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ABSTRACT

We investigate the evolution of initial entangled two-atom in cavity with single-mode light field. Using the method of
negative eigenvalue of partially transposed matrix we analysis the evolution of the entanglement of the two-atom in a
field of number state and Kerr-media environment and find that entanglement sudden death phenomenon occurs in the
number of particles field. When the atoms interact with the Kerr medium, we obtain that the phenomenon of sudden
death can be eliminated in the particle-number field, and the entanglement of two-atom oscillates around a high-value.
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1. Introduction

Quantum information science, which mainly includes
guantum computer and quantum communication, has in-
creasingly evolved as a new object. In the past few years,
quantum information has made a surprise progress both
in theoretical and experimental fields. It has created many
miracles, such as absolute secure quantum key, quantum
dense coding, quantum teleportation, and so on. Recently
the theory of quantum information has been widely used
to every branch of physics, which has acelerated the de-
velopment of information science and technology. Jay-
nes-Cummings mode (J-C mode) and Tavis-Cummings
model (T-C mode) could in deal the quantum optics and
guantum information problems effectively. In special con-
dition, they have analytic solutions, so they have theore-
tical and real meanings, and have been afforded more
and more attention. Now the study of quantum entangle-
ment becomes more important, such as the quantum tele-
portation due to quantum entanglement, which acts as
quantum channel to join different space sites [1-5]. Yu
and Eberly [6] found Entanglement Sudden Death, it
made widely concern about the theory [7,8] and experi-
ment [9-11]. In this letter we analysis the two-atom en-
tanglement characteristics in Numericall state field and
Kerr-media environment.
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2. Model and Method
2.1. Theoretical Model

One of the initial entangled two-atom interact with a cav-
ity in the single-mode light field. We can use the J-C
mode to describe the action of atom and light field. The
Hamiltonian of this system can be described as

Hol > m,crf+wa*a+g(a,§a+a;a+) €h)
i=A,B

Here @, w, is essential transition frequency of atom
and o is the frequency of light field; g is coupling con-
stant of atom and light field. &*,c",0~ is spin operator

of atom that o =|e,)(ex|~]9a){(0a|

o5 =|ea)(ea|~|92)(9a|. oa=[ea)(9a| and
o, =|9ga){(ea|, which |e),|g) is excited state and base
state of atom.

In this letter we discussed the entanglement state of
two-atom. The initial state can be written as

¥ (0)=(cosO|e,)|gs)+sind]g,)|es))®[n)  (2)

At any time in the interaction picture, the state of sys-
tem is depicted as

w(t)=C,(t)|es.e5,n—1)+C, (t)|e,, gg.N)
+C; (t)|9a.€5.n)+C, (t)|9ar 95, n+1)
In the interaction picture, the Schrédinger equation of
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system is

O o) ®

Using the initial condition we can get
C, (t)=—isingsiny/ngt
C, (t)=cosdcos+/n+1gt
C,(t)=sindcos/ngt
C, (t)=-icos@sinv/n+1gt

(4)

2.2. Calculation

We analysis the two-atom entanglements characteristics
in a vacuum field by using the partially transposed matrix
of negative Eigen values (negativity) method [12]. It is
defined as

N=-2% A4 ©)

Which 4 is negative Eigen values of the partially
transposed matrix p', and N €[0,1]. By this calcula-
tion method we get the result as follows.

N

= \/|Cl|4 e +alc,f e, ~2le [ [e.] -le [ -[e.f
(6)
The evolution of entanglement degree of the system is
described as Figure 1.
2.3. The Effect of Kerr Medium

When the cavity with single-mode numerical light field
fills with Kerr medium, the Hamiltonian of the system
can be written as

1.0

2
H= %[Za)io-iz j +wa’a
=

+g(ora+o,a’)+ yataa‘a

®)

which y describes the strength of interaction between
Kerr medium and light field.
As the initial state is

¥ (0)=(cosO|e,)(gs|+sin]g,){(es|)®|n) (6)

At any time in the interaction picture, the state of sys-
tem is depicted as

w(t)=Cy(t)|ea €5, n=1)+Cp, (t)|€n 9. 1)

+Cys (t)|9a.86. 1) +Coy (t)|9n, Gp.n+1) )

2.4. Calculation and Discussion

The two-atom entanglement characteristics in a vacuum
field, using the partially transposed matrix of negative
eigenvalues (negativity) method [12], it is defined as

N=-2% 4 @)

The evolution of entanglement degree is described as
Figures 1 and 2.

According to the picture we can see that the entangle-
ment degree of the two-atom declines seriously in the
number of particles field; sometimes sudden death of
entanglement occurs (as it is shown in Figure 1). The re-
gions of entanglement sudden death increase by the in-
creasing particle number. The reason is that the action
between atom and light field destroys the entanglement
of the atoms. For the further study, we find that Kerr me-
dium can erase the phenomenon of sudden death entan-
glement in numerical light field when two entangled at-
oms enter-act in the environment of Kerr medium and
single-mode numerical light field (as it is shown in Fig-
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Figure 1. Entanglement time evolution property in number field.

Copyright © 2013 SciRes.

JMP



606 S.J. DU, H. R. FENG

1.0+
N 0=n/8;n=2;9=1;%=0.5

(@) o5+

0
N | 0=n/8n=2;g=1;x=1

0=n/4;n=5;9=1,y=1

0.0 . .

0 2

Figure 2. The influence of Kerr medium in the entanglement evolution.

ure 2). Further more, it can make the entangled atoms
keep high entanglement degree, and can make the evolu-
tion of them near the maximal entanglement regions.

3. Conclusion

From the above discussion, we find that the entanglement
degree decreases seriously when the entangled atoms are
in the number of particles field. Sometimes entanglement
sudden death phenomenon occurs. Especially we obtain
that the phenomenon of entanglement sudden death can
be eliminated in the particle-number field, and the entan-
glement of two-atom oscillates around a high-value state
under a certain condition when the light field is filled
with the Kerr medium. It means that Kerr medium could
change the regions of disentanglement and could im-
prove entanglement degree.
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