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Soliton fission in shallow water Introduction
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S. Trillo et al, “Experimental Observation and Theoretical
Description of Multisoliton Fission in Shallow Water”; Phys. Rev. Lett. 117, 144102 (2016)

See also I. Redor et al, “Experimental evidence of a hydrodynamic soliton gas”, PRL 122,
214502 (2019) and the talk by T. Congy for recent developments on the subject of soliton gas



Optical Riemann waves Introduction

In optical fiber experiments: Defocusing propagation regime (Normal dispersion)
Oy €2 0%y

. T - - 2 :0

w(t, &) = \/p(r, E)ellP=E/el Madelung Transformation

pe + (pu), = 0. o: fluid height/optical power

Us + ity + p, = 0 u: depth-averaged horizontal velocity/instantaneous frequency u(z,&) = ¢,

(a) Ideal propagation (IBE model) (b) Cross-correlation traces
0 Power (W) 09 1l output
. . . z=500m
rip(r,é) =ux2p Riemann invariants %00 o
a
dry» Vi, Orip o Propagation equations of two 40 .
o0& < Ot interacting Riemann waves ?1 —kx
E 300 : L
V] G —_—
5 2o
7 o
g 200 -
Hopf Equation or ;
ug — 6u, =0 ypyiscid Burgers Equation - 3
3
Random Riemann waves/Integrable turbulence . VA
; -10 -5 0 5 10 15 -15-10-5 0 5 10 15
See the Poster by G. Roberti/T. Congy Time (38} Time (os)

B. Wetzel et al, PRL 117, 073902 (2016)



Self-focusing of wave packets/gradient catastrophe Introduction

Focusing propagation regime
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Self-focusing — gradient catastrophe — Peregrine soliton

M Bertola, A Tovbis - Communications on Pure and Applied Mathematics Vol. LXVI, 0678—-0752 (2013)

Optical fiber experiments:
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Water wave experiments
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Benjamin-Feir instability

Benjamin-Feir instability

koh =12.3

Deep-water regime (focusing 1D-NLSE)
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-T. B. Benjamin and J. E. Feir, Journal of Fluid Mechanics 27, 417 (1967).
-T. B. Benjamin, Proceedings of the Royal Society of London A:
Mathematical, Physical and Engineering Sciences 299, 59 (1967).

-Yuen, H.C.; Lake, B.M., "Instabilities of waves on deep water".
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Water wave experiments Focusing dam break
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The NLSE box problem (focusing regime) Numerical simulations
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generation of rogue waves, G. El et al, Nonlinearity 29, 2798 (2016)



Water wave experiments
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Water wave experiments
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The focusing (integrable) 1D-NLSE
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Localized perturbations

Localized perturbations without soliton content

- Nonlinear stage of modulational instability: longtime asymptotic

behavior of a localized perturbation of a constant background

V. I. Karpman, J. Exp. Theor. Phys. Lett. 6, 277 (1967).
V. L. Karpman and E. M. Krushkal, Sov. Phys. J.
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nonlinear oscillatory structure in a focusing medium”,
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Universal behavior in modulationally unstable media
G. Biondini, S. Li, D. Mantzavinos, and S. Trillo, STAM Rev. 60, 888 (2018)




Optical fiber experiments Localized pertu rbations
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A. E. Kraych, P. Suret, G. El and S. Randoux, “Nonlinear Evolution of the Locally Induced Modulational Instability in Fiber Optics”
Phys. Rev. Lett. 122, 054101 (2019)



Optical fiber experiments Localized pertu rbations

Experiments Numerical simulations
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Optical fiber experiments Localized pertu rbations

Numerical simulations
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Optical fiber experiments

Experiments
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Distance z

Optical fiber experiments

Localized perturbations

M. Conforti, S. Li, G. Biondini, and S. Trillo
“Auto-modulation versus breathers in the nonlinear
stage of modulational instability”,
Optics Letters Vol. 43, Issue 21, pp. 5291-5294 (2018)
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Integrable Turbulence/ Optical fiber experiments Optica| fiber experiments

Without the localized pertubation : noise-driven modulational instability
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Localized perturbation/Focusing dam breaks Water wave experiments/optical fiber experiments

Optical fiber experiments Water wave experiments
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Nonlinear propagation of one-dimensional waves:

some recent experimental results

Thank you for your attention!
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