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Abstract

In the paper, the homoclinic (hateroclinic) breather limit method (HBLM) is applied to seek rogue
wave solution of the Benjamin Ono equation. We find that the rational breather wave solution is
just a rogue wave solution. This result shows that rogue wave can come from the extreme behavior
of the breather solitary wave for (1+1)-dimensional nonlinear wave fields.
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1. Introduction

As is well known that solitary wave solutions of nonlinear evolution equations play an important role in nonli-
near science fields, especially in nonlinear physical science, since they can provide much physical information
and more insight into the physical aspects of the problem and thus lead to further applications [1]. In this paper,
we will consider the Benjamin Ono (BO) equation

U, + ﬁ(u2 )XX +yu,, =0

where B and y are non-zero constants. The BO equation is one of the important nonlinear model in physics
[2] [3]. By means of traveling wave method, the exact solutions of the BO equation were obtained. Using the
F-expansion method and the Jacobi elliptic function expansion method to the BO equation, a series of periodic
wave solutions were got [4]. Based on an improved projective Riccat equation method, the traveling wave solu-
tions of single variable were found [5]. Applying the bilinear method and extended homoclinic test approach
[6]-[10], periodic solitary wave and doubly periodic solutions for the BO equation were obtained [11].
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In recent years, rogue waves, as a special type of nonlinear waves and also known as freak waves, monster
waves, killer waves, extreme waves, abnormal waves [12], have triggered much interest in various physical
branches. Rouge wave is a kind of wave that seems abnormal which is first served in the deep ocean. It always
has two to three times amplitude higher than its surrounding waves and generally forms in a short time for which
people think that it comes from nowhere. Rouge waves have been the subject of intensive research in oceano-
graphy [13] [14], optical fibers [15]-[17], superfluids [18], Bose-Einstein condensates, financial markets and
other related fields [19]-[22]. In this work, we will apply the homoclinic (hateroclinic) breather limit method
(HBLM) [23], to seek rogue wave solution of the BO equation. We take the following four steps:

Step 1

By Painleve analysis, a transformation u=T ( f ) is made for some new and unknown function f.

Step 2

By using the transformation in step 1, original equation can be converted into Hirota’s bilinear form
G(D,,D,, f)=0, where the D-operator [24] is defined by

D;*Dpf(x,t)g(x,t):(i_ 0 jmx(ﬁ_%jn F(xt)g (Xt

OX & ot

X'=x,t'=t

Step 3

Solve the above equation to get homoclinic (heteroclinic) breather wave solution by using extended homoc-
linic test approach (EHTA) [25].

Step 4

Let the period of periodic wave go to infinite in homoclinic (heteroclinic) breather wave solution, we can Ob-
tain a rational homoclinic (heteroclinic) wave and this wave is just a rouge wave.
2. Rational Breather Wave (Rogue Wave)

The BO equation,
utt +ﬁ(uz)xx +7uxxxx :O (1)
By Painleve analysis, let

u=uo+%(ln f), )

where f(x,t) is unknown real function, and u, is the small perturbation parameter. Substituting (2) into (1)
will get the following equation:

6y 36y° 2 6y°
?(In f), +127u,(In f), +7((In ),.) +7(In ) =0 ®)
By means of the hirota bilinear operator, which is defined by
ey o oY (o oY -
DD, f(x,t)g(x,t):(&—&) X(E_EJ f (X0 (X0)]1ore @
we will get
o DI(f-f)
—(Inf)=2>—~ 5
2N f)=—" ®)
o' D!(f-f) 3(D2(f-f)Y
—(Inf)== -=| = 6
) == 5|~ ©)
Putting (5) (6) into (3) implies the following bilinear equation:
(D? + Bu,D; +yD;)(f - £)=0 @)

In this case we choose extended homoclinic test function



L. L. Song et al.

f =e P04 g cos(p, (x+w,t))+c,eP ) ®

where ps, P2, W1, Wy, €1 and ¢, are real constants to be determined.
Substituting Equation (8) into (7), collecting coefficients of the terms g™ =~ g P-4t sin( p, (x+w,t)),
cos( P, (x + wzt)) and the constant, and let coefficients of these terms to zero, we get an algebraic equation

26, P, P, W W, —4/3U,C, Py, + 47, Py p, (—pF + p3 ) =0

—26,C, Py P, W, +4BUgC,C, Py P, +47C,C, Py P, (Pf — 3 ) =0

ciC, (PYW, — p3ws )+ 2u,cic, (pf — pF )+ eiC, by + p; ) - 67¢,C, p7 5 =0 ®)
4yl p; —2/5¢] U, +167C, Py — ¢ ;W +8¢, piu, +4c, piw; =0

Y& —6yC,P; Pz + 7P, +2/3¢, PiUy — 2/3¢ P7U, +C, PYW —C, Py W, =0

Solving Equation (9), then taking p, = p,, we have

¢ _+2\/(27hW§ +2/8%u; +ﬁU0W§)Cz

1
o WW, = 2/U,, p12 :4_7/(W12_W22> (10)

S\ Arpiwg +2°u5 + Bugw;

where wy, Wy, ¢ are some free real constants. Choosing Bu, =0 and c, >0, we get from(10) |w;|> |w,|.
Substituting (10) into (8), we get

f,(x,t)= Zﬁcosh(p{x— 25 tj+|n c2j+hlcos(p2(x+w2t)),

W,

(11)

and fz(x,t):2\/§cosh[pl[x—2ﬂu0 t}rln czj—hlcos(pz(x+w2t)).

W,

2y pIWS + 287U + Bu Wa )c 1 (w2 —w?
where hlzz\/( 2 0 ° 2) 2, plziz u, w,, W, € R . Substituting (11) into (2)
e

4y PYW; +28°U; + U
yields the solutions of (1) as follows, respectively

~4h, p?2 czsinh(pl[x— 254 thrIn\/ngin(p2 (x+w,t))—h?pf +4c, p;
W,

2

ul(x,t)=u0+6—7 > (12)
/ 2,/c,cosh| p x—zﬂuot +Iny/c +hlcos(p (x+wt))
2 1 W2 2 2 2
) . 2pu . 2.2 2
—4h, p? 2\/§smh(pl(x— o 0t]+|n chsm(pz(x+w2t))—h1 p? +4c, p!
Uy (X,t) = Uy +—2 Z (13)

[2 czcosh(pl(x—zauotjﬂn CZJ—QCOS( D, (x+w2t))J

2

The solution u,(x,t) (or u,(x,t)) shows a new family of two-wave, breather solitary wave, which is a so-
litary wave and also is a periodic wave.
Substituting ¢, =1 into the solution u, (x,t), it can be rewritten as follows

2 ) . 28U, .
. P/ (1—k1 —2klsmh[p1[x—wtj]sm(pz(x+w2t))]

2

2 )]

ul? (x,t) =u, + 0

(14)
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> (see Figure 1).

_ |22 piw; +2/8°us + Bugw;
where k; = o) o
Ay PrW; + 25Uy + SugW,

Now we consider a limit behavior of ugl) (x,t) as the period 2n of periodic wave cos( P, (x+ wzt)) goes
P

to infinite, i.e. p, — 0. By computing, we get the following result

247/(R—2[x—2ﬂu°tj(x+wzt)J

W,

ﬂ[[x—z’zuotj +(x+wyt) + RJ

2

roguewave — -0

(15)

6w’
23°u; + BugW;
Especially, if let u, =0, we will get ¢, <0, so the two breather wave solution can not be obtained, mean-

while, the rational breather wave solution (rogue wave solution) can’t also be find. The small perturbation pa-
rameter u, =0 plays a huge part in finding rouge wave solution.

where R = ,and k, >0 and w,=w, as p, >0 (seeFigure2).

Figure 2. The figure of Uygguewave @S U, =% , B=6, y=-1.
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Equation (15) is a rational solution of Equation (1), and it is also a breather-type solution. U — 0 for fixed t
as X —>+o0. So, the solution U, c.ae 1S @ rogue wave solution which has two to three times amplitude higher
than its surrounding waves and forms in a short time. One may think that whether the energy collection and su-
perpaosition of breather solitary wave in many periods lead to a rogue wave or not.

3. Conclusion

In the paper, we apply the homoclinic (hateroclinic) breather limit method (HBLM) to find the BO equation’s
breather solitary solution and rational breather solution. Meanwhile, rational breather solution obtained here is
just a rogue wave solution of the BO equation. Furthermore, the small perturbation parameter ug plays an impor-
tant role in seeking rouge wave solution too. Next, we will try to use some methods to look for multi-rogue waves,
such as the two-order wronskian determinant, Darboux transformation and so on.
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