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Fig. 1. Linear interference of two Gaussian wave packets in position space: (a) Time evolution of Gaussian wave packet interference

in xz-space; (b) density plot of wave packet center(z = 0) vs. time ¢. The wave packets of width a and amplitude S start at (0, 0)

with opposite momentum +ké, in a-direction. The actual parameters are S =a =1,k =5.
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Fig. 2. Nonlinear Interference of two solitons in position space: (a) Time evolution of soliton interference in zz-space; (b) density
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Fig. 3. Derivative of relative phase function d¢/dz, Dirac magnetic monopole distribution and corresponding vector potential A at

time ¢ =0.2: (a) Analytic solution and reconstruction using magnetic monopoles of phase function derivative d¢/dz at time

t = 0.2, analytic solution(black solid line), construct using magnetic monopole(red dash line); (b) magnetic monopole distribution
and corresponding vector potential A on complex plane at time ¢t = 0.2, ®,® denotes monopoles with p = ii and Re[z], Im[z]

real part, imaginary part respectively. The actual parameters are same as Fig. 1.
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SPECIAL TOPIC—Nonlinear system theory and its frontier applications

Dirac magnetic monopoles potential in the
nonlinear double-soliton interference”

Sun Bin!)  Zhao Li-Chen?  Liu Jie Ut
1) (Graduate School, China Academy of Engineering Physics, Beijing 100193, China)
2) (School of Physics, Northwest University, Xi’an 710127, China)

( Received 20 December 2022; revised manuscript received 31 January 2023 )
Abstract

In this paper, we deeply investigate the phase evolution and the underlying topological vector potential in
the nonlinear interference of solitons. Based on the double-soliton solution of 1D nonlinear Schrédinger
equation, we find that the density zeros of wave function generally exist in the extended complex space, each
density zero corresponds to the vector potential produced by Dirac magnetic monopole. The vector potential
field is composed of periodically distributed Dirac magnetic monopole pairs with opposite magnetic charges. By
observing the motion of magnetic monopoles, we can conveniently understand the phase evolution
characteristics during the interference process. In particular, we find that the collision of a pair of magnetic
monopoles with opposite charge on the real axis corresponds exactly to the +xn jump of the wave function phase
at nodes. For comparison, we also discuss Dirac magnetic monopoles and vector potential field in linear wave
packet interference case. The results show that the Dirac magnetic monopole potential widely exists in the
interference phenomena of wave fields, and the distribution of magnetic monopoles in the extended complex

space can be used to distinguish the topological properties behind the linear and nonlinear interference process.
Keywords: monopole, nonlinear, interference, soliton
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