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We study the dynamics of Bose-Einstein condensate coupled to a waveguide with parity-time symmelric
potential in the presence of quadratic-cubic nonlinearity modelled by Gross-Pitaevskii equation with
external source. We employ the self-similar technique to obtain matter wave solutions, such as bright,
kink-type, rational dark and lorentzian-type self-similar waves lor this model. The dynamical behavior ol
self-similar matier waves can be controlled through variation ol trapping potential, external source and
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nature of nonlinearities present in the system.

© 2020 Elsevier B.V, All rights reserved.

1. Introduction

Bose-Einstein condensate (BEC) is a macroscopic quantum state

of matter in which all atoms in the bosonic gas condenses into a

single ground state of the system [1,2]. The coherent matter-wave

formed via this population of atoms is depicted by a macroscopic

wave function which is also a solution of nonlinear Schrédinger

equation (NLSE). The mean-field equation used to describe the dy-
namics of BEC is the Gross-Pitaevskii (GP) equation or NLSE with
a trapping potential [3]. Basically, the GP equation is a three-
dimensional equation which can be reduced to a one- or two-
dimensional equation by confining the condensale to two or one
directions in an effective potential [4,7]. In BECs, the formation
of soliton solutions is esultant of the interactions among atoms
and the geomelry of the trap used to confine the BEC. Here, non-
linearity arises due to interatomic interactions of the condensate
measured by the scattering length ‘a’. In BEC, Feshbach resonance
gives a way to conlrol the strength ol how atoms interact with
each other [G], Experimental work has been done to show the
existence of bright solitons for attractive interactions (a < 0) [7]
and dark solitons for repulsive interactions (a > 0) [3]. Authors
have also studied the dynamics of BEC in the presence of com-
peting cubic-quintic nonlinearity [2-15] and quadratic-cubic non-
linearity [16-20|. Over the past several years, there is a consid-
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erable interest on the existence of matter wave solutions for GP
equation with time-dependent coefficients or generalized nonlin-
ear Schrédinger equation (GNLSE) [21-25]. Earlier, Paul and his
collaborators [?6G-28] numerically studied the resonant transport
of interacting BEC through a symmetric double barrier potential in
a waveguide for the modified GP equation, Coupling of the waveg-
uide to a reservoir of condensate from which matter waves are
injected into the guide is modelled by source term. Later, Yan et
al. [29] studied the nonautonomous matter waves in a waveguide
for the modified GP equation driven by a source term. Recently, R.
Pal et al. [20] obtained the matter wave sell-similar solutions for
the driven nonautonomous GP equation with quadratic-cubic non-
linearity. Apart from it, the GNLSE with external source has also
been studied to obtain self-similar solution in the context of fiber
optics [30-32].

In this work, we have studied the dynamics of BEC coupled to
a waveguide with parity-time (PT) symmetric potential modelled
by GP equation with inhomogeneous source, S(t)e!" ™" where S(t)
and A(x, r) are amplitude and phase terms | 27,29]. The source term
simulates the coherent injection of matter waves [rom an exter-
nal reservoir lo the waveguide. In recent years, a significant work
has been done on the evalution of soliton |33-36] and self-similar
solutions [37-49] for the GNLSE with PT-symmetric potential, Ac-
cording to quantum mechanics, Hamiltonian of a system should be
Hermitian since the eigenvalues corresponding to Hermitian oper-
ators are always real. In 1998, Carl Bender and S. Rocttecher [10]
proposed that even non-Hermitian Hamiltonians exhibit real spec-
tra provided lamiltonians respect PT-symmetry. The necessary but
not sufficient condition for Hamiltonian to be PT-symmetric is that
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