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The impact of the intrinsic decoherence on the dynamics of a system composed of two coupled qubits inside a
two-mode cavity with a nondegenerate parametric amplifier is analytically investigated. High-order nonlinearity
causes strong entanglement and mixedness, which are analyzed by using entropy, negativity, and log negativity.
In the absence of intrinsic decoherence, it is found that qubit-qubit coupling improves the generation of popu-
lation inversion, entanglement, and mixedness. The coupling acts as external decoherence in the presence of the
intrinsic decoherence, and the quantum effects evolve monotonically to non-zero stationary values. The qubit-

qubit entanglement is crucially dependent on the nonlinearity and the intrinsic decoherence. The stability of
this entanglement is granted for small intrinsic decoherence.

1. Introduction

Quantum entanglement (QE) and purity are the main characteristics
of quantum systems. They are now recognized as the most critical aspect
of evolving new quantum technologies [1-3]. The entanglement can be
created and preserved between completely separated qubits inside the
cavity [4-10].

The high-order nonlinearity of the interactions between atoms and
multi-mode cavity has been a subject of various applications in the
quantum information [11-13]. The nonlinear models are widely used to
study exotic or non-classical effects such as collapse and revival phe-
nomena [14], quantum filters [15], bistability [16,17] and chaos [18].
Multiple photon processes play a very important role in the nonlinear
interactions [19,20], which are useful resources for quantum informa-
tion and metrology [21].

Quantum systems are completely affected by the surrounding envi-
ronments due to their decoherence and dissipation effects. These effects
inhibit the entanglement and the purity [22-24].

The two-qubit entanglement is investigated for different cases as:
two-photon transition resulting from a squeezed field [25,26], and a
non-linear k-photon interaction with a thermal field [27-29]. The

amount of entanglement produced by nonlinear interactions in a
two-qubit system is found to be substantially higher than that generated
by linear coupling.

Our main goal here is to focus on the entanglement and the mixed-
ness generated by the interaction between a two-qubit system inside a
two-mode cavity containing a nondegenerate parametric amplifier.
Therefore, we introduce a new physical model for this non-linear
interaction and derive its dynamical density operator. This is followed
by a discussion on the population inversion as well as on the entangle-
ment and mixture quantified by the entropy, negativity and log
negativity.

The paper is organized as follows: The proposed model of the
intrinsic decoherence is presented in Sec. 2. While the dynamics of the
quantum effects are discussed in Sec.3. Finally, in Section 4, the paper is
concluded.

2. The physical model
The considered system is formed by identical two coupled qubits (A

and B) with the same transition frequency o between their lower and
upper states |0;) and |1;) (i = A, B), which have the energies o}, and

* Corresponding author. Department of Mathematics, College of Science and Humanities in Al-Aflaj, Prince Sattam bin Abdulaziz University, Saudi Arabia.

E-mail address: abdelbastm@aun.edu.eg (A.-B.A. Mohamed).

https://doi.org/10.1016/j.ss¢.2021.114383

Received 23 October 2020; Received in revised form 20 April 2021; Accepted 18 May 2021

Available online 1 June 2021
0038-1098/© 2021 Elsevier Ltd. All rights reserved.



