Physical Science International Journal

Physical Science.
International Journal

X

26(1): 1-10, 2022; Article no.PSIJ.81159
ISSN: 2348-0130

Bidirectional Controlled Teleportation of Two-qubit and
Three-qubit State via Nine-qubit Entangled State

Jinwei Wang &

&School of Mathematics and Statistics, Guizhou University of Finance and Economics, Guiyang,
550025, China.

Author’s contribution

The sole author designed, analysed, interpreted and prepared the manuscript.
Article Information
DOI: 10.9734/PS1J/2022/v26i130302

Open Peer Review History:

This journal follows the Advanced Open Peer Review policy. Identity of the Reviewers, Editor(s) and
additional Reviewers, peer review comments, different versions of the manuscript, comments of the
editors, etc are available here: https://www.sdiarticle5.com/review-history/81159

Received 01 December 2021
Accepted 09 January 2022
Published 10 January 2022

Original Research Article

ABSTRACT

In this paper, a bidirectional controlled quantum teleportation via a nine-qubit entangled state
is given. In this scheme, Alice wants to teleport a two-qubit entangled state to Bob and Bob
wants to teleport arbitrary three-qubit state to Alice at the same time. The quantum teleportation
is supervised by a controller. We firstly product a nine-qubit entangled states by the states
|000000000), and then we use this entangled states as quantum channel to transfer quantum
information along three nodes. This scheme is efficient and economical because the intrinsic
efficiency reaches 5/19.

Keywords: Bidirectional controlled teleportation; nine-qubit entangled state; Bell-base measurement;
Single-qubit measurement.

1 INTRODUCTION

lot of QT schemes [2-8] are investigated with
differently entangled states as channel. In

Quantum teleportation (QT) is an important 2013, Zha et al. [9] proposed a bidirectional

technique to communicate quantum information
between users. The first QT scheme was
proposed to teleport an unknown quantum state
via Einstein-Podolsky-Rosen (EPR) state as
quantum channel by Bennett [1]. Then, a

quantum teleportation (BQT) scheme to teleport
two single-qubit states via a five-qubit entangled
cluster state and Li et al. [10] proposed a BQT
scheme via a five-qubit composite GHZ-Bell state
too. BQT scheme, in which two users can
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teleport quantum information to each other
simultaneously, attracts a large number of
scholars to study. Such as, Yan [11] and Sun et
al. [12] proposed two BTQ schemes by using six-
qubit entangled state respectively. Binayak et al.
[13] proposed a BQT scheme to teleport arbitrary
two-qubit state via ten-qubit entangled state and
Mohammad et al. [14] proposed a BQT schemes
to teleport arbitrary number of qubits. On the
other hand, Hassanpour and Houshmand [15]
proposed another type of BQT scheme to teleport
a two-qubit Bell-state via GHZ states. This
type of teleportation can transmit more quantum
information with less consumption of quantum
and classical resource. Later, Yang et al. [16]
proposed a scheme for transmitting two three-
qubit entangled states. Zhou et al. gave two BQT
schemes to teleport qubits states via six-qubit
entangled states [17]. Later, Mohammand et al.
[18] proposed a BQT scheme to transmit two n-
qubit entangled states via (2n+2)-qubit entangled
state.

In 2015, Sang [19] investigated an asymmetric
bidirectional quantum teleportation via five-qubit
entangled cluster state. In this scheme, Alice
wants to teleport a two-qubit entangled state to
Bob and Bob wants to teleport an arbitrary single-
qubit state to Alice. Later, Li et al. [20] proposed
an asymmetric bidirectional controlled quantum
teleportation (BCQT) scheme via six-qubit
entangled state to exchange two-qubit entangled
state and single-qubit state. Zhou et al. [21]

and Vikram [22] proposed two asymmetric BQT
schemes to transmit a three-qubit entangled state
and an arbitrary single-qubit state via two sets of
GHZ state by performing different operations.
Binayak & Soumen [23] gave a BQT scheme to
teleport a three-qubit entangled state and a two-
qubit entangled state. In these schemes, they
all try to transmit an entangled multi-qubit state
and a single-qubit state. Differently, Hong [24]
and Zhang et al. [25] investigated two BCQT
schemes to teleport an arbitrary two-qubit state
and single-qubit state via seven-qubit entangled
state and eight-qubit entangled state respectively.
Later, Long & Shao [26] proposed an BCQT
scheme to teleport an arbitrary single-qubit
state and three-qubit state via 9-qubit genuine
entangled state and Huo et al. [27] proposed a
BCQT scheme for teleporting two-qubit state and
three-qubit state via eleven-qubit entangled state.
Base on those schemes, we try to propose a
BCQT scheme for teleporting a three-qubit state
and two-qubit Bell state at the same time via a
nine-qubit entangled state.

The organization of this paper is outlined as
follows. In section 2, we first illustrate a nine-
qubit entangled state, which will be utilized as
quantum channel in our scheme. Then we
introduce a scheme to teleport an arbitrary two-
qubit entangled state and three-qubit state. In
the end, discussions and conclusions are given
briefly in section 3.

2 BIDIRECTIONAL CONTROLLED QUANTUM TELEPORTATION
OF TWO-QUBIT AND THREE- QUBIT STATE

To teleport two-and three-qubit state, we need to produce a nine-qubit entangled state. The entangled
state will be used as quantum channel and shared between agents in advance. This nine-qubit

entangled state is given by

1
|#) = 4 (1000000000) + [000010010) + [000100101) + [000110111)

+]001001001) + [001011011) + |001101100) + [001111110) )
+/110000001) + [110010011) + |110100100) + [110110110)
+/111001000) + [111011010) + [111101101) + [111111111)).

which can be produced from |¢o) = |000000000)1234567s9. All operations to produce the nine-qubit

entangled state |¢) are shown in Fig. 1.
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Fig. 1. A quantum circuit for producing a nine-qubit entangled state |¢) from quantum state

|¢o)

Now, let to introduce our quantum teleportation scheme. Suppose there are three agents, Alice, Bob
and Charlie in our scheme. Alice wants to teleport an arbitrary two-qubit entangled state |1 ) to Bob.
At the same time, Bob wants to teleport an arbitrary three-qubit state |¢.) to Alice. And Charlie is a
supervisor who can terminate the quantum teleportation if she thinks the communication process is
not secure. The two quantum states will be communicated between Alice and Bob in our scheme are
given by

1) 414, =00]00) + a1[11),
|1/J2>3132]33 :b0‘000> + b1|001> + b2|010> + b3|011> + b4|100> (2)
+ b5|101) + bs|110) + b7|111),

where a1, aq, bi, i =0,1,...,7 are arbitrary complex coefficients and satisfy the following conditions
laol® + a1 |* = 1, Z |b;|> = 1. To achieve the quantum scheme, Alice should share the nine-qubit

entangled state |¢> as quantum channel with Bob and Charlie in advance. Then the total state of
quantum system held by Alice, Bob and Charlie can be described by

1) = [¥1) Ay 4, ® |#)123456780 ® |¥2) By By By
1
=(a1100) +b1/11)) 4, 4, ® 7 (1000000000) + [000010010) +-000100101)
+]000110111) + [001001001) + [001011011) + |001101100) + [001111110) @
+]110000001) + [110010011) + |110100100) + |110110110) + |111001000)

+]111011010) + [111101101) + [111111111)) 123456789 @ (bo|000) + by |001)
+b2[010) + b3g|011) + bg|100) + b5]|101) + b6[110) + b7|111)) 5, B, By

where particles A1, Az, 1, 3, 4 and 5 belong to Alice, particles B1, B2 Bs, 2, 6, 7 and 8 belong to
Bob, and particle 9 belongs to Charlie.

The quantum teleportation scheme consists of the following main steps:

Step 1. Alice performs a CNOT operation on her qubit A; and A: with qubit A» as control qubit
and A, as target qubit, and then the state |1)1) = (a0|00) + a1|11))a, 4, is changed into |¢1) =
(a0]00) 4+ a1]01)) 4, 4, = |0)4a; ® (ao|0) 4+ a1]|1))a,. Thereby, we can drop the qubit A; because the
qubit is not entangled with the qubit A2 qubit and contains nothing about the quantum information

[41).

Step 2. Alice performs a Bell-state measurement on her particles A, and 1, then broadcasts her
measurement result via a classical channel. Bob also performs three Bell-state measurements on his
own particles B16, B>7, and Bs8 and tell the others his measurement result via a classical channel.
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To understanding the quantum process easily, we rewrite the Equation (3) into the following equation,

Q) = [2™) 45112") B481®7) By7|®2") By 6(a0bol00000) 4 (—1)™a1bo|10001) + (=1) agby

1
ﬁ[
[00010) + (—1)°T™a1b1]10011) + (—1)7 agb2]00101) + (—1)™F T a1b5]10100) + (—1) T agbs
[00111) + (—1)™ T a1b3]10110) + (—1)Fagbs]01001) + (—1)™*a1by[11000) + (—1)2FF
agbs[01011) + (—1)"™ T * a1 b5111010) + (=1)7 T *agbg|01100) + (—1)™ R4 b6 11101)

+ (=) agb7101110) + (1) F I TR a1b7]11111) ) 23450

+ 9™ A4,112%) 48l ®7) B, 712%) B, 6 (a0bo]10001) + (—1)™a1b0|00000) + (—1)*agb1|10011)
+ (=1)"™a151]00010) + (—1)7 agbs|10100) + (—1)™ I a1b2]00101) + (—1)* 7 agbs|10110)
+ (=)™ 41 b3]00111) + (—1)*agba[11000) + (—1)™FFa1b4]01001) + (—1) *agbs
111010) + (—1)"™ T * a1 b5101011) + (—1)7 T Fagbg|11101) + (—1)™ T H* 4 b6]01100)

+ (=1 R agbr|111111) + (=)™ T TR0 57101110)) 23450

+12™) 4,119 By8l®7) By 719F) B, 6(a0b0]001001) + (=1)™ a1bo]11000) + (—1)"agb[01011)
+ (=1 ™a1b1(11010) + (—=1)7agb2]01100) + (—1)™a1ba[111101) + (—1) T agbs|01110)
+ (=1)" T a1 b3 [11111) 4+ (—1)*agbsa]00000) + (—1)" TR a1b,]10001) + (—1) T Fagbs
100010) + (—1)™ T * a1 b5110011) + (—1)7 T *agbg 00101) + (—1)™ T HE 4, b6 ]10100)

+ (=1 *agb7100111) + (= 1) T a1 57(10110)) 23450

2™ 4,112%) Bysl®?) By7|¥F) By 6(a0bo|11000) + (—1)™a1b0|01001) + (—1)%agby [11010)
+ (=1)"F ™ 51101011) + (—1)7 agba|11101) + (—1)™ T a1b5]011100) + (—1) T agbg|11111)
+ (=)™ 41 b3]01110) + (=1)*agba[10001) + (=1)"TFaq1b4]00000) + (=1) T *agbs
110011) + (—=1)™ %41 55100010) + (—1)7T*agbg|10100) + (—1)TIT* 4, bg|00101)

+ (=) agbz110110) + (=1)™ T a1b7]00111)) 23450

+18™) 4911%") Bas¥?) By 712%) B, 6(a0bol00101) + (—1)™a1bp|10100) + (—1) agb1[00111)
+ (=)™ a1b1(10110) + (—1)7 agb2]00000) + (—1)™ 1 a1b2[10001) + (—1)*F7 agbs]|00010)
+ (=)™ 41 b5]10011) + (—1)*agbg[01100) + (=1)" T Fa1b4|11101) + (=1)**agbs
101110) + (—=1)™F ka1 b5111111) + (—1)7T*agbg01001) + (—1)™TIT* 4, bg|11000)

+ (=) *agbz101011) + (=1)™ T a1 b7]11010))23450

1T 4,112%) Bys |7 ) By7I®2F) By6(a0bo|10100) + (—1)™a1b0|00101) + (—1)*agby |10110)
+ (=1 ™a1b1(00111) + (—=1)7 agbz[10001) + (—1)™ 1 a1b2]00000) + (—1)° 7 agbs|10011)
+ (=)™ 41 b3100010) + (—1)* agba[11101) + (=1)™FFa1b4]01100) + (—1)**agbs
[11111) + (=1)" T * a1 b5101110) + (=1)7 T Fagbg|11000) + (—1)™ %4, b6]01001)

+ (=) *agb7]11010) + (1) T I TR 61 b7101011) ) 23450

+12™) 4911%%) B48127) 5y 712%) B, 6(a0bo[00010) + (—1)™a1bp|10011) + (—1)*agb1[00000)
+ (=1)"F™a1b1(10001) + (=1)7 agb2]00111) + (—1)™Ha1b2[10110) + (—1)°TTagbs|00101)
+ (=)™ 41 b3]10100) + (—1)*agbs[01011) + (—1)™FFa1b4|11010) + (—1) *agbs
101001) + (—=1)™F k41 55111000) + (—1)7 T *agbg|01110) + (—1) ™ TITF e bg|11111)

+ (=) TR a0b7]01100) + (1) T I TR 61 b7(11101) ) 23450

18 4, 11%%) Bysl®7) By7I2F) 516 (a0bo|10011) + (—1)™ a1b0|00010) + (—1)*agby |10001)
+ (=1)"F™a1b1]00000) + (—1)7 agbz[10110) + (—1)™a1b2[00111) + (—1)*FT9agbs|10100)
+ (=)™ 41 b3]00101) + (—1)*agbs[11010) + (—1)™FFa1b4]01011) + (—1)  *agbs
111000) + (—1)" T * a1 b5101001) + (—1)7 T Fagbgl11111) + (—1)™ I H* 4 b6 l01110)

+ (1) TR agbr|11101) + (—1)™ T TR a1 57101100)) 23450
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+12™) 45112") By8l W) By7|") 516 (a0b0[01100) + (—1)™a1bo|11101) + (—1)*agby [01110)
+ (=1 ™ayby [11111) + (—=1)7 agb2]01001) + (—1) ™ a1b2[11000) + (—1)°TIagbs|01011)
+ (=)™ 61 b3]11010) + (—1)*agbs]00101) + (—1)™F*a1b4]10100) + (—1) T *agbs
100111) + (=1)™ T * a1 b5110110) + (—1)7 T agbg|00000) + (—1)™ 541 b6 10001)

+ (=1 *a0b7100010) + (—1)™ T TR 61 57110011)) 23450

U™ 4,119°) Bys¥7) 5,71 9%) By 6(a0bol11101) + (=1)™a1b0]01100) + (—1) agby [11111)
+ (=1)"F™a15101110) + (—1)7 agbs|11000) + (—1)™F T a1b5]01001) + (—1) T agbs|11010)
+(=1)" T 41 53]01011) + (—1)*agbsa|10100) + (—1)" TFa1b4]00101) + (—1)*FFagbs
110110) + (—1)™ T * a1 65100111) + (—1)7 TR agbg|10001) + (—1)™ T +E 4, b6100000)

+ (=1 agbz[10011) + (=1)™ ¥+ *a157]00010)) 23450

+12™) 4511%") Bysl®7) By 7| ¥F) B 6(a0b[01011) + (—=1)™a1bg|11010) + (~1)" agby [01001)
+ (=1)"F™a1b1(11000) + (—1)7 agb2]01110) + (—=1) ™ a1ba[11111) + (—1)*TIagbs]|01100)

MR 6164110011 4+ (—1) T Fagbs

+ (=)™ a1b3]11101) + (=1)*agbsa|00010) + (1)
100000) + (—1)™ T ka1 b5110001) + (—1)7 TR agbg|00111) + (—1)™ k4 bg(10110)

+ (=1 *agb7100101) + (1) IR 6157110100)) 25450

1T 4,118") Basl®7) By7ITF) By 6(a0bol11010) + (—1)™a1bp|01011) + (—1)*agb1|11000)
+ (=1 ™a1b1]01001) + (=1)7 agba|11111) + (—1)" 7 a162]01110) + (—1)*T7agbs|11101)
+ (—1)™ T 41 53]01100) + (—1)*agbsa|10011) + (—1)"TFa164]00010) + (—1) T Fagbs
110001) + (—=1)™ %41 55100000) + (—1)7T*agbg|10110) + (—1)" 9T a1 bg|00111)

+ (=1 *a0b7110100) + (—1)™ T T 41 57100101)) 23450

+12™) 4p11%") Bys|¥7) By7I®%) By 6(a0bo|00111) + (—1)™a1bg|10110) + (—1)*agby [00101)
+ (=1 ™a1b1]10100) + (—1)7 agb2]00010) + (—1)™ 7 a1b5]10011) + (—1)°T7 agb3]|00000)
+ (=1)™ T 01 b3]10001) + (—1)*agbsa]01110) + (—1) " TFayby|11111) + (—1) T Fagbs
[01100) + (=1)" ¥t F a1 b5111101) + (=1)7 TP agbg|01011) + (=1)™ I t* 4, bg|11010)

+ (=1 IR a0b7101001) 4+ (—1)™ IR G b2 111000)) 25450

+ 12 4,11%") Bas|¥?) 5,712%) By 6(a0bol10110) + (—1)™a1bp|00111) + (1) agb1|10100)
+ (=1 ™a1b1]00101) + (—1)7 agb2]10011) + (—1)™ 17 a162]00010) + (—1)°T7agbs]|10001)
+ (=)™ 4153100000 + (—1)Fagba|11111) + (=1)"FFa1b4]01110) + (—1) T *agbs
[11101) + (—1)™ Tk 41 55101100) + (—1)7 TP agbg|11010) + (—1)™ IR 4, bg01011)

+ (=1)" TR aqb7111000) + (—1)™ IR0 5,101001)) 23450

+12™) 49119%) 55 YY) By7I¥F) By 6(a0bol01110) + (—1)™a1bo|11111) + (—1)*agb1[01100)
+ (=1 ™a1by(11101) + (=1)7 agb2]01011) + (—1) ™ a1b2(11010) + (—1)°TIagb3]|01001)
+ (=)™ 41 b3]11000) + (—1) agbg00111) + (—1)™F*a1b4]10110) + (—1) T *agbs
100101) + (=1)™ T * a1 55110100) + (—1)7 T agbg|00010) + (—1)™ I +HE 4, bg[10011)

+ (=) * 4457100000) + (1) I TR 61 57110001)) 23450

18 4,119 Bys¥7) B, 71%) By 6(a0bo|11111) + (—1)™a1b0[01110) + (—1)*agby |11101)
+ (=1)"F™a1b1101100) + (=1)7 agb2]11010) + (—1)™ T a1b2(01011) + (—1)°T9agbs|11000)
+ (=)™ 41b3]01001) + (—1)Fagbs]10110) + (—1)™FFa1bg|00111) + (—1) T *agbs
110100) + (—1)™ Tt *a165100101) + (—1)7 TR agbg|10011) + (—1)™ 7 +E 41 b6]00010)

+ (=1 agbz]10001) + (=1)™ 7% 4157]00000))23450)
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where m, i, j, k =0, 1,and [®°) = Z5(|00) + [11)), |®') = J5(]00) — [11)), [¥°) = —=(|01) +
[10)), | ¥ty = %(\01} —|10)). The Equation (4) shows that the quantum system will collapse to one of
the two hundred and fifty-six possible states with equal probability when Alice and Bob have finished
their measurements on their own particles.

For example, we assume that the measurement result of Alice is |[¥'') 4,1 and the outcomes of Bob’s
measurements are |®°)p.s, |®') 5,7 and |®°)p,6. Then, the quantum state held by Alice, Bob and
Charlie collapse into the following state

‘Q) = ((10b0|10001> — a1b0|00000> + a0b1|10011> — a1b1|00010> — a0b2|10100> + a1b2
‘00101> — a0b3|10110) + a1b3|00111> + a0b4|11000> — a1b4|01001> + a0b5|11010> (5)
— a1b5|01011> — aob6|11101> + a1b6\01100> — a0b7‘11111> -+ a1b7\01110>)23459

Step 3. Charlie, as a controller in scheme, could do nothing on her particle 9 to interminate this
quantum communicating works if she does not allow Alice and Bob to teleport their quantum informa-
tion for some secure causes. Otherwise, she has to take a single-qubit measurement on particle 9
under the basis {|+), |—)} and broadcasts her measurement result via a classical channel too. Let

ag =(aol0) + (=1)™ax1))2; i = (aol1)  (—=1)"a10))
BE =(bo|000) + (—1)"b1[001) £ (—1)7b2]|010) & (1) bs|011) £ (—1)*
ba|100) £ (—1)"Fbs[101) + (=1)7 T bg[110) + (—1)" 7 *b7]111)) 345
=(bo|100) + (=1)"b1]101) £ (—1)7b2|110) + (—1)"bs|111) & (—
b4]000) £ (—1)"b5]001) + (—1) b6 |010) + (—1)" T *b7|011)
By =(b0|010) + (—1)'b1|011) + (—1)7b2|000) & (—1)*7b3]001) + (-1
ba|110) & (=1)"bs|111) + (—1)7*b6[100) + (—1)"T*b7[101)
B3 =(bo|001) + (—1)'51]000) + (=1)"b2|011) & (—1)"*b3|010) + (1)
ba|101) & (—1)"b5|100) + (—1)7*be[111) + (—1)" 7 *b7[110))345 (6)
Bi =(bo[110) + (=1)'ba[111) + (=1)"b3[100) =+ (—1)"bs[101) + (~1)"
)+ (=1
(1)
)+ (=1
(1)
)+ (=1
(1)
)+ (=1

k

s

B 1)
)345
)k
)345

b4]010) & (—1)"*b5]011) + (—1)7*b6|000) + (=1)"HT*b7]001))345

BE =(bo|101) + (—1)"b1]100) = (—1)7ba|111) & (—1)" T bs|110) & (—1)*
b4]001) & (—1)"*b5]000) + (—=1)7*b6|011) + (=1)"HT*b7010))345

BE =(bo|011) + (—1)"b1]010) =+ (—1)7b2|001) & (—1)"T7b3|000) & (—1)*
ba|111) £ (—1)"Fbs[110) + (=1)7 T b6 [101) + (—1)" 7 *b7]100)) 345

1) b3[100) + (—1)*
)l+]+kb7‘000>)3457

BE =(bo|111) + (—=1)"b1[110) + (—1)7bo|101) +
b4]011) 4+ (—1)"*b5|010) + (—1)7*bg|001) +



Wang; PSIJ, 26(1): 1-10, 2022; Article no.PSIJ.81159

The equation (4) can be rewritten into the following simple form

1 m 1: 5 p— —
Q) = T6[|¢ ) 421|0") By8]®7) 5,7 | *) 16 (| Yoo @ BF + | —)ocg @ By)

U™ 451|97) 10| D7) 5,5| %) 7 ([H) 00t ® BT + [—)ear @ By)
+|D™) A51|9) 539|B7) 2os|U*) 517 (| H)00d @ BT — =)oy @ BT)
10 41| 8°) 30| 8) 5[ 9¥) 5,7 (14 )00d @ BT + [ =)ot @ B7)
+12™) 42112) a0 | U7) 5] @*) By7 (| H)oad ® B — |=)oag ® By)
97 42119 B9 |97 28|9%) By 7 ()00 @ BT+ |—)oar @ By)
+12™) 421 [U7) Byo|®7) 55| @F) b7 (| H)oad ® B + | —)oag ® B3)
+107) 431 [T 59l @) 525127 37 (00 © B — | -)oar ® B3) @)
+12™) 42119 Byo |7} 5y | W*) B (1) 00 @ BT + | =)o @ B7)
+ U™ 4,1 | B >339|‘IJJ>1328|\I/ )}317(|Jr>9041L ® B —|=-)ear @ B)
@) 431 19°) 340 | O [ WF) 5,7 (1+)00d @ B3 — |=)ocg @ B5)
+ [U™) Ay | >Bs9|‘I’J>B28|‘I’ )317(|+>9af ®’B;— +=)oar ®65)
+197) 41 [0) 0| W) 5,8 12%) 5,7 (14 )00 @ By — =)o ® B5)
+ 0™ 431 107 By | U7) s | 0F) 5,7 (| H)00d @ B + | -)oar ® fg)
197 4211 0) 0| W) 58 W) 37 (1400 @ BT+ =)oag @ B7)
+ [ U7) 510 50|07 o5 [ 9°) By 7 (| 400t @ BF — | =)oy ® B7)].

where m, i, j, k =0, 1, and |0%) = 5(|00) + [11)), |®') = 5(|00) — [11)), |°) = —=(|01) +
[10)), |@') = %(\01) — |10y). The equation (7) shows that the system state held by Alice and Bob

collapses to a tensor product of « and 8 when three agents have finished their operations on their
own particles.

Step 4. Firstly, Alice and Bob perform some appropriate Pauli operations on their own particles to
restruct quantum information. Next, Alice produces a auxiliary qubit ( |0) 4..) and then performs a
CNQOT operation on her two qubits with qubit 2 as control qubit and auxiliary qubit as targat qubit.
Now, Alice and Bob both recover the quantum information from the other one in the end.

Let back to the example above. Suppose Alice and Bob’s measurement results are
(W) az1, [9°) Bys, D) Bu7, [€%) 516 @Nd [+)o.

Then, the finial state of quantum system held by Alice and Bob is

|Q> Z((l0|1> + a1‘0>)2 ® (b0|000> + b1|001> - b2|010>

8
— b3[011) + bs|100) + bs|101) — bg|110) — br|111))345 (®)

According to the measurement results informed from the other users, Bob performs a unitary operation
X5 and Alice performs a unitary operation I, ® Zs ® Is on their own qubits and Bob restructs the
information from Alice. In this time, The state held by Alice is |¢))2, 4. = a0]00) + a1]|10). When Alice
perfroms a CNOT operation on her own two qubits, she also restructs the information form Bob too.
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On the other sides, if Charlie does not allow Alice and Bob to communicate their quantum information
and then does nothing on her particle 9. But, Alice did not know what was happened in time and
finished her operations in step 2. The quantum system state held by them is

=5

1
7(10‘1)2(bo|0001> =+ b1‘0011> — bz‘OlOO) — b3‘0110> + b4‘1000>

+ bs|1010) — bg|1101) — b7|1111))3450

1
— ——a1]0)2(bo|0000) + b1]0010) — b2[0101) — bs|0111) + bs|1001)

V2

+ b5|1011) — bg|1100) — b7|1110))3459

It is easy to see that the particle 9 is entangled with the other five qubits 2,3,4 and 5. In a word, Alice
and Bob could not get anything about the quantum information without Charlie’s help.

Obviously, we can always choice appropriate operations to recover quantum information if measurement
results are different from the result in the example above.

3 DISCUSSION AND CONCLU-
SION

In the table, SC denotes the scheme, QC
denotes the quantum channel, NO denotes the
necessary operations, BM denotes the Bell-
state measurement, SM denotes the single-
qubit measurement, GM denotes the GHZ-
state measurement, CN denotes the CNOT
operation, CRC denotes the classical resource
consumption, AQ denotes auxiliary qubit,
TQIT denotes the type of quantum information
transmitted, and QE denotes qubit entangled
state, n denotes the intrinsic efficiency.

In this work, we introduce a BCQT scheme by
using a nine-qubit entangled state as quantum
channel. In this scheme, Alice needs to
perform tow CNOT-gate and take a Bell-state
measurement, at the same time, Bob needs
to take three Bell-state measurements and
Charlie takes a single-qubit measurement. The
consumption of both quantum and classical
resources is 19 bits. We use the intrinsic
efficiency [30] to measure the efficiency of
schemes, which is defined as n = _—L—,
where ¢, is the number of qubits that consist
of quantum information to be shared, ¢, is the
number of the qubit that is used as a channel
and ¢; is the classical bits transmitted, and ¢, is
the number of the qubit that is used as auxiliary

qubit. Here, we also give a comparison of four
BCQT schemes in Table 1. The second scheme
[28] can teleport two-qubit entangled state and
a single-qubit state via five-qubit entangled state
as channel, in which users need to perform
three Bell state measurements and one single-
qubit measurement. The intrinsic efficiency of
this scheme is the lowest one. The other three
schemes are all invastigated to teleport two-qubit
and three-qubit state. The first scheme [27] for
transmitting an arbitrary two-qubit state and a
three-qubit state, in which they need to perform
five Bell-state measurements and one single-
qubit measurement, consumes 22 bits and the
intrinsic efficiency is 5/22. The third scheme [29]
can teleport a two-qubit entangled state and a
three-qubit entangled state, they need perform
two GHZ state measurements, one Bell state
measurement and sing-qubit measurement. The
intrinsic efficiency is 5/18. The scheme is the
most efficient one among four schemes. The
intrinsic efficiency of our scheme is 5/19 and
less than the third scheme obviously. However,
only Bell state and single-qubit measurements
are performed in our scheme, so that our scheme
is more simple than the others. In addition, a user
in our scheme can transmit an arbitrary three-
qubit state, while a user in scheme [29] can only
transmit a three-qubit entangled state. In a word,
our scheme is more simple and efficient than the
others in Table 1.



Wang; PSIJ, 26(1): 1-10, 2022; Article no.PSIJ.81159

Table 1. Comparison of the four schemes

SC QcC NO

CRC AQ TQIT n

[27] Eleven-Q 5BM,1SM

(28] Five-Q 3BM,1SM,2CN
[29] Nine-Q 2GM,1BM,1SM
Our Nine-Q 4BM,1SM,2CN

11
4
9
9

0 20+ 3Q 5/22
2 2QE~1Q  3/14
0 2QE+~3QE 5/18
1 2QE +3Q 5/19
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