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Vector Solitons

Resonance Interaction between long wave
and short wave vector soliton (coupled
soliton) equation

(2+1)-dimensional vector soliton (Long
wave-short wave resonant interaction)

Multi-soliton solution



Optical Solitons

Theoretical prediction of (temporal) Soliton in optical fiber:
Hasegawa and Tappert, 1973

Experimental realization: Mollenauer et al. 1980
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Optical Soliton Communication:
High-speed, large capacity

Application to optical devices
(e.g. optical switching)
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Nonlinear Schrodinger (NLS) equation: ia—?iréa—;ﬂu
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Vector NLS (coupled NLS)
equation(Manakov)
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Question

* Is there any two-dimensional vector soliton
equation having physical interpretation?

* If yes, investigate multi-soliton dynamics.

* Find some physical vector soliton equations
(e.g. Laser physics) =) We can construct
a new system of computing using soliton

dgnamlcs | |
(Construction of Logic Gate)



Physical Difference between
KdV and NLS

KdV equation Long wave
— (e.g. Shallow water wave)

: Short wave
NLS equation :> (e.g. Deep water wave)

M/ Long wave

Short wave

Is there any physical phenomenon having
both long wave and short wave?



Resonance Interaction between
long wave and short wave

Resona_nce
Interaction
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Example: surface wave and
internal wave

(Oikawa & Funakoshi)

=z’ 0< A <1 l g

¥y
| ¥ =
I e e e e - e i - A = A - - A A - A - A A i

Yajima-Oikawa System _ _
(Long wave- short wave resonance interaction eq.)

iST-SXX= _LS,
LT=(‘S|2)X:



Derivation of 2D vector

Yajima-Oikawa system
Dispersion relation of weakly nonlinear wave

w; = wilkpiykyi [A1% | Ag|% [Aaf?), for i=1,2,3

where w; and A; are angular frequencies and amplitudes of each channel 1. respectively
Suppose that carrier wave is expressed by exp(i(k, 0z + ky 0y — wot)). Taylor expansion
around ko = (k; 0, ky.0). wo and |4;| = 0 makes
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where the subscript 0 of ( )y means setting k ; = ky 0. ky i = ky 0. w; = wp and [4;| = 0.



0y oAy A, . 524, . P2 A
iUy | — + 0 ——— + 9——— + ag——
Tor Ty T2 TG 3a;~;ay

+ay|A1[* Ay + as|Ao|* Ay + ag| A3 Ay =
0As dAy 02 As 0% Ay 32}12
ia— + vy, n + 01— 72 +/52— + Bgé‘;rdy
+ Bl Aq[*Ag + Bs| Ag[* Ag + BS\AS\QAQ =
0A, . 0?44 . 0% A4 s 0% Aq
?a N7 92 72 o Jagmau

+““;’4\A1\ As +75\A2\2A3 + rﬁ\Ag\ Ay =0.



Assume that the channel 3 1s normal dispersion and the channels 1 and 2 are anomalous
dispersion. We study the dark pulses generated in the channel 3:[12]

Ay = Y exp(idgt), Ao =1gexp(idot), Az = (ug+ a(z,y.t))exp(il't +io(x,y,t))) .
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By

t'=ct, ' = Em{m +ct), vy =ey,

¢ = 3vvgud) with a = cag, 11 = £3/4®q, 1y = 3/4d, (¢ is small), we obtain equations
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First equation
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) ) Integrable
Uyl = Uy2,01 = PBr,06 = g, 74 = Y5 = J

2-dimensional 2-component Yajima-Oikawa system
(2-dimensional 2-component long wave-short wave
resonance interaction equations)



2-dimensional vector
Yajima-Oikawa System
(2-component)

i(SgV + 8y — S + LsM =0,
L: =2(|SW%), +2(|5P?),.
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Ea,;=:|:1, 5i::|:1:-

where * means complex conjugateand p;. q; (1 <7 < N)and s;. r; (1 < i < M) are complex
wave numbers, and 17,0 (1 < @ < N)and ;o (1 < ¢ < M) are complex phase parameters.
In order to obtain regular solutions, we have to choose appropriate sign for = ; and 4;. which
depend on parameters p;, g;, ;. §;. We take

=1, I?=_iy? yl:y—tv 31=y_t:-
where x. y and ¢ are real. (1.e. x1. y; and 2z are real and x5 1s pure imaginary).

Let

[ =Too, g=Ti0, g=7T_10, h =701, h=t0_1.

These tau-functions satisfy the condition

(E)*ZE (E)*ZE
f £ f f
fG : real.

where G 1s an exponential factor which 1s a gauge function (see Appendix). Let F' = fG.
G =qgG.G" = qgG. H = hG. H* = h{. The functions F'. G and H satisfy the bilinear
equations (3.5)-(3.7) and reality of F' and complex conjugacy of G and H. The function

L = —25%25 log F' represents N + M -soliton solution, S1 = G/F represents N-soliton
solution, and S9 = H/F represents M -soliton solution.



Phase shift

Figmre 1. (1,1, %}-colitom coletion. fy = 2 M, 5 = —1 40, gy = —F 24w = 1|4,
=& = 1. Tha top left graph ic — L, the top deht graph i 517 and the bottomn graph ic 557!
att ==



Interaction of 2-line soliton and
periodic soliton

Figmre 3. (2,2, d)-coliiom sodution. py = 24 M. py =3 - py =2 . p, = 3 44,
g = 34 M g =M ay =2 —H ey ——d B g =2 d o — 201 44
gy = 2 —d. gy = 201l — L Py = 1 4t P = LBy =1 —d, = 1LE—1,
L] = Eg = & = fo = —1. The top left graph & — L. the top right graph ic 5 and the
‘bottom graph s STZHat ¢ — 0.



Conclusion

* We derived 2—-dimensional vector YO
system in physical setting

* We constructed Wronskian solutions of
2—dimensional vector YO system

* Soliton interaction of_ vector YO
system has some unusual properties.



