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We construct solutions to the Kadomtsev-Petviashvili equation (KPI) from particular polynomials. We obtain rational solutions written as a second derivative with respect to the variable x of a logarithm of a determinant of order n. So we get with this method an infinite hierarchy of rational solutions to the KPI equation. We give explicitly the expressions of these solutions for the first five orders.

Introduction

We consider the Kadomtsev-Petviashvili equation which can be written in the form (4u t -6uu x + u xxx ) x -3u yy = 0,

where the subscripts x, y and t denote partial derivatives. This equation first appeared in 1970, in a paper written by Kadomtsev and Petviashvili [START_REF] Kadomtsev | On the stability of solitary waves in weakly dispersing media[END_REF]. This equation is considered as a model for surface and internal water waves or in nonlinear optics. Zakharov [START_REF] Zakharov | A scheme for integrating the nonlinear equations of mathematical physics by the method of the inverse scattering problem[END_REF] used the inverse scattering method to solve this equation, and obtained several exact solutions to the KPI equation.

Dubrovin [START_REF]Dubrovin Theta functions and non-linear equations[END_REF] constructed for the first time in 1981 the solutions to the KPI equation given in terms of Riemann theta functions.

There is a lot of papers which deal with solutions to the KPI equation, in particular we can cite the works of Krichever [START_REF] Krichever | Rational solutions of the Kadomtsev-Petviashvili equation and integrable systems of n particules on a line[END_REF], Matveev [START_REF] Matveev | Darboux transformation and explicit solutions of the Kadomtsev-Petviaschvili equation depending on functional parameters[END_REF], Freeman [START_REF] Freeman | Nimmo Rational solutions of the KdV equation in wronskian form[END_REF], Boiti [START_REF] Boiti | Pogrebkov Properties of the solutions of the Kadomtsev-Petviashvili equation[END_REF], Kodama [START_REF] Kodama | Young diagrams and N solitons solutions to the KP equation[END_REF], Ma [START_REF] Ma | Lump solutions to the KP equation[END_REF].

In the following, we consider particular polynomials and we construct rational solutions to the KPI equation by using the Hirota bilinear method. Then we obtain rational solutions to the KPI equation as a second derivative with respect to the variable x of a logarithm of a determinant of order n. That provides an effective method to construct an infinite hierarchy of rational solutions of order n. We present rational solutions explicitly for the first simplest orders.

2 Rational solutions to the KPI equation

We consider the particular polynomials p n defined by

                               p n (x, y, t) = n k1=0 x k1 n-k1 k2=0 y   k 2 2   1 - 1 2 k 2 -2 k 2 2 k 2 2 ! × t   n -k 1 -k 2 3   n -k 1 -k 2 3 ! × 1 - 1 2 n -k 1 -k 2 + 1 -3 n -k 1 -k 2 3
, for n ≥ 0, p n (x, y, t) = 0, for n < 0.
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In the previous definition of p n , [x] means the greater integer less or equal to x.

We consider the following determinant det(p n-i+j (x, t)) {1≤i≤n, 1≤j≤n} ,

or in other words, it can be written as

p n p n+1 p n+2 . . . p 2n-1 p n-1 p n p n+1 . . . p 2n-2 . . . . . . . . . . . . . . . p 1 p 2 p 3 . . . p n .
With these polynomials, we construct a type of rational solutions to the KPI equation. We prove this result by using the Hirota method. This method gives some rational solutions of the KPI equation. With these notations and ∂ 2 x = ∂ 2 ∂x 2 , we have the following result Theorem 2.1 The function v n (x, y, t) defined by

v n (x, y, t) = 2∂ 2 x (det(p n-i+j (x, t)) {1≤i≤n, 1≤j≤n} ) (4) 
is a rational solution to the (KPI) equation ( 1)

(4u t -6uu x + u xxx ) x -3u yy = 0. ( 5 
)
3 Explicit rational solutions to the KPI equation for the first orders

In this section we will give some explicit examples of rational solutions to the KPI equation. We present solutions in the form

v(x, y, t) = n(x, y, t) d(x, y, t) . (6) 
The solutions constructed by this method have singularities. As a result, the module of these solutions becomes infinite for certain values of x and y. The representation of the modules of these solutions is therefore distorted by these singularities and does not give an exact picture of the structure of these solutions. However I give some of them.

3.1

Rational solutions of order 1 to the KPI equation is a rational to the KPI equation.

This solution is not interesting since it does not depend on t and y variables. 

is a rational to the KPI equation. 

with n(x, y, t) = -18 x 16 +864 tx 13 +288 y 2 x 12 -62208 t 2 x 10 +432000 y 2 tx 9 -285120 y 4 x 8 + 1244160 t 3 x 7 -4976640 y 2 t 2 x 6 + 6842880 y 4 tx 5 -3110400 y 6 x 4 -37324800 t 4 x 4 + 24883200 y 2 t 3 x 3 -74649600 y 4 t 2 x 2 +37324800 y 6 tx+149299200 t 4 y 2 -9331200 y 8 and d(x, y, t) = x 9 -72 tx 6 + 72 y 2 x 5 + 4320 ty 2 x 2 -2160 y 4 x + 8640 t 3 2 is a rational to the KPI equation.

In this case N = 3, the solutions constructed by this method have singularities. The representation of the modules of these solutions is therefore distorted by these singularities and does not give an exact picture of the structure of these solutions.

Figure 3. Solution of order 3 to the KPI equation t = 0.

Rational solutions of order 4 to the KPI equation

The full expression of the solution is given in the appendix.

In this case N = 4, there is singularity in x = 0 and y = 0 for any t. The module of this solution becomes infinite and the representation of its module is therefore distorted by this singularity and does not give an exact picture of the structure of this solution. 

Rational solutions of order 5 to the KPI equation

In order not to weigh down the text, we give explicit rational solution in this case in the appendix.

For N = 5, the solution constructed by this method has singularities and the module becomes infinite for certain values of x and y. The representation of the modules of this solutions is therefore distorted by these singularities and does not give an exact picture of the structure of these solutions. Explicit expressions of rational solutions are not given for n greater than 5. For example, in the case of order 6, the explicit expression of the rational solution takes about 3 pages in tiny characters. In this case, the numerator is a polynomial of degree 70 in x, 34 in y, 22 in t; the denominator is a polynomial of degree 72 in x, 36 in y, and 24 in t. The numerator contains 227 terms, the denominator 240 terms with big coefficients. In the case of order 10, the numerator is a polynomial of degree 198 in x, 98 in y, 66 in t; the denominator is a polynomial of degree 200 in x, 98 in y, and 66 in t. We cannot give these explicit expressions in this paper.

Conclusion

In this article, rational solutions to the KPI equation have been explicitly built.

Other approaches to building solutions to the KPI equation have been conducted and the most significant can be mentioned. In 1990, Hirota and Ohta [10] built solutions as a particular case of a hierarchy of coupled bilinear equations given in terms of Pfaffians. In 1993, Oevel [START_REF] Oevel | Darboux theorems and wronskian formulas for integrable suystems I : constrained KP flows[END_REF] used the Darboux transformations to obtain the solutions of the multi-component KPI hierarchy. No explicit solutions were given. In the article published in 1996 [START_REF] Oevel | Wronskian solutions of the constrained KP hierarchy[END_REF], the same author gave explicit solutions in terms of wronskians of order 2. In 2014, using iterated Darboux transformations, in particular, solutions to the KPI equation were constructed in terms of reduced multi-component wronskian solutions [START_REF] Xu | Multi-component wronskian solution to the Kadomtsev-Petviasvili equation[END_REF]. In the later study, an explicit solution at order 1 was given. Only one asymptotic study has been carried out for order higher than 2.

Here, using special polynomials, we have given an approach to find explicit rational solutions for higher orders and tried to describe the structure of these rational solutions. We get polynomials in x, y and t; for the order n, the numerator is of degree 2n 2 -2 in x and the denominator of degree 2n 2 in x. The structure in t and y appears more complicated. It will be relevant to study in details the structure of these polynomials.

Example 3 . 1

 31 The function v(x, y, t) defined byv(x, y, t) = -2 x 2(7)

Figure 1 .

 1 Figure 1. Solution of order 1 to the KPI equation for t = 0.

Figure 2 .

 2 Figure 2. Solution of order 2 to the KPI equation, on the left for t = 0; in the center for t = 0.01; on the right for t = 10.

Figure 4 .

 4 Figure 4. Solution of order 4 to the KPI equation, on the left for t = 0; in the center for t = 1; on the right for t = 10.

Figure 5 .

 5 Figure 5. Solution of order 5 to KPI for t = 10.

Appendix

In thecase of order 4, the function v(x, y, t) defined by v(x, y, t) = n(x, y, t) d(x, y, t)

with n(x, y, t) = -32 x 30 + 9600 tx 27 -5760 y 2 x 26 -1296000 t 2 x 24 + 3456000 y 2 tx 23 -1958400 y 4 x 22 +47692800 t 3 x 21 +520473600 y 2 t 2 x 20 -1278720000 y 4 tx 19 +513792000 y 6 x 18 + 3794688000 t 4 x 18 -79750656000 y 2 t 3 x 17 +176110848000 y 4 t 2 x 16 -438939648000 t 5 x 15 -161574912000 y 6 tx 15 +48522240000 y 8 x 14 +3508531200000 y 2 t 4 x 14 -6026711040000 y 4 t 3 x 13 + 4075868160000 y 6 t 2 x 12 -5957038080000 t 6 x 12 -1358622720000 y 8 tx 11 -36369285120000 y 2 t 5 x 11 -174112727040000 y 4 t 4 x 10 +267079680000 y 10 x 10 +319798886400000 t 7 x 9 +460538265600000 y 6 t 3 x 9 + 94058496000000 y 2 t 6 x 8 -493807104000000 y 8 t 2 x 8 + 221560012800000 y 10 tx 7 + 1881169920000000 y 4 t 5 x 7 -37391155200000 y 12 x 6 -4740548198400000 t 8 x 6 -