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Fig. 1. Evolution of perturbed plane wave (a) and corresponding spectra (b) with transmission distance; wave form (¢) and corres-
ponding spectra (d) at zppyr = 3.2 m in typical single-core fibers for Py = 1 kW, § = 0.001, 2 = 2max = 5v/10 rad/ps .
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Fig. 2. Evolution of perturbed plane wave (a) and corresponding spectra (b) with transmission distance; wave form (c) and corres-
ponding spectra (d) at zppyr =1.3 m in typical single-core fibers for Py = 1 kW, § = 0. 1, £2 = 2max = 5v/10 rad/ps .
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Fig. 4. Evolution of perturbed plane wave (a) and corresponding spectra (b) with transmission distance; wave form (c) and corres-
ponding spectra (d) at zppyr = 0.4 m in typical single-core fibers for Py = 1 kW, § = 0.7, 2 = 2max = 5v/10 rad/ps .

30
2.5
g
20 20 B
2 g 0
E 1.5 4 g —40
E : g -850
N 10 % g 30
10 = 3
0.5
0
0
~-15-1.0-05 0 05 1.0 1.5
t/ps
2.7 0
(c) (d)
1.8 g
g ~
= &
~ § —40 +
<t o
A _ .|I” H HH “h.
80
—-15 —-1.0 —05 0 05 1.0 1.5 —50 —25 0 25 50
t/ps 2/(2n)/THz

Bl 5 dEgtkoter v, P F I i (a) FUAHRIATE (b) BEAL 5 B B AL “FHEE R 2ippyr = 3.4 m WY () B (d).
EH Py =1kW, § = 0.001, 2 = £2,/2 = 5v/5 rad/ps

Fig. 5. Evolution of perturbed plane wave (a) and corresponding spectra (b) with transmission distance; wave form (c) and corres-

ponding spectra (d) at zppyr = 3.4 m in typical single-core fibers for Py = 1 kW, § = 0.001, 2 = £2./2 = 5v/5 rad/ps.
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Fig. 7. Evolution of perturbed plane wave (a) and corresponding spectra (b) with transmission distance; wave form (c) and corres-
ponding spectra (d) at z;ppyr = 8.22 m in typical single-core fibers for Py = 1 kW, § = 0.001, 2 = 22 rad/ps.
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Fig. 8. Evolution of perturbed plane wave (a) and corresponding spectra (b) with transmission distance; wave form (¢) and corres-
ponding spectra (d) at zppyr = 14.6 m in typical single-core fibers for P, = 1 kW, § = 0.001, 2 = 22.3607 rad/ps.
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Influence of perturbation amplitude and perturbation
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Abstract

Fermi-Pasta-Ulam-Tsingou recurrence (FPUT) phenomenon refers to the property of a multimode
nonlinear system returning to the initial states after complex stages of evolution. The FPUT recurrence
phenomenon closely links with modulation instability (MI) by employing the perturbed continuous waves as the
initial condition. When the perturbation frequency is located inside the MI spectra, then the perturbed CWs are
unstable and the perturbations will grow up with evolution. This nonlinear MI evolution results in the FPUT
phenomenon. In this work, we explore in detail the effects of perturbation amplitude and perturbation frequency
on the FPUT recurrence phenomena numerically, which has never been studied systematically, to the best of
our knowledge. Using the results of our studies, we find that the perturbation amplitude can significantly affect
the FPUT phenomenon. Firstly, the number of FPUT cycles is very sensitive to the perturbation amplitude.
Large (small) perturbation amplitude can result in much more (much less) FPUT cycles. Secondly, very
irregular (regular) FPUT wave evolution together with the corresponding spectra evolution can be observed at
relatively large (small) values of perturbation amplitude, where the unequal (equal) distances are observed
between adjacent maximum wave amplitudes spatially in the background of optical fibers. In contrast, the
effects of perturbation frequency on the FPUT cycles are relatively minor, and the maximum FPUT cycles are
observed at perturbation frequencies around the optimal modulation frequency generating the peak MI gain.
However, the perturbation frequency can drastically affect the number of high-order sidebands excited at the
distances of periodic maximum wave amplitude formation. We find that larger perturbation frequency leads to
much fewer high-order sidebands. According to our studies, for observing FPUT conveniently and observing
more FPUT cycles, the perturbation amplitude of the input signal should be as large as possible and the
perturbation frequency should be around the optimum modulation frequency. We should also emphasize that
the large perturbation amplitude results in irregular FPUT patterns with unequal distances between adjacent
maximum wave amplitude formations spatially in the background of optical fibers, and large perturbation
frequency results in much less high-order sidebands. Our results will provide very helpful information for the

FPUT observation in experiment, and should arouse the interest of the readers in nonlinear physics.
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