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Information of KP solitons

One solitan has a form,

↳sech"(3:-3i

3: (x,y,t) =kix +k,y +k,t +3.
where Ki8k; one obityreal consts.
We call is di.j]-solitan, repsent (I.)



Any KP soliton can be written in

M(x.3.5) =22, h [(x,y,t)

=det (AE (1.3.4).
A =CN,M): NXM matrixof full rank.

ECs, 3,t) = 95 kies...es
//n ihebe...eI



Lemma: Each ACCYN,M) can be parametrized
bya derangement i ESM

rem: Each KP soliton has the followy
properties:Letit be a derangement of SM.

· if (i) i (excedence), Ia solitan

· a ttesi,Headerto a solitan

of type( i(i), is in yo-

W
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11 I
7 N solitons in yo

-1..=
12

=M-N solitons in 140

Interaction patterns consist of

X and Y shapes.
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**- T=(34(2)
See (9 =3).
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I
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m T = (2413)-w

[3.43 dim=3 (9 =3)



(d) & i =(4312). (8 =3)
/

(0) -T = (3421) (8 =3)

(f)-0 i
=(2143) (8 =2)

181 it =(4321) (8 =2)

⑧ N =3 - it =(234)) (9 =3)-

=
Y
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[2,4]

=se ze."[3,4]- 13.4.
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5.412,47 xi,4]
-113] 23.41



Note:

Each KP solitan can be also

obtained by a certainits o
Riemann O-function.

<27. Mumford, AbendarGrinevis)
(x,4,t =222h0(x,,4 +2



-limitof O-function

⑰Mumford,s4 Agostinietalgene
z= D8 g:genes.

& :9xg. metric mo

period matrix& =AB, A=(8,ii), B =(),wi)



Epornent

=miem+m+2
=

1Emiliitmim,dijt,miti
fift zi -Zi- Ii Li =g)

theMilwi-Ris+2.Mim;jt ,miz

-



Now take the limitsWittiis
Then only the terms with 0.13
remain non-zero.

Thus
-

sum of exponential terms in O
becomes asum of 28 terms

=>kP solten (with some conditions
men



xamples
2iZ, mi

=0
· g=1, =1 +e E

m, =1

Take 2012:4, =32-5,
where 3i =kx +kiy +k,t +3,

Aes =e(1 +ei)
One-kP solton.



· g=2. O(z,1) =H+eeh eice
9+

M2 (a) ezir_(kK:y Y
-T (1,1)

(k2-ky)(1-Ks)

-meetsA(z,e).
(0,0)

(110)

(b) 2
2πi,z

-

(43-1
(k1-ks)(k2-Kx) /

- T =(4321)

Typ
=(k-k2) e45R0(z,2) Gr (2.4)-



(C) further limit ihic-tis
⑦ (zie) =1+e4+e4

- Ee-eO(z.)
Gr(1,3) ke a=(312)

Remark:Dual graph of solitan paph
<Varonoipolytope):

Fang=2. Yor (Agostinietal (23)



In general, genus g O-function has

the limitafter takinghislimits,

madethemifit



KP T- function for At GrIN,M)

↳In (A) EI (x,y.)

where
M/A): =[I=(i,in) (02(A)F0}
8
+ (A): NxN mina of A

Si,tr..+Sir.
Et(A) =I 1K, Kie). 2

kR --



position:Ekpcan be written in

#MN,g.
when 9:5j-Sin E Ji

=5 (Io

in =Io\J

Io:Lexicographic min of pivotset:be,--in]

15nI01 = N-1.



rem:
Top can be expressed by

the0-frection with appropriate

limits, O(z, RKp), and

2Tizx =3ix-3jk. .



Examples:A =105") = GM12.4)
3, +32 3, +33 3, +34

[kp =(k,-x) e + a(kirks) 2 +b(k,-k,)2
3,+3,

+ ((k--ks)3t+d (Kirky e340sy(Ks+y/e
=

1 +e5-3e5x5e4 -k2
5
-3, +55 -32

t d ike I Wixe



E 9=35-5, +49 92 =5x-32 +4

4, =35-5, +4,9x =34-3, +34

Eliteen else
+ ie

9.+94

with 2, +44 =4 +Ys

This is a limit of t of ges.



Consider 9:4 Orfuction. and

take limits bis++id it.... 4.

Then we have

·emceee4,++94
2



Then take this, this, at 24,sy - tic

and 4, +94 =92 +43.

Rak:
Top can be written in the form of

Gramian, Tup= /dij+aibjel
R: =PiSc+Py+P, Q; =ejx +9g +9t



-pemodels of Kesolitongaine
gives

ittextentirederekR S



The corresponding IP solitan

consistsof 9 line solitans
a

without resonances, i.e.
Those interaction its

1

have "phase shifts"so which are determined by his



⑧ Then considering &isto be

variables; thisKP soliton

may be considered
to be a KP

solitan gas withphaseshifts.

(similar to theKdU solitan gas)



· Also taking room choice of

Mij-tis, one can have

apattern including resonant

interaction (hape) in addition

to random phoses.



· A quasi-periodic (QP) solution gives

a set of IP solitons (flag structure).

Since each IP soliton can be parametrized
by a permutation, one can (?) conside
-

a probabilistic measure of random permutation
-

(like Schurmeasure) and find the

likely kP solton in the solution.
- wave turbulence?)


