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ON ROGUE WAVE IN THE KUNDU-DNLS EQUATION
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ABSTRACT. In this paper, the determinant representation of the n-fold Darboux transforma-
tion (DT) of the Kundu-DNLS equation is given. Based on our analysis, the soliton solutions,
positon solutions and breather solutions of the Kundu-DNLS equation are given explicitly. Fur-
ther, we also construct the rogue wave solutions which are given by using the Taylor expansion
of the breather solution. Particularly, these rogue wave solutions possess several free parame-
ters. With the help of these parameters, these rogue waves constitute several patterns, such as
fundamental pattern, triangular pattern, circular pattern.
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1. INTRODUCTION

It is well known that the derivative nonlinear Schrodinger (DNLS) equation
i + oo — ia(lq’q)s = 0 (1.1)
is one of the most important integrable systems in many branches of physics and applied
mathematics, particularly in optics, water wave and so on [I,2]. In the eq.(T]), ¢ represents
complex field envelope and the subscripts imply the partial derivative with regard to x or t.

Considering the significance of the higher order nonlinearities in physical system, the DNLS
equation yields an integrable higher nonlinear equation, i.e. Kundu-DNLS equation [3,4]

iQr + Qur + 1a(Q*Q")x — (0, + 02 — i0,,)Q + 0,(2iQ, — aQ’Q*) = 0 (1.2)
by means of a nonlinear transformation of the field ¢ — @ = ge~* with arbitrary gauge function
0. Here Q* denotes the complex conjugate of Q, and « is a real parameter. For example, setting
6 =0 [ Q(2')*dz’, Kundu-DNLS equation implies Eckhaus-Kundu (EK) equation [3]. There
are several method to solve the integrable equations, for instance, Hirota method [5], inverse
scattering transformation [6], bilinear method [7], Darboux transformation [§]. Among these
methods, the Darboux transformation has an old history, which originates from the paper of
Darboux in 1882 about the study of the Sturn-Liouville equation, and is a efficient method to
construct the solutions for the integrable systems. To a given equation, there are also many
approaches to find the corresponding Darboux transformation, such as the gauge transformation
method [8HIT], the operator factorization method [12]. In this paper, in terms of the Darboux
transformation, we find that this equation can also be used to describe many intriguing physical
phenomena, and possessing the soliton solutions, breather solution, positon solution, the rogue
waves.

Before considering the Darboux transformation, let us briefly discuss the importance of rogue
waves in mathematical field and physical field. Rogue waves, appearing in oceans “appears from
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nowhere and disappears without a trace [13]”, which cause a large number of disasters for peo-
ple. Consequently, it appeals to much more and more attention for many scientists and has
been studied extensively in other fields such as optics [I14HI6], Bose-Einstein condensates [17],
femtosecond pulse [18/[19] propagation due to the modulation instability [20]. The higher order
rogue waves of the nonlinear Schrodinger (NLS) equation have interesting patterns [21H25].
Recently, we have given the rogue waves of the DNLS and the coupled system of Hirota and
Maxwell-Bloch equations [2,26], Inspired by the importance of these recent interesting devel-
opments about the analysis of rogue waves of the NLS-type equations, we shall also construct
the rogue wave solutions of the Kundu-DNLS equation with the help of the Darboux transfor-
mation.

The paper is organized as follows. In Section 2, the Darboux transformation and the Lax pair
of the Kundu-DNLS equation will be introduced firstly. We also derived the one-fold Darboux
transformation of the Kundu-DNLS equation. And the determinant-formed generalization of
one-fold Darboux transformation to 2-fold Darboux transformation of the Kundu-DNLS equa-
tion will be given. In Section 3, by making use of Darboux transformation, one soliton, two
soliton, positon solution, are derived. With the help of these formulas, breather solution, and
rogue waves are derived in Section 4. In Section 5, conclusions are given.

2. DARBOUX TRANSFORMATION AND LAX PAIR

The Darboux transformation is a powerful method used to generate the soliton solutions
for integrable equations. Inspired by classical Darboux transformation for the DNLS equation
[27-32], we consider the coupled Kundu-DNLS equation,

iQ¢ + Que — 1(Q*R)y — (0, + 0% — i0,,)Q + 0,(2iQ, + a@Q*R) = 0, (2.1)
iRy — Ruy — i(R?Q)y + (0 + 02 + i0,0) R + 0,(2iR, — aR?Q) = 0, (2.2)

where 6 is a arbitrary gauge function. This form of the equation is very extensive, which
is reduced to the eq.(L2) for R = —Q* with the sign of the nonlinear term changed. The
Kundu-DNLS equation can be obtained if « is a real parameter.

We first present a general framework for deriving the required conservation rule for the DNLS
equation. We start with the linear set of Lax equations:

b, = UD, b, =V, (2.3)
where U and V' depend on the complex constant eigenvalue parameter A
N (10 i 0 Re ™™

A a, 1 0 (0 G*

with G = 2v/a(=X*Qe” + 2i(Q.e” + iQe0,) + 20Q?Q*e"), where X is the eigenvalue, P is
the eigenfunction corresponding to .

Next, we will give the detailed proof for the one-fold Darboux transformation of Kundu-DNLS
equation. Equations(2.]) and (2.2)) are equivalent to the integrability condition U;—V,+[U, V] =
0 of (2.3). we would like to introduce a simple gauge transformation of the spectral problem
(23) with the following form

Pl = T (2.5)
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It can transform linear equation (2.3) into a new one possessing the same matrix form,
namely,

U =yl gl = (7, T U7, (2.6)
I A V8 Y d) (2.7)

where U, VI have the similar forms as U, V. By cross differentiating (2.6) and (Z.7), we
obtain

oty — v, + [ VI = T -V, + [U, V)T (2.8)

2.1. One-fold Darboux transformation. In general, considering the universality of Darboux
transformation, according to the Kundu-DNLS equation (2.I]) and (2.2), we can start from

_ [ az by 2 a; b ap by
T — T(A)_(C2 d2)>\ +<Cl dl)A+(cO do)’ (2.9)

where ag, by, ¢o, dg, a1, b1, c1,dy, as, ba, co, dy are functions of z, t. From
T,+TU=UYT (2.10)
comparing the coefficients of M, j = 4,3,2,1,0, it yields
M by =0, ¢y =0, (2.11)
2N —do/aQ + c1e”? + as/aQM = 0, dor/aRM — bie ™ — ay\/aR =0,
2 —diVaQe? + co + aiv/aQWe? = 0, di/aRMe ™ — by — a1 /aRe ™ =0,
iciv/aRYe™ — 24, — ibi/aQe® = 0,ibi/aQWe? — 2d,, — ici/aRe ™ =0,
M gy aRMe™ — 24y, — ibgy/aQe? = 0, idyy/aRMe™ — 2by, — iagy/aRe ™ = 0,
iagy/aQMe® — 2¢1, — ido/aQe™ = 0, iby/aQMe? — 2d,, — icor/aRe ™ = 0,
N ag, = bo, = cop = do, = 0.

The last equation shows ag, by, ¢g, dy are functions of ¢ only. Similarly, from

T,+TV=vlT, (2.12)
comparing the coefficients of M, j = 4,3,2, 1,0, in the same way, we can get
bg = O, Cy = 0, aogy = bOt = Coy = dOt = 0. (213)

The last equation shows ag, by, cg, dy are functions of x only. Therefore, ag, by, cg, dy are con-
stants.

In order to get the non-trivial solutions, we present a Darboux transformation under the
condition a; = 0,d; = 0,by = 0,co = 0. Based on eq.(ZI1]) and eq.(ZI3) and without losing
any generality, let Darboux matrix 7" be in the form of

0 0 b 0
leTl(A;Al,A2)=<%2 d2)A2+(Cl 01)A+(‘6° do>‘ (2.14)

Here as, ds, by, ¢ are undetermined functions of (z, t), which will be expressed by the eigenfunc-
tion associated with A, As in the Kundu-DNLS spectral problem. First of all, we introduce n
eigenfunctions v; as

J
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The elements of one-fold Darboux transformation are parameterized by the eigenfunction
1, P9 associated with A, Ay as

1 _ 2 _ )2
dy = — ay= P12\ ¢1<P2)\2’ b, = P192(A] — A7) 7 (2.16)
(%) D12 1 — P1P29 P1d2X2 — P12\
>\2 _ >\2
C1 @1802( 1 2) agp — do = )\1)\2.

P1p2rg — 901<f>2)\17

1
Note that (aqds), = 0 is derived from the eq.(2I1]), Then we take ay = — in the followings.

dy
By transformation eq.(2.I1]), new solutions are given by
d cre” a bye?
n_%25_a RW=22p4 " 2.17
Q a Q CLQ\/&’ d2 + dg\/& ( )

2.2. N-fold Darboux transformation. After considering the One-fold Darboux transforma-
tion, let us briefly discuss the N-fold Darboux transformation [33]. First of all, we are in a
position to consider the reduction of the Darboux transformation of the Kundu-DNLS equa-

tion so that Q" = —(R[")*. Under this reduction condition, the eigenfunction v, = < Zﬁk )
k

associated with eigenvalue Ay has following properties [34],

* * *
Dokl = Poky Pokt1 = Qs Aokl = Ao, b =1,2,...n.

Then the Darboux transformation of the DNLS equation is given. Now, the key task is to
establish the determinant representation of the n-fold Darboux transformation for Kundu-
DNLS system in this subsection. To this purpose, set

o= 4(6 )
()

According to the form of 7} in eq.(2.14]), the n-fold Darboux transformation can be represented
as

a,d are complex functions of x and t} ,

b, ¢ are complex functions of x and t} )

2n
T, = Tu(MAde,co o) = ) PN, (2.18)
=0

with

[ Q2n 0 o 0 b2n—1
Py, = ( ; dzn) €D, Py = (czn_l i ) cA.

Here Py is a constant matrix, P;(1 < i < 2n) is function of z and ¢.
The n-fold Darboux transformation of the Kundu-DNLS system can be expressed by

(To)u (Th)i2

A, A,
TTL = Tn()\7 )\17 )\27 ) )\2n) = ) (219>
(Tn)21 (Tn)22
A, A,



with

Aoy Ao AP AP o Al g
A Aoy A Thoe AT A TPon o Nide Mo
)‘%Z¢2n )‘32_180% A32_2¢2n Agz_g‘:@n s A%n(ﬁ% >\2n902n
A2 0 \2n—2 0 . A2 0 Ao ... Aoy,
Ay Mo NP ARy L A A1 Aidg. . Ao
(T = Mgy A Toa ATPha AT TPoa o Mo dope Mgl Aande
>‘52¢2n Agz_lgp%z Agz_2¢2n )\32_3302n s A%n¢2n )‘2n902n )\1 >\2 o >\2n¢1
0 A2l 0 \2n—3 o 0 A 0
Mgy A" or AT e Ao o Mg Mo A A
(T)12 = Mgy A Thoa ATPhe AT TPoa oo Mde dape AMds... Ao
A3l an, A%Z‘lwzn A%Z‘%zn )\32_380271 o AP AanPan M. Aandn
Moy AT AT e AP0 o Mo s
X Alpa ATIee A TPpe AT0e o Apr Magn
Ao A on A P00, Ao Pdon oo Ao Aon®on
0 A2l 0 \2n—3 o 0 A 0
Moy Ao AT 2o AT A2or M Aida A
(Th)a1 = | A3 A oa AP0 N Tha o Mer Xagde Aida.. . A
)‘%Z(p%z )\32_1¢2n )\32_2§O2n )‘32_3¢2n e )‘gngp2n )‘2n¢2n )\1 )\2 ER )\2n§01
A2 0 \2n—2 0 o A2 0 Ao Aoy,
Moy AP0 AT 2o AT o A2 b Aida.l Aanin
(Tn)a2 = Aos AT AP0 AV TRhe o Adpa Ao Aida...Aonial
)‘%Z(p%z )\32_1¢2n )\32_2@211 )\32_3¢2n s )‘%ngp2n )‘2n¢2n )\1 )\2 E )\2n§01

Next, we consider the transformed new solutions (Q™, R")of Kundu-DNLS system corre-
sponding to the n-fold Kundu-DNLS transformation. Under covariant requirement of spectral
problem of the Kundu-DNLS system, the transformed form should be

Ol = (IN? 4+ QUIN)y = UMy, (2.20)
with
(¢ (i 0 m_( 0 Q"
and then
T +T, U = UM T, (2.22)
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Substituting 7, given by eq.(2I8)) into eq.([2Z22)and comparing the coefficients of A2"*1 | it yields

6 0

d Cp_1€6” a b,_1€"
] — Znp — Inot Rl = Zrp .y Inol
@ anQ any/a d,, + do/ao

Furthermore, taking a,, d,, b,_1, ¢,_1 which are obtained from eq.(ZI9]) into (Z23)), then new
solutions (Q™, RI") are given by

(2.23)

Q[n] — Q_ng + ﬂQQO R[n] — Q_%lR _ e_wQHle. (2.24)
ot ve et Tw Ve %
Here,
Ao AP0 AT o o e
Q Aoy AT0e AT o dapn (2.25)
11 — . . . . . ) .
Agz_l(p%z )\32_2¢2n )\32_3§O2n e )\2n902n ¢2n
Ao Ao ATTCor o e ¢
o | e Ne e 6
12 — . . . . . . s
>‘52¢2n Agz_2¢2n )‘32_3902n s )\2n902n ¢2n
Ao Ao AT L Mg o
Q Ay AT Poa ATy o Xagn 0o
21 — . . . . . )
A%Z_l(b%z Agz_2302n )\32_3¢2n s )\2n¢2n Pon
Mror Ao Ao o Mg ¢
Qo — Mo AP0 AT Aads g
22 — . . . . . .
A%Z(P%L Agz_2302n A32_3¢2n v )\2n¢2n Pan

So far, we discussed about the determinant construction of n-th Darboux transformation of
Kundu-DNLS equation. As an application of these transformations of Kundu-DNLS equation,
soliton solutions and positon solutions will be constructed in the next section.

3. SOLITON SOLUTIONS AND POSITON SOLUTION OF THE KUNDU-DNLS EQUATION

For ) = 0 the equations (2.17) is solved by
v = ( fzj ) ;9= eXp(—%(2>\j2$ +AM), = eXP(%(QAj% +A;')).
J
(3.26)
Considering the choice in eq.ZI7) with A\; = my + ing, A2 = A}, m1,n; € R and using
eigenfunctions in eq.(3.29), then one soliton solution of Kundu-DNLS equation is
(6iF1 )\1 — eiFQ)\g)()\l + )\2)
6_2if\/a()\1 — )\2) ’

6

Q[l} —

(3.27)



with F; = —3 (=2 22+ Mt +46),i = 1,2; f = (A — A2) (A1 + A2) (tA] — 224 ¢AJ) . The picture
of one soliton solution of the Kundu- DNLS equatlon and its corresponding density graph are
plotted in Fig.1 .
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FIGURE 1. One soliton solution |Q|? of the Kundu-DNLS equation when m; =
I,n=2,a=1,0=x+1t.

Now let us discuss about the construction of the two-soliton solution of Kundu-DNLS system.
For the purpose, we have to use two spectral parameters \; = my + iny, Ay = Aj,and A3 =
me + ing, Ay = A5. After two Darboux transformations, the two soliton solution is derived as
follows:

Ky
Q¥ = e (3.28)
where
K, = —4ie™®(2Mcosp, + H,0001e"? + Hye?® + HyeP* + Hye)
(Hse” + Hge P6 + H7ef™ 4 Hge F7),
Ky = —va(2Mcosp, + Hye?? + Hye”® + Hye* + Hye)?,
A = —(my+mg)+i(ng+ng), B=(mg—mq)+i(n; —na),
C = (mg—my)+i(ny +n2), D=—(my+ms)+i(n —nag),
E = ing—mq, F =1iny—ms,
H, = —|AP|CP’EF, H,=|B|’|D|’EF*,
H; = |B]*|D*E*F, H,=—|AP|IC*E*F*,
Hy = —mnA*"BC*DF, Hg=minAB*CDF*,
H; = mon,A*B*CDE, Hg=mnABCD*E",
P = le(tm1 —tmj — tny + tn] + 6tm3n; — 6tmini — 2xm] + 2xmj + 2xn] — 27n3),
P2 = tmlnl — tmln1 + tm2n2 — thng — TM1N] — TMaNs,
p3 = tmi’nl tmln1 tm2n2 + thng — MmNy + Tmene,
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ps = —tmi’nl + tmlni’ + tmgng — tmgng’ + Tzminy — Tmans,

pPs = —tmi’nl + tmlni’ - tmgng + tmgng’ + xming + TrmMens,
—1

P = I(tm‘f +tn] + ditming — ditmony — 6tmin] — 2omi + 2xn] — dizmans),
—1

pr = Z(tmgl + tng + 4itmin, — 4itmyn} — 6tmans + 2xm3 + 2xn; — dizmin,).

The picture of two soliton solution of the Kundu-DNLS equation and its corresponding density
graph are plotted in Fig.2 .

ED E] ET [] w EJ E]

FIGURE 2. Two soliton solution |Q?/| of the Kundu-DNLS equation when m; =
0.7, mo = 0.5,711 = 03, Ng = 05, a=1.

In the following, we consider the construction of positon solution of Kundu-DNLS equation
in detail. From the two soliton solution, we make use of four spectral parameters \; = a1 +101,
A = —ifiand A3 = aq + 161 + ¢, \y = a1 — i1 + . By letting the infinitesimal complex
number ¢ and doing the Taylor expansion of wave function to Ay, Ay, positon solution as the
method of ref. [25]. Following four linear functions are used to construct the second positon
solution,

i

Yy, = ( P ) ;o Ok = eXP(—é(Q)\k% + A1), k= eXP(g(Q)\k% + A1),

Pk
(3.29)
where k = 1,2, 3,4. The positon solution of the Kundu-DNLS equation is given as follows:
Q, - —80151G1G2(G3 + Gy)
: (Gs — G4)? ’
(3.30)

where

G, = z'a‘;’ cosh(a16191) + 2a:1)’51t cosh(ayf1g1) — ai’ﬁfz cosh(a16191)
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The picture of positon solution of the Kundu-DNLS equation and its corresponding density
graph are plotted in Figl3l When ¢t — o0, one can find that the difference between the two
soliton solution in Figl2 and the positon solution in Fig[3 as following. Positon can be treated
as one special case of two solitons. When two spectral parameters of two soliton solution get
closer and closer, the separating speed between two branches of two solitons becomes slower
and slower. This approximation leads two soliton solutions to one Positon solutions. That is
why Positon solutions are also called degenerated solitons. Positons of Kundu-DNLS equation
are in fact long-range analogues of solitons of Kundu-DNLS equation and are slowly decreasing,

—ay Btz cosh(ayBig1) — a1 % cosh(ayBig1) + 3a) B2t cosh(ay Brg1)
—ia$ Bt sinh(ay B1g1) + 2iai Bt sinh(ay Brg1) + i B sinh(ay Brg1)
+iadfa sinh(anfrg1) + 3iaifitsinh(an frgr) — 47 sinh(a1 B11),
cos Hy + i sin Ho,
2ia’ By sinh (20, B1g1) + 4ia? BVt — dia Bix — 24ia Byt +
2ia 37 sinh(2a Braooogr ) + 4ia B3t + 4iad Bit + 4ial B,
of 4 Bf — 4adBixt — daiBixt — 4alBiat + 402 Bixt + 4ot B’
+8af 8% + 2088222 + 2a1° B2 + 8af 3112 + 12083812 4 202 B84
+2a73{%* — B} cosh(2a18191) + af cosh(2a18191),
—z —ta? —tj3%,

3

1 1 1 1
T +t+ Ztﬁf - §taf612 + §x612 + Zta‘f — §xaf.

oscillating solutions.

;ﬁy i
it
:}'Jp"tf"'i’;'-

i
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ET ED E3 [] 5 (] (3

FIGURE 3. Positon solution |@Q,|* of the Kundu-DNLS equz;tion with
0.8, 4 = 0.8.



4. BREATHER SOLUTION AND ROGUE WAVE SOLUTIONS OF THE KUNDU-DNLS EQUATION

From last two sections, soliton and positon solutions have been generated for the Kundu-
DNLS equation through the Darboux transformation. However, these solutions were obtained
from a trivial seed-zero solution. In this section, we derive the new kind of solution (that is
breather solution) from a periodic seed solution.

Taking the seed solution as Q = ce””,0 = x + t, p = ax + bt, which admits the constraint in
the form

b= —ac’a—2—a®—2a—ac’. (4.31)

Then the eigenfunction conrresponded to eigenvalue A is obtained. Using the method of sepa-
ration of variables and the superposition principle, the eigenfunction v, associated with A, is
given by

(i) =G
Here

(fl(l', t, )\k)[l,
fl(xv i )‘k)[zv ]

“l\.’) —_
_|_

e
—

u&

\?ﬁ-

>
T
o

2A ¢
li(4 ax+4x—2zs+tA2s—8ta—4 ta’+2tas—4t+2ts—4tc2—4 tc2a+2 tczs)

k,] 2-X\242a—s e%i(—4 ar—4z—2xs+t\2s+8tat+4 ta?+2 tas+4 t+2 ts+4 tc2+4 tc2a+2 tCQS)
k o3 ’

8
2A ¢ €

k] 2-X242a+s, = i(4 ax+4x—2xs+tA2s—8ta—4 ta?+2tas—4t+2ts—4tc2—4tc2a+2 tc2s)
k — e%li(—4 ar—4zx—2xs+t\2s+8tat4ta®+2tas+4 t4+2ts+4tc? 4 tcta+2 tc2s) )

_ (Al A)[L R _( Salat M)[L R
fl(l’,t, )\k) = < fi(l',t, )\:)[2’]{:] ) ) f2(113'>t, )\k) = ( f;(l',t, )\:)[2’]{:] ) )
s =+v/4a2 — 4a)2 + 8a + M — 4X2 + 4 — 4)\2¢2,

Note that fi(z,t, A\y) and fo(z,t, Ay) are two different solutions of the spectral problem
eq.([23)), but we can only get the trivial solutions through DT of the Kundu-DNLS equation by
setting eigenfunction 1, to be one of them.

Now let us discuss about the construction of the breather solution of Kundu-DNLS equation.
For the purpose, we have to use two spectral parameters A\; = £+, and Ay = £ —in. To simplify
the calculations, we use the second Darboux transformation discussed in the last section, then
the breather solution @), with a = —2,¢=1,£ = 0.5,7 = 1 is obtained in the form

_ —biby
Qb— ng )

(4.33)
where
by = 63508327 0-9682458364ic 1 436407 (7302420014592 _ 5535()8307;0-2420614592¢
— 436491673 02420614592t _ 5595083070~ 0-2420614592t 4 5 o 1O8i6—0.9682458364i:c’
by = 1309475019 0-2420614592—2iz—it | () o 1085 0-4x107%i(2579385412+2.5x10%1)
—1309475019¢0-2420614592t=2iz—it 53508307, 0-2420614592t—2iz—it

+5635083276—0.2420614592t—2im—it + 12701665476 %4% 10~84(7420614592+2.5x 108¢)
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b3 = 5 x 108i6—0.9682458364iw + 635083272'60.9682458364iw _ 43649167360.2420614592t
_563508327726024206145921& 4 4364916736—0.2420614592t - 563508327i6—0.2420614592t.

The picture of breather solutions of the Kundu-DNLS equation and its corresponding density
graph are plotted in Fig.4, which propagates along the line ¢ = 0, however, by changing the
value of the parameters, the direction of propagating for the breather will change.

2 s N W e oo @

FIGURE 4. Breather solution |Q|? of the Kundu-DNLS eqlxlation with ¢ =
—2,¢c=1,£=0.5,n=1.

In this section, we construct the rogue wave solution of Kundu-DNLS equation. This kind
of solution only appears in some special region of time and space and then drown into a fixed
non-vanishing plane. By making use of the Taylor expansion for the breather solution, one
order rogue wave solution of Q,[nl} for the Kundu-DNLS equation is obtained

_ —i(2z+t)
np_ —ne 7
Q, - ;

(4.34)
where

v = 34 822 + 8ita? + Sixt? + 8t — 8t2x? — At* — 4at + 8ix® — dix + 124t + it — 8t
vy = —1+ 8it? + 4it + itz — Sit’x — 8tx — 8t?ax? — Qix® — 4t — 42t — dix.

The picture of one order rogue wave solution of the Kundu-DNLS equation and its corresponding
density graph are plotted in Figlhl . Comparing Figlll and Figlhl can tell us the following
important difference between one rogue wave solution and one soliton solution. Rogue wave
solution is localized in both x and t direction which means it only has large amplitude with a
non-vanishing boundary in a small domain of (x,t) plane. But a soliton solution is a travelling

wave and has a vanishing boundary.
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E3 ED 3 ] ] W

FIGURE 5. One order rogue wave solution |Q7[}]|2 of the Kundu-DNLS equation
witha=-2,c=1,(=1,n=1.

When we take a = —2,¢c =1, = 1,7 = 1, the specific form of the second rogue wave solution
for the Kundu-DNLS equation takes the following form:
QP = ~vsme Y
T Ug )
(4.35)
where
vy = —T2xt+ 482°t — 2162°% + 242%t" + 242M? 4+ 902° + 666t° — 122" + 180t" + 8¢° + 8a°

+48xt® + 9 — 48ia® — 483t + 288ixt? — bdix — 24ixt* + 24it® + 24ix*t + 198it + 336it°
+48ix*t? — 24ix”,

vy = 19822 — 45 — 504zt + 14423t + 5042°t* + 144t 4 486t + 60t* + 602* — 242°t* — 8¢5
—2454? — 82 — 48ix® + 24ix® + 48ixt? + 24ixt* — 288ix*t — 5T6ixt? + 144ix*t® — 90ix
—414it + 72ix*t + 528it® + 72it°,

vs = —48ix> — 48ix3t? 4 288ixt? — bdix — 24ixtt + T2xt — 4823t + 216222 — 24at* — 24ia®
—90x2 — 666t% + 24it> + 122* — 180t* — 8t° — 82° — 48xt3 + 24ix*t + 198it + 336it> — 9
+48ix*t® — 2422

The picture of second order rogue wave solution of the Kundu-DNLS equation and its corre-

sponding density graph are plotted in Fig.6 .
Next, if we replace(d.32]) with the following expression,

(%(Ia t, Ak))_(lel(xv t, A\e)[L, K] 4 Do fo(a, t, \)[1, k] + Dafy (2, t, A

)[27k] _'_le;(xvtv )‘Z)[27
or(@,t, ) ) \Dufi(@,t, \e)[2, k] + Dafo(w,t, M) [2, k] + Do f5 (z, £, A\p)[1 1

; k])
Z)[ 7k] _'_le;(xvtv )‘;2)[ 7k]

(4.36)

where
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FI1GURE 6. The second rogue wave solution |Q7[»2]|2 of the Kundu-DNLS equation
witha=-2,c=1,(=1,n=1.

D; =exp (—is(So + Sie+ 5262))
Dy =exp (15(50 + Sie+ 5262)) )
We can split the second order rogue wave solution into triangle structure with the help of Sj.

A particular structure is displayed in Fig. 7. It is easy to see that three intensity humps appear
at different times and space, and each intensity hump is roughly a first-order rogue wave.

B [] B [

F1GURE 7. The second rogue wave solution |Q£«2]|2 of the Kundu-DNLS equation
with So = 0, Sl = 500, SQ = 0.
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Next, we examine third-order rogue waves. In this case, Form the figures, We can get third-
order rogue wave solution with the help of a = —2,¢ = 1, = 1. A particular structure is
displayed in Fig. 8.

&

4

&

&

E] E a 3

FicURE 8. The third rogue wave solution |Q7[n?’]|2 of the Kundu-DNLS equation
witha=—-2,c=1,a=1,6=0.8,7=0.8.

We can split the third order rogue wave solution into triangle structure with the help of Sj.
A particular structure is displayed in Fig. 9. The third-order rogue wave is seen to possess a
regular triangle spatial symmetry structure.

E] ED [ £ E

F1cURE 9. The third rogue wave solution |Q£«3]|2 of the Kundu-DNLS equation
with a = —2,C: 1,0&2 1,50 :O,Sl = 500,52 =0.

We can split the third order rogue wave solution into pentagon structure with the help of Ss.
A particular structure is displayed in Fig. 10. The third-order rogue wave exhibits a regular

pentagon spatial symmetry structure.
14
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FIGURE 10. The third rogue wave solution |Q7[~3}|2 of the Kundu-DNLS equation
witha = -2, c=1,a=1,5,=0,5; = 0,5 = 1000.

From above graphs of rogue wave solutions of the Kundu-DNLS equation, we can find some
twisted effect of modified terms of the Kundu-DNLS equation which is different from DNLS
equation [2].

5. CONCLUSIONS

In this paper, we construct the Darboux transformation for the Kundu-DNLS equation. And
the determinant representations of the new solution @) of the Kundu-DNLS equation are given.
Moreover, by making use of the Darboux transformation, we derive several types of solutions
for Kundu-DNLS equation. There solutions include the soliton solutions, positon solution and
breather solution, 1-order rogue wave, 2-order rogue wave and 3-order rogue wave. Particularly,
these rogue wave solutions possess several free parameters. With the help of these parameters,
these rogue waves constitute some patterns, such as fundamental pattern, triangular pattern,
circular pattern. On the other hand, we can also derive the higher order rogue wave solutions
for Kundu-DNLS equation by making use of the Darboux transformation. The application of
high-order rogue in physics will be one interesting subject.
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