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Abstract

We construct solutions to the Kadomtsev-Petviashvili equation (KPI)
in terms of Fredholm determinants. We deduce solutions written as a
quotient of wronskians of order 2N. These solutions called solutions of
order N depend on 2N — 1 parameters. When one of these parameters
tends to zero, we obtain N order rational solutions expressed as a quotient
of two polynomials of degree 2N (N +1) in z, y and ¢ depending on 2N —2
parameters.
So we get with this method an infinite hierarchy of solutions to the KPI
equation.

PACS numbers :
33Q55, 37K10, 47.10A-, 47.35.Fg, 47.54.Bd

1 Introduction

The Kadomtsev-Petviashvili equation is a well-known nonlinear partial differ-
ential equation in two spatial and one temporal coordinates. There are two
distinct versions of the KP equation, which can be written in the form :

(dup — 6uly + Upys)s + 302uyy =0. (1)

As usual, subscripts x, y and ¢ denote partial derivatives, and 0> = +1. The
case 0 = 1 is known as the KPII equation, and the case ¢ = ¢ as the KPI
equation.



The KP equation is a universal integrable system in two spatial dimensions and
has been extensively studied in the mathematical community.

The two versions of the KP equation significantly differ with respect to their
underlying mathematical structure and the behavior of their solutions, despite
their apparent similarity.

The KP equation first appeared in 1970, in a paper written by Kadomtsev and
Petviashvili [41]. For example, this equation is considered as a model for surface
and internal water waves by Ablowitz and Segur [1], and in nonlinear optics by
Pelinovsky, Stepanyants and Kivshar [57]. The discovery of the KP equation
happened almost simultaneously with the development of the inverse scatter-
ing transform (IST) as it is explained in Manakov et al. [51]. This method
to construct solution of the initial-value problem for nonlinear partial differen-
tial equations was originally developed for equations in one spatial dimension.
However, in 1974 Dryuma showed how the KP equation could be written in
Lax form [8]. Then, Zakharov extended the IST to equations in two spatial
dimensions, including the KP equation, and obtained several exact solutions to
the KP equation.

It was Dubrovin who constructed for the first time in 1981 [9] the solutions to
KPI given in terms of Riemann theta functions in the frame of algebraic geom-
etry .

From the 1980’s, a lot of methods have been carried out to solve that equation,
like for example the nonlocal Riemann-Hilbert problem, the d-bar problem or
inverse scattering problem using integration in the complex plane as it is re-
viewed in the book by Ablowitz and Clarkson published in 1991 [2]. There is a
wealth of papers which deal with solutions to the KPI equation. We can cite in
particular the works of Krichever [48], Satsuma [58], Matveev [?], Veselov [59],
Freeman [10], Weiss [60], Latham [49], Pelinovski [55, 56], Boiti [7], Ablowitz
[3], Biondini [4], Kodama ,[47], Matveev [?], Ma [50].

The paper is organized as follows. First of all, we express the solutions in
terms of Fredholm determinants of order 2N depending on 2N — 1 parame-
ters. We deduce another representation in term of wronskians of order 2/N with
2N — 1 parameters. This representation allows to obtain an infinite hierarchy
of solutions to the KPI equation, depending on 2N — 1 real parameters .

Then we use these results to construct rational solutions to the KPI equation.
These results represent a new method to build multi rogue waves. New rational
solutions depending a priori on 2N — 2 parameters at order N are constructed,
when one parameter tends towards 0.

Families depending on 2N — 2 parameters for the N-th order as a ratio of two
polynomials of z, y and ¢ of degree 2N (N + 1) are obtained.

That provides an effective method to construct an infinite hierarchy of rational
solutions of order N dependent on 2N — 2 real parameters. We present here
only the rational solutions of order 3, dependent on 4 real parameters, and the
representations of their modulus in the plane of the coordinates (x,y) according
to the real parameters a1, by, as, b2 and time t.



2 Expression of solutions to KPI equation in
terms of Fredholm determinants

In the following, we need to define some notations. First of all, we define real
numbers A; such that —1 < A, <1,v =1,...,2N which depend on a parameter
€ which will be intended to tend towards 0; they can be written as

/\3'21—262_]'27 /\N+j:_/\j7 1§jSN, (2)

The terms k,,0,,7, and z,, are functions of A,, 1 < v < 2N; they are defined
by the formulas :

1=X; .
HJZQM7 5j:}€])\]7 VJ:\/TM’
= (r=Dn2g, r=13 7= —121“?\/1‘7@—4@'(1 - A?)\/1‘7%2" (3)

_ _ 1
KEN+j = Kj, ONtj = =05, IN+j; =75 »
Ty, N+j = —Trj,, TN+j =Tj jzlaaN

e, 1 <v < 2N are defined in the following way :

ej = 2 ( 116/221]\/171 ak(je)2 b+l _ ]1€/:2le1 bK(je)2 k+1

eN+yj = 21 ( UM a e M 4y AN bk(je)%“) L 1<j<N, 4
ak,bkER, 1<k<N.

)

€, 1 <v < 2N are real numbers defined by :
€j:1, €N+j=O ISJSN (5)

Let I be the unit matrix and D, = (d;jx)1<j k<2on the matrix defined by :

dyy = (—-1)* H (W) exp(iky, T — 20,y + Tyt + Trp + €,). (6)
i NI T Tw

Then we have the following result :

Theorem 2.1 The function v defined by

2

vlat) = 2 0 )

where
n(z,y,t) = det(! + D3(z,y,1)), (8)
d(z,y,t) = det(I + Di(x,y,t)), (9)



and D, = (djk)1<jk<on the matriz
dyy = (—1)% H (M) exp(ik, e — 20,y + Tt + T, + €,). (10)
nn N1 T

is a solution to the KPI equation (1), dependent on 2N — 1 parameters ay, by,
1<k<N-1ande.

3 Expression of solutions to the KPI equation
in terms of wronkians

We want to express solutions to the NLS equation in terms of wronskians. Thus,
we need the following notations :

¢r,u:Sin®r,ua 1<v <N, ¢r,v:COS@r,ua N+1<v<2N, r=1,3,
with the arguments

Ty

O,, = B +iby —i—5- —iFt+ypw—1%, 1<v<2N. (12)

We denote W,.(w) the wronskian of the functions ¢, 1, ..., ¢, on defined by

Wi (w) = det[(04 br)u, ue,....on]- (13)

We consider the matrix D, = (dy.)y, uel1,...2n) defined in (10). Then we have
the following statement

Theorem 3.1

det(I + D,) = k- (0) X Wibr1,- -, r2n ) (0), (14)
where
22N exp(i %, Or)
Hiﬁz Z;i('}’u = Vu) .
From the initial formulation, the solution v to the KPI equation can be written
as

kr(y) =

o ldet(@ + Ds(a,y,1))|° .
(det(I + Ds(x,y,1)))°

Using (14), the following relation between Fredholm determinants and wron-
skians is obtained

det(I + D3) = k3(0) x Ws(dy1, ..., dr2n)(0)

v(x,y,t) =

and

det([ + Dl) =Kk (0) x W1 <¢T717 e, ¢r72N)(0)-
As O3 ;(0) contains N terms x5 ; 1 < j < N and N terms —z3,; 1 < j < N, we
have the equality k3(0) = k1(0), and we get the following result :

(11)



Theorem 3.2 The function v defined by

9 (Wa($3.1,- - $3.28)(0)
(Wi(h1,1,-- - 1.2n)(0))?

s a solution KPI equation depending on 2N — 1 real parameters ay, by and €,
with ¢}, defined in (11)

v(x,y,t) =

Grp =sin("E +id,y — i~ —iFt+ypw—i%), 1<v<N,

Gr = cos(BE + by — i — it +yw—i%), N+1<v<2N, r=13,

Kys Ou, Ty, Yo, € being defined in(3), (2) and (4).

4 The limit case when ¢ tends to 0

4.1 Families of rational solutions of order N depending on
2N — 2 parameters

We obtain here families of rational solutions to the KPI equation depending on
2N — 2 parameters. To get it, it is sufficient to make the parameter € tend to 0.
Then, we get the following result :

Theorem 4.1 The function v defined by

2
v(m,y,t) = lim —2 |W3($,y7t)|2
=0 (W3(x,y,t))

is a rational solution to the KPI equation (1) quotient of two polynomials n(x,y,t)
and d(z,y,t) depending on 2N — 2 real parameters a; and bj, 1 < j < N —1 of
degrees 2N(N 4+ 1) in x, y and t.

(15)

4.2 Rational solutions of order 3 depending on 4 parame-
ters

In the following, we explicitly construct rational solutions to the KPI equation
of order 3 depending on 4 parameters.

Because of the length of the expression, we cannot give it in this paper. We
only give the expression without parameters and we present it in the appendix.

We give patterns of the modulus of the solutions in the plane (z, y) of coordinates
in functions of parameters ay, by, as, by and time t.

The solutions of KP equation being derived from the solutions of the NLS
equation, one recovers similarity with figures already obtained by Akhmediev
et al. [45, 44, 46] and the author [23, 35] in the case of the NLS equation.



Figure 1. Solution of order 3 to KPI, on the left for ¢t = 0; in the center for
t = 0,01; on the right for ¢ = 0, 1; all the parameters are equal to 0.

Figure 2. Solution of order 3 to KPI, on the left for ¢t = 0, 2; in the center for
t = 10%; on the right for ¢ = 103; all the parameters are equal to 0.

Figure 3. Solution of order 3 to KPI, on the left for a; = 103; in the center
for by = 10%; on the right for ay = 10%; here ¢t = 0.



Figure 4. Solution of order 3 to KPI, on the left for ¢t = 0, by = 10°; in the
center for ¢t = 0,01, a; = 103 all the other parameters are equal to 0; on the
right for £ = 0,1, b; = 102 all the parameters are equal to 0.

5 Conclusion

In this article, solutions to the KPI equation have been built, starting from the
solutions of the nonlinear Schrodinger equation in terms of wronskians and what
made it possible to obtain rational solutions in terms of quotients of two polyno-
mials of degree 2N (N +1) in z, y and ¢ depending on 2N — 2 parameters. Other
approaches to build solutions of KPI equation in terms of wronskians have been
led and ones can be mentionned those most significant. In 1989, solutions were
built in relation to time dependent Schrédinger equation [6]. The expressions
of the solutions given were however not explicit. The following year, Hirota and
Ohta [40] built, the solutions as particular case of a hierarchy of coupled bilin-
ear equations given in terms of Pfaffians. In 1993, Oevel [53] used the Darboux
transformations to obtain among others the solutions of the multicomponent
KP hierarchy. No explicit solutions were also given. In the following article
published in 1996 [54], the same author gave explicit solutions in terms of wron-
skians of order 2 but different from the ones we have constructed in this paper.
More recently, in 2013 [43], wronskians identities of bilinear KP hierarchy were
given which has made it possible to search new wronskian solutions of PDE’s.
In 2014, using iterated Darboux transformations, in particular, solutions of KPI
equation were constructed in terms of reduced multicomponent wronskian so-
lutions [61]. In the later study, an explicit solution at order 1 was built but
different from the one which we have given in this article. Only one asymptotic
study has been carried out for order higher than 2.

Here we have given a new method to construct solutions to the KPI equation.
We have constructed two types of representations of the solutions to the KPI
equation at order N. We have given an expression in terms of Fredholm de-
terminants of order 2N depending on 2N — 1 real parameters. We have also
given a representation in terms of wronskians of order 2NV depending on 2N —1



real parameters. When one of parameters (¢) tends to zero, we obtain ratio-
nal solutions to the KPI equation depending on 2N — 2 real parameters. In a
forthcoming paper, we will give a general formulation of rational solutions to
the KPI without limit at order N which will depend on 2N — 2 real parameters.
We will show that these solutions can be expressed in terms of polynomials of
degree 2N (N +1) in z, y and ¢; we will prove that the maximum of the modulus
of these solutions is equal to 2(2N + 1)2. We will give a systematic approach
to find explicit solutions for higher orders and try to describe the structure of
these rational solutions.
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Appendix The solutions to the KPI equation which we have constructed can
be written as

3z, y, )|
w00 = 22 (1)
with
n3(x,y,t)  F3(2x,4y,4t) —iH3(2x, 4y, 4t)
dy(z,y,t) Qs(2, 4y, 4t)
with

F(X,Y,T) =32, fu (Y, T) XF,
Hy(X,Y,T) =32 (Y, T) X",
QS(Xv Y, T) = Z}lgi() Qk(Ya T)Xk

fio =1, fi;=-367, fi0=>5%4T"+6Y>—18, fy=—5940T"+(—180Y*+780)T,

fg = 40095 T*+15Y*+ (2430 Y* — 13770) T°—450 Y>—225, £y = —192456 T°+(—19440 V>
+136080)7°%+(—360 Y* + 10800 Y + 5400) 7',  f5 = 673596 T°+20 Y ®+(102060 Y2
—850500)7"* — 1380 Y* + (3780 Y* — 113400 Y'* — 48060) 72 + 1980 Y — 2700

f5 = —1732104 7"+ (—367416 Y'* + 3551688) T°+(—22680 Y* + 680400 Y * + 184680) T°

+ (—=360Y° +23400Y* + 7560 Y2 + 70200) T, £, = 3247695 T5+15Y®+(918540 Y
—10103940)7°—1620 Y °+ (85050 Y'* — 2551500 Y — 109350) T* 42250 Y *+(2700 Y
—164700Y* — 251100 Y2 — 1077300)T2 4+ 2700 Y2 + 14175,  f3 = —4330260 7°



+ (—1574640 Y% + 19420560) T7 + (—204120 Y'* + 6123600 Y'* — 1603800) T°
+ (—10800 Y + 615600 Y'* 4 1263600 Y 4 7376400) T° + (—180 Y ® 4+ 17520 Y°
+1800 Y4 4 399600 Y2 — 429300)T, £, = 389723470 + 6 Y0 4 (1771470 Y?
—24210090)7° — 810 Y"® 4 (306180 Y* — 9185400 Y + 5904900) T + 3420 Y'°
+ (24300 Y°® — 1287900 Y — 2259900 Y — 23886900) 7 — 83700 Y* + (810 Y®
—70200 Y% — 180900 Y* — 2446200 Y2 4 3746250)T2 + 287550 Y 4 28350,
fi = —2125764 "' 4 (—1180980 Y + 17714700) 79+ (—262440 Y'* + 7873200 Y2
—8660520)T7 + (—29160 Y'® + 1428840 Y* + 612360 Y + 36012600) 7°
+ (—1620Y® + 123120 Y® + 793800 Y* + 5670000 Y — 18638100) 7"
+ (36" +4140Y® + 57240 Y'® + 394200 Y* — 1854900 Y* — 850500) 7',
fo = 531441 T2 4+Y 124 (354294 Y2 — 5786802) T"0—138 Y104 (98415 Y* 2952450 Y2
+4822335)T° — 8145 Y® + (14580 Y® — 656100 Y * + 1443420 Y* — 20047500) T°
—37260 Y0+ (1215Y® — 79380 Y® — 984150 Y* — 6002100 Y* + 40935375) T*+327375Y*
+ (54 Y1 — 5130 Y® — 182340 Y° — 1509300 Y'* + 3106350 Y + 1129950) 7°+141750 Y>—14175

hi; =0, h;1=0, hy=24Y, hy=-720TY, hg=97207%Y+120Y°-360Y,
h; = —77760 7°Y +(—2880Y? +8640Y) T, hg = 408240 7Y +240Y°—3360 Y
+ (30240 Y® — 90720Y) T°—3600Y, hs = —1469664 T°Y +(—181440 Y + 544320Y) T°
+ (—4320Y° 4+ 48960 Y* +99360Y) T, hy = 3674160 T°Y +240 Y —5040 Y °+(680400 Y
—2041200Y)T* — 10800 Y + (32400 Y° — 280800 Y — 486000 Y") T — 32400 Y/
h; = —6298560 77Y +(—1632960 Y* + 4898880 Y') T°+(—129600 Y *+777600 Y

—1166400Y )T + (—2880Y " + 37440 Y'® — 100800 Y + 734400Y) T
hy = 7085880 T°Y +120 Y —1440 Y+ (2449440 Y* — 7348320 Y') T°+41040 Y°
+ (291600 Y® — 972000 Y + 14288400 Y') T* —151200 Y*+(12960 Y " —64800 Y°+1144800 Y*
—3823200Y)T%+113400Y, hy = —4723920 77Y +(—2099520 Y* + 6298560 Y ) T
+ (—349920 Y® + 233280 Y — 36741600Y) T°+(—25920 Y " —77760 Y°—2980800 Y
+14904000 Y) T3 + (=720 Y? — 2880 Y7 — 4320 Y® + 1425600 Y® + 874800 Y) T
hg = 1417176 T'°Y +24 Y +600 Y? + (787320 Y — 2361960 Y) T° — 20880 Y ”
+ (174960 Y° 4 349920 Y 4 30967920 ') T0—231120 Y °+(19440 Y7 +213840 Y



42235600 Y3 —27507600 Y )T*—59400 Y3+ (1080 Y24+21600 Y " —114480 Y ° — 4644000 Y3
—7273800Y)T? + 113400 Y

a2=1, qi1=-36T, qio=>594T*+6Y>+6, q9=—5940T*+(—180Y? +60) T,

qs = 40095 T*+15 Y4+ (2430 Y2 — 4050) T2—90Y2+135, q7 = —192456 T°+(—19440 Y™
+58320)T°+(—360Y " + 2160 Y — 3240) T, qg¢ = 673596 T°+20 Y °+(102060 Y
—442260)T* — 180 Y* + (3780 Y* — 22680 Y + 42660) T° + 540 Y'* + 2340
qs = —1732104 77+ (367416 Y2 + 2082024) T°+(—22680 Y'* + 136080 Y'* — 359640) 7"
+(—360Y°® +1800Y* — 1080 Y? — 55080) T, qu = 3247695 T°+15Y*+(918540 Y
—6429780)T°+60 Y%+ (85050 Y* — 510300 Y + 1931850) T*—1350 Y *+(2700 Y
—2700 Y*+72900 Y 2+639900)T%+13500 Y 24+3375, q3 = —4330260 77 +(—1574640 V>
+13122000)7"+(—204120 Y* + 1224720 Y — 6502680) 7°+(—10800 Y *~32400 Y'*
—1069200 Y —4676400)T%+(—180 Y® — 2640 Y® — 70200 Y'* — 421200 Y'* + 45900) T
Q2 = 3897234 T"0+6 Y04 (1771470 Y — 17124210) T +270 Y ®+(306180 Y* 1837080 Y'?
+13253220)7°+13500 Y °+ (24300 Y° 4 170100 Y* + 5321700 Y2 + 19561500) 7 +78300 Y *
+ (810Y® + 20520 Y'® + 661500 Y'* + 3321000 Y — 984150) T2 —36450 Y *+12150
qi = —2125764 "'+ (—1180980 V> + 12990780) T+ (—262440 Y * +-1574640 Y
—14959080)7" +(—29160 Y'¢ — 320760 Y'* — 11284920 Y — 41319720) T°+(—1620Y®
—58320 Y -1927800 Y 7938000 Y2 +6374700) T3 +(—36 Y'Y —2340 Y -83880 Y'°
—405000 Y *—429300 Y*—234900)T, qo = 531441 T"*+Y '*4 (354294 V> — 4369626) T
+126 Y10+ (98415 Y — 590490 Y2 + 7184295) T°+3735 Y+ (14580 Y ®+218700 Y*
+8791740 Y2 +34015140)T°415300 Y5 +(1215 Y 84+56700 Y5 +1834650 Y+ +4203900 Y2
—3485025)T*+143775 Y4+ (54 Y 1044590 Y 84150300 Y 4639900 Y 442782350 Y2
+2020950)72 + 93150 Y2 + 2025

10



References

1]

[2]

M.J. Ablowitz, H. Segur On the evolution of packets of water waves, J.
Fluid Mech., V. 92, 691-715, 1979

M.J. Ablowitz, P.A. Clarkson, Solitons, Nonlinear Evolution Equations
and Inverse Scattering, Cambridge University Press, 1991

M.J Ablowitz, J. Villarroel, Solutions to the time dependent schrédinger
and the Kadomtsev-Petviashvili equations, Phys. Rev. Lett., V. 78,
570573, 1997

G. Biondini, Y. Kodama, On a family of solutions of the KadomtsevPetvi-
ashvili equation which also satisfy the Toda lattice hierarchy, J. Phys. A:
Math. Gen., V. 36, 1051910536, 2003

A. Bobenko, Periodic multiphase solutions of the Kadomsev-Petviashvili
equation, J. Phys. A, V. 22, 1259-1274, 1989

M. Boiti, J.J.P. Leon, F. Pempinelli, Spectral transform and orthogonality
relations for the Kadomtsev-Petviashvili equation, Phys. Lett. A, V. 141,
1989

M. Boiti, F. Pempinelli, A. Pogrebkov Properties of the solutions of the
Kadomtsev-Petviashvili equation, J. Math. Phys., V. 35, 1994

V.S. Dryuma, On analytical solutions of the two-dimensional Kortewegde
Vries equation, Pisma Zh. Eksp. Teor. Fiz., V. 19, N. 12, 219225, 1973

B.A. Dubrovin Theta functions and non-linear equations, Russian Math.
Surveys, V.36, N.2, 11-92, 1981

N. C Freeman, J.J.C. Nimmo Rational solutions of the KdV equation in
wronskian form, Phys. Letters, V. 96 A, N. 9, 443-446, 1983

P. Gaillard, A new family of deformations of Darboux-Pdschl-Teller poten-
tials, Lett. Math. Phys., V. 68, 77-90, 2004

P. Gaillard, V.B. Matveev, New formulas for the eigenfunctions of the
two-particle Calogero-Moser system, Lett. Math. Phys., V. 89, 1-12, 2009

P. Gaillard, V.B. Matveev, Wronskian and Casorai determinant representa-
tions for Darboux-Poschl-Teller potentials and their difference extensions,
J. Phys A : Math. Theor., V. 42, 1-16, 2009

P. Dubard, P. Gaillard, C. Klein, V. B. Matveev, On multi-rogue wave
solutions of the NLS equation and positon solutions of the KdV equation,
Eur. Phys. J. Spe. Top., V. 185, 247-258, 2010

P. Gaillard, Families of quasi-rational solutions of the NLS equation and
multi-rogue waves, J. Phys. A : Meth. Theor., V. 44, 1-15, 2011

11



[16]

[17]

[28]

[29]

P. Gaillard, Wronskian representation of solutions of the NLS equation and
higher Peregrine breathers, J. Math. Sciences : Adv. Appl., V. 13, N. 2,
71-153, 2012

P. Gaillard, Degenerate determinant representation of solution of the NLS
equation, higher Peregrine breathers and multi-rogue waves, J. Math.
Phys., V. 54, 013504-1-32, 2013

P. Gaillard, Wronskian representation of solutions of NLS equation and
seventh order rogue waves, J. Mod. Phys., V. 4, N. 4, 246-266, 2013

P. Gaillard, V.B. Matveev, Wronskian addition formula and Darboux-
Poschl-Teller potentials, J. Math., V. 2013, ID 645752, 1-10, 2013

P. Gaillard, Two parameters deformations of ninth Peregrine breather
solution of the NLS equation and multi rogue waves, J. Math., V. 2013,
1-111, 2013

P. Gaillard, Two-parameters determinant representation of seventh order
rogue waves solutions of the NLS equation, J. Theor. Appl. Phys., V. 7,
N. 45, 1-6, 2013

P. Gaillard, Six-parameters deformations of fourth order Peregrine breather
solutions of the NLS equation, J. Math. Phys., V. 54, 073519-1-22, 2013

P. Gaillard, Deformations of third order Peregrine breather solutions of
the NLS equation with four parameters, Phys. Rev. E, V. 88, 042903-1-9,
2013

P. Gaillard, Ten parameters deformations of the sixth order Peregrine
breather solutions of the NLS equation, Phys. Scripta, V. 89, 015004-1-7,
2014

P. Gaillard, The fifth order Peregrine breather and its eight-parameters
deformations solutions of the NLS equation, Commun. Theor. Phys., V.
61, 365-369, 2014

P. Gaillard, Higher order Peregrine breathers, their deformations and multi-
rogue waves, J. Of Phys. : Conf. Ser., V. 482, 012016-1-7, 2014

P. Gaillard, M. Gastineau, Eighteen parameter deformations of the Pere-
grine breather of order ten solutions of the NLS equation, Int. J. Mod.
Phys. C, V. 26, N. 2, 1550016-1-14, 2014

P. Gaillard, Two parameters wronskian representation of solutions of
nonlinear Schrodinger equation, eight Peregrine breather and multi-rogue
waves, J. Math. Phys., V. 5, 093506-1-12, 2014

P. Gaillard, Hierarchy of solutions to the NLS equation and multi-rogue
waves, J. Phys. : Conf. Ser., V. 574, 012031-1-5, 2015

12



[30]

[31]

[32]

[34]

[35]

[36]

[39]

[40]

[41]

[42]

[43]

[44]

P. Gaillard, Tenth Peregrine breather solution of the NLS, Ann. Phys.,
V. 355, 293-298, 2015

P. Gaillard, M. Gastineau, The Peregrine breather of order nine and its
deformations with sixteen parameters solutions of the NLS equation Phys.
Lett. A, V. 379, 1309-1313, 2015

P. Gaillard, Other 2N-2 parameters solutions to the NLS equation and
2N+1 highest amplitude of the modulus of the N-th order AP breather, J.
Phys. A: Math. Theor., V. 48, 145203-1-23, 2015

P. Gaillard, Multi-parametric deformations of the Peregrine breather of
order N solutions to the NLS equation and multi-rogue waves, Adv. Res.,
V. 4, 346-364, 2015

P. Gaillard, Higher order Peregrine breathers solutions to the NLS equa-
tion, Jour. Phys. : Conf. Ser., V. 633, 012106-1-6, 2015

P. Gaillard, M. Gastineau Patterns of deformations of Peregrine breather
of order 3 and 4, solutions to the NLS equation with multi-parameters,
Journal of Theoretical and Applied Physics, 1-7, 2016

P. Gaillard, M. Gastineau Twenty parameters families of solutions to the
NLS equation and the eleventh Peregrine breather, Commun. Theor. Phys,
V. 65, 136-144, 2016

P. Gaillard, Rational solutions to the KPI equation and multi rogue waves,
Annals Of Physics, V. 355, 293-298, 2016

P. Gaillard, M. Gastineau Twenty two parameters deformations of the
twelfth Peregrine breather solutions to the NLS equation, Adv. Res., V.
10, 83-89, 2016

P. Gaillard, Towards a classification of the quasi rational solutions to the
NLS equation, Teoreticheskaya Y Matematicheskaya Fyzyka, 2016

R. Hirota, Y. Ohta Hierarchies of coupled soliton equations, Phys. Soc.
Japan, V. 60, 798-809, 1991

B.B. Kadomtsev, V.I. Petviashvili, On the stability of solitary waves in
weakly dispersing media, Sov. Phys. Dokl., V. 15, N. 6, 539-541, 1970

A. Kalla, Fay’s identity in the theory of integrable systems, These, Uni-
versité de Bourgogne, 2011

Y. Kang, Y. Zhang, L. Jin, Soliton solution to BKP equation in Wronskian
form, Appl. Math. Comp., V. 224, 250-258, 2013

D. J. Kedziora, A. Ankiewicz, N. Akhmediev, Circular rogue wave clusters,
Phys. Review E, V. 84, 056611-1-7, 2011

13



[45]

[46]

[53]

[54]

[55]

[56]

D. Kedziora, A. Ankiewicz, N. Akhmediev, Triangular rogue wave cascades,
Phys. Review E, V. 86, 056602-1-9, 2012.

D. J. Kedziora, A. Ankiewicz, N. Akhmediev, Classifying the hierarchy of
the nonlinear Schrodinger equation rogue waves solutions, Phys. Review
E, V. 88, 013207-1-12, 2013

Y. Kodama, Young diagrams and N solitons solutions to the KP equation,
J. Phys. A: Math. Gen., V. 37, 1116911190, 2004

I. Krichever, Rational solutions of the Kadomtsev-Petviashvili equation
and integrable systems of n particules on a line, Funct. Anal. and Appl.,
V.12, N.1: 76-78, 1978

G. Latham, Solutions of the Kadomtsev-Petviaschvili equation associated
to rank-three commuting differential operators over a singular elliptic curve,
Phys. D : non linear phenomena, V. 41, 55-66, 1990

V.X. Ma, Lump solutions to the KP equation, Phys. Lett. A, V. 379,
1975, 2015

S.V. Manakov, V.E. Zakharov, L.A. Bordag, V.B. Matveev, Two-
dimensional solitons of the Kadomtsev-Petviashvili equation and their in-
teraction, Phys. Letters, V. 63A, N. 3, 205-206, 1977

V.B. Matveev, Darboux transformation and explicit solutions of the
Kadomtsev-Petviaschvili equation depending on functional parameters,
Letters in Mathematical Physics, V. 3, 213-216, 1979

W. Oevel, Darboux theorems and wronskian formulas for integrable suys-
tems I : constrained KP flows, Physica A, V. 195, 533-576, 1993

W. Oevel, W. Stramp, Wronskian solutions of the constrained KP hierar-
chy, J. Math. Phys., V. 37, 6213-6219, 1996

D.E. Pelinovsky, Y.A. Stepanyants , New multisolitons of the Kadomtsev-
Petviashvili equation, Phys. JETP Lett., V. 57, 24-28, 1993

D.E. Pelinovsky, Rational solutions of the Kadomtsev-Petviashvili hier-
archy and the dynamics of their poles. I. New form of a general rational
solution, J.Math.Phys., V. 35, 5820-5830, 1994

D.E. Pelinovsky, Y.A. Stepanyants, Y.A. Kivshar, Self-focusing of plane
dark solitons in nonlinear defocusing media, Phys. Rev. E, V. 51, 5016-
5026, 1995

J. Satsuma, M.J. Ablowitz, Two-dimensional lumps in nonlinear dispersive
systems, J. Math. Phys., V. 20, 1496-1503, 1979

A.P. Veselov, Rational solutions of the Kadomtsev-Petviaschvili equation
and hamiltonian systems, Usp. Mat. Nauk., V. 35, N. 1, 195-196, 1980

14



[60] J. Weiss, Modified equation, rational solutions and the Painlevé property
for the Kadomtsev-Petviaschvili and Hitrota-Satsuma equation, J. Math.
Phys., V. 26, 2174, 1985

[61] T. Xu, F.W. Sun, Y. Zhang, J. Li, Multi-component wronskian solution
to the Kadomtsev-Petviasvili equation, Comp. Math. Math. Phys. B, 54,
97-113, 2014

15



