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1. Introduction

In condensed matter physics, understanding the effects of disorder and
randomness on quantum systems is crucial for exploring phenomena such as
localization and phase transitions. This study investigates the localization and
transport properties of a two-dimensional system using a hybrid model that
combines the Power-Law Random Banded Matrix (PRBM) model and the
Random Dimer (RD) model. The primary objective is to analyze phase
transitions and the influence of system parameters, on quantum states. The
innovation of this work lies in the combination of these two models, which
allows for the simultaneous study of short-range and long-range disorder
effects, providing new insights into the interplay between localization and

extended states in complex quantum systems.

2. Methodology

The research employs numerical simulations based on exact diagonalization
of the Hamiltonian matrix for the combined PRBM-RD model. The
Hamiltonian incorporates local disorder through the RD model, where site
energies are randomly assigned values of 0 or ¢, and long-range couplings
through the PRBM model, where off-diagonal elements follow a power-law
decay with exponent a. Systems of size N=1000 are studied, and results are
averaged over 1000 independent disorder realizations to ensure statistical
accuracy. Key quantities such as the participation ratio (PR) and the energy
level spacing ratio (RN) are computed to characterize the localization and
spectral properties of the system. The PR measures the extent of wavefunction
delocalization, while RN distinguishes between extended (Gaussian unitary
ensemble) and localized (Poisson) phases based on the distribution of energy
level spacings.
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3. Results and Discussion

The results demonstrate that the system undergoes a phase transition from
extended to localized states as the parameters o and ¢, are varied. Increasing
o weakens long-range couplings, leading to enhanced localization, as
evidenced by decreased PR and a shift in RN from 0.53 (extended phase) to
0.38 (localized phase). Similarly, increasing W intensifies local disorder,
further promoting localization. However, the effect of W is less pronounced
compared to a, highlighting the dominant role of long-range couplings in
determining the phase transition. These findings align with previous studies
on the individual PRBM and RD models but reveal new insights into the
combined effects of short-range and long-range disorders. The hybrid model
successfully captures the complex interplay between these disorder types,
offering a more comprehensive framework for studying quantum phase
transitions in disordered systems.

Discuss the implications of your findings and their significance in the context
of your field. Address how your research contributes to existing knowledge.

4. Conclusion

This study provides a detailed analysis of phase transitions in the combined
PRBM-RD model, demonstrating the critical roles of a and ¢, in controlling
the transition from extended to localized states. The results contribute to a
deeper understanding of localization phenomena in disordered quantum
systems and highlight the potential of hybrid models for exploring complex
behaviors. Future research could extend this work by incorporating additional
symmetries, studying higher-dimensional systems, or applying the model to
other disordered materials such as topological insulators and amorphous
solids. This research lays the groundwork for further investigations into the
effects of disorder and randomness in quantum systems, with potential
applications in materials science and nanotechnology.

Keywords: Quantum Phase Transition, Participation Ratio, Energy Level
Spacing Ratio, Localized and Extended Systems, Disorder and Randomness.
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