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Periodic Evolution of Airy-Gaussian Beams Under Linear Potential
Xiao Yan', Zhang Jing, Wang Pengxiang
College of Physics and Electronics Engineering , Shanxi University, Taiyuan, Shanxi 030006, China
Abstract
Objective Non-diffractive beam has been an important research topic in optics. In addition to Bessel beam which

transmits along a straight line, Airy beam propagating along the quadratic parabola is also a special non-diffractive

beam, and this is called self-acceleration property. And it also shows strong recovery force against disturbance during

transmission, namely self-healing property. Airy-Gaussian beam, which can be adjusted between Airy beam and

Gaussian beam via the distribution factor, is derived from Airy beam. Based on the nonlinear Schrodinger equation,

the transmission in different nonlinear media including the Kerr media, saturated media, and photorefractive media
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has been studied in recent years. Since Longhi introduced fractional Schrédinger equation into the field of optics in
2015, it had aroused the interest of research groups at home and abroad. The study on Gaussian beam and Airy beam
in the framework of fractional Schrédinger equation has emerged in the endless stream, but there are few studies on
Airy-Gaussian beam. In this paper, taking the fractional Schrédinger equation as the theoretical model, the evolution
process is simulated numerically by the split-step Fourier method to study the propagation and interaction of Airy-
Gaussian beams with linear potential. The transmission of Airy-Gaussian beams under linear potential is explored to
obtain some meaningful results about beam control. Our results provide theoretical reference for the applications in
optical switching and optical logic devices as well as for the adjustment of beams in optical systems.

Methods  The split-step Fourier method is a numerical method for solving nonlinear Schrédinger equation,
considering the diffraction effect and nonlinear effect separately over a small distance. In this paper, based on the
fractional Schrodinger equation, the propagation of single Airy-Gaussian beam and the interaction of dual Airy-
Gaussian beams are simulated by the split-step Fourier method. When it comes to exploring the transmission of single
Airy-Gaussian beam, the Lévy index, distribution factor, and linear coefficient are analyzed. As for the interaction of
dual Airy-Gaussian beams, the effect of changing the Lévy index, beam interval as well as relative phase is observed.

Results and Discussion In the research process, it is found that Airy-Gaussian beam will split into two sub beams
when there is no potential, the splitting phenomenon gradually disappears when there is a linear potential, and it
evolves periodically, in which the energy of the main lobe hardly changes with the transmission distance and the same
is to side lobes. The evolution performs differently when parameter values vary. The period is associated with linear
coefficient 8, performing that it becomes smaller when | 8| is larger. Besides, the symbol of 8 can make a difference
to the distribution space of the beam. That is when 3~>0, the beam is only distributed on the left side of the central
axis, otherwise on the right side. It is worth mentioning that there is a transition process from splitting to non-
splitting when \ﬁ\ is closed to 0, in which one of the sub beams gradually approaches to the other, and they finally
converge into a beam. When >0, the incident beam deflects to the left, and vice versa to the right (Fig. 1). With
the increase of Lévy index « from 1 to 2, the oscillation amplitude increases, and the evolution path changes from an
approximate broken line to a curve. Furthermore, such oscillation is not symmetrical about the central axis, but
extends in the half space along the central axis to the « axis (Fig. 2). The energy exchange occurs due to the
competition when the energy difference is large, which happens when relative phase 6 = + n/2. However, there is
almost no competition in the case of in-phase or out-phase because the energy of two beams increases or decreases at
the same time (Fig. 3). The intensity distribution changes from symmetry to asymmetry and then to symmetry with
the increase of transmission distance in a period (Fig.4). When « exceeds a certain value, the energy exchange will
be destroyed. In addition, when a becomes large, two beams do not propagate at equal intervals. At the beginning of
any period, the interval between two beams is the largest and that at the half period is the smallest (Fig. 5).

Conclusion In this paper, a fractional Schrodinger equation is used as the theoretical model to explore the
propagation and interaction of Airy-Gaussian beams under linear potential by using the split-step Fourier method.
Generally speaking, the linear potential will destroy the beam splitting, performing that when | 8| increases from 0
to a very small range, and the beam will no longer split, but shows periodic evolution, which is not symmetrical
about the central axis but distributed on one side of the central axis. And this evolution is affected by many
parameters. Transverse oscillation amplitude and Lévy index o are positively correlated, performing that with the
increase of «, the amplitude of transverse oscillation increases correspondingly due to the increment of diffraction
effect, and the periodic evolution changes from an approximate broken line to a curve. Its period is affected by linear
coefficient 8, and it decreases with the increase of | 8| . Moreover, the sign of 8 can change the deflection direction
and distribution space of the beam. When 8>>0, the incident beam which only distributes on the left side of the
central axis deflects to the left, and vice versa. In the process of the interaction, the energy of two beams will
exchange periodically when 6 = + =/2, but not in the in-phase and out-phase. In addition, this phenomenon will
disappear when a approaches to 2. Furthermore, when « is large, two beams do not propagate at equal intervals,
with the largest interval at the beginning of the period and the smallest at the half. These conclusions provide a
theoretical reference for the application of beams in optical switching and optical logic devices as well as beam
control.
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