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We propose a scheme for teleporting an unknown atomic state. In order to realize the teleportation to any node in

a quantum communication network, an n-atom Greenberger—Horne—Zeilinger (GHZ) state is needed, which is utilized

as the quantum channel. From this n-atom GHZ state, two-node entanglement of processing and receiving teleported

states can be obtained through the quantum logic gate manipulation. Finally, for the unequally weighted GHZ state,

probabilistic teleportation is shown.
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1. Introduction

Quantum teleportation, proposed by Bennett et
al.l!l is the process in which an unknown two-state
particle, or a qubit, is transmitted from a sender (Al-
ice) to a receiver (Bob) through a quantum chan-
nel with the help of some classical information. In
their scheme, such a quantum channel is represented
On the one
hand, based on the quantum teleportation protocol
described in Ref.[1], the group headed by Zeilinger!?!

has experimentally demonstrated quantum teleporta-

by a maximally entangled Bell state.

tion for a photon in an unknown polarization state.
Davidovich et al.,[¥! Cirac et al.,[*! and Zheng et al.l’!
have also proposed schemes for teleporting an un-
known atomic state. Moussa,'®! Zheng et al.[7l and
Xu et al.l® have also presented schemes for teleporting
certain cavity field states. The teleportation of contin-
uous variables corresponding to states of an infinite-
dimensional system has also been presented.[*1% On
the other hand, for teleporting the quantum state,
a number of quantum channels are used, such as
the Einstein-Podolsky—Rosen (EPR) pair of two-
particle,[!l the GHZ state of three particles,'!] and
the squeezed vacuum states.[!?] In this paper, we pro-

pose a scheme to implement teleportation in which

tCorresponding address.
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the quantum channel is a GHZ state of an n-distant-
atom ['314 and the state that we wish to teleport is
the state of an atom initially prepared in an unknown
linear superposition of a two-level atom. The objec-
tive of this paper is to realize the teleportation of an
unknown atomic state to any node in a quantum com-

munication network.

This paper is organized as follows. In section 2,
we describe how to prepare the GHZ state of an n-
distant-atom, namely a quantum channel of an n-
distant-atom; moreover, the teleportation of an un-
known atomic state is discussed in this section. Next,
in section 3, we generalize this method for an un-
equally weighted GHZ state of an n-distant-atom, and
then we discuss probabilistic teleportation. A con-

cluding summary and discussion are given in section 4.
2.Teleportation of an unknown

atomic state

2.1. Preparation of the GHZ state of an n-

distant-atom

Let us review the preparation of the GHZ state
of an n-distant-atom.[!3] For this, we need to share,

respectively, a pair of atoms to nodes 1, 2, ---,n,
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while each pair of the n pairs is in a long-distant EPR
pair,['l i.e., 1 has the EPR pair (1,1’), 2 has the EPR
pair (2,2'), -+, n has the EPR pair (n,n’). The state
of a system composed of such n EPR pairsis [] | ¥ ) -
Then we perform a joint GHZ state measurement for

the n atoms 1/,2/,--- n’, and another n atom col-

) )

lapses into the following state

% (H e =] |gi>> Y

where |e;) and |g;) denote the excited and ground

+
|W>n—GHz =

states of the ith atom, respectively. The state of
Eq.(1) is the GHZ state of the n-distant-atom. This

state will be used as a quantum channel in our scheme.
2.2. The scheme of teleportation

Now suppose that the (n — 1)th node (called Al-

ice) wants to send a quantum state

|¥a) = ale) +blg)  (laf® +[b]* = 1) (2)

to any other node of the quantum communication net-
work described by Eq.(1). For example, Alice wants
to send this state of Eq.(2) to the nth node, which
is called Bob. According to the original scheme pro-
posed by Bennett et al.,[!! to teleport a single-atom
state, a two-atom maximally entangled state (an EPR
singlet state) is eventually used. So we need to ob-
tain a purely quantum channel from the n-GHZ state
of Eq.(1).

methods for obtaining the quantum channel of the

In the discussion below, we will use two

two-atom EPR state through quantum logic manip-
ulation. Firstly, in order to obtain the EPR singlet
state from Eq.(1), we use a linear polarization analyser
with two outcomes |a}) (a; = e or g) to the (n — 1)th

and nth atoms. The state |a}) can be written as

n g =
la:) {|e'> =

According to Eq.(3), the states |g) and |e) can be rep-

(lg) +1e)/V2; 3)
(lg) = le))/ V2.

resented as

l9) = (lg) +1e))/V2;
le) = (lg') — le")/ V2. (4)

From the states of Eq.(4), it is easy to expand the
state of Eq.(1) as

| V)n-cuz =| ¢'>+ n®| W)ifz)-c;ﬂz
B

where \W}i_Q)_GHZ are two GHZ states of (n —2)
atoms: 1,2,---,n | W>(in_2)_GHZ can be written
as
1 n—2 n—2
+
|W>(n_2)-GHz = E (H le:) + H |9i>> ) (6)
i=1 i=1

while |¢’)?;1_1) ,, and |W’)?;1_1) ,, are two Bell states
of the (n — 1)th and nth atoms. The two Bell states

are

meien) +lgh_19n)),  (7)

Sl
N
—~
D

and

1

901y = 75 (choadh) + lohach)) - (9

To measure on the (n — 2) atoms (1,2,---,n — 2), we
3) two-qubit controlled NOT gate C' and

one single-qubit rotation gate R. The rotation gate

need a (n —

R performs the following unitary transformation!16:17]

on atom 1

Ry () 191) = (lev) + 192)) /V2;

Ry (5) lex) = (lew) = lgn)) /v2, (9)
and the operation of the controlled NOT gate is de-
scribed by [14:18:19]

Cijlei)|uj) = [ei)|uj);

Cijlgilu;) = |gi)lu;), (10)
where the first subscript of C;; refers to the control
bit and the second to the target bit, and u; € {e, g}
and its complement u$ (defined as 1 — u; = {g,e}).
In terms of the above relations, the results | @), of

measuring on (n — 2) atoms can be represented by

™
[ ¥)one =Fa (*) C1l(n=2)-11C1,[(n-2)-2] = C12

7<H|€z iH%)

== i (F) 75 en) o) o2las) - lan-2)
_ { le1)]g2)lgs) -+ lgn—2)  (taking +); )
—91)192)93) -+ |gn—2) (taking —).

Assuming that the state |W¥)qy, is detected in the
above state of Eq.(11), then Alice and Bob can ob-
tain the two atoms of nth and (n — 1)th in the state
|q§’>(n 1),n T | &’ >(n 1),n0
the two- atom EPR state.

i.e., a quantum channel of
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Secondly, in this method, instead of expand-
ing the state of Eq.(1) by terms of the Bell state
of (n —1)th and nth atoms, we manipulate (n — 2)
atoms by using (n — 3) control NOT gates. This pro-

cedure is described as follows

=Cln-1),[(n=2)=1]Cln-1),[(n=2)=2] * " Cln=1)2C(n-1)1

\2(1'[ :I:l:[|gz>. (12)

In Eq.(9), the (n — 1)th atom is used as the control
bit, 1,2, --
the nth atom, no manipulation is performed. Using
Eqgs.(9) and (10), Eq.(12) becomes

(n — 2) atoms are all the target bit. For

7Y =% (len16n) % [gn—10m)) |92)102) -~ |9n_2)
Z19)E 1 ® |0}l [gn2)- (13)

By measuring on (n — 2) atoms, the quantum channel
of the two-atom EPR state can be also obtained.

In the next step, the teleportation of the unknown
state of atom a is carried out. According to the tele-
portation theorem provided by Bennett et al,[!! the
joint product state of |¥,) ® |Q5)jl'717n can be rewrit-

ten as
|¥7 YO 1) a1
[l%n 1) ® (alg)n — ble)n)
+|¢an 1) ® (alg)n + ble)n)
+ |, 1) ® (—ale)s +blg)n)
+ ¥ 1) ® (—ale)n — blg)n) (14)
where
220 = 5 (o) Elesens)) (1)
and

wE, ) = % (|9a€n1) £ leagn_1))  (16)

are the Bell basis vectors of atom a and the (n — 1)th
atom. To obtain the teleportation information, Al-
ice uses a Bell state analyser to measure atoms a and
atom (n —1). With the outcome of a joint measure-
ment on atoms a and (n — 1) transmitted to the re-
ceiver Bob, an appropriate rotation to atom n to re-
construct the initial state of atom a can be applied.
For the two cases mentioned above, the probabilities

of successful teleportation are all 50%.

3.The probabilistic
tion of the unequally weighted
GHZ state

In this

teleportation.l?) The single quantum channel of the

teleporta-

section, we discuss probabilistic
n-distant-atom is not in the state of Eq.(1), but is in

the following state

| ¥)n-auz = @|g192 - gn) + Blerea---en),  (17)

where |a|? + |82 = 1. According to the above pro-
cedure, we perform measurements on (n — 3) atoms,
which do not participate in communication, i.e., atoms
1,2,---,(n—3). The GHZ state of three atoms of

communication can be obtained

| @)s-auz = @|gn_2gn—19n) + (—=1)* Blen_sen_16n),

(18)
n—3

where k = Z a;, a; is {g,e} and k is an odd or even
i=1

number. In order to realize the teleportation, a Bell
state measurement on atom a and the (n — 2)th atom
is made by Alice, which will project atoms (n — 1) and
n to the following state

:<¢z:1t,(n72)| y‘/>3—GHZ ® | Wa>

[ba\gn_lgn> +(~1)* amen_len>] , (19)

2
1
V2
| Wa)" =(¥. sy | )3-cuiz © | Ya)
1
=— (-1 blep—_1€n) * ac|gn— n] 20
75 (1" Bblensen) & aalguagn)] . (20
According to the discussion in Ref.[21], if Egs.(19) and
(20) are obtained, a unitary transformation on atom
(n — 1) is made in another basis {|z),|y)}. The new
basis is related to the old basis {|g),|e)} in the follow-

ing manner

lg) = alz) + Bly), (21)
le) = Blz) — aly). (22)
Thus Egs.(19) and (20) are respectively transformed
as follows
a?blgn) + (=1)" B*ale,)
|Wa) = |)

V2
af
+ 75 [tlon) 7 (-1 alen)| ), (23)

y _(=1)" B%le,) £ a’algn)
‘Wa> - \/5 |£C>

(=) blen) £ algn)]| ly). (24)

+

SIE
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If a result of measurement on atom (n —1) is |z) in
Egs.(23) and (24), the teleportation fails. However,
if it is |y), Bob can reconstruct the initial state of
atom a through an appropriate rotation to atom n,
and the teleportation is successful with the probabil-
ity of 2/a3|2. Provided that a = 8 = 1/v/2, it is clear

that this case returns to the former.

4. Conclusion

In summary, a scheme is presented for the tele-
portation of an unknown atomic state between any
two nodes of a quantum communication network. In

spite of using the n-atom GHZ state in our telepor-

tation, we think it is necessary for our teleportation
to send an unknown atomic state to any node. After
achieving our teleportation, the n-atom GHZ state is
destroyed. However, we have indeed realized our tele-
When
the network is in a partially n-atom GHZ state, the

portation from one node to any other node.

probabilistic teleportation with probability 2|a3|? is
shown. Unlike Ref.[21], the unequally weighted GHZ
state of three atoms is utilized in our probabilistic
teleportation. This scheme may be implemented by
entangled photons,[?223] entangled ions in a linear
trap(2¥, and entangled unclear spins in nuclear mag-
netic resonance.2%] So we expect that our scheme may

be used in quantum communication.
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