit quantum teleportationis closely related to quantum
computation,soateleportationprotocolinwhichanarbitrarybipartitequantumstate
isperfectlyteleportedprobabilisticallyfromsendertoreceiverisproposed.Oneof16
generalizednon-maximallyentangledBellstates(Gstatesforsimplicity)functionsas
quantumchannel.Theteleportationcanbesuccessfullyrealizedwithacertain
probabilityifsenderperformsgeneralizedBellstatemeasurements(Gmeasurements)

andreceiverintroducesanauxiliaryparticleandoperatesappropriateunitary
transformationsandsingle-qubitmeasurements.Theprobabilityofsuccessful
teleportationisdeterminedbythesmallestoneamongthecoefficients'absolute
valuesofthequantumchannel.
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0 Introduction

Quantumteleportationprocess,originally
proposedbyBennett,etal.[1],cantransmitan
unknownquantum statefrom asendertoa
receiveratadistantlocationviaaquantum
channel with the aid of some classical
information.Noinformationabouttheunknown
stateiseverrevealedduringtheteleportation

process.Entanglementteleportationtransfers
notonlytheamountofentanglementbutalso
theentanglementstructure(theentangledstate
itself).Lotsofattentionwerepaidtobothin
theoryand experimentsinrecentyears[2-16].
Teleportationhasbeen demonstratedforthe

polarizationstateofaphoton[10],thestateofa

trappedion[11,12]and,inthecontinuousvariable

regime,forthesetofcoherentstatesofa

single-moderadiation field[13].Especially,a

quantumteleportationnetworkforcontinuous

variableswasproposedbyvanLoock,etal.[14]

in2000,andYonezawa,etal.experimentally
demonstratedtripartite quantum teleportation
network for quantum states of continuous

variables(electromagneticfieldmodes)[15].As

fortheteleportationofbipartiteentanglement,

it was already demonstrated for continuous

variablesagainbyYonezawa,etal.[16].
Quantumteleportationoftwoqubitshas

recently been studied for pure and noisy

quantumchannels[17-19].Itiscloselyrelatedto



quantumcomputationastwo-qubitteleportation
togetherwithone-qubitunitaryoperationsis
sufficientto implement the universal gates
required for quantum computation[20]. For
teleportingthequantum state,anumberof

quantum channels are used,such as the
Einstein-Podolsky-Rosen (EPR)pairoftwo-

particle[1],theGHZstateofthreeparticles[21]

andthesqueezedvacuumstates[22].InLit.[23]

anarbitrarytwo-qubitstateisdeterministically
teleported via 16 generalized maximally
entangledBellstates.Withoutlosinggenerality,

theattention willbepaidtoteleportingan
arbitrarytwo-qubitentangledstateinthispaper
byusingoneof16non-maximallyentangledG
statesasquantumchannel.Theschemerequires
G measurementsatthesender'slocationand
appropriate unitary transformations, an
auxiliaryparticle,single-qubitmeasurementsat
thereceiver'sside.Inthescheme,anunknown
bipartitequantumstateoftwoparticlescanbe

perfectlyteleportedprobabilistically.

1 Teleportation of an arbitrary
two-qubitentangledstate

SupposethatsenderAlicewantstotransmit
anarbitrarybipartitequantumstate|ϕ>12 to
receiver Bob,both of whom are spatially
separated.|ϕ>12canbeexpressedas
|ϕ>12 = (x|00>+y|01>+z|10>+r|11>)12

(1)

wherex,y,zandrareunknownexceptthat
|x|2+|y|2+|z|2+|r|2 =1.

Nowuseoneof16non-maximallyentangled
G state as quantum channel. The 16
non-maximallyentangledGstatescanbedivided
intothefollowingfourgroups:

Group1

|g'1>=a|0000>+b|0101>+
c|1010>+d|1111> (2)

|g'2>=a|0000>+b|0101>-
c|1010>-d|1111> (3)

|g'3>=a|0000>-b|0101>+
c|1010>-d|1111> (4)

|g'4>=a|0000>-b|0101>-
c|1010>+d|1111> (5)

Group2

|g'5>=a|0001>+b|0100>+
c|1011>+d|1110> (6)

|g'6>=a|0001>+b|0100>-
c|1011>-d|1110> (7)

|g'7>=a|0001>-b|0100>+
c|1011>-d|1110> (8)

|g'8>=a|0001>-b|0100>-
c|1011>+d|1110> (9)

Group3

|g'9>=a|0010>+b|0111>+
c|1000>+d|1101> (10)

|g'10>=a|0010>+b|0111>-
c|1000>-d|1101> (11)

|g'11>=a|0010>-b|0111>+
c|1000>-d|1101> (12)

|g'12>=a|0010>-b|0111>-
c|1000>+d|1101> (13)

Group4

|g'13>=a|0011>+b|0110>+
c|1001>+d|1100> (14)

|g'14>=a|0011>+b|0110>-
c|1001>-d|1100> (15)

|g'15>=a|0011>-b|0110>+
c|1001>-d|1100> (16)

|g'16>=a|0011>-b|0110>-
c|1001>+d|1100> (17)

wherethecoefficientsa,b,canddarereal,

|a|2+|b|2+|c|2+|d|2 =1.Sincea,b,c
anddareunknownprobabilisticamplitudesof
thesestates,thesimplestsituationis|a| =
|b|=|c| = |d| =1/2,correspondingto
maximally entangled G states. Generally
speaking,thecoefficientsa,b,candd are
different,and|a|≠|b|≠|c|≠|d|.Without
losinggenerality,assume|a|≤|b|≤|c|≤
|d|.Forothercombinationsoftheinequality,

similarresultscanbeobtained.
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Particles3,4,5,6 arein oneofthe16
non-maximallyentangledGstates.Particles3,4
arewithAliceandthelasttwo5,6withBob.
Fordefiniteness,assumeAliceandBobshare
state|g1>3456.Hence,theinitialjointstateis
|ψ>123456 =|ϕ>12􀱋|g'1>3456 =

(x|00>+y|01>+z|10>+
r|11>)12(a|0000>+
b|0101>+c|1010>+d|1111>)3456 =
(xa|000000>+xb|000101>+
xc|001010>+xd|001111>+
ya|010000>+yb|010101>+
yc|011010>+yd|011111>+
za|100000>+zb|100101>+
zc|101010>+zd|101111>+
ra|110000>+rb|110101>+
rc|111010>+rd|111111>)123456 (18)

AlicemakesGmeasurementsonparticles1,

2,3and4,obtainingwithequalprobabilitiesone
ofthe16maximallyentangledGstates.Then
shesendsBobaclassicalmessagetoinformhim
which maximally entangled G state she
obtained.WithAlice'sclassicalinformationBob
knowsthejointstateinEq.(18)willcollapse
intowhichstate.Allpossible16collapsedstates
arewrittenasthefollowing:

 1234<g1|ψ>123456 = 12
(xa|00>+yb|01>+

zc|10>+rd|11>)56 (19)

1234<g2|ψ>123456 = 12
(xa|00>+yb|01>-

zc|10>-rd|11>)56 (20)

1234<g3|ψ>123456 = 12
(xa|00>-yb|01>+

zc|10>-rd|11>)56 (21)

1234<g4|ψ>123456 = 12
(xa|00>-yb|01>-

zc|10>+rd|11>)56 (22)

1234<g5|ψ>123456 = 12
(xb|01>+ya|00>+

zd|11>+rc|10>)56 (23)

1234<g6|ψ>123456 = 12
(xb|01>+ya|00>-

zd|11>-rc|10>)56 (24)

1234<g7|ψ>123456 = 12
(xb|01>-ya|00>+

zd|11>-rc|10>)56 (25)

1234<g8|ψ>123456 = 12
(xb|01>-ya|00>-

zd|11>+rc|10>)56 (26)

1234<g9|ψ>123456 = 12
(xc|10>+yd|11>+

za|00>+rb|01>)56 (27)

1234<g10|ψ>123456 = 12
(xc|10>+yd|11>-

za|00>-rb|01>)56 (28)

1234<g11|ψ>123456 = 12
(xc|10>-yd|11>+

za|00>-rb|01>)56 (29)

1234<g12|ψ>123456 = 12
(xc|10>-yd|11>-

za|00>+rb|01>)56 (30)

1234<g13|ψ>123456 = 12
(xd|11>+yc|10>+

zb|01>+ra|00>)56 (31)

1234<g14|ψ>123456 = 12
(xd|11>+yc|10>-

zb|01>-ra|00>)56 (32)

1234<g15|ψ>123456 = 12
(xd|11>-yc|10>+

zb|01>-ra|00>)56 (33)

1234<g16|ψ>123456 = 12
(xd|11>-yc|10>-

zb|01>+ra|00>)56 (34)

Accordingto Alice's measuredoutcome,

Bob will perform appropriate unitary
transformationU1 onparticles5,6inorderto
establishacorrespondencesothatthecoefficientsx,

y,zandrcancorrespondto|00>56,|01>56,

|10>56and|11>56,respectively.
SupposethatAlice'smeasuredoutcomeis

|g1>1234,sothecollapsedstateisinEq.(19).
Afterreceiving Alice'sclassicalinformation,

Bobintroducesanauxiliarytwo-stateparticle7
withtheinitialstate|0>7.InorderforBobto
reincarnatetheoriginalstateunderthebasis
{|000>567, |010>567, |100>567, |110>567,

|001>567,|011>567,|101>567,|111>567},a
collectiveunitarytransformationU2onparticles
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5,6,7maytaketheformofthefollowing8×8
matrix,namely

U2 =
A1 A2
A2 -A1

æ

è
çç

ö

ø
÷÷ (35)

whereA1andA2are4×4matrixesandmaybe
writtenas

A1 =diag{a0,a1,a2,a3} (36)

and

 A2 =diag{1-a20, 1-a21,

1-a22, 1-a23} (37)

respectively.Hereai(i=0,1,2,3and|ai|≤1)

dependonthecollapsedstateofparticles5,6.
Ifchoose

 a0 =1,a1 =a/b,a2 =a/c,a3 =a/d (38)

theunitarytransformationU2willtransformthe
state1234<g1|ψ>123456 􀱋|0>7ofparticles5,6,7
into
1
2a
(x|00>+y|01>+z|10>+r|11>)56|0>7+

1
2
(y b2-a2|01>+z c2-a2|10>+

r d2-a2|11>)56|1>7
ThenBobmeasuresparticle7onthebasis

of{|0>,|1>}.Ifhismeasuredoutcomeis
     

|1>6,the teleportation fails.If |0>6 is
obtained,thestatewillbecollapsedinto

(x|00>+y|01>+z|10>+r|11>)56
andtheteleportationissuccessful.

A quantum channelof mixedstatescan
neverprovideteleportationwithfidelity1.The

probabilityofsuccessfulteleportationinthis
schememaybeexpressedbytheprobabilistic

amplitudeof12a
(x|00>+y|01>+z|10>+

r|11>)56as 1
2a

æ

è
ç

ö

ø
÷

2

= 14|a|2,where|a|is

thesmallestoneamongthefourcoefficients'
absolutevalues|a|,|b|,|c|and|d|.
Addingupallthecontributions,theoptimal

probabilityofsuccessfulteleportationisobtained

asP = 14|a|2×16=4|a|2.

For the maximally entangled quantum
channel,|a|=|b|=|c|=|d|=1/2,the
totalsuccessfulprobabilityreachesone.

ThecorrespondingrelationsbetweenAlice's
outcomes, unitary transformation U1 and
coefficientsai (i = 0,1,2,3)oftheunitary
transformationU2aregiveninTab.1.

Tab.1 ThecorrespondingrelationsbetweenAlice'soutcomes,U1andcoefficientsofU2

Alice'soutcomes U1 a0 a1 a2 a3

|g1> [|0><0|+|1><1|]5􀱋 [|0><0|+|1><1|]6 1  a/b  a/c  a/d

|g2> [|0><0|+|1><1|]5􀱋 [|0><0|+|1><1|]6 1  a/b —a/c —a/d

|g3> [|0><0|+|1><1|]5􀱋 [|0><0|+|1><1|]6 1 —a/b  a/c —a/d

|g4> [|0><0|+|1><1|]5􀱋 [|0><0|+|1><1|]6 1 —a/b  a/c —a/d

|g5> [|0><0|+|1><1|]5􀱋 [|1><0|+|0><1|]6 a/b  1  a/d  a/c

|g6> [|0><0|+|1><1|]5􀱋 [|1><0|+|0><1|]6 a/b —1  a/d —a/c

|g7> [|0><0|+|1><1|]5􀱋 [|1><0|+|0><1|]6 a/b  1 —a/d —a/c

|g8> [|0><0|+|1><1|]5􀱋 [|1><0|+|0><1|]6 a/b —1 —a/d  a/c

|g9> [|1><0|+|0><1|]5􀱋 [|0><0|+|1><1|]6 a/c  a/d  1  a/b

|g10> [|1><0|+|0><1|]5􀱋 [|0><0|+|1><1|]6 a/c —a/d  1 —a/b

|g11> [|1><0|+|0><1|]5􀱋 [|0><0|+|1><1|]6 a/c  a/d —1 —a/b

|g12> [|1><0|+|0><1|]5􀱋 [|0><0|+|1><1|]6 a/c —a/d —1  a/b

|g13> [|1><0|+|0><1|]5􀱋 [|1><0|+|0><1|]6 a/d  a/c  a/b  1

|g14> [|1><0|+|0><1|]5􀱋 [|1><0|+|0><1|]6 a/d —a/c  a/b —1

|g15> [|1><0|+|0><1|]5􀱋 [|1><0|+|0><1|]6 a/d  a/c —a/b —1

|g16> [|1><0|+|0><1|]5􀱋 [|1><0|+|0><1|]6 a/d —a/c —a/b  1
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Whenoneoftheother15non-maximally
entangled G states functions as quantum

channel,theteleportationprocessissimilar.

2 Conclusions

A scheme to probabilistically realize

quantumteleportationofanarbitrarybipartite

quantum stateisproposed by using oneof

non-maximallyentangledGstatesasquantum

channelinthispaper.Itisshownthat,forsuch
non-maximallyentangledquantumchannel,the

teleportationcanbesuccessfullyrealizedwitha

certainprobabilitybysender'sGmeasurements
and receiver's appropriate unitary
transformations, introducing an auxiliary

particleandsingle-qubit measurements.Itis

foundthattheprobabilityofsuccessisP =
4|a|2,determinedbythesmallestoneamong
thefourcoefficients'absolutevalues|a|,|b|,

|c|and|d|.When|a|=|b|=|c|=|d|=
1/2,thetotalprobabilityequalsone.
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借助于推广Bell态实现两体量子态隐形传态

曹 海 静*1, 陈 中 华1, 朱 燕 艳1, 宋 鹤 山2

(1.上海电力学院 直属数理系,上海 201300;

2.大连理工大学 物理与光电工程学院,辽宁 大连 116024)

摘要:两比特量子隐形传态的实现直接关系到量子计算机的实现,因此提出一个任意两比

特量子态的隐形传态方案,发送者能成功地将此量子态几率地传送给接收者.此方案中,16

个推广的非最大纠缠Bell态(简称G态)之一充当量子信道.发送者通过实行推广的Bell态

测量(G态测量),接收者通过引入一个辅助粒子并实施适当的么正变换和单粒子测量,能将

此任意两比特量子态以一定的几率发送给接收者.此种隐形传态方案的成功几率由量子信道

系数绝对值的最小值所决定.

关键词:隐形传态;推广Bell态;辅助粒子;么正变换
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