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Abstract We propose a new protocol of bidirectional and asymmetric quantum con-
trolled teleportation, using a maximally eight-qubit entangled state as the quantum
channel. We compared the aspects of quantum resource consumption, operation com-
plexity, classical resource consumption, quantum information bits transmitted and
efficiency with other schemes.
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1 Introduction

Quantum information theory as a new discipline has been attracted great attention
both in theoretical and in experimental aspects in recent years. Since Bennett et al. [1]
presented the creative protocol of quantum teleportation (QT) through an entangled
channel of Einstein–Podolsky–Rosen (EPR) pair between the sender and the receiver
in 1993, many theoretical protocols of quantum teleportation have been presented
[2–11], and a number of experimental implementations [12–15] of teleportation have
been reported.

As discussed in Ref. [16] for the bidirectional QT scheme, Alice andBob can simul-
taneously send an unknown quantum state each other after performing an appropriate
unitary operator. And the bidirectional QT can be used to implement a quantum remote
control or a nonlocal quantum gate, where Alice can transmit an arbitrary single-qubit
state of qubit A to Bob and Bob can also transmit an arbitrary single-qubit state of
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qubit B to Alice. Recently, Zha et al. [17] reported tripartite schemes for bidirectional
controlled QT by using different five-qubit states as the quantum channel. On the other
hand, when Charlie is boss and Alice and Bob are his subordinates who are semihon-
est, Alice and Bobmay require to implement the quantum remote control for a specific
task. In this case, Alice and Bob are allowed to implement the quantum remote control
only when Charlie permits them to do so. After that, BQCT has aroused great atten-
tion; meanwhile, some BQCT protocols have been devised based on different kinds
of entangled states [18–22].

In this paper, according to BQCT, we present a scheme of bidirectional and
asymmetric quantum controlled teleportation (BAQCT) via maximally eight-qubit
entangled state. At the same time, we will reveal the advantage of BAQCT from the
quantum resource consumption, operation complexity, classical resource consump-
tion, success probability and efficiency.

The paper is structured as follows: In Sect. 2, we briefly introduce the maximally
eight-qubit entangled state. In Sect. 3, we present a scheme of BAQCT. In Sect. 4, we
show important features of BAQCT about security and compare other protocols from
the five aspects: the consume of quantum resource, the difficulty or intensity of neces-
sary operations, the consume of classical resource, quantum information bits transmit-
ted and the intrinsic efficiency of the schemes. Finally,we conclude the paper in Sect. 5.

2 Eight-qubit maximally entangled state

In 2013, Zha et al. [23] present a generalized criterion for maximally entangled states
of 2–8. In this theory, the eight-qubit maximally entangled state can be described as
follows

|ψM 〉 = 1

8
[(|0000〉 + |0011〉 − |1101〉 + |1110〉)1278 × (|0000〉 + |0111〉

− |1001〉 + |1110〉)3456 + (−|0001〉 + |0010〉 + |1100〉 + |1111〉)1278
×(|0001〉 + |0110〉 + |1000〉 − |1111〉)3456 + (|0100〉 − |0111〉
+ |1001〉 + |1010〉)1278 × (−|0011〉 + |0100〉 + |1010〉 + |1101〉)3456
+ (|0101〉 + |0110〉 + |1000〉 − |1011〉)1278 × (−|0010〉 + |0101〉
− |1011〉 − |1100〉)3456] (1)

It can be obtained that K = 0, and therefore, the state is a maximally eight-qubit
entangled state. The purity of an arbitrary nA = 4 qubit reduced subsystem can be
calculated as

π1236 = 1

4
, π1245 = 1

4
, π1278 = 1

4

π1347 = 1

8
, π1358 = 1

8
, π1468 = 1

8

π1567 = 1

8
, πi jkl = 1

16
i jkl = 1234, 1235, . . . , 1678. (2)
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The eight-qubit MMES discovered here has many advantages in teleportation and
dense coding applications. In Eq. (2), we can see that there are many subsystems that
are completely mixed, so it is very convenient to distribute four qubits to Alice and
the other four to Bob, while such a distribution must be elaborate with the GHZ and
other states that are usually used.

3 Bidirectional and asymmetric quantum controlled teleportation

Our scheme can be described as follows. Suppose Alice has an arbitrary single qubit
a in a unknown state, which is described by

|ϕa〉 = α|0〉 + β|1〉 (3)

where α, β are arbitrary complex numbers and satisfy |α|2 + |β|2 = 1, while Bob has
qubit b1b2 in an unknown state

|ϕb1b2〉 = a|00〉 + b|01〉 + c|10〉 + d|11〉 (4)

with |a|2+|b|2+|c|2+|d|2 = 1. Alice, Bob and Charlie share a maximally entangled
tripartite eight-qubit state. The qubits 1, 3 and 5 belong to Alice, while qubits 7 and 8
belong to Charlie and qubits 2, 4 and 6 belong to Bob, respectively. We assume that
the quantum channel is safe. The quantum channel can be rewritten as

|ψ〉A1A2A3B1B2B3C1C2 = (|000000〉 + |001011〉 − |010001〉 + |011010〉
+ |100101〉 + |101110〉 + |110100〉 − |111111〉
− |001101〉 + |000110〉 + |011100〉 + |010111〉
− |101000〉 + |100011〉 − |111001〉 − |110010〉)|00〉
− (|100100〉 − |101111〉 + |110101〉 − |111110〉
− |000001〉 − |001010〉 − |010000〉 + |011011〉
− |101001〉 + |100010〉 + |111000〉 + |110011〉
− |001100〉 + |000111〉 − |011101〉 − |010110〉)|01〉
+ (|100100〉 + |101111〉 − |110101〉 + |111110〉
+ |000001〉 + |001010〉 + |010000〉 − |011011〉
− |101001〉 + |100010〉 + |111000〉 + |110011〉
− |001100〉 + |000111〉 − |011101〉 − |010110〉)|10〉
+ (|000000〉 + |001011〉 − |010001〉 + |011010〉
+ |100101〉 + |101110〉 + |110100〉 − |111111〉
+ |001101〉 − |000110〉 − |011100〉 − |010111〉
+ |101000〉 − |100011〉 + |111001〉 + |110010〉)|11〉 (5)
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The initial state of the total system can be written as

|ψS〉 = |ϕa〉 ⊗ |ϕb1b2〉 ⊗ |ψ〉A1A2A3B1B2B3C1C2 (6)

In order to realize bidirectional and asymmetric quantum controlled teleportation,
Bob performs an unitary operator on qubits B1, B2 and B3. The unitary transformation
UB1B2B3 is given by

UB1B2B3 =

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

1 0 0 0 0 0 1 0
0 0 0 −1 0 1 0 0
0 1 0 0 0 0 0 −1
0 0 1 0 1 0 0 0
0 0 0 1 0 1 0 0
1 0 0 0 0 0 −1 0
0 0 1 0 −1 0 0 0
0 −1 0 0 0 0 0 −1

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

(7)

Therefore, the state of the total system becomes

|ψS〉 = |ϕa〉|ϕb1b2〉[(|000000〉 − |001001〉 + |100100〉 − |010010〉 + |011011〉
− |101101〉 − |110110〉 + |111111〉)|00〉 + (|100110〉 + |101111〉
+ |110100〉 + |111101〉 − |000010〉 − |001011〉 − |010000〉 − |011001〉)
⊗ |01〉 + (|100011〉 − |101010〉 − |110001〉 + |111000〉 − |000111〉
− |001110〉 + |010101〉 − |011100〉)|10〉 + (|000101〉 + |001100〉
+ |010111〉 + |011110〉 + |100001〉 + |101000〉 + |110011〉
+ |111010〉)|11〉]A1A2A3B1B2B3C1C2 (8)

Then, Alice performs a Bell-state measurement on particles (a, A1) and broadcasts
her measurement result via a classical channel. At the same time, Bob carries out a
four-qubit Von Neumann measurement on particles (b1b2B2B3) and broadcasts his
measurement result via a classical channel. The Bell states are given by:

{|φi j 〉, i, j ∈ {0, 1}}
|φi j 〉 = 1√

2
σ i
A1x

(|00〉 + (−1) j |11〉)aA1 , (9)

and the four-qubit Von Neumann measurement (|φmnpq〉) is given by

|φ0000〉 = 1

2
(|0000〉 + |0101〉 + |1010〉 + |1111〉)b1b2B2B3

|φ00pq〉 = σ
p
b1z

σ
q
b2z

|φ0000〉b1b2B2B3 m, n, p, q ∈ {0, 1} (10)

|φ0100〉 = 1

2
(|0001〉 + |1011〉 + |0100〉 + |1110〉)b1b2B2B3

|φ01pq〉 = σ
q
b2z

σ
p
B2z

|φ0100〉b1b2B2B3 (11)

123



Bidirectional and asymmetric quantum controlled… 3839

Table 1 The outcomes of measurement performed by Alice and Bob, the state of qubits
(B1, A2, A3,C1,C2)

Alices result Bob’s result The state of qubits (B1, A2, A3,C1,C2)

|φ00〉aA1 |φ0000〉b1b2B2B3 |ζ 00,0000〉B1A2A3C1C2

|φ00〉aA1 |φ0001〉b1b2B2B3 |ζ 00,0001〉B1A2A3C1C2

|φ00〉aA1 |φ0010〉b1b2B2B3 |ζ 00,0010〉B1A2A3C1C2

|φ00〉aA1 |φ0011〉b1b2B2B3 |ζ 00,0011〉B1A2A3C1C2

|φ01〉aA1 |φ0100〉b1b2B2B3 |ζ 01,0100〉B1A2A3C1C2

|φ01〉aA1 |φ0101〉b1b2B2B3 |ζ 01,0101〉B1A2A3C1C2

|φ01〉aA1 |φ0110〉b1b2B2B3 |ζ 01,0110〉B1A2A3C1C2

|φ01〉aA1 |φ0111〉b1b2B2B3 |ζ 01,0111〉B1A2A3C1C2

|φ10〉aA1 |φ1000〉b1b2B2B3 |ζ 10,1000〉B1A2A3C1C2

|φ10〉aA1 |φ1001〉b1b2B2B3 |ζ 10,1001〉B1A2A3C1C2

|φ10〉aA1 |φ1010〉b1b2B2B3 |ζ 10,1010〉B1A2A3C1C2

|φ10〉aA1 |φ1011〉b1b2B2B3 |ζ 10,1011〉B1A2A3C1C2

|φ11〉aA1 |φ1100〉b1b2B2B3 |ζ 11,1100〉B1A2A3C1C2

|φ11〉aA1 |φ1101〉b1b2B2B3 |ζ 11,1101〉B1A2A3C1C2

|φ11〉aA1 |φ1110〉b1b2B2B3 |ζ 11,1110〉B1A2A3C1C2

|φ11〉aA1 |φ1111〉b1b2B2B3 |ζ 11,1111〉B1A2A3C1C2

|φ1000〉 = 1

2
(|0010〉 + |1000〉 + |0111〉 + |1101〉)b1b2B2B3

|φ10pq〉 = σ
p
b1z

σ
q
B3z

|φ1000〉b1b2B2B3 (12)

|φ1100〉 = 1

2
(|0011〉 + |1001〉 + |0110〉 + |1100〉)b1b2B2B3

|φ11pq〉 = σ
p
b1z

σ
q
b2z

|φ1100〉b1b2B2B3 (13)

The outcomes of measurement performed by Alice and Bob, and the corresponding
collapse state of qubits B1, A2, A3,C1 and C2 are shown in Table 1 (there are sixty-
four results and only sixteen of them to be shown).

For example, if Alice’s measurement outcomes are |φ00〉 , Bob’s measurement
outcomes are |φ0000〉 , the collapsed state of qubits A2, A3, B1,C1 and C2 is given by

|ζ 00,0000〉 = (α|0〉 + β|1〉)B1(a|00〉 − b|01〉 − c|10〉 + d|11〉)A2A3

⊗ |00〉C1C2 + (−α|0〉 + β|1〉)B1(a|10〉 + b|11〉 + c|00〉
+ d|01〉)A2A3 |01〉C1C2 + (−α|1〉 + β|0〉)B1(a|11〉
− b|10〉 − c|01〉 + d|00〉)A2A3 |10〉C1C2 + (α|1〉
+β|0〉)B1(a|01〉 + b|00〉 + c|11〉 + d|10〉)A2A3 |11〉C1C2 (14)
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Next, Charlie needs to perform a two-qubit von Neumann measurement on qubits
(C1,C2), and then, he sends the result of his measurement to Bob and Alice. The
two-qubit von Neumann measurement is given by

{|μlk〉, l, k = {0, 1}}, |μlk〉 = |lk〉 (15)

By combining information from theCharlie, Alice andBob can perform appropriate
unitary operations on particles A2, A3 and B1, respectively, to reconstruct the original
unknown state. The outcomes of measurements performed by Alice, Bob and Charlie
and the corresponding Alice and Bob’s operation are shown in Table 2 (there are 256
results and only forty of them related to Table 1 are shown). For example, if Alice’s
measurement outcome is |φ00〉aA1 , Bob’s measurement outcome is |φ0000〉b1b2B2B3 ,
Charlie’s result is |11〉C1C2 , and consequently, the collapsed state of qubits A2, A3 and
B1 will be

|η〉B1 = (α|1〉 + β|0〉)B1
|η〉A2A3 = (a|01〉 + b|00〉 + c|11〉 + d|10〉)A2A3 (16)

Carefully analyzing Table 2, we have, for any possible outcomes |ξ i j,mnpq,lk〉, come
up with the general formulae for RA

A2A3
and RB

B1
as

RB
B1 = σ i⊕l

x σ
j⊕k⊕l
z

RA
A2A3

= (σ
p⊕k⊕1
z σ k⊕l⊕m

x )A2 ⊗ (σ
k⊕1⊕q
z σ l⊕n

x )A3 (17)

4 Discussions and comparisons

Now let us turn to some brief discussions on our schemes. As communication protocol,
their securities should be assured. Actually, controlled teleportation equals to quantum
state sharing [24–28]. In our scheme, we have assumed in advance that quantum
channels are assumed secure. It is the precondition of our schemes. As a matter of
fact, the present quantum channels are very similar to those in Refs. [29–31] to some
extent. Whether they are disturbed during the qubit distribution can be easily checked
by using the mature sampling technique. In this case, any outsiders perturbation can
be detected. Moreover, there have been some other strategies [32–34] for preventing
any insiders cheating, which are applicable for our schemes, too. For simplicity, here
we do not repeat them anymore.

We consider the feasibility of this scheme in experiment. It is found that the neces-
sary local unitary operation in the protocol contains three-qubit unitary operation and
single-qubit operation, the employed measurement includes Bell-state measurement,
two-qubit and four-qubit von Neumann measurement. It is well known that Bell-state
measurements can be decomposed into an ordering combination of a single-qubit
Hadamard operation and a two-qubit CNOT operation as well as two single-qubit
measurements. Up to now, the progress of Bell-state measurement and the single-
qubit unitary operation in experiment in various quantum systems [12,35–37] has
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Table 2 The outcomes of measurements performed by Alice, Bob and Charlie and the corresponding Alice
and Bob’s operation

Alice and Bob’s results Charlie’s results Alice and Bob’s operations

|φ00〉aA1 |φ0000〉b1b2B2B3 |μ00〉C1C2 σA2z σA3z ⊗ I

|μ01〉C1C2 σA2x ⊗ −σB1z

|μ10〉C1C2 iσA2y iσA3y ⊗ −iσB1y

|μ11〉C1C2 σA3x ⊗ σB1x

|φ00〉aA1 |φ0001〉b1b2B2B3 |μ00〉C1C2 σA2z ⊗ I

|μ01〉C1C2 σA2x σA3z ⊗ −σB1z

|μ10〉C1C2 iσA2y σA3x ⊗ −iσB1y

|μ11〉C1C2 iσA3y ⊗ σB1x

|φ00〉aA1 |φ0010〉b1b2B2B3 |μ00〉C1C2 σA3z ⊗ I

|μ01〉C1C2 iσA2y ⊗ −σB1z

|μ10〉C1C2 σA2x iσA3y ⊗ −iσB1y

|μ11〉C1C2 σA2z σA3x ⊗ σB1x

|φ00〉aA1 |φ0011〉b1b2B2B3 |μ00〉C1C2 I ⊗ I

|μ01〉C1C2 iσA2y σA3z ⊗ −σB1z

|μ10〉C1C2 σA2x σA3x ⊗ −iσB1y

|μ11〉C1C2 σA2z iσA3y ⊗ σB1x

|φ01〉aA1 |φ0100〉b1b2B2B3 |μ00〉C1C2 σA2z iσA3y ⊗ σB1z

|μ01〉C1C2 σA2x σA3x ⊗ −I

|μ10〉C1C2 iσA2y σA3z ⊗ −σB1x

|μ11〉C1C2 I ⊗ iσB1y

|φ01〉aA1 |φ0101〉b1b2B2B3 |μ00〉C1C2 σA2z σA3x ⊗ σB1z

|μ01〉C1C2 σA2x iσA3y ⊗ −I

|μ10〉C1C2 iσA2y ⊗ −σB1x

|μ11〉C1C2 σA3z ⊗ iσB1y

|φ01〉aA1 |φ0110〉b1b2B2B3 |μ00〉C1C2 iσA3y ⊗ σB1z

|μ01〉C1C2 iσA2y σA3x ⊗ −I

|μ10〉C1C2 σA2x σA3z ⊗ −σB1x

|μ11〉C1C2 σA2z ⊗ iσB1y

|φ01〉aA1 |φ0111〉b1b2B2B3 |μ00〉C1C2 σA3x ⊗ σB1z

|μ01〉C1C2 iσA2y iσA3y ⊗ −I

|μ10〉C1C2 σA2x ⊗ −σB1x

|μ11〉C1C2 σA2z σA3z ⊗ iσB1y

|φ10〉aA1 |φ1011〉b1b2B2B3 |μ00〉C1C2 σA2x ⊗ σB1x

|μ01〉C1C2 σA2z σA3z ⊗ iσB1y

123



3842 D. Zhang et al.

Table 2 continued

Alice and Bob’s results Charlie’s results Alice and Bob’s operations

|μ10〉C1C2 σA3x ⊗ σB1z

|μ11〉C1C2 iσA2y iσA3y ⊗ I

|φ11〉aA1 |φ1111〉b1b2B2B3 |μ00〉C1C2 σA2x σA3x ⊗ iσB1y

|μ01〉C1C2 σA2z iσA3y ⊗ σB1x

|μ10〉C1C2 I ⊗ I

|μ11〉C1C2 iσA2y σA3z ⊗ σB1z

Table 3 Comparison between five protocols

S QRC NO CRC QIBT η

S Six-Q MES 2 BSM, 2 SM, two QUO 6 2 1/6

D Seven-Q MES 2 BSM, 3 SMtwo QUO 7 2 1/7

C Six-Q ES 2 BSM, 2 SM 6 2 1/6

Y Six-Q CS 2 CONT, 6 SM, 6 2 1/6

Our Eight-Q MES BSM, four-Q VNM, three QUO, 2 SM 8 3 3/16

The SDCY, in turn, on behalf of Ref. [19–22]. The intrinsic efficiency of the communication scheme is
defined [38] as η = qs/(qu + bt ), where qs is the number of qubits that consist of the quantum information
to be exchanged, qu is the number of the qubits which are used as the quantum channel (except for those
chosen for security checking), bt is the classical bits transmitted
QRC quantum resource consumption, NO necessary operations, BS Brown state, CS cluster state, CRC
classical resource consumption, BSM Bell-state measurement, SM single-qubit measurement,QIBT quan-
tum information bits transmitted, Q qubit, MES maximally entangled state, UO unitary operation, PM
projection measurement, VNM von Neumann measurement, QCPG quantum controlled phase gate, CNOT
controlled-NOT operation

been reported. In addition, the maximally eight-qubit entangled state and four-qubit
von Neumann measurement in our scheme have not been reported in experiment, but
when combined with the advances in quantum information technology, we hope that
our scheme will be implemented in the future.

Now let us make some comparisons among our scheme and other schemes [19–22].
Comparisons are made from the five aspects, namely the quantum resource consump-
tion, the necessary operation complexity including operation difficulty and intensity,
the classical resource consumption, transmitted quantum information bits and the
intrinsic efficiency. They are summarized in Table 3.

From Table 3, one can see that the quantum resource consumptions in S, C and Y
schemes are equal. As for their operation complexities, they are almost same except
that the two-qubit unitary operation in the S scheme is more difficult than the single-
qubit operation in C and Y schemes. In addition, the quantum resource consumption,
quantum information bits transmitted and efficiency are equal in S, C and Y schemes.
Comparison with the D scheme, S, C and Y schemes have consumed fewer quantum
and classical resources, and possessed higher intrinsic efficiency. In all, the Y scheme
is more optimal and economic. Comparing the Y scheme with our scheme, we will be
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readily to see the following three differences: (1) the quantum resource consumption in
the Y scheme is less than it in our scheme; (2) the operation complexity in our scheme
is more difficult than the Y scheme; and (3) the remarkable advantages in our scheme
transmit more quantum information bits and possess higher intrinsic efficiency. In this
sense, our scheme is better for bidirectional quantum controlled teleportation.

At last, comparing our scheme with Ref. [18], our protocol exploits the eight-
qubit maximally entangled state as quantum channel which can improve greatly the
security of the scheme. If the quantum channel is not safe, the probability that the
eavesdropper simultaneously gets the right information of Alice and Bob’s is 1/256,
Ref. [18] is 1/128. What is more, we consider a situation in which there are two
controllers (i.e., Charlie1 and Charlie2). In this circumstance, the BAQCT can be
completed successfully if and only if every controller carries out proper single-qubit
von Neumann measurement on corresponding particle, respectively.

5 Conclusion

In summary, we have proposed a theoretical scheme for bidirectional and asymmet-
ric quantum controlled teleportation. In our scheme, eight-qubit maximally entangled
state is considered as the quantum channel, while Alice and Bob are not only senders
but also receivers. We have analyzed the scheme security and feasibility. Finally, we
have compared our scheme with other schemes on quantum and classical resource
consumptions, operation complexities, quantum information bits transmitted and effi-
ciencies. We think our scheme is better than other schemes.

Acknowledgments This work was supported by the Natural Science Basis Research Plan in Shanxi
Province of China (Grant No. 2013JM1009) and Innovation Fund of graduate school of Xian University
116 of Posts and Telecommunications under Contract No. ZL 2013-41.

References

1. Bennett, C.H., Brassard, G., Crepeau, C.: Teleporting an unknown quantum state via dual classical and
Einstein–Podolsky–Rosen channels. Phys. Rev. Lett. 70, 1895–1899 (1993)

2. Yu, K.F., Yang, C.W., Liao, C.H.: Authenticated semi-quantum key distribution protocol using bell
states. Quantum Inf. Process. 13(6), 1457–1465 (2014)

3. Deng, F.G., Li, X.H., Zhou, H.Y.: Efficient high-capacity quantum secret sharing with two-photon
entanglement. Phys. Lett. A 372(12), 1957–1962 (2008)

4. Gao, T., Yan, F.L., Li, Y.C.: Optimal controlled teleportation via several kinds of three-qubit states.
Sci. China Ser. G Phys. Mech. Astron. 51(10), 1529–1556 (2008)

5. Yan, F., Wang, D.: Probabilistic and controlled teleportation of unknown quantum states. Phys. Lett.
A 316(5), 297–303 (2003)

6. Deng, F.G., et al.: Symmetric multiparty-controlled teleportation of an arbitrary two-particle entangle-
ment. Phys. Rev. A 72, 022338 (2005)

7. Zhang, Z.J.: Controlled teleportation of an arbitrary n-qubit quantum information using quantum secret
sharing of classical message. Phys. Lett. A 352, 55–58 (2006)

8. Lance, A.M.: Tripartite quantum state sharing. Phys. Rev. Lett. 92, 177903 (2004)
9. Yan, F.L., Yan, T.: Probabilistic teleportation via a non-maximally entangled GHZ state. Chin. Sci.

Bull. 55(10), 902–906 (2010)
10. Xia, Y., Song, J., Song, H.S.: Quantum state sharing using linear optical elements. Opt. Commun. 281,

4946–4950 (2008)

123



3844 D. Zhang et al.

11. Li, Y.B., Wen, Q.Y., Qin, S.J.: Improved secure multiparty computation with a dishonest majority via
quantum means[J]. Int. J. Theor. Phys. 52(1), 199–205 (2013)

12. Bouwmeester, D., Pan, J.W., Mattle, K.: Experimental quantum teleportation. Nature 390, 575–579
(1997)

13. Yang, Y.X., Metz, D.C.: Safety of proton pump inhibitor exposure. Gastroenterology 139(4), 1115–
1127 (2010)

14. Takeda, S., Mizuta, T., Fuwa, M., et al.: Deterministic quantum teleportation of photonic quantum bits
by a hybrid technique. Nature 500(7462), 315–318 (2013)

15. Krauter, H., Salart, D., Muschik, C.A., et al.: Deterministic quantum teleportation between distant
atomic objects. Nat. Phys. 9(7), 400–404 (2013)

16. Huelga, S.F., Plenio, M.B., Vaccaro, J.A.: Remote control of restricted sets of operations: teleportation
of angles. Phys. Rev. A 65(4), 042316 (2002)

17. Zha, X.W., Zou, Z.C., Qi, J.X., et al.: Bidirectional quantum controlled teleportation via five-qubit
cluster state. Int. J. Theor. Phys. 52(6), 1740–1744 (2013)

18. Zhang, D., Zha, X.W., Duan, Y.J.: Bidirectional and asymmetric quantum controlled teleportation. Int.
J. Theor. Phys. 54(5), 1711–1719 (2015)

19. Sun, X.M., Zha, X.W.: A scheme of bidirectional quantum controlled teleportation via six-qubit max-
imally entangled state[J]. Acta Photonica Sin. 48, 1052–1056 (2013)

20. Duan,Y.J., Zha,X.W., Sun,X.M., et al.: Bidirectional quantum controlled teleportation via amaximally
seven-qubit entangled state. Int. J. Theor. Phys. 53(8), 2697–2707 (2014)

21. Chen, Y.: Bidirectional quantum controlled teleportation by using a genuine six-qubit entangled state.
Int. J. Theor. Phys. 54(1), 269–272 (2015)

22. Yan, A.: Bidirectional controlled teleportation via six-qubit cluster state. Int. J. Theor. Phys. 52(11),
3870–3873 (2013)

23. Zha, X.W., Yuan, C., Zhang, Y.: Generalized criterion for a maximally multi-qubit entangled state.
Laser Phys. Lett. 10(4), 045201 (2013)

24. Lance, A.M., Symul, T., Bowen, W.P., Sanders, B.C., Lam, P.K.: Tripartite quantum state sharing.
Phys. Rev. Lett. 92, 177903 (2004)

25. Deng, F.G., Li, X.H., Li, C.Y.: Multiparty quantum-state sharing of an arbitrary two-particle state with
Einstein–Podolsky–Rosen pairs. Phys. Rev. A 72, 044301 (2005)

26. Man, Z.X., Xia, Y.J., An, N.B.: Quantum state sharing of an arbitrary multiqubit state using nonmax-
imally entangled GHZ states. Eur. Phys. J. D 42, 333–340 (2007)

27. Nie, Y.Y., Li, Y.H., Liu, J.C.: Quantum state sharing of an arbitrary three-qubit state by using four sets
of W-class states. Opt. Commun. 284, 1457–1460 (2011)

28. Shi, R., Huang, L., Yang, W.: Multi-party quantum state sharing of an arbitrary two-qubit state with
Bell states. Quantum Inf. Process. 10, 231–239 (2011)

29. Deng, F.G., et al.: Bidirectional quantum secret sharing and secret splitting with polarized single
photons. Phys. Lett. A 337, 329 (2005)

30. Zhang, Z.J., et al.: Multiparty quantum secret sharing of secure direct communication. Phys. Lett. A
342, 60 (2005)

31. Zhang, Z.J., et al.: Improving the security of multiparty quantum secret sharing against Trojan horse
attack. Phys. Rev. A 72, 044302 (2005)

32. Han, L.F., Liu, Y.M., Shi, S.H.: Improving the security of a quantum secret sharing protocol between
multiparty and multiparty without entanglement. Phys. Lett. A 361, 24 (2007)

33. Han, L.F., et al.: Efficient multiparty-to-multiparty quantum secret sharing via continuous variable
operations. Chin. Phys. Lett. 24, 3312 (2007)

34. Han, L.F., et al.: Remote preparation of a class of three-qubit states. Opt. Commun. 281, 2690 (2008)
35. Boschi, D., Branca, S., Martini, F.D., Hardy, L., Popescu, S.: Experimental realization of teleporting

an unknown pure quantum state via dual classical and Einstein–Podolsky–Rosen channels. Phys. Rev.
Lett. 80, 1121 (1998)

36. Riebe, M., Haffner, H., Roos, C.F., et al.: Deterministic quantum teleportation with atoms. Nature 429,
734–737 (2004)

37. Barrett, M.D., Chiaverini, J., Schaetz, T., et al.: Deterministic quantum teleportation of atomic qubits.
Nature 429, 737–739 (2004)

38. Yuan,H., et al.: Optimizing resource consumption, operation complexity and efficiency in quantumstate
sharing. J. Phys. B 41, 145506 (2008)

123


	Bidirectional and asymmetric quantum controlled teleportation via maximally eight-qubit entangled state
	Abstract
	1 Introduction
	2 Eight-qubit maximally entangled state
	3 Bidirectional and asymmetric quantum controlled teleportation
	4 Discussions and comparisons
	5 Conclusion
	Acknowledgments
	References




