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Open Quantum Walk: Probability Distribution and Central Limit Theorem
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Abstract  As a basic tool for researching quantum algorithms, quantum walk has been an important
aspect of the quantum computation. In an open quantum environment, homogenous quantum
walk has all been studied, including its limit probability distribution and its central limit theorem.
However, the evolution formula, the probability distribution and the central limit theorem have
not been studied about open quantum walk with higher dimensional lattices and non-homogenous
environment. Based on these works, we propose an open quantum walk on higher dimensional
lattices and give its evolution formula, especially for one under non-homogenous environment,
focus on its probability distribution and their central limit theorem with a different type of
quantum operators. Firstly, we give an evolution formula of open quantum walk on higher
dimensional lattices, show that it not only adapts to homogenous quantum walk, but also adapts
to non-homogenous quantum walk. Compared with the existing evolution formulas, this result is
more general. Secondly, by using the fourier transform and the fourier inverse transform, we
give a computational formula for the probability distribution of open quantum walk, study its

applicability for homogenous quantum walk and non-homogenous quantum walk. To present by
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examples, we show a computational process about their probability distributions of non-homogenous

quantum walks on 1-dimensional lattice and 2-dimensional lattice. Finally, according to the

central theorem for maringale difference sequence, we prove a central limit theorem for non-

homogenous open quantum walk on higher dimensional lattices under certain condition, show that

a central limit theorem is its special case about a one-dimensional lattice homogenous open

quantum walk, illustrate a specific process of calculating the limit distribution.
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Background

Recently, open quantum random walk has become an
increasing hot topic as a quantum generalization of Markov
chains on lattices. Quantum walks have been well studied
and been extensively used in quantum search algorithm,
quantum games, quantum biological systems, etc. Open
quantum walks generalize quantum walks under the open
quantum environment. The research results show that open
quantum walks allow one to incorporate decoherence when
considering quantum systems. It has been known that the
importance of managing of decoherence has motivated its
study in quantum control, quantum walks, etc.

In a series of recent papers about open quantum walks.
the researchers focused on its limit behavior. In particular,
the central limit theorem has been studied under certain
condition. However, these works are limited to a homogenous
open quantum random walk, especially, on one-dimensional
lattice. Therefore, this paper will study open quantum

random walks in the generalized case.

In this paper, we focus on higher dimensional lattices,
non-homogenous open quantum random walk. Firstly, we
give a simple evolution formula of open quantum random
walk. Secondly, by using the fourier transform and the
fourier inverse transform, we give the computation formula
of the probability distribution of open quantum random walk.
Finally, according to the central theorem for maringale
difference sequence, we prove a central limit theorem for
non-homogenous open quantum random walk on higher
dimensional lattices under certain condition, show that the
central limit theorem is its special case about a homogenous
open quantum random walk on one-dimensional lattice, illustrate
the specific process of solving the limit distribution.
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