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Influence of Chirp on Focusing Characteristics of Airy Pulses in

Nonuniform Fiber

Xin Zhigang, Wang Yan

College of Physics and Electronic Engineering, Shanxi University, Taiyuan, Shanxi 030006, China

Abstract

Objective

In 1979, the Airy wave packet was first found as a solution to the Schrédinger equation for a free

particle. The energy of this solution is infinite; thus, it cannot be realized in practice. In 2007, finite-energy Airy

beams (FEABs) were introduced and performed in an experiment for the first time. The tremendous potential

application of the FEAB in many areas, such as optical trapping and manipulation, laser filamentation, and nonlinear

optics, is due to its unique properties. As the temporal dispersive and spatial diffraction equations are isomorphic,

the attributes of spatial Airy beams are directly translated to the corresponding temporal Airy pulses. Therefore,

Airy pulses have been extensively studied. In practice, the laser system based on the chirped pulse amplification

technology involves chirp in pulse generation, propagation, and amplification. Zhang et al. investigated the effect of

initial chirp on Airy pulse propagation in an optical fiber. In addition, multipoint focusing on chirped symmetric Airy
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pulses has been studied. These contents are all studied based on the constant dispersion coefficient. In this paper,
the nonlinear Schréodinger equation with periodically varying dispersion is used as the theoretical model to investigate
the interaction of chirped symmetric Airy pulses and show its new characteristics.

Methods The analytical solution of the linear Schrodinger equation with variable coefficient is obtained using a
Fourier transform method and performing complex calculations. The focusing characteristics of the symmetric Airy
pulses with an initial chirp are analyzed and discussed based on the solution. We also simulate the linear and nonlinear
propagation of Airy pulses in the optical fiber using the well-known split-step Fourier method to confirm the
propagation dynamics of the symmetric Airy pulses obtained from the analytical analysis.

Results and Discussions The analytical and numerical results show that the symmetric Airy pulses exhibit a
periodic transmission trajectory under periodic dispersion modulation. Additionally, the linear propagation largely
depends on the chirp parameters and the position of the main lobe. In one dispersion period, there is no focus in the
evolution of the pulse when 4C + 1/d <<2; there is one focal point when 4C +1/4Jd =2; there are two focal points
when 4C +1/Jd >2 and 4C—1/Jd <<2; there are three focal points when 4C—1/Jd = 2; there are four focal
points when 4C—1/d <2 (Fig. 2). The focus position during the collision of the Airy pulses can also be controlled
by adjusting the chirp parameter and the initial position of the main lobe of the pulse. When | C|>>C,, four focal
i Z ., and Z _,increase

points appear. The focus positions Z., and Z , decrease gradually with the increase in | C
Y

gradually with the increase in | C'|. When C™> 0, they are symmetrical about 5

; when C<Z0, they are symmetrical

3n . o . - . . .
about o and it repeats periodically with the transmission distance (Fig. 3). The effects of truncation parameter

and Kerr nonlinearity on the propagation of the chirped Airy pulses are also discussed. It shows that the truncation
parameter does not affect the number and the position of the focal points in pulse transmission (Fig. 5). However,
as the truncation parameter increases, the collision of the pulse loses more energy. The Kerr nonlinearity effect will
cause solitons shedding, and the stronger nonlinearity will generate multiple solitons (Fig. 6).

Conclusions Based on the variable coefficient nonlinear Schrédinger equation, this paper investigates the dynamic
characteristics of the symmetric Airy pulses with an initial chirp under periodic dispersion modulation. The results
show that the chirp parameter C and the main lobe position d determine the number and positions of focal points
generated by the collision during the transmission of the chirped symmetric Airy pulses. Within the evolution distance
of a dispersion cycle, when \ C\ <C0.5, one or two focal points can be generated by adjusting the position d of the
main lobe as the pulse trajectory does not reverse. When | C| = 0.5, the trajectory of the pulse will be reversed
once, and there will be two focal points in the evolution of the pulse. The main lobe position d can only affect the
position of the focal point; it does not affect the number of focal points. Furthermore, when \ C\ >0.5, the
trajectory of the pulse will be reversed twice, and there are at least two focal points. Moreover, the number of focal
points can be increased to three at most four by adjusting the main lobe position d. Additionally, the truncation
parameter does not affect the number and the position of the focal points. However, a larger truncation parameter
will lose more energy under collision. When the Kerr nonlinear effect is considered, the transmission characteristics
of the pulse are nearly unchanged under the small nonlinear effect. As the nonlinearity further increases, it causes
soliton shedding. Stronger nonlinear effect can also lead to the generation of multiple solitons and the collision of
solitons with side lobes. This periodic transmission process and focusing characteristics provide certain theoretical
guidance for the research and the application of properties, such as the self-reconstruction of Airy pulses.

Key words nonlinear optics; nonuniform fiber; symmetric Airy pulses; chirp parameter; pulse main lobe; focusing
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