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We first consider linear and nonlinear modes pinned to a grating-free (gapless)
layer placed between two symmetric or asymmetric semi-infinite Bragg gratings (BGs),
with a possible phase shift between them, in a medium with the uniform Kerr
nonlinearity. The asymmetry is defined by a difference between bandgap widths in
the two BGs. In the linear system, exact defect modes (DMs) are found. Composite
gap solitons pinned to the central layer are also found in analytical and numerical
forms in the nonlinear model. In the asymmetric system existence boundaries for the
DMs and gap solitons, due to the competition between attraction to the gapless
layer and repulsion from the reflectivity step, are obtained analytically. Stability
boundaries for solitons in the asymmetric system are identified by means of direct
simulations. Collisions of moving BG solitons with the gapless layer are also studied.

Next, we study spontaneous creation of solitons in quadratic media by the
downconversion (i.e., parametric instability against the generation of fundamental-
frequency excitations) from the truncated Airy-wave (AW) mode in the second-
harmonic component. Parameter regions are identified for the generation of one,
two, and three solitons, with additional small-amplitude “jets.” Shares of the total
power carried by individual solitons are found. Also considered are soliton patterns
generated by the downconversion from a pair of AWs bending in opposite directions.

We also consider conversion of truncated Airy waves (AWs) carried by the
second-harmonic (SH) component into axisymmetric y® solitons in a 2D system
with quadratic nonlinearity. The spontaneous conversion is driven by the parametric
instability of the SH wave. The input in the form of the AW vortex is also considered.

As a result, one, two, or three stable solitons emerge in a well-defined form, unlike
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the recently studied 1 D setting, where the picture is obscured by radiation jets.
Shares of the total power captured by the emerging solitons and conversion
efficiency are found as functions of parameters of the AW input.

Finally, We employ the generic three-wave system, with the (2) interaction
between two components of the fundamental-frequency (FF) wave and second-
harmonic (SH) one, to consider collisions of truncated Airy waves (TAWSs) and three-
wave solitons in a setting which is not available in other nonlinear systems. The
advantage is that the single-wave TAWSs, carried by either one of the FF component,
are not distorted by the nonlinearity and are stable, three-wave solitons being stable
too in the same system. The collision between mutually symmetric TAWS, carried by
the different FF components, transforms them into a set of solitons, the number of
which decreases with the increase of the total power. The TAW absorbs an incident
small-power soliton, and a high-power soliton absorbs the TAW. Between these
limits, the collision with an incident soliton converts the TAW into two solitons, with
a remnant of the TAW attached to one of them, or leads to formation of a complex

TAW-soliton bound state. At large velocities, the collisions become quasi-elastic.

Keywords : Spatial solitons, Second harmonic Generation, Airy waves, Bragg gratings,

bandgap
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