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The Control of Entanglement

in a Damped Jaynes�Cummings Model by Transient E�ects
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In this work, we study the entanglement dynamics of the damped Jaynes�Cummings model with the transient
e�ects modeled as the linear sweep of the coupling coe�cient between the atom and the �eld. We show that the
decoherence of the entanglement can be controlled by the transient e�ects under the in�uence of damping. These
e�ects can accelerate and can decelerate the decoherence of the entanglement during the time-evolution of the
system, by adjusting the frequency of the Rabi oscillations.
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1. Introduction

The Jaynes�Cummings model (JCM) [1] is a very con-
venient model to describe the interaction of a two-level
atom with a cavity �eld under the rotating wave approx-
imation. One advantage of this model is its suitability
to include additional considerations into the interaction.
One consideration is the inclusion of the transient e�ects
into the interaction. Joshi and Lawande [2] modi�ed the
JCM coupling coe�cient as the linear sweep case to in-
clude these e�ects and studied some dynamical proper-
ties. Linear sweep model was studied in detail elsewhere
for the squeezing characteristics in a quantum harmonic
oscillator [3, 4] and for the entanglement dynamics in the
atom��eld interaction [5�7].
In this paper, we consider another system to investi-

gate the in�uence of transient e�ects on the entanglement
properties of the atom��eld system with the dissipation
of the upper state. We show that the decoherence of
the entanglement can be controlled by the transient ef-
fects under the in�uence of damping. These e�ects can
accelerate and can decelerate the decoherence of the en-
tanglement during the time-evolution of the system, by
adjusting the frequency of the Rabi oscillations.

2. Theory

The Hamiltonian of the system with the resonance be-
tween the atom and the �eld is given by (~ = 1) [8�11]:

H =
ω

2
(|e〉〈e| − |g〉〈g|) + ωa†a

+λ(a†|g〉〈e|+ a|e〉〈g|)− i
γ

2
|e〉〈e|, (1)

where |e〉, |g〉 are the excited and the ground states of the
atom and a, a† are the �eld annihilation and creation op-
erators. w is the atomic transition and the �eld frequency
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and λ is the coupling coe�cient between the atom and
the �eld. γ is the damping coe�cient. When γ = 0, we
have the JCM Hamiltonian [1].

In the presence of the transient e�ects, the coupling
coe�cient is modi�ed as [2]:

λ(t) =

{
λkt/T for 0 ≤ t ≤ T,

0 otherwise.

In this linear sweep modi�cation, the interaction strength
achieves an adiabatic variation with small values of k and
a sudden jump with large values of k, for a �xed value
of T . In the real-world situations, these transient e�ects
can be produced by a very slow shift or a sudden jump
of the electric �eld interacting with the atom.

Then, we have the Hamiltonian

H =
ω

2
(|e〉〈e| − |g〉〈g|) + ωa†a

+
λkt

T
(a†|g〉〈e|+ a|e〉〈g|)− i

γ

2
|e〉〈e|. (2)

The exact solution of the system is obtained by

|ψ(t)〉 = exp(− i
∫ t
0
H(t́)dt́))|ψ(0)〉 where |ψ(0)〉 is the

initial state of the system and for simplicity we assume
that the �eld is in the number state and the atom is in
the excited state |ψ(0)〉 = |ne〉. When the atom is in
the excited state, some events such as spontaneous emis-
sion or the collision between the atoms will cause the
damping. In this case, the excited state will partly decay
to the other atomic states apart from the ground state.
The state of the system will evolve in time into the state

|ψ(t)〉 = An(t)|ne〉+Bn(t)|n+ 1g〉, (3)

where

An(t) = exp

(
− t

4
(γ + 2i(w + 2nw))

)

(256)
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×

(
cos

t

4

√
4x2nt

2 − γ2 − γ
sin t

4

√
4x2nt

2 − γ2√
4x2nt

2 − γ2

)
, (4)

Bn(t) = −2i exp

(
− t

4
(γ + 2i(w + 2nw))

)

×xnt
sin t

4

√
4x2nt

2 − γ2√
4x2nt

2 − γ2
, (5)

where xn = λk
√
n+ 1/T .

The entanglement properties of the system can be
quanti�ed by the Wootters concurrence [12]. It is de-
�ned as C = max(0,

√
λ1−

√
λ2−

√
λ3−

√
λ4) where λis

are the eigenvalues of the matrix R = |ψ(t)〉〈ψ(t)|(σ ⊗
σ|ψ(t)〉〈ψ(t)|∗σ ⊗ σ), in the decreasing order. C = 0 for
the separable states and C = 1 for the maximally entan-
gled states.

3. Results and discussion

In the following �gures, we analyze the in�uence of
transient e�ects on the dynamics of both the entangle-
ment and the transition probability of the excited state
in the damped interaction of the atom-�eld. (In these,
we assume that λ = 1.)
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Fig. 1. Entanglement C as a function of time t. n = 3,
γ = 0.5, k = 0.2, and T = 30.

Figure 1 shows the time-evolution of the entanglement
in the case of the adiabatic variation interaction. It is
clear that the entanglement has very small values and
there is almost completely no decay in the considered
time-interval, because the adiabatic variation induces a
low frequency of the Rabi oscillations. So, it delays the
growth of the entanglement after the interaction begins.
In result, the damping weakens the entanglement very
rapidly, almost completely without a decay in the os-
cillations. In this case, the entanglement in the system
behaves as if it does not feel the decay e�ect of the damp-
ing. When the interaction strength is increased with the
value of k for a �xed value of T (the interaction strength
changes from the adiabatic variation to the sudden jump)
as shown in Figs. 2 and 3, the entanglement achieves
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Fig. 2. As in Fig. 1, but for k = 2.
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Fig. 3. As in Fig. 1, but for k = 8.

higher values with an explicit decay in the oscillations.
So, the entanglement in the system feels the damping ef-
fectively, because, in this case the Rabi oscillations have a
higher frequency and accordingly the entanglement grows
up and achieves higher values in a shorter time (as com-
pared to the adiabatic variation case), after the interac-
tion begins. But, the damping suppresses the amplitude
of the entanglement oscillations in a �nite time-interval.

The revealed dynamical behavior of the entanglement
production above is directly related to the transition
probability of the atomic excited state to decay to other
states apart from the ground state due to the damping.
We observe the similar dynamical results for the tran-
sition probability as like for the entanglement with the
same parameters, as shown in Figs. 4�6. In the adiabatic
variation case, the transition probability takes small val-
ues almost completely without a decay. As we reach to
the sudden jump in the interaction, the transition prob-
ability takes higher values with an apparent decay in a
�nite time-interval.
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Fig. 4. The transition probability |Bn(t)|2 as a func-
tion of time t. n = 3, γ = 0.5, k = 0.2 and T = 30.
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Fig. 5. As in Fig. 4, but for k = 2.
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Fig. 5. As in Fig. 4, but for k = 8.

Due to the linear time-dependence of the interaction
between the atom and the �eld, the frequency of the
Rabi oscillations in the entanglement and in the tran-

sition probability is governed by e± iλt2 instead of e± iλt.
In this case, the frequency of these Rabi oscillations grows
up and then speeds up, as time passes. What controls
this dynamical behavior is the parameters of the tran-
sient e�ects (k and T ). For a constant value of T , this
dynamical behavior will evolve slowly for a small value
of k (adiabatic variation) and will evolve fast for a high
value of k (sudden jump). So, under the in�uence of
damping, a sudden jump interaction produces more pow-
erful entanglement and enhances the transition probabil-
ity with an apparent decay, by adjusting the frequency of
the Rabi oscillations. Therefore, the decoherence of both
the entanglement and the transition probability can be
controlled by the transient e�ects under the in�uence of
damping.

4. Summary

We study the entanglement dynamics of the damped
Jaynes�Cummings model with the transient e�ects mod-
eled as the linear sweep of the coupling coe�cient be-
tween the atom and the �eld. We show that the de-
coherence of the entanglement can be controlled by the
transient e�ects under the in�uence of damping. These
e�ects can accelerate and can decelerate the decoherence
of the entanglement during the time-evolution of the sys-
tem, by adjusting the frequency of the Rabi oscillations.
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