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Considering that three two-level atoms are initially in the GHZ single state and two of the atoms are simultaneously

put into a cavity initially in the coherent state, we investigate the dipole squeezing properties of the two atoms inside

the cavity under the condition of resonant interaction. It is shown that dipole squeezing properties of the two atoms

inside the cavity are strongly affected by rotation manipulating of the atom outside the cavity.
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1. Introduction

The concept of atomic dipole squeezing was first
introduced by Walls and the co-worker [l in studying
the fluctuation of single atom resonance fluorescent
light in 1981. When the fluctuation of some dipole mo-
ment component of the atom is lower than the quan-
tum noise limit, it is said that the atom is in a squeezed
state. Experimentally, it has been demonstrated that
atoms in a squeezed state can radiate squeezed light.[?]
Soon afterwards, the concept of atomic dipole square
squeezing was put forward in the study of two-atom
resonant fluorescence.l®! The studies on the effects of
atomic dipole square squeezing have been an attrac-
tive field in quantum optics and are limited to the
cases that the initial states are single-atom states or
product states of two atoms interacting with light
field.[3~11 In recent years, the properties of the atomic
entangled state have aroused huge interest. Entangled
states indicate the non-local properties of quantum
mechanics and are widely applied in quantum com-
putation, quantum cryptography, quantum teleporta-
tion and so on.['2:13] Recently, Yang and Guo 14! have
considered a pair of two-level atoms initially in the

EPR single state, then put one atom into the reso-

nant cavity that is in the vacuum state. The result
shows that the emission properties of the atom inside
the cavity are much affected by the manipulation of
the atom outside the cavity. We [!5] have considered
entanglement swapping and disentanglement schemes
via a Greenberger—Horne—Zeilinger (GHZ) entangled
state of three two-level atoms interacting with a co-
herent field. When a two-level atom is injected into a
high-Q cavity and other two atoms are far away form
the cavity, the entanglement swapping and disentan-
glement can be realized by carrying out a measure-
ment on the atom inside the cavity and by selecting
appropriate interaction time of atom inside the cav-
ity with the coherent field. However, we note that
the subject of how the manipulation of the atom out-
side the cavity affects the dipole squeezing of the atom
inside a cavity has not been studied so far. In this pa-
per, we consider three two-level atoms A, B, and C
initially in the GHZ single state, then we simultane-
ously put two atoms B and C into a cavity initially in
coherent state and let the atom A be far away from
the cavity. It will be seen that dipole squeezing prop-
erties of the two atoms B and C inside the cavity are

strongly affected by manipulating the atom A outside
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the cavity. However, if we perform a rotation opera-
tion on the atom A and then perform a measurement
on it, then different measurements produce different

dipole squeezing effect of the atoms inside the cavity.
2.Theoretical model

We first assume that three two-level atoms A, B,
and C are initially prepared in a single GHZ entan-
gled state, the atoms B and C are simultaneously in-
jected into a cavity in coherent state, and atom A is
far away from the cavity (as shown in Fig.1). Under
the resonant condition(wy —w, = 0), the Hamiltonian
of the system in the rotating-wave approximation can
be written as (h = 1)

FI = ﬁO + ﬁ]a
ﬁo = U.)f(a+d + ng + ng + ng);
Hr=ga*S; +a*tS; + Sta+ Sta), (1)

where at and & are, respectively, the creation and an-
nihilation operators of the field mode with frequency
Wwy¢; W, is the atomic transition frequency of B and C;
g is the coupling constant between the atoms B and C
with the cavity field; S,; and S’zi (the cavity field inter-
acting only with the atoms B and C) are the inversion
and transition operators for the ith (i=A, B, C) atom,

respectively.
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Fig.1.
toms A, B, and C interacting with a cavity initially in

The proposed experiment of three two-level

coherent state.

We next assume that the cavity mode is initially

prepared in the coherent state:

oo n
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n=0

where « is a complex number, |oz|2 = n is the average
photon number. The three two-level atoms A, B, and
C' are prepared in the GHZ state

| (0)) 4o = %(|€A,€B,€C) —l94,98,9¢))- (3)

Thus the initial state vector of the system takes the

form

19(0)) aposr =% S fuln)

X (lea,eB,ec) —|9a,9B,90))- (4)

Then, with the initial condition, the solution (the
state vector of system at time ¢ > 0) of the Schrédinger

equation in the interaction picture is given by

oo
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n=0

+an
+an
+an
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+anH(t) |gAagBagcan>' (5)
n=0
Here
n—+1 1
A(t) = — cos(1/2(2n + 3)gt)] +

V2(2n + 3) - V2’
(6)
(

1\/
n(1/2(2n + 3)gt),
2\/2+ n+3)gt)

VATIVaT?
\/5(2 +3) [1— cos(4/2(2n + 3)gt)], (8)

Vn—1yn
E(t) = Va@n 1) ————[1 — cos(1/2(2n — 1) gt)], (9)

G(t) = 1; \/\/_—sm(\/2(2n —1)gt), (10)

n 1
H(t)= m[l —cos(1/2(2n — 1)gt)] — 75
(

B(t) =C(t) = - 7)

D(t) =

F(t) =

11)

To describe the dipole squeezing of the two atoms,
we now introduce two Hermitian operators of the two

atoms; they are orthogonal to each other:

~ 1 4 N N ~

S = 5(Sgﬂtsgﬂhsjﬁsg), (12)
N 1 . N N

Sy = E(Sjg + 85— 85 —57). (13)

They satisfy the commutation relation

[81,8:] =187, (14)
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where S 7 = S B,z + S‘C, z. The uncertainty relation is
N N 1 /. \2
(18807) (10807) > 3 (52"

. . 2
where <(AS,-)2> = <SZ2> - <S,-> are the variances in
S'Z-. It follows that

(15)

(16)

, (1=1,2), (17)

- (sr) - 1|15

squeezing is said to exist when @; < 0.

3. Results and discussion
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Firstly, we consider the dipole squeezing of the
atoms B and C inside the cavity, before a rotation is
manipulated for atom A. According to Eq.(5), after
the atoms B and C are interacting with the cavity field
for a time ¢, if the atom A is detected in the ground
state by a detector D, then the state of the system is

reduced. It is easy to obtain the function Q2 that ex-

hibits the dipole squeezing effect by Eq.(17). Figure 2
shows the evolution of the function Qs for the reduced
state, in different initial average photon number. On
the other hand, one can easily find that the function
Q2 does not exhibit the dipole squeezing effect, in the
same parameter cases, when the atom A is detected
in the excited state.
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Fig.2. Time evolution of Q2 for atom A detected in the ground state as function of n - g=1

and (a) n=0.5; (b) n=1; (c) n=2; (d) n=5.

In the following, we discuss the case when we in-
sert a rotation operation R(G) on the atom A, before
the atom is detected (see Fig.1). The rotation is de-
fined as

R(6) |g) 4 = cosbg) 4 +sinble) ,,

R(0)|e), = —sinf|g) , +cosfle) ..  (18)

After the rotation operation, Eq.(5) is changed accord-
ingly. For comparison convenience, we plot in Fig.3 in
a similar way as in Fig.2. Again the function Q5 ex-
hibits dipole squeezing effect at some time, but the
function @; does not show dipole squeezing effect at
all. Tt is also seen from Fig.3 that rotation operation
angle influences the dipole squeezing obviously.
Furthermore, we change the view angle and keep
the rotation operation angle fixed, so that we can dis-

cuss only the influence of the initial field conditions.

When we vary the initial average photon number, the
results are shown in Fig.4. Again, when atom A is de-
tected in the ground state by a detector D, the func-
tion Q2 exhibits dipole squeezing effect.

4. Conclusion

We have studied the atomic dipole squeezing
properties of three two-level atoms initially in the
GHZ single state interacting with the coherent field
state. The results show that the interaction of a cav-
ity field with three entangled two-level atoms can give
more interesting properties of atomic dipole squeezing
than those with a disentangled atom or two disentan-
gled atoms. Furthermore, there are more parameters
that we can use to control the atomic dipole squeezing

properties.
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Fig.3. Time evolution of Q2 for atom A detected in the ground state as function of rotation
angle 0 - g=1, n=0.5 and (a) 8 = «/6; (b) 0 = w/4; (c) 0 ==/3; (d) 6 = =/2.
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Fig.4. Time evolution of Q2 for atom A detected in the ground state as function of # - g=1,
0 = m/3, and (a) n=0.01; (b) 7=0.5; (c) n=1; (d) n=2.
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