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Abstract—We investigate and analyze finite energy Airy
pulses interactions with temporal solitons in nonlinear fiber
at the same center wavelength, via split step Fourier
numerical simulation. The results show that the Airy main
lobe is partly trapped by temporal solitons, and the trapped
pulse that can present periodic evolution during the
propagation is a kind of asymmetric soliton. Although the
Airy pulse loses most of the energy to the trapped soliton, the
remaining continues to move in the parabolic trajectory. We
further study the effect of pump soliton time position and
truncation coefficient of Airy pulses on the periodic
evolution and energy of trapped soliton.
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. INTRODUCTION

Berry and Balazs found that Airy wave packets were a
solution to the Schrcdinger equation in the context of
quantum mechanics in 1979™. However, such ideal Airy
beams contain infinite energy, so it is not physically
realizeable. In 2007, Siviloglou and Christodoulides
demonstrated that truncated Airy beams can exhibit the
unique property of acceleration in timel?, as well as ideal
Airy beams. These truncated Airy beams can be created
by applying a CUbIC phase mask across a Gaussian beam in
the Fourier plane®®. In addition to acceleration, truncated
Airy beams also have the unique attributes of self- healing
in spite of the severity of the imposed perturbationst! and
resisting dispersion. Since truncated Airy beams have
many unique attributes, Airy beams have various
applications in different fields such as laser plasma®®®,
particle clearing!"®, laser filamentation™. The temporal
dispersive equation and the spatial diffraction equation are
isomorphic, so truncated Airy pulses have the analogous
unique attributes as well as spatial Airy beams. In recent
years, truncated Airy pulses are being investigated in the
context of spatiotemporal Airy light bullets in the linear
and nonlinear regimest"®, and in the context of soliton
shedding from Airy pulses™™ and in the context of
supercontmuum generation with femtosecond self-healing
Airy pulses?

Truncated Airy pulses can propagate a long distance in
linear regime in fiber, but eventually succumbing to
dispersive. Solitons are the stable solution to nonlinear
Schrd&ldinger  equation (NLSE), and the result of the
balance between dispersion effect and nonlinear effect.
Solitons have been extensively studied in both the spatial
and temporal domails, the latter out of interest for
application in optical communications™®. When weak Airy
pulses and strong temporal solitons (the pump) simultaneo-
usly propagate in fiber, the pump soliton can generate
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nonlinear refractive index. Nonlinear refractive index
change creates a traveling potential which can serve as a
waveguide for Airy pulses™™®. So Airy pulses can be
trapped by pump solitons. In this paper, we numerically
investigate the formation of the trapping of Airy pulses,
and we further study the effect of the initial relative time
position of pump solitons with Airy pulses and the
truncation coefficient of Airy pulses on the periodic
evolution and energy of trapped soliton.

Il.  AIRY PULSES INTERACTIONS WITH

SOLITONS

A. Theoretical model

When two optical pulses overlap inside fiber, they can
interact with each other through cross-phase modulation
(XPM), a phenomenon that is always accompanied by self-
phase modulation(SPM). We model Airy pulses interacti-
ons with solitons with the normalized coupled NLSEM,
which neglect the walkoff between Airy pulses and pump
solitons, Ioss of the fiber and high-order nonlinear effect.
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Where U, and U, are the normalized amplitude of Airy

pulses and pump solitons respectively, g,, and g,, are

the second dispersion coefficient of Airy pulses and pump
solitons respectively, r and & are the retarded time
coordinates normalized by the initial width of Airy

pulses( T, is the initial width of Airy pulses) and the
propagation distance normalized by dispersion length( L,

is the dispersion length, L =T.”/|s,|), the parameter

? -1/t (Ly. is the nonlinear length, L, =1y, R,

where y, and P, are the nonlinear coefficient and peak
power of Airy pulses) .

B. Simulation results

We demonstrated the trapping of Airy pulses through
numerical simulation (1) using the Split Step Fourier

Method(SSFM). In simulation, we set 5, <0, N =1.

The Airy pulse relative amplitude, phase, and initial time
separation |m act on the interaction between Airy pulses
and solitons"”). Consequently the initial Airy pulses:



u, (¢ :0,1):\/EAiry(z') exp(ar), where R is the peak

intensity ratio between Airy pulses and pump solitons, a
is the truncation coefficient of Airy pulses. The initial

pump solitons: U, (& =0,t) =sech(r -z, )exp(i0) , where
7, and @ are the pump soliton time position and initial

phase of pump solitons.

The initial phase € and peak intensity ratio R impact
barely on the periodic evolution of trapped pulses, so we
mainly consider the effect of pump soliton time position

, and the truncation coefficient a on the periodic

evolution of trapped pulses. In simulation, we choose
6=0, R =1% (ensure that the Airy will propagate in the
linear regime), the rang of the pump soliton time position

7, =—0.8~ 0.8 (ensure that we distinctly observe the

trapping of Airy pulses), and the rang of truncation
coefficient a=0.1~0.5 (ensure that we distinctly observe
the effect of the truncation coefficient on the periodic
evolution of trapped pulses). The simulation results are
show in Fig. 1 and Fig. 2. The results show that a
relatively stable pulse is formed out of the centered energy
about the Airy main labe. The phenomenon illustrates that
the Airy main lobe is partly trapped by the pump solitons.
The trapped pulses can propagate stably a long distance
like the soliton. So we regard the trapped pulses as a kind
of special asymmetric soliton. Moreover, the trapped
soliton exhibits periodic evolution in the propagation, and
the feature of periodic evolution is related with the pump
soliton time position and the truncation coefficient of Airy
pulses. Although the Airy main lobe loses most of the
energy to the trapped soliton, self-healing property of Airy
waveform make it recover from the energy loss and the
Airy pulse continues to move in parabolic trajectory.
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Figure 1. Time-intensity distribution plots of Airy pulses as a function
of propagation distance for different pump soliton time position when

a=0.1: (a) 0= -0.8 , (b) T0= -0.4.
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Figure 2. Time-intensity distribution plots of Airy pulses as a function
of propagation distance for different truncation coefficient when 7o = 0 :

@a=0.1,ca=0.5.
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I1l.  RESULTS ANALYSIS

A. The effects of pump soliton time position

From the Fig. 1, we can see that the features of trapped
soliton’s periodic evolution are related with the pump
soliton time position. In order to investigate the relation
between them, we fix the truncation coefficient a=0.1
and change the pump soliton time position to observe the
central position of trapped soliton (first order moment) as a
function of propagation distance. Fig. 3(a) shows a plot of
the central position of trapped soliton as a function of
propagation distance for different pump soliton time
position. The central position of trapped soliton exhibits
periodic oscillation, and the pump soliton time position
influence the oscillation amplitude and direction, but the
oscillation period is invariable. The periodic oscillation is
the result of asymmetry of trapped soliton. The oscillation
amplitude as a function of pump soliton time position is
depicted in Fig. 3(b). With larger pump soliton time
position, the oscillation amplitude decreases first and then
increases.

Next, we investigate the effect of pump soliton time
position on the energy of trapped soliton. Fig. 3(c) shows
a plot of the energy of trapped soliton as a function of
pump soliton time position. The energy is normalized by
the initial energy of Airy main lobe. From the Fig. 3(c),
we can see that the energy of trapped soliton decreases
with larger pump soliton time position. Because larger
pump soliton time position decreases the initial time
overlap between the Airy main lobe and pump solitons.
Moreover, we find that the most energy of Airy main lobe
is trapped by pump solitons, but not completely.
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Figure 3. (a) Plots of the central position of trapped soliton as a
function of propagation distance for different pump soliton time position
when a = 0.1, (b) Plots of the oscillation amplitude of central position
as a function of pump soliton time position when a = 0.1, (c) Plots of
the energy of trapped soliton as a function of pump soliton time position

when a=0.1.



B. The effects of truncation coefficient

From the Fig. 2, we can see that the features of trapped
soliton’s periodic evolution are related with the truncation
coefficient of Airy pulses. In order to investigate the
relation between them, we fix the pump soliton time

position 7, =0 and change the truncation coefficient to

observe the central position of trapped soliton as a function
of propagation distance. Fig. 4(a) shows a plot of the
central position of trapped soliton as a function of
propagation distance for different truncation coefficient.
The central position of trapped soliton exhibits periodic
oscillation, and truncation coefficient influence the
oscillation amplitude, but the oscillation period is
invariable. The oscillation amplitude as a function of
truncation coefficient is depicted in Fig. 4(b). The
oscillation amplitude decreases with larger truncation
coefficient, because truncation coefficient influences the
peak position of Airy pulses.

Next, we investigate the effect of truncation coefficient
on the energy of trapped soliton. Fig. 4(c) shows a plot of
the energy of trapped soliton as a function of truncation
coefficient. The energy is normalized by the initial energy
of corresponding Airy main lobe. As seen in Fig. 4(c), the
energy of trapped soliton increases with larger truncation
coefficient. Because with the increased truncation
coefficient, the Airy main lobe will move right close to
pump solitons, which increases the initial time overlap
between the Airy main lobe and pump solitons.
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Figure 4. (a) Plots of the central position of trapped soliton as a function
of propagation distance for different truncation coefficient when p = 0,
(b)Plots of the oscillation amplitude of trapped soliton’s central position
as truncation coefficient when 7o = O, (c)Plots of the energy of trapped
soliton as a function of truncation coefficient when 7, = 0 .

IV. CONCLUSIONS

In this paper we investigated finite energy Airy pulses
nonlinear interactions with pump solitons in fiber. In
simulation, we found that the Airy main lobe is partly
trapped by pump solitons under the influence of XPM. The
trapped pulse can propagate stably a long distance like the
soliton and present the feature of periodic evolution. We
regard the trapped pulse as a kind of special asymmetric
soliton. The self-healing property of Airy waveforms make
the Airy main lobe reconstruction, and the remaining Airy
pulse continues to exhibit the unique property of accelerat-
ion in time. The feature of trapped soliton’s periodic
evolution depends both on the pump soliton time position
and truncation coefficient of Airy pulses. The energy of
trapped soliton is decided by the initial time overlap
between the Airy main lobe and pump soliton. At last,
While we performed all our analysis in temporal domain,
the similar conclusion can be obtained in spatial domain
since the spatial diffraction equation and the temporal
dispersive equation are isomorphic.
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