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Fig. 1. Dynamical evolution of the local density distribution of three identical anyons among one-dimensional lattices of L = 101.

From left to right, the statistical parameter y is set to be 0, 0.25, 0.5, 0.75, 1. From top to bottom, the on-site interaction strength

U takes value 0, —1, —4, —80, respectively.
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Fig. 2. Local density profiles of anyons among the whole lattice at time ¢ = t. = 22. From left to right, the statistical parameter y

is set to be 0, 0.25, 0.5, 0.75, 1. From top to bottom, the on-site interaction strength U takes values 0, -1, 1, respectively.
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Fig. 3. The density-density correlations Iy (t)/I}™(t) of the three identical anyons at time ¢ = t. = 22. From left to right, the

statistical parameter y is set to be 0, 0.25, 0.5, 0.75, 1. From top to bottom, the on-site interaction strength U takes value 0, -1, —4,

—80, respectively.
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f 2&3&; |0) among one-dimensional lattices of
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strength U takes value 0, -1, —4, —80, respectively.
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Abstract

Anyons, namely particles obeying fractional quantum statistics that interpolate between bosons and
fermions, possess a lot of new and exotic physical properties related to the particle exchange statistics. In this
work, we explore the few-body quantum dynamics and quantum correlations of indistinguishable anyons with
on-site interactions in one-dimensional lattices within the scheme of three-body continuous-time quantum walks.
By employing a time-evolving block decimation (TEBD) algorithm, we numerically calculate the dynamical
evolution process of the local density distribution of anyons among the whole lattice. Numerical simulations
shown in the main text mainly focus on a three-body initial state as |¢(t = 0)) = a' alal |0), in which three
particles are located on neighbouring sites at lattice centre. This choice of initial state features that the three
particles influence one another most strongly, while we have also implemented numerical simulations on other
choices of three-body initial states as are discussed in appendix. It is shown that the local density distribution of
anyons is dramatically altered by fractional particle statistics with new dynamical structure showing up during
the time evolution. For free anyons, an inner cone emerges as the statistical parameter increases, while the outer
cone remains robust all along. When the on-site interaction joins in, the structure of the inner cone is further
modified with new features. Specifically, for interaction of finite strength, an exotic dynamical asymmetry in
real space, is clearly demonstrated during the time evolution of the local density distribution for particles within
the fractional statistics regime. However, for boson limit and pseudofermion limit, the time evolution of the
local density distribution keeps symmetric as the three-body initial state. And remarkably, the dynamical
asymmetry is interaction-dependent manifested as the local density distribution of anyons favors opposite side
of the lattice for repulsive and attractive interaction, respectively. Moreover, when the on-site interaction is
further increased to hard-core limit, the dynamical asymmetry will then be largely suppressed. We also calculate
the density-density correlations for anyons before they reach the lattice boundary to reveal the interesting effect
of fractional statistics on quantum correlations. It is shown that the inner cone corresponds to co-walking of
anyons, while the outer cone is related to individual walking and is immune to the variation of statistical
parameter. Furthermore, the exotic real-space asymmetry originated from the interplay of fractional statistics

and finite interaction is also shown up in the density-density correlations.
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