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Fig. 1. Time evolution of the peak density |¢ (r = 0)|?
AR = 3.00, Py =1.271; (bl), (b2)

and the monopole moment (r) =

e =0.70, R = 3.00, Po = 1.484; (cl), (c2)

rlp2dr: (al), (a2) ~c = 0.60,
yc = 0.60, yr = 2.60, Py = 1.142. The inter-

action g¢(t) = —2m + 8xsin(2t) is switched on a little bit at a time while the radial confinement potential is switched off from
t =0 to 20. Values of other parameters are R = 2.40, w = 2.00, 2 =230, gr =0.
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Fig. 2. Time evolution of the the odds density distribution for the system depicted in Fig. 1(a). The brighter and darker colors in

the figure represent the magnitude of the density, and the brighter color indicates the corresponding higher density.
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Fig. 3. (a) Time evolution of the peak density [¢) (r = 0)|? and (b) the density distribution in the limit of fast reservoir considering
the noise. The interaction g(t) = —2n + 8nsin(£2t) is switched on a little bit at a time while the radial confinement potential is
c =0.60, g = 3.00,
Py=1274, w=2.00, 2=30, gr = 0. The brighter and darker colors in the figure represent the magnitude of the density, and

switched off from ¢t = 0 to 20. The noise intensity is D = 0.01. Values of other parameters are R = 2.40,

the brighter color indicates the corresponding higher density.
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Fig. 4. Time evolution of the peak density | (r = 0)|? and the monopole moment (r) = [ r|4|?>dr while evolving the coupled
2

equations (4) and (5): (al) Image of peak density [¢ (r=0)

R =240, vg = 3.00; (bl) adding a weak noise with intensity D=0.01 to panel (al); (c1), (d1) image of density distribution in the
|2

in the parameter space of fast reservoir with time evolution,
parameter space of fast reservoir considering the noise; (a2) image of peak density |¢ (r = 0)|* in the parameter space of non-fast
reservoir with time evolution, R = 0.24, g = 0.30; (b2) adding a weak noise with intensity D = 0.01 to panel (a2); (¢2), (d2) im-
age of density distribution in the parameter space of non-fast reservoir considering the noise. The interaction
g(t) = —2n + 8msin(£2t) is switched on a little bit at a time while the radial confinement potential is switched off from ¢ =0 to
20. Gaussian white noise is added at the moment t =30, and the other parameters are ¢ = 0.60, Py = 1.265, w = 2.20,
2 =30, gr = 0. The brighter and darker colors in the figure represent the magnitude of the density, and the brighter color indic-
ates the corresponding higher density.
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SPECIAL TOPIC—Nonlinear system theory and its frontier applications

Two-dimensional bright soliton in exciton-polariton condensate”

Huang Yi-Fan  Liang Zhao-Xinf

(Department of Physics, Zhejiang Normal University, Jinhua 321004, China)
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Abstract

In non-conservative nonlinear systems, the basic physical mechanics of soliton generation is that the kinetic
energy and nonlinear terms of the system, as well as the gain and dissipation terms reach a double dynamic
balance. How to generate stable free high-dimensional solitons in such a system is currently a challenging topic
in soliton theory. In this article, we propose a theoretical scheme for realizing two-dimensional free bright
solitons in exciton-polariton Bose-Einstein condensates, which proposes a physical mechanism for generating
stable two-dimensional free space bright solitons through time periodic modulation interactions and a dual
balance between gain and dissipation. In this end, firstly, we obtain the dynamic equations of two-dimensional
bright soliton parameters through the Lagrange variational method, and obtain its dynamically stable
parameter space. Secondly, the evolution of the generalized dissipative Gross-Pitaveskii equation is numerically
simulated to verify the stability of two-dimensional bright solitons. Finally, we add Gaussian noise to simulate a
real experimental environment and find that two-dimensional bright solitons are also stable within the
observable time range of the experiment. Our experimental scheme opens the door to the study of bright

solitons in high-dimensional free space in non-conservative systems.
Keywords: bright soliton, polariton condensate, Gross-Pitaevskii equation
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