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Utilizing both the general quantum teleportation and the two-step protocol, a new method is presented by which

multi-qubit quantum information can be teleported in a much easier way from a sender Alice to a receiver Bob via the

control of many agents in a network than by Yang et al’s method. In this method, only all the agents collaborate with

Bob can the unknown states in Alice’s qubits be fully reconstructed in Bob’s qubits. Comparisons between the method

and Yang et al’'s method are made. Results show that, in this method, the preparation difficulty of initial states and

the identification difficulty of entangled states are considerably reduced, new method is more feasible in technique, and

Hadamard operations are not needed at all.
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The combination of mechanics
with

ing and important developments in quantum secret

quantum

information has produced many interest-

communication® %! and quantum computing. Since
no-cloning theorem forbids a copy of an arbitrary un-
known state, how to interchange different resources
has ever been a question in quantum computation
and quantum information. Bennett et al’s pioneering
work['5] on teleporting an unknown quantum state of
a qubit from one party (Alice) to another (Bob) with
the aid of long-range Einstein-Podolsky—Rosen (EPR)
correlations, showed in essence the interchangeability
of different resources in quantum mechanics. Since
then, scientists have made dramatic progress in the

[16—20,21—29] Since con-

field of quantum teleportation.
trolled teleportation is useful in networked quantum
information processing and cryptographic conferences,
how to implement it is a particularly interesting topic.

(0] have proposed a method

Very recently Yang et al
to teleport multi-qubit quantum information to a re-
mote place via the control of many agents. The quan-
tum information are some unknown quantum states
in the sender Alice’s qubits. The many-agent control
means that, only all the agents collaborate with the

quantum information, receiver Bob can reconstruct

the original states in his qubits, otherwise, even if
one agent does not cooperate, the original states can
not be fully recovered by Bob. In their work,?? the
basic purpose is to let each agent have a control pa-
rameter on Bob’s reconstructions. To achieve this,
they have designed a scheme, where (i) intricate ini-
tial states (see Eqgs.(2), (21) and (29) in Ref.[30]) have
to be prepared in advance; (ii) Alice has to perform
Bell-state (GHZ state) measurements and publish the
outcomes; (iii) Alice and each agent have to perform
Hadamard operations; and (iv) classical communica-
tions between Alice and Bob and between each agent
and Bob are necessary. Compared with the methods
in Ref.[16] and Ref.[17], as Yang et al claimed,[®"] their
method is apparently simpler and economical, because
the required auxiliary qubit resources, the number of
local operations, and the quantity of classical com-
munication are greatly reduced. However, as the ac-
complishment of the task (i.e., many-agent controlled
teleportation of multi-qubit quantum information) is
concerned, we think, Yang et al’s method is also very
complicated: i.e., the task is completed in a compli-
cated way. In this paper, we will present a new method
to complete the same task in a much easier way. Al-

ternatively, we will realize many-agent controlled tele-
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portation of multi-qubit quantum information by em-
ploying general quantum teleportation which use EPR
pairs and a quantum secure direct communication pro-
tocol named the two-step protocol.l3!]

Let us begin with a brief review of quantum tele-

portation by using an EPR pair.['®] Define the four

Blell states as [¢yT) = %(m)\l) + [1)[0)), [¥7) =

1
70 = 1D, 167) = —
) =

1
—(]0)]0) — |1)|1)) respectively. An EPR
pair can be in one of the four Bell states.

(]0)]0) + [1)[1)) and

V2

Sup-
pose Alice wants to send an unknown quantum state
|lu)1 = a1]0)1 + B1/1)1 in her photon 1 to Bob.
She prepares a photon pair in the Bell state, say,
¥ )23 = (|0)2[1)3 — [1)2]0)3)/v/2, and sends the pho-
ton 3 to Bob. The complete state of the three photons
is |F)123 = |u)1| " )23. It can be rewritten in terms
of the Bell states of both photon 1 and photon 2 as

follows

[Fhzs =3[9 ha(=al0)s — Bl1)s)

+ [ )12(=al0)s + B1)3)
+ [¢7 )12(a|1)s + 5]0)3)
+ [¢*)12(all)s — B0)s)].

If Alice performs a Bell-state measurement on the two
photons 1 and 2 in her laboratory and tells Bob her
measurement outcome, say, |[¢¥7) (J¢1),|67),]|6T)),
then Bob can perform a corresponding unitary oper-
ation Uy = [0)(0] + [1){1] (U = [0)(0] — [1)(1], Uy =
[1)(0] + [0)(1|,Us = |0)(1]| —|1)(0]) to reconstruct the
original quantum state in photon 3. Similarly, if multi-
qubit quantum information are needed to teleport, it
can be accomplished via the above procedure repeat-
edly.

From the above brief review of quantum telepor-
tation, one can see that Alice’s notices of her Bell-state
measurement outcomes to Bob are necessary and they
are in essence control parameters on Bob’s correct re-
constructions. Hence, if Alice is able to transform
her control parameters into agents’ control parame-
ters, then only all the agents collaborate with Bob can
Bob reconstruct the unknown state in his photon 3.
As mentioned previously, Yang et all*) have designed
a complicated scheme to achieve this goal. In this pa-
per we will utilize a quantum secure direct communi-
cation protocol named two-step protocol proposed by
Deng et al® to transform the so-called Alice’s control

parameters to each agent’s control parameter. Inci-

dentally, the two-step protocol can securely transmit
secret messages from one legitimate user to another
and its security has been proven. Note that within
the framework of the two-step protocol even classical
secret bits are transmitted in each run because the
dense coding has been introduced.

Suppose in Alice’s m photons there are m-qubit
quantum information {|u); = «;|0); + Bi|1);, (i =
1,...,m)}. Alice wants to send this m-qubit quan-
tum information to Bob via the control of n agents
such that Bob can fully get the quantum information
if and only if all the agents cooperate with him. This
can be done by the following procedure.

(1) Alice prepares m ordered EPR pairs, each in
the state |t~ )i (1 = 1,...,m). Then she takes one
particle from each EPR. pair to form an ordered parti-
cle sequence called B-sequence, say, {1”,2",... ,m"},
the remaining particles compose another ordered se-
quence called A-sequence, i.e., {1',2/,...,m'}. She
sends the B-sequence to Bob and stores the A-
sequence in her laboratory.

(2) After knowing Bob’s confirmation of receiv-
ing the B-sequence, Alice performs Bell-state measure-
ment on each pair of {7,7'} and records the measure-
ment outcome.

(3) To let each agent have a control parameter,
this step is classified into three cases.

(3a) Since the two-step protocol can securely
transmit secret messages from one legitimate user to
another, it is obvious that if there is only one agent,
Alice can take advantage of the two-step protocol to
inform the agent her control parameters. If so, then
the purpose of one-agent control can be easily achieved
by directly using the two-step protocol.

(3b) However, when the number n of the agents is
more than one, the case is different. When 1 < n < m,
then Alice can split the messages of her measurement
outcomes into n pieces and informs each agent a piece
via the two-step protocol.

(3c) When n > m, the m messages of Alice’s Bell-
state measurement outcomes can not be split into n
pieces, then the method in (3b) is invalid. In the fol-
lowing we will present a general method to solve this
problem. Of course, as a quantum secure direct com-
munication protocol, it is obvious that the two-step
protocol can be used to distribute secret key between
two legitimate users. Hence, Alice and each agent can
securely share a secret key by using the two-step proto-
col. After sharing, Alice uniformly encrypts the mes-

sages of her Bell-state measurement outcomes via a
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shared secret key between Alice and an agent. This en-
cryption procedure is repeated until each of the shared
keys between Alice and each agent is used one time.
After the encryptions, Alice publishes the encrypted
messages. Although Bob gets the encrypted messages,
he cannot extract the correct messages without all the
agents’ collaborations. Hence the purpose to let each
agent have a control parameter is achieved. In par-
ticular, this method is always valid for any large n
agents.

(4) Only all the agents collaborate with Bob
can Bob obtain Alice’s exact initial messages of her
Bell-state measurement outcomes and accordingly he
can reconstruct the unknown states by performing
correct unitary operation on each of his photons
{1",2",...,m"}.

So far we have shown a new method which can re-
alize n-agent controlled teleportation of m qubits by
utilizing the general quantum teleportation and the
two-step quantum communication protocol.

Let us analyse simply the security of the present
method. Bob is the receiver of all the quantum infor-
mation. Alice only wants to let him get these quantum
information under the n agents’ control. Therefore,
the possible attack originates only from Bob if Bob
wants to throw off all agents’ control. In this case,
the strategy Bob can adopt is to steal each agent’s
control parameter via eavesdropping attacks. Since
the two-step protocol has been proven to be secure,
when Alice transforms her measurement outcomes or
her encryption key into each agent’s control parame-
ter, Bob’s any eavesdropping attack will be detected in
the framework of the two-step protocol. Hence the ac-
quirement of the control parameter for each agent can
be securely realized according to the present method.

It is necessary for us to compare our present
method with the recent method.[3%! From the descrip-
tion above, one can see that (a) Bell states are suffi-
cient for use in the present method, however, in Yang

et al's method,®® the complicated initial entangled

states are needed to be prepared (see Egs.(2), (21) and
(29) in Ref.[30]), hence, the present method greatly re-
duces the preparation difficulty of initial states; (b) in
our method only the Bell states are needed to be iden-
tified by Alice whenever how many agents are, how-
ever, according to Yang et al’s method the identifica-
tion of multi-particle GHZ states should be completed
by Alice when the number of agents is not less than 2,
it is obvious in the present method the difficulty of Al-
ice’s identification on her entangled states is reduced;
(c) to our knowledge, so far preparation of five-photon
entangled states has been achieved in experiment, 2
however, preparation more-photon entanglement is
still desired, alternatively, when the number n of the
agents is large, it is impossible to prepare n-photon
GHZ states according to the present-day technolo-
gies, hence, in the case that n is large, Yang et al’s
method is impossible in reality, in contrast, according
to the present method, for any large number of the
agents, the efficient controls of all agents can be real-
ized, this is because Bell states are sufficient for use
in the present method, hence the present method is
more feasible in technique; (d) local operations (i.e.,
the Hadamard operations in Ref.[30]) on Alice’s qubit
and on the agents’ qubits are not needed in the present
method at all.

To summarize, in this paper, a new method of
teleporting multi-qubit quantum information from one
place to another via the control of many agents in
a network is proposed. Compared with Yang et al’s
method, it works in a much easier way. Our method
has several advantages: it greatly reduces the prepa-
ration difficulty of initial states and Alice’s identifica-
tion difficulty on her entangled states; for any large
n agents it works and it is more feasible in reality; it

does not need Hadamard operations.
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