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Quantum field theory provides the fundamental framework for
describing particles and fields in modern physics. However, obtaining
exact solutions for many of its models (particularly in non-perturbative
regimes) poses significant challenges for both analytical approaches and
classical numerical methods. One promising route for studying such
systems is quantum simulation, in which the dynamics of a physical
model are represented using controllable quantum systems. In this work,
we investigate the possibility of modeling a discrete framework for
relativistic dynamics using a discrete-time quantum walk and
implementing it on digital quantum computers. Within this framework,
the time evolution of the system is defined through unitary operators,
and it is shown that, in the continuum limit and with appropriate scaling
in space and time, this discrete model can reproduce effective dynamics
corresponding to the Dirac equation for a free particle in ‘+)
dimensions. The model is then implemented in the form of quantum
circuits on a small system consisting of five qubits representing a graph
with )7 nodes, allowing the dynamical behavior and the interference
structure of the probability distribution generated by the quantum walk
to be examined under both ideal conditions and in the presence of noise.
To quantitatively evaluate deviations in the results, the Hellinger fidelity
is employed as a metric for comparing probability distributions,
enabling a systematic assessment of the differences between ideal
simulations, noisy models, and results obtained from executions on
guantum hardware. The results indicate that in current noisy
intermediate-scale quantum (NISQ) architectures, hardware noise can
significantly suppress the interference structure of the probability
distribution and reduce the resulting fidelity of the implementation. This
study highlights that a quantitative evaluation of noise effects is
essential for interpreting the outcomes of such simulations. It also
suggests that quantum walks can serve as a suitable framework for
preliminary investigations of discrete relativistic dynamics on small
guantum systems. Consequently, the results of this work may be viewed
as an initial step toward assessing the feasibility of implementing
simplified models related to quantum field dynamics on noisy quantum
hardware.

Keywords: Quantum Simulation, Quantum Field Theory, Quantum Walk,

Hellinger Fidelity, Quantum Hardware Noise.
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