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Abstract. Quantum entanglement dynamics are subject to nonlinear fluctuations, presenting
significant challenges in quantum computing and secure communication. By employing stochastic
differential equations, this study models these fluctuations, providing accurate representations of
entanglement behavior. We analyze quantum systems under various perturbative conditions,
highlighting the stochastic nature of entanglement stability. Our findings suggest improved
predictive capabilities and methodologies for maintaining the coherence of quantum states, crucial
for advancing quantum technologies.
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Introduction

The phenomenon of quantum entanglement serves as a cornerstone for advancing quantum
computing and quantum communication systems. However, a critical challenge that persists
in this discipline is the nonlinear fluctuations that impact the dynamics of entangled
quantum states. These fluctuations disrupt the coherence and stability of quantum states,
impeding the realization of reliable quantum information processing. Addressing this issue
requires robust theoretical frameworks that can accurately model and predict these
disturbances. In recent years, stochastic differential equations have emerged as a potent
mathematical tool to simulate and understand complex systems subject to random
fluctuations. Their application in quantum mechanics, particularly in modeling
entanglement dynamics, offers promising avenues for theoretical and practical
advancements. The stochastic nature of these equations accommodates the inherent



uncertainties and perturbative factors in quantum systems, allowing for a more
comprehensive understanding of entangled states. This paper delves into the deployment of
stochastic differential equations to capture the essence of nonlinear fluctuations within
quantum entanglement. We provide a detailed analysis of quantum systems under varying
degrees of external perturbations, illustrating the potential of these equations to enhance
predictive accuracy. By refining our understanding of these dynamics, we pave the way for
more resilient quantum computing infrastructures and secure communication protocols. The
remainder of this paper is structured as follows: Section 2 elaborates on the theoretical
underpinnings of stochastic differential equations in the context of quantum mechanics.
Section 3 presents our methodological approach, detailing the specific conditions and
parameters considered in our models. Section 4 discusses the results, highlighting key
insights and their implications for future quantum technology. Finally, Section 5 offers a
conclusion and prospects for subsequent research.
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