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Fig. 1. Soliton profiles (red: FW; green: SH) with quadratic and cubic nonlinearities for strongly nonlocal case and general nonlocal

case: (a), (b) Strongly nonlocal case a = 0.04; the soliton in panel (b) is an extension of that in panel (a) toward the right and left
sides; (c), (d) general nonlocal case o = 10, where (c¢) [ = 18.0974, (d) | = 18.7214. Dotted line: soliton profiles with quadratic

and cubic nonlinearities; Solid line: the profiles of quadratic solitons with only quadratic nonlinearity. |d2/di| = 1.
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Fig. 2. Soliton width (blue line, right ordinate) and power (red line, left ordinate) of the FW versus the sample size [ (a) Strongly
nonlocal case o = 0.04; (b) general nonlocal case o = 10. Dotted line: results with quadratic and cubic nonlinearities; Solid line:

results with only quadratic nonlinearity. |d2/di| = 0.8.
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Fig. 3. (a), (b) Curves of unstable growth rate corresponding to Fig. 2; (c) unstable growth rate versus the nonlocal degree a.
1 =18, |d2/di]| = 2; (d) unstable growth rate versus da/d1. o =0.11, [ = 18. Dotted line: results with quadratic and cubic non-

linearities; Solid line: results with only quadratic nonlinearity.
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Influence of cubic nonlinearity effect on quadratic
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Abstract

In this paper, we theoretically study the influence of cubic nonlinearity effect on quadratic solitons in the
boundary-constrained self-focusing oscillatory response function system. Based on the Newton iteration
approach, we numerically solve the nonlinear coupled-wave equations with both quadratic and cubic
nonlinearity. Moreover, a family of quadratic solitons is obtained. By comparing the quadratic solitons with
both quadratic and cubic nonlinearity with those with only quadratic nonlinearity, we find that the cubic
nonlinearity changes the transverse distribution of the soliton profiles only slightly. However, because of the
existence of the cubic nonlinearity, quadratic solitons can be found only in the strongly nonlocal case and
general nonlocal case, and they cannot be found in the weakly nonlocal case, in which the quadratic solitons
with only quadratic nonlinearity can be found. In addition, the existence of cubic nonlinearity reduces the
number of extended half-periods of the quadratic solitons. Through the linear stability analysis of the obtained
soliton solutions, it is found that the stability intervals of solitons are also shrunk due to the existence of the
cubic nonlinearity. The results of the linear stability analysis are verified by the numerical simulations of soliton

propagations through using the split-step Fourier method.
Keywords: quadratic solitons, cubic nonlinearity, existence interval, stability
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