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CONTROLLED QUANTUM TELEPORTATION
OF A TWO-QUBIT ARBITRARY STATE
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A controlled teleportation scheme of a two-qubit state in general form is
proposed. The sender performs four-qubit jointly projective measurement
and tells the measurement outcome to the receiver. The receiver performs
the unitary transformations on his qubits to obtain the original state under
the cooperation of the controller.

PACS numbers: 03.67.Hk, 03.65.Ud

Quantum teleportation is a charming process of quantum information,
which can make an unknown quantum state from one place to another place
with the aid of quantum entanglement. In 1993, Charles Bennett et al. [1]
first showed that a single qubit unknown state can be teleported via an
Einstein—Podolsky—Rosen (EPR) pair [2]. Since then, quantum teleportation
is always an interesting topic due to its important applications in quantum
computation and quantum communication. A number of theoretical and
experimental schemes were presented [3—-15].

In recent years, controlled quantum teleportation was studied by some
Refs. [16-24], in which the controllers are included and teleportation of an
unknown state cannot be completed without the controllers’ agreement and
cooperation. In these schemes, the quantum channel is the product state of
two entangled states when a two-qubit arbitrary state is teleported.

In this paper, a scheme for controlled teleporting a two-qubit arbitrary
and unknown state when a five-qubit entangled state is used as quantum
channel is proposed.

A two-qubit arbitrary state can be denoted as the following state

[€) = (a]00) +0|01) + ¢[10) + d[11))a; a5 » (1)

where the unknown coefficients satisfy the normalized condition, |a|*+ |b]> +
e + [d* = 1.

(1811)



1812 XI1AO-MING XIU ET AL.

The sender (Alice) uses a five-qubit entangled state as quantum chan-
nel to realize the controlled quantum teleporation of the above two-qubit
arbitrary state,

1
|P5) A1 As, By, BasC = m(|00000> +100110) — [01010) 4 [01100) + |10010)
+[10100) + |11000) — [11110) 4 [10001) + [10111) — [11011)

+]11101) 4 |00011) 4 |00101) + [01001) — [01111)) o, , A5, B,,Bs,C - (2)

Alice remains qubits (Ay, A2) and transmits qubits (B1, B2) and qubit C
to the receiver (Bob) and the controller (Charlie), respectively. Bob and
Charlie confirm Alice that they have received qubits (B, B2) and qubit C
through classical channel.

The whole system state |¥) including the two-qubit state to be teleported
and quantum channel of a five-qubit entangled state can be denoted as

1
|7) = §|H1>al,a2,Al,A2 (a|000) + 5/010) + ¢|100) + d|110)
+a|101) + b[111) + ¢[001) + d|011)) B, B,.C
1
+§|H2>a17a27,417,42 (a]010) + b]000) + ¢[110) + d|100)

+al111) + b|101) 4 ¢|011) + d|001)) B, B,.C

1
+3 |’ A, 4, (@1000) —b]010) + ¢[100) — d[110)
+a|101) — b[111) + ¢|001) — d|011)) B, B,.C

1
+5 (1), .4, 4, (—@l010) +5]000) — ¢[110) + d[100)
—a|111) + b[101) — ¢|011) 4+ d|001)) B, . B,.c

1
+3 }H5>a1 as. Ay A, (al100) +B[110) + ¢[000) + d[010)
+al001) + b|011) 4 ¢|101) + d[111)) B, B,.C

1
+3 [1°) . s 4, 4, (a[110) +b[100) + ¢[010) + d|000)
+al011) + b[001) + ¢[111) + d|101)) B, .B,.C

1
+3 }H7>a1 as Ay A, (a[100) = B[110) + ¢[000) — d[010)
+al001) — b[011) + ¢[101) — d[111)) B, B,.C

1
+5 [1%) . oo 4, 4, (—a|110) +5]100) — ¢[010) + d]000)
—al011) 4 b]001) — ¢[111) 4 d|101)) B, .B,.C

1
+3 \H9>a1 ws A, 1, (a000) +5[010) — ¢[100) — d[110)

+a|101) + b|111) — ¢[001) — d|011)) 5, 5,.c
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1
+3 (1), s a, 4, (]010) +5]000) — c[110) — d[100)

+al111) + b|101) — ¢|011) — d|001)) B, B,.C

1
+5 | H>a1,a2,,41,,42 (a]000) — b|010) — ¢[100) + d|110)
+al101) — b[111) — ¢[001) + d|011)) B, .B,.C

1
+s |

5 | 12>a17a27A17A2 (—al010) + bJ000) + ¢[110) — d|100)
—a|111) + b[101) + ¢/011) — d|001)) B, B,.C
1
+5 ‘H13>a17a27A17A2 (—a|100) — b|110) + ¢|000) + d|010)
—al001) — b|011) 4 ¢[101) 4 d|111)) B, B,.C
1
+3 \H14>a17a27A17A2 (—a|110) — b]100) + c|010 ) + d|000)
—a011) — b|001) + ¢[111) + d|101)) B, B,.c
1
+5 \H15>a17a27A17A2 (—al100) + b|110) + ¢/000) — d[010)
—al001) 4 b|011) 4 ¢[101) — d|111)) B, B,.C
1
+5 [IT%) o a4, (al110) = B[100) — ¢|010) + d|000)
+al011) — b|001) — ¢|111) + d[101)) B, B,.C - (3)

Alice performs four-qubit jointly projective measurement on qubits
(a1,a2, A1, A2) in the following bases

|H1>a1,az,A1,Az
= ﬁ(|0000> +10011) + [0110) — |0101) + |1010) + |1001) + |1100)—|1111)),
|H2>a1,az,A1,Az
= 525(/0100) + [0111) +]0010) — [0001) + [1110) + [1101) + [1000) —[1011)),
|H3>a1,az,A1,Az
= ﬁ(|0000> +10011) 4 [0101) — |0110) + |1010) + |1001) + [1111)—]1100)),
|H4>a1,az,A1,Az
= 525(/0100) + [0111) +]0001) — [0010) + [1110) + [1101) + [1011) ~[1000)),
|H5>a1,az,A1,Az
= 5.5 (11000) + [1011) + [1110) — [1101) + |0010) + 0001) + [0100) —[0111)),
|H6>a1,a2,A1,A2
1

= 525(]1100) + [1111) + [1010) — [1001) + [0110) + [0101) + [0000)—[0011)),
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7
’H al,az,Al,Az
= 2=(11000) + [1011) + [1101) — [1110) + |0010) + |0001) + [0111) ~[0100))
8
ai,az,A1,Az2

|11°)
+525(]1100) + [1111) 4 [1001) — [1010) 4 [0110) + [0101) + [0011) - 0000)) ,
|11°)

9
ai,az,A1,Az2

= 5.5(/0000) + |0011) + [0110) —[0101) — [1010) — [1001) + [1111)—]1100)),

’H10>a1,a2,A1,A2

= 5.5(/0100) + |0111) + |0010) —0001) — [1110) — [1101) + |1011)—]1000)),
11

’ >a1,a2,A1,A2

= 5.5(/0000) + [0011) + [0101) —[0110) — [1010) — [1001) + [1100) —|1111)),

12
’ >a1,a2,A1,A2

= 525(/0100) + [0111) + [0001) - [0010) — [1110) — [1101) + [1000) - [1011)),
’H13>a1,a2,A1,A2
= 525(/1000) + [1011) + [1110) — [1101) — [0001) — [0010) + [0111)~[0100)) ,

| 14>a1,a2,A1,A2

= 525(]1100) + [1111) + [1010) — [1001) — [0110) — [0101) + [0011) - [0000)) ,

| 15>a1,a2,A1,A2

= 525(/1000) + [1011) + [1101) — [1110) — [0010) — [0001) + [0100) - [0111)),

|H16>a1,a2,A1,A2

= 525(]1100) + [1111) + [1001) — [1010) — [0110) — [0101) + [0000) — [0011)) .

After these measurements, the state of qubits (B, B2,C) can be pro-
jected into one of the state denoted as Eq. (3).

If he agrees to help Bob to recover the state to be teleported, Charlie
should perform the projective measurement on the basis of {|0),|1)} and
inform Bob of the measurement outcome |0) or |1) via the classical channel.

After having received the measurement outcomes from Alice and Char-
lie, Bob should perform the unitary transformation which can be showed
in Table I on the qubits (Bi, B2) to make the two-qubit arbitrary state re-
construct on them. After Bob’s unitary transformation, the teleportation
process of the two-qubit arbitrary state from Alice to Bob completes suc-
cessfully. Obviously, Bob can also teleport a two-qubit arbitrary state to
Alice under the charge of Charlie.
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TABLE I

Alice’s jointly projective measurement outcomes (J.P.M.Os.) on qubits (ai,as,
Ay, A2) and the corresponding unitary transformations (U.Ts.(0)) should be per-
formed by Bob on qubits (Bi, Bs) if the measurement outcome of Charlie is |0),
and the unitary transformations (U.Ts.(1)) should be performed by Bob on qubits
(B1, B2 ) when the measurement outcome of Charlie is |1).

Alice’s JP.M.Os. Bob’s U.Ts.(0) Bob’s U.Ts.(1)

‘H1>a1,a2,A1,A2 Ip,Ip, Xp, Ip,
| 2>a1,a2,A1,A2 Ip, XB, Xp, X,
‘H3>a1,a2,A1,A2 Ip, Zg, XB,ZB,
‘H4>a1 az.A1,As I, XZp, Xp,XZp,
‘H5>a1 as, A1, As Xp, Ip, Ip Ip,
‘H6>a1 a2, A1, As Xp, XB, I, Xp,
‘H7>a1 az,A1,As XB,ZB, I, Zp,
‘H8>a1 a2, A1, As Xp, XZp, Ip, X Zp,
}H9>a1,a2,A1,A2 Zp,Ip, XZp, 1B,
}H10>a1 as, A1, As ZB,XB, XZp,XB,
‘H11>a17a2,,41,,42 Zp,ZB, X7, Zp,
(112 s Z5,XZp,  XZpXZp,
‘H13>a1,a2,A1,A2 XZp Ip, Zp, 1p,
LLEy XZp, Xp, 75, Xp,
‘H15>a1,a2,A1,A2 XZp Zp, ZB,Zp,
‘H16>a1,a2,A1,A2 XZp, XZp, 75, X 7Zp,

Further investigation indicates that the teleportation of a two-qubit ar-
bitrary and unknown state can be controlled by four partners at most when
the eight-qubit entangled state is utilized as quantum channel. Although
the four-qubit jointly projective measurements which are necessary in the
scheme are difficult to implement today, we expect that it can be realized in
near future due to rapidly developing technology.

This study was supported by the National Natural Science Foundation
of China Grant Nos.10647101 and 10704011.
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