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Nonlinear Schrodinger Equation (NLSE) and its exact solutions

'solitons in a parametrically unstable plasma
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The NLSE is integrable using the Inverse
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Eigenvalue problem

Z=i(1 O)E—i(l/?* ‘(/)’) id =10,

Discrete eigenvalues:
K=Kuznetsov
P=Peregrine
A=Akhmediev
TW=Tajiri-Watanabe
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Two different parametrizations for eigenvalues
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Comparison of A and ¢ parametrizations of the spectral parameter.
The branch cut and its Joukowsky mapping are drawn by black solid
lines. The pairs of breather eigenvalues (marked by black points) lie
on (a) the parametric curves Eq. (**) (dashed lines) and (b) the rays
Eq. (*) (dashed lines).



General N-breather solution formula
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One breather has four real-valued parameters: 4 - Tajiri-Watanabe, _ .
R;, a; - breather amplitude and group velocity v - Akhmediev breather, ® - quasi-Akhmediev breather
X, 1, 0; - position and phase m - Kuznetsov breather, @ - Peregrine breather




Fundamental one-breather solutions

(a) Kuznetsov breather

(b) Akhmediev breather
(c) Peregrine breather
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(d) Tajiri-Watanabe breather
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General single-breather solution: R > 1, a > 0
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Two-breather solution with R; = R, = R;
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Typical two-breather collision and its asymptotic state. (a) shows
spatial-temporal portrait of a typical two-breather solution with
R =135 a=1.0, 6; =0, 6; =0.025. Blue solid lines in (b)
and (¢) shows spatial profile of the solution at { = 10.

a;=a;, a,=—a; R>1,a>0.

2.5

2L
1.5¢

4]

1
0.5}

0

t =10

J—

(b)

-50

0
x

50

t =10

8 Of

50



Phase synchronization of two-breather collision
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Amplitude profiles at t=0 for the basic cases of
two-breather collision: superregular (SR, blue line),
rogue wave (RW, red line) and ghost (GH, black line)
phase synchronizations.

Osg = {7/2;3n7/2}, Orw =0, 6Ogu=r.
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Experimental observation of SR and GH breather interactions
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2]

(a) Experiment (b) Theory

YRR o R L = 31.5 m AT

0 ]
e - L = 27.0 m §

Iyl il
L

tL=225m§

Light waves

=g “U‘.!ﬂ,f'«""""‘:“fl,v,'!“"’ I'lrrmw'nrlr‘- L=180m ¥

T T VA

R L = 13.5 m Jm

-
FRARRERATERRHRRIHIERIE L = 00.0 m JHRIA RS RRARY 9 f\ /‘\ | f A p i

\ | \ |
S L = 04.5 m JnRERER AVN V‘V‘ \/-\J \ »’N" \/-\/ '\‘ L=1500m 1 [

-20 -10 0 10 20 -20 -10 " 0 10 20
Time (s) Time (s)

(a) Experiment (b) Theory

o

;.
&
]
L

(c) Experiment (d) Theory : ;
o R e "k L = 31.5 m T i :
1 ]
ST Wt L = 27.0 m 3RS 0 W\’\/\ L=0m e N e
TR L = 22.5 m {0 - T > %

0 0
Time (ps) Time (ps)

= SHTRE L = 18.0 m AW

T lmlf e L = 13.5 m e

AR e RARE L < 09.0 m

'v'\-‘g-ﬂ.,'?".'\.'.'.'.‘.‘.’.‘[‘tr’."‘?‘-' RRTANE L = 04.5 m 3N
20 -20 -1

o0 10 o_ 0 10
Time (s) Time (s)

Light waves

|| (a.u.)

Spectrum (20dB/div)

3]




Two-breather solution with R; = R, = R;
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Typical two-breather collision and its asymptotic state. (a) shows
spatial-temporal portrait of a typical two-breather solution with
R =135 a=1.0, 6; =0, 6; = 0.025. Blue solid lines in (b)
and (c) shows spatial profile of the solution at £ = 10.
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Space-phase shifts formulas [4]
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Dependence of space and phase shifts on breather parameters
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Positive, zero and negative space shifts acquiring by breathers after collision.
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Space-phase shifts formulas in general case [5]
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Some details of the calculations
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General two-breather solution
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Asymptotic one-breather solution
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Main idea of synchronization of breather interactions
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Amplitude profiles of symmetric two-breather
collisions at t = 0. Blue — SR synchronization,
RW —rogue wave synchronization.
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Synchronization: periodic train of SR perturbations
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Synchronization in optical fibre experiments (Dr. Bertrand Kibler, Dr. Gang Xu, university of Dijon, France) [5]
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