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A high fidelity teleportation scheme for standing wave coherent superposition state is presented. In this
scheme, a kind of two-mode coherent entanglement state is taken as quantum entanglement channel,
and cavity quantum electrodynamics technique involving the interaction of the atoms with cavity fields
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1. Introduction

Recent years quantum teleportation of continuous variable
states and atomic states has investigated extensively because it
plays very important role in quantum communication [1-11]. A
variety of proposals for atomic states teleportation were pro-
posed by using various quantum entanglement channel such
as entangled Bell state [2], three-particle entangled state [7],
W state [8], three particle GHZ state and four particle GHZ
state [10], etc. On the other hand, a variety of teleportation
schemes for continuous variable states were also proposed such
as the teleportation of coherent states [12-14], squeezed states
[15,16], entangled states [17-23], and mesoscopic superposi-
tion states [24,25], etc. However, all the teleportation schemes
for continuous variable states have one major drawback. This
teleportation fidelity is strongly limited. The authors of [26] pro-
posed a teleportation scheme which is based on two-mode single
photon entanglement channel. The teleportation fidelity for this
scheme is close to 100%, but it still cannot be completely faithful
teleportation.

In this paper, we present a new scheme of faithful quantum
teleportation for mesoscopic superposition states. In this scheme,
the two-mode entangled coherent state is taken as quantum chan-
nel, and cavity quantum electrodynamics technique involving the
interaction of atoms and cavity fields is used.
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2. Theoretical description

Let us consider a three-level atominside a single-mode light cav-
ity driven by a classical field with frequency w. The atomic states
are denoted by |g>, |e>, and |i>. We assume that the transition fre-
quency between the states |e> and |i> is highly detuned from the
cavity frequency. The Hamiltonian of this system is [9] ((h=1))

w . .

H= 7002 +wcata+glora+o_at)+ Q2o e” @ +o_et) (1)
where o*=le><g|, 0~ =|g><e|, o*=|e><e|-|g><g|, |e>, |g]>
being the excited and ground states of the atom, a* and
a are the creation and annihilation operators for the cavity mode, g
is the atom-cavity coupling strength, and £2 is the Rabi frequency
of the classical field. We assume that wg =w. Then the interaction
Hamiltonian, in the interaction picture, is

H = e ¥tgrotat eldtgo—at + (ot +07) (2)
where § =w. — wq is the detuning between the atomic transition
frequency (Je> <> |g| >) and cavity frequency, here we set §=0. We
make a unitary transformation H; = TH;T+ = e7*"/4H;e~7%"/4; the
transformed interaction Hamiltonian is obtained

1 . 1 .
H; = iga*(az —ioY) + ﬁg*a(aZ +i0Y) + 20* 3)
Making the rotating wave approximation, which is equivalent to

the transformation e—iZQI‘TZH;e‘iZQf“Z, the transformed interaction
Hamiltonian H; becomes

H; = %(ga* +g*a)o? — %(g*a —ga*)(a*e"zm _ Gfefizfzt) + Q07
(4)
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Assuming that 22 » g, we can neglect the fast oscillating terms.
Then Hj reduces to

Hj = %(ga+ +g*a)o? + 20* (5)

Proceeding to making the anti-transformation, H; = T*H;T, we
can obtain

1
Hi = 5(ga” +g*a)o™ + $20™ (6)
The evolution operator for H; is represented as
U = p—itHr _ p—if2to* p—i(gat+g*a)o*/2 (7)

In next section, we will apply Eq. (7) in quantum teleportation
of an unknown superposition state.

3. Quantum teleportation for superposition states

We also suppose the teleported state is an unknown superposi-
tion state of coherent states

lp >= Elia>1 + 1| —ia>4 (8)

where a and b are unknown coefficients, |£|2 + |n|2 + e*'“'z(én* +
&*n) = 1. The two-mode coherent entangled state is taken as the
quantum channel

T >= (lioe>lie>3 + | — i>5| — ie>3)/vVN 9)

here N is a normalized constant. In our teleportation protocol, in
order to obtain high fidelity for the teleported state, we do not use
light field joint measurement technique, but use cavity QED tech-
nique based on interacting of light field with atoms. We suppose
a sender Alice has two atoms 1, 2 with ground states |g>1, |g>2.
The initial state of the whole system composed of atoms and cavity
fields is given by

1 . .
> = —(&lla>1+ | —1a>1)Q |g> >
[Yr>; m(é 1+l 1)®18>118>2
® (lia>lie>3 + | —io>5| — ir>3) (10)

The whole teleportation protocol is described as follows:

Step 1: Alice sends atoms 1, 2 into the light cavities 1, 2, respec-
tively. The evolution operator U, of the k-th atoms and the k-th
cavity field is described by Eq. (7). We have assumed that coupling
parameters §2, g between atoms and light fields are same. By select-
ing the interacting time t and the parameters A, §2 to satisfy the
condition £2t=mz, m being a large positive even integer, we can
obtain the evolution operator Uy as

1 . . . .
Uk =5 {[Dylicr) + D (ier)] — [Dyiex) — Df (ie)]oy } (k=1,2)  (11)
where Dy (ia) = ¢+ is displacement operator of light field in

the k-th cavity, o =gt/2 (here it is assumed that g is real). According
to Eq. (11), we can obtain the state of the whole system as

[ > = UrUs|¥(0) > +8(10>1 + [i2a>1)Ig>1(10>2 + | — i2a>3)
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- {‘5(\0>1 +1i20>1)Ig>1(li2a>3 — 10>3)|e>3
x lie>3 +&(10>1 + |i2a>1)lg>1(|0>3 — | — i20>))
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+1(10>1 — | — i2a>1)le>1([i2a>3 +[0>7)Ig> 2 lia>3
+1(10>1 — | = i2a>1)le>1(|0>2 + | — i2a>3)

x |g>2] —ia>3} + {&(li2a>1 — 0>1)

x le>1(]i2a>y — |0>3)|e>, |ia>3
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x e>1(]i2a>5 — |0>5)e>;ie>3 (12)

We define the even and odd coherence states for the k-th cavity
field and the Bell states for atoms 1 and 2 as

| Dt > = (li2a>y £ | — i2a>)/+/Ni(k=1,2) (13)
|OF >, = (Igg>12 £ lee>12)/v2 (14)
Wt >y = (Ige>12 £ leg>12)/V2 (15)

where N; is normalized constant. By using the even and odd coher-
ence states and the Bell states, Eq. (12) can be represented as

> = 16" > {10107 + L1075 +107>1)
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N .
+ T](@+>1 — D> 1P >, — 1P >2)|n| —ia>3
1/ N1 N B
t5 [10>1(|®F >3 — @7 >3)
+ (D> + [P >1)(0>,]8] — ia>3
/N1
t5 [10>1(|DF >3 + P~ >2)

+(1®>1 +1@7>1) 0>z ]lie>3 } +0

N
> {10511022 4+ 50> 41075 100 - 0>
. Ni, . -
x§| = i>3[10>1]0>2 + Z=(1@7>1 — [P7>1)
Ny

2
+ (19T >1 + D >1)|0>, [éli>3

x(|DF > + P~ >2)|nlia>3 [10>1(|P*>2 + 1D~ >2)

A/ Ni " _
+ T[\0>1(I<p >y — P >3)
+(1@F>1 = |07>1)0>2]y| —ia>3 |

" Ny, o0 N
+ ¥ > [\0>1|0>2—T(|‘D >141P7>1)

x (|@F >3 + P~ >3)[§lia>3 +[-0>1]0>2

N .
Z (197 >1 =107 >1)(1 7>, — |7 >))]n| — ia>s

+
\/ N1

+ T[\0>1(I¢+>2 — D7 >3)

—(|9F>1 + D™ >1)I0>2]| — >3

v/ N1
5 [(19F>1 — [P >1)|0>;



Download English Version:

https://daneshyari.com/en/article/846039

Download Persian Version:

https://daneshyari.com/article/846039

Daneshyari.com


https://daneshyari.com/en/article/846039
https://daneshyari.com/article/846039
https://daneshyari.com

