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Fig. 1. Spatial pair correlations of two hard-core bosons under the effects of long-range inter-particle interactions in Eq. (3) with

various values of the interaction strength. The initial state for the two bosons is |¥); = [12,17) for all the cases. Each column in

the figure represents the change of two-particle correlation pattern with time under specific conditions. From top to bottom, the

corresponding evolution times are Jt =2, 10, and 100, respectively. For each column (from left to right) the interaction strength is
U/J=0, 2, —2, 40, —40, 80, and —80, respectively. The total number of lattice sites is L = 31.
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Fig. 2. Spatial pair correlations of two hard-core bosons under the effects of strong long-range inter-particle interactions for differ-

ent initial states. Each column in the figure represents the change of two-particle correlation pattern with time under specific condi-

tions. From top to bottom, the corresponding evolution times are Jt =0, 10, 40, and 110, respectively. The initial states of the
two particles |¥); in each column (from left to right) are [15,17), |14,18), [13,19), |8,24), [4,28), and |8,24) , respectively.
On the left and right size of the dashed line the interaction strength is U/J = 80 and 1 000, respectively. The total number of lat-

tice sites is L = 31 .
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Fig. 3. Spatial pair correlations of two hard-core bosons under the effects of strong short-range inter-particle interactions in Eq. (2)

(left side of the dotted line) and no interactions (right side of the dotted line) for different initial states. The interaction strength for

the short-range inter-particle interactions is U/J =80. From top to bottom, the corresponding evolution times are
Jt =0, 10, 80, and 150, respectively. The initial state of the two particles |[¥); in each column (from left to right) is [15,17),
|10,22) , |15,17) , and |10, 22) , respectively. The total number of lattice sites is L = 31.
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Fig. 4. Spatial pair correlations of two hard-core bosons under the effects of an isolated defect point in the lattice and strong inter-
particle interactions for different initial states. The left and right size of the dashed line are under the effects of strong long-range
and short-range inter-particle interactions, respectively. The isolated defect point is introduced as follows: in the lattice with
L =31 lattice sites in total, lattice site 17 is set to have additional potential energy with strength V (17) /J = —80 in the
Hamiltonian (1), while the local potential energy of the other lattice sites is still 0. The interaction strength is U/J = 80 for all
cases. From top to bottom, the corresponding evolution times are Jt =0, 10, 80 and 200, respectively. The initial state of two
particles |¥); in each column (from left to right) is |10,12), |16,18), |15,18), |15,17), |16,18), and |16,17) , respectively.
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Effects of long-range inter-particle interactions and isolated
defect on quantum walks of two hard-core bosons in
one-dimensional lattices’
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Abstract

The quantum walk of two hard-core bosons in one-dimensional lattice under the effect of long-range inter-
particle interaction is studied in detail. We also simulate the influence of an isolated defect that may exist in
the lattice on the quantum walk of two particles by adding an additional potential energy to a certain lattice
site. Using exact diagonalization method, the continuous-time quantum walk is directly simulated. The
numerical simulations show that the range of interaction (long-range or short-range), the strength of the inter-
particle interaction, the initial state of the two particles and the presence of the isolated defect have great
influences on the quantum walk. Under the effect of strong long-range interaction, the particles initially located
on the non-adjacent lattice sites have a co-walking behavior, while under the short-range interactions (nearest-
neighbor interactions) only two particles initially located on the neighboring lattice sites can exhibit co-walking.
After introducing the isolated defect into the system with strong interaction, two particles residing on the same
side of the isolated defect keep co-walking, while two particles located on either sides of the isolated defect or
one particle located on the isolated defect and the other particle staying on the side of the isolated defect, the
two particles keep stationary or co-walking near the defect, displaying the characteristics of localization. By
using the second-order perturbation theory of degenerate quantum system, a comprehensive theoretical analysis
of the above numerical results is given. The theoretical analysis reveals the underlying physical law of quantum
walks of two particles in one-dimensional lattice under the effects of strong long-range interaction and isolated
defect in the lattice.

Keywords: quantum walk, long-range interactions, spatial correlation function
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