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A Scheme of Bidirectional Quantum Controlled Teleportation via Six-qubit
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Abstract ;

property of six-qubit maximally entangled state was presented. In the theoretical scheme, the six-

A bidirectional quantum controlled teleportation scheme using the entanglement

qubit maximally entangled state was employed as the quantum channel linking three legitimate
participants. Users were both sender and receiver. Alice transmitted an arbitrary single qubit
state of qubit a to Bob and Bob transmitted an arbitrary single qubit state of qubit b to Alice via

the control of the supervisor Charlie. Users carried out the Bell state measurements on their own

particles and publicly announced their measurement results via a classical channel.

operated proper unitary transformation on their own particles, respectively.

Then they
The bidirectional

quantum controlled teleportation was successfully realized.
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0 Introduction

Quantum teleportation is a prime example of a
quantum information processing task, where an
unknown state can be perfectly transported from
one place to another by using previously shared

entanglement and classical communication between

the sender and the receiver. Since the first creation
of quantum teleportation protocol by Bennett''),
research on quantum teleportation has attracted
much attention both in  theoretical and
experimental aspects in recent years due to its
important applications in quantum calculation and
Several

quantum communication. experimental
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implementations of teleportation have been

of quantum
4-14]

reported” * and some schemes

teleportation have also been presented"
However, the success of these protocols relies
largely on the quality of the shared entanglement
as well as the performance of clean projective
measurements, and for real circumstance, the
considered system unavoidably interacts with its
surroundings and therefore induce decoherence and
degradation of entanglement, for which fidelity of
quantum teleportation may be reduced, see, e. g. ,
Refs[ 15-20 ] for several typical works along this
line of research.

In this paper, we presented a scheme of
bidirectional quantum controlled teleportation in

which a

quantum channel initially shared by the sender

six-qubit maximally entangled state
(receiver) Alice, Bob and supervisor Charlie.
Suppose that Alice has a particle in an unknown
state, she wants to transmit the state of particle a
to Bobj; at the same time, Bob has particle b in an
unknown state, he wants to transmit the state of
particle 6 to Alice. We showed that the original
state of each qubit can be restored by the receiver
as long as sender Alice (Bob) makes a C-not
measurement and Bell-state measurements on the
sender’s side and operates an appropriate unitary
transformation on the receiver’ s side with the

cooperation of the supervisor Charlie.

1 Bidirectional
teleportation

quantum controlled

Assume that the quantum channel of the proposed
bidirectional quantum controlled teleportation can

be denoted as follow
|¢>12345<;:%( |000000)+]000111)—[001001)+
[001110>+1]010100— |010011>+]011010) +

|011101>+1100101>—1]100010)—]101011) —
1101100» 4+ [110001)+[110110+ [111000) —
[111111)) 125456 (@)
Now we consider that Alice, Bob and Charlie
hold qubits (1,2); (3,4); (5,6), respectively.

Thus the entangled channel can also be written

(72

| @) a,a,8,8,¢, :%(\OOOOOO>—|—\000111>*

|001001)+[001110)+ 010100 — [010011) +
1011010>+[011101)+[100101) — [100010) —
1101011) —[101100) +[110001) 4 [110110) +
[ 1110000 — [111111)) 4 4,8, 8, ¢, (2
Suppose that Alice has particle @ in an unknown
state
o= C(ay |00 +ai [ 1)),
And that Bob has particle 4 in an unknown state
[0 =C(bo [0)+b, 1)),
Alice wants to transmit the state of particle a to
Bob, at the same time, Bob wants to transmit the
state of particle 6 to Alice. Hence, the joint state

of the whole system can be expressed as

|</J>.\: ‘X>u®‘x>h® | §0>A1A23132(?1(72 =(a,0)+
a1 1), (B, 1045, | 1),@-(1000000) +

|000111)—1[001001)+ 001110y +]010100) —
[010011)+1]011010)+|011101)+|100101) —
1100010 —[101011)> —[101100) 4 |110001) +
‘110110>+|111000>_‘111111>>A1AZB]152(71('2 3)
To achieve the purpose of bidirectional controlled
teleportation task, firstly, Bob needs to perform a
unitary transformation Uslsz on particles BB,

which can be expressed as the following matrix

1 00 0
01 0 0
Uy s = 4
Bl 0 0 —1 “
00 1 0

Then, we have

‘¢/>.\:U8182 ‘t/1>.\: |X>u®|x>h®U3132 |§0>AIAZBIBZ(,‘1(,‘Z =(ag[0)Fa; [1)),(bg [0 46, [1)),&
%( [000000) 4+ [000111) —[001101>—[001010>+[010100) — |010011)>+ [011110) — [011001) +

1100101) — 100010 — [101111) + | 101000) + [ 110001 4 [ 1101105+ [ 111100) + [ 111011)) 4 4,5, 1,

c,

212

%[aobo( | 00000000+ [00000111> —]00010101) —[00010010) + [00100100) — [00100011) +

[00110110) —[00110001) =+ [01000101) — [01000010> — [01010111) +[01010000> + 01100001 +
1011001107 +[01110100) + | 011100117 ) ea, a, 5,3, ¢, ¢, Fa0by (/00001000 +|00001111) —

[00011101) — [00011010) 4 [00101100) — [00101011) 4 [00111110> —[00111001)+[01001101) —
101001010> —[01011111) +[01011000) 4 [01101001) +-[01101110) 4 [01111100) +
[01111011) ) 0a, A, 5,18, ¢, ¢, a1 by (| 10000000) 4 10000111) — [10010101) — [ 10010010) + | 10100100) —
[10100011)+ [10110110> — [10110001) 4 [11000101)> — [11000010) — [11010111>+ | 11010000 +
[11100001) 4= [11100110) + [ 11110100) + [ 11110011 ) 4a, a, 3,08, ¢, ¢, a1 by ([ 10001000) 4 [10001111) —

2
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[10011101Y—1]10011010>+[10101100>—]10101011>+ 10111110 —]10111001>+ 11001101 —
[11001010)— [11011111>+|>[11011000)+ |11101001>+|11101110>+]11111100) +

1111101104405

) bB,C, C, ]

1

(5

Secondly, Alice has to perform Bell state
measurements on her qubit pairs (a, A;), where
|g02A1 »(1=1,2,3,4) are Bell states
1

\¢iA,>:ﬂ<|oo>+|11>>
1

| @ia, > =-=C100)—[11))
1 N/?
1

lgia, ) =-—=Cl01>+[10))
1 \/?

| ua, >:%< |01y —1[10))

Then she will inform Bob and Charlie of the result
of the measurement by the classical channel.
Without loss of generality, we assume that the
outcome of Alice' s measurement is | SDiAl >, the
state of A, B,b6B,C,C, will collapse into Eq. (6)
qre _ 1
|7, Vo
1010101)—1[010010>+[100100> — [100011) +
[110110) — [1100017) 4, 5,413, ¢, ¢, a0y (1001000 +
1001111 —[011101>—[011010) +[101100) —
[101011) 4 [111110) — [111001) ) a, 5,1, ¢,c, T
a1b, (1000101)— 1000010y — |010111) +
1010000+ [100001) + 100110 4| 110100) +
[ 1100110 4, 5,0, ¢, ¢, Taiby (]001101) —
[001010)—[011111>+[011000)+ [101001) +
11011105+ [111100) + [ 111011 4 5 s5,c,c, ] (6)
Thirdly, Bob has to perform Bell state
measurements on his qubit pairs (b, B,), where

lgis, » (j=1.2,3,4) are Bell states,

[aob, (|000000)+|000111) —

\go,{32>:i<\oo>+\11>)

1
VZ

We also assume that the outcome of Bob's

| gis, > =—=([01)—[10))

measurement is | g, )+ the state of A, B,C,C, will

collapse into Eq. (7)
|¢}’\50},Al >~\¢/1,152> >»\:%[a0[)0( | 0000) — ‘0110>*

‘1011>* | 1101>)‘4231(‘1(72 +aobl (‘0011>7 ‘0101>+

110005+ [1110)) 4, 5,¢,¢, Taibo (—[0010) +
10100) 4+ 11001) + [1111)) 4,5, ¢, ¢, +

ay b, (10001)—10111)+411010) +
‘1100>)A281(‘1(‘2] 7
Charlie

. . . .
Neumann measurement on his qubits. if Charlie's

Subsequently, performs a Von
Von Neumann measurement result is \OO>(<1(¢) , the

state of A, B, will collapse into Eq. (8)
‘ (/)/‘S;‘iAI >"(F’I’Bz 2100, >,\-:%(a0 | 0)+

ar [ 1)) (b [0+ [1)) 4, (&)
Alice and Bob need to carry out the local unitary
operation IAz (8131 . After doing those operations,
Bob and Alice can successfully reconstruct the
Thus the

bidirectional quantum controlled teleportation is

original unknown single qubit state.

successfully realized.
For the

measurement results performed by Alice on her

other cases, the relation of
qubits (a.A;) and performed by Bob on his qubits
(b, B,) with the corresponding collapsed state of
particle A; B, is summarized in the Table 1, In the
transformations

meantime, the corresponding

performed by Alice and Bob is also given in the

V2
] Table 1.
| i, >:«/7§( 100> —[11)) According to measurement results by Alice,
] Bob and Charlie, Alice and Bob operate an
| gis, >:\/€( [01)+110)) appropriate unitary transformation. The
Table 1 The collapse states of particles A, B, and the corresponding transformations
performed by Alice and Bob on qubits A, and B,
o S g e Operation of TR A Operation of
’ Fahy 9B, T 1TC Cy ) . FaA| BB,y 1 C Cy ) )

" g TG, Alice and Bob |# ™ ™G, Alice and Bob
i=1,j=1 %(mj [0)Far [ 1)y (b [00+6 1), s, Oy, %(*ag 100 Far [ 1) (b [1D =01 100, ioa,,Qon, -
i=1,i=2 (a0 Fa [ 1)y, B[00 =b 11D, 03, @ls, (—ay [00+ay |15 Gy | D+, 1000y, o1, Qo
i=1,j=3 (a0 Fa |1y B D46 100, o0, Ly 4 [0 =a | D)y GolO—=b 10y, 01, B0
i=1,j=4 L a0y +a (1) b [ D=0 100, ioa, @y L0y —a 1)), (b [0) 401 [ 1)) 4, I, Qo -

8 8
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i=2,j=1 (a0 =ar |15 o [0 +b110a, 10, @0s- = (—ay|0)=ar |15, o[ =61 100, 02, Ol
. 1 1
1:2,]*2 §(00|O>7(11|1>)Bl (170|O>*/71‘1>)A2 0'.42:®0'“1: @(7610|0>7(11|1>>31 (170|1>+/71‘O>)A2 UAZJ'®IHI
. 1 1
i=2,j=3 (a0 —ar |15 o [D+b 1004, 04, Qon- 2= (an [0)Far [ 1), (bo[0) =01 [ 1)), o1, 1,
. 1 . 1
i=2,j=4 g(aolo>*al|1>)g1 (b [ 1Y =0y 1004, i64,y Qo « g(ao\o>+al\1>)3| (Do [0y +01 [1))4, Iy, I,
. 1 . .
1=3,j=1 g(a0|1>+a1|0>)31(/70|O>+/)1\1)),«2 I/\Z®0'Hl.x g(aoH)*a]\O})Bl (/)0\1>*/}1\0>)A2 lo‘/\z.v@ldﬂly
. 1 1 .
i=3,j=2 §(£10|1>—|-al|0>)31 (/70|O>*/71\1>)A2 G/x2:®lflslf @(dﬂl)*al\m)gl (bo\l>+/)1\0>)/\2 0.424@101@1,»'
e 1 .
i=3,j=3 g(aOIO)*a]|1>)1;1(/JO|1>+/)1\O))A2 5/\24®0'H|.1 g(*a0|l>+a1|0>)1;1 (/70|0>*/)1\1>)A2 6,42:®zaﬁly
. . 1 . 1 .
i=3,j=4 g(aOID—!—allO))B1 (Do [ 1Y =0y [0))4, ioa, Qo . @(7610|1>+01|0>>31 (Do [0y +0y 1104, 1, Qiop,
. . 1 . 1 .
i=4,j=1 g(a()Il)*a]|O>)B1(/JO|O>+/)1\1)),«2 IAZ®16151,V @(a0\1>+a1\0>)31 (/10\1>*111\0>)A2 161\2,\‘®63|.(
. . 1 . 1
i=4,;=2 g(aOID*a]lO))B1 (b0|0>*b1\1>)A2 G/\2:®16111y @(do‘l>+a1‘0>)yl (bo\l>+b1\0>)/\z GAZ‘:@UI:IJ»
i=4,j=3 o (a | D=ar[0)s by [D+b100),, oa,Qiop, 5 (a0 1D Far 1005 (—by [0)+b1 1)), oa,-Qop, .
R 1 . . I
i=4.j=4 g Ca | D=ar |05 b |1 —=bi [0, ioa,Qiop, 5 (@l D Far 005 (—by [0) =6y [ 1)), 2, Qo
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