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An N=1 supersymmetric generalization of coupled dispersionless (SUSY-CD) integrable system has been pro-
posed by writing its superfield Lax representation. It has been shown that under a suitable variable transfor-
mation, the SUSY-CD integrable system is equivalent to N=1 supersymmetric sine-Gordon equation. A super-
field bilinear form of SUSY-CD integrable system has been proposed by using super Hirota operator. Explicit
expressions of superfield soliton solutions of SUSY-CD integrable system have been obtained by using the
Hirota method.
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1. Introduction

Supersymmetry (SUSY) is a symmetry transformation between bosons and fermions and therefore
relates states of different spins [1]- [3]. In classical and quantum field theories, fermions are treated
as Grassmann-valued fields. Therefore, we introduce (anticommuting) Grassmann variables along
with the commuting ones. That is the bosons are of even grading and fermions are of odd grading.
Supersymmetry has been introduced in integrable systems of classical and quantum field theories
in order to find the fermionic extensions of known integrable systems and also to understand their
underlying algebraic, geometric structures and the physical content in terms of soliton solutions and
their interactions [4]- [8]. In these generalizations, the formalism of superspace and superfield has
been adopted in order to incorporate fermionic degrees of freedom such that the system remains
invariant under supersymmetry transformation.

Dispersionless integrable hierarchies have emerged in diverse areas of theoretical physics with
various applications quantum field theories, string theory, conformal field theory and condensed
matter theory etc. [9]- [15]. Coupled dispersionless integrable system and its generalizations based
on nonabelian Lie groups are also important examples of integrable field theories and in some way
are related to dispersionless hierarchies and have found applications in diverse areas of theoretical
physics [16]- [29].

In this paper, we study coupled dispersionless integrable system originally presented in [16].
We propose an N=1 supersymmetric generalization of the coupled dispersionless integrable system
(SUSY-CD system) in terms of fermionic superfields. We present superfield Lax representations
of the system. We also show that the SUSY-CD system is gauge equivalent to the N=1 superfield
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sine-Gordon equation as is the case in the purely bosonic theory. We also present a superfield bilin-
earization of the SUSY-CD system in terms of super Hirota operators and use it to compute explicit
expressions of superfield multisoliton solutions of the system.

2. N=1 SUSY-CD system and superfield Lax representations

To obtain the SUSY field equations, we need to extend the bosonic system with spacetime variables
(x,1) to the one with super-spacetime variables (x,, 0, {) where 6 and { are anticommuting Grass-
mann variables (6% = 0, 4 2=0).In superspace, covariant derivatives are defined as D, = dy + 09,
D, = d¢ + £ d;, where D? = 9,,D? = 9, and D, anticommutes with D;. The SUSY transformations
are generated by the operators Q, = dg — 09y, and Q; = d¢ — ;. The operators Q. and Q; anti-
commute with covariant derivatives D, and D; respectively.

An N =1 SUSY-CD system is defined in terms of fermionic (Grassmann odd) superfields
Q(x,2,0,8;A) and R(x,t,0,{; 1) and is given by the following superfield coupled equations

D.D:Q+RD.R =0, 2.1
D.D:R—RD,Q = 0. 2.2)
The SUSY-CD system (2.1)-(2.2) appears as the compatibility condition of the following superfield
Lax pair
DY = A(x,t,0,0;1)Y, (2.3)
Dth == B(x,t, 6, C,)y)lp,
where ¥ (x,1, 0, §) is the bosonic (Grassmann even) superfield eigenfunction of the eigenvalue prob-
lem and A(x,#,0,{;A) and B(x,7,0,{;A) are the matrix superfields given by
8

0 ey (DxQ + liR)
A — g . 42 , 2.4)
_H(DXQ —iDR) 0
R
—i— —Ag
(FF) -0
Ag = Y
2
together with the following conditions on the fermionic superfield g
X Y
Dig=A|—-—= 2.5

1 ) X . Y
D.g = e ((DXQ— szR)? — (DXQ+1DXR)X> )
where X and Y are bosonic superfields and A is a spectral parameter. We have introduced the
fermionic superfield g in order to preserve the grading of the superfields. The compatibility con-
dition is equivalent to the superspace zero-curvature condition

DA+ D.B—{A,B} =0, (2.6)
where {, } is the anticommutator. The condition (2.6) is equivalent to the SUSY-CD system (2.1-

2.2). The SUSY-CD system can also be expressed as the compatibilty condition of another 3 x 3
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superfield Lax representation. In this Lax representation, we introduce 3 x 3 superfield matri-
ces without introducing superfield g. In order to preserve the grading, we express the superfield
¥(x,t,0,) as a three component column vector containing Grassmann even and odd functions.
The eigenfunction ¥ can now be written as

i
Y= v,
Y3
where y; and Y, are bosonic superfields and y3; is a fermionic superfield. The matrices
U(x,t,0,;1) and V(x,7,0,{; 1) are 3 x 3 superfield matrices given by

1

0 0 Mi(DxQ—leR)
%(DXQ +iD.R) — % (DxQ —iD,R) 0
—iR 0 /;
v=1| o _/21 . (2.8)
—2A21 0

With these superfield Lax matrices, the zero curvature condition condition D,U + D,V —{U,V} =0,
gives the superfield equations (2.1-2.2).

Since the bosonic CD-system is equivalent to the sine-Gordon equation [17], therefore we show
that the SUSY-CD system is equivalent to the superfield sine-Gordon equation. For this purpose,
we make the following substitution of superfields Q and R

D,Q = cos P, (2.9)
R = th),

where ®(x,7,0, ) is a bosonic superfield. By making these substitutions in (2.1) we get
—Dy(cos®) + D;®D,D;P = sin®D, P + D,PD,D,P =0, (2.10)
and
—DiD.D;® — D;PcosP =0. (2.11)

The equations (2.10) - (2.11) are satisfied if superfield @ obeys the N = 1 SUSY sine-Gordon
equation

D;D;® = sin®. (2.12)

This establishes the equivalence of SUSY-CD system with that of SUSY sine-Gordon equation.

3. Component field equations of SUSY-CD system and bosonic limit

In this section, we compute the component fermionic and bosonic field equations by expanding
superfields R(x,,0, ) and Q(x,7,0, ). We start with the following expansion of the superfields of

Co-published by Atlantis Press and Taylor & Francis
Copyright: the authors
109



A. Mirza and M. ul Hassan / N=1 supersymmetric coupled dispersionless integrable system

SUSY-CD system

R(x,1,0,8) = a+6u+Cr+0(f, (3.1)
0(x,1,0,8) = B+ 6v+Cq+6Ch,

with the derivative superfields

DR(x,1,0,) = u+ 00+ f +0¢r, (32)
DyQ(x,t,0,8) = v+ 0f;+ Eh+6Lq;,
where a(x,1),B(x,t), f(x,t) and h(x,t) are fermionic fields and u(x,?), v(x,t), r(x,t) and g(x,?),

are bosonic fields. The ferminic fields f and 4 are auxiliary and can be eliminated by corresponding
equations. These component fermionic and bosonic fields satisfy the following set of field equations

g — 00 +u* =0,

ry—uv+af, =0,
ve—ru =0, 3.3)

u+rv=_0,

Bt + ary —2auv — oyr = 0,

Oy — Olu* + Ber + av? — oug, = 0,
where the auxiliary fields f and % are eliminated. At this stage, we expect that these component
field equations (3.3) must be equivalent to the component field equations of the N = 1 SUSY sine-

Gordon equation. If we expand superfield ®(x,#,0,) of the SUSY sine-Gordon equation (2.12)
as

D(x,2,0,8) = 0(x,1) + 09 (x,1) + Cy(x,1) + 0K (x,1), (3.4

where @(x,?) is the usual sine-Gordon field, ¢ (x,7), y(x,?) are the component fermionic fields and
K(x,t) is auxiliary field. When substituted in superfield sine-Gordon equation (2.12), the following
set of component field equations are obtained i.e.

Wy = —CoSWSin® — Sin WP Y,
¢ = cosaVY, 3.5)
Yy = —COS Y.

The component content of the SUSY-CD system (3.3) can also be shown to be equivalent to that of
the SUSY sine-Gordon equation (3.5) by making the following set of transformations

V = Cos @, gx = COS® Py — sin’ ,

U= —sinw, r= @y,

a=y, (3.6)
O = —Ccos MY,

Bx = —sinwg.

By using the set of transformations (3.6), it can be easily checked that the set of equations (3.3) is
equivalent to the set of equations (3.5).
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In order to get the usual representation of CD systems as given in [16], we take the time deriva-
tive of ¢, and ry
Gt = 2rr + Q0+ afir,
ra = —(V 4+ q.)r — o B
Let us write V> + ¢, = 2p,
2Py = drer+ oy 0, + 30 By,
ry = —2pxt — 0Py
In the bosonic limit, we get the following expression
Dxt = 2147,
Py = —2Pyt,

which is the usual CD system of [16].

4. Bilinearization of SUSY-CD system

In this section, we apply Hirota’s bilinearization method to the SUSY-CD system and compute
superfield multisoliton solutions of the system. Hirota’s method has already been applied to some
SUSY integrable equations see e.g. [30]- [36]. In the first step, we transform the superfield equations
(2.1-2.2) into a quadratic form in the dependent variables. In order to get a superfield bilinear form
of SUSY-CD system, we shall make use of the super Hirota operator. For the functions a(x,#,0,{)
and b(x,1,0, ), the ordinary Hirota operators D, and D, are defined by

DD} (a.b) = (dy, — Ix,)" (9, — I,)" {a(x1,11,0,8).b(x2,12,0, &) Hxy =xy=x.ty =ty=t- 4.1)
Hirota operators in superspace are defined as
Sy(a.b) = (Dy, — Dy,){a(x1,1,01,8).b(x2,1,602, )}y, =x,—x.6,=0,—6, 4.2)
and
Si(a.b) = (D — Do) {alxi1,0,81).b(x, 12,0, 62)}—mr gyt (4.3)

The super Hirota operators Sy and S; have the following properties

Sy(a.b) = (Dea)b— (—1)1a(D,b),
S*"(a.b) = D"(a.b),
§2m 1 (a.b) = S, D" (a.b), (4.4)
where |a| is the Grassmann parity of function a. The Grassmann parity is unity for fermionic func-
tions (Grassmann odd) and zero for bosonic functions (Grassmann even). Similar properties also

hold for the operator S;. We shall also use an operator S,; which has been defined by its action
Grassmann-even function a as [32]

Sw(a.a) = aDyD;a — (Dya)(D,a). 4.5)

By introducing the above mentioned super Hirota operators, we now proceed to obtain the superfield
bilinear form of the SUSY-CD system. For this pupose, we introduce a suitable transformation of
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superfields Q and R to the dependent variables F and G given by

D,Q = 1—2D,D,logF, (4.6)
r G
F

where F is bosonic superfield and G is a fermionic superfield (Grassmann-valued 7-functions). By
using above transformation (4.6) in equation (2.1), we obtain the following equation

2FF,9 —2F,Fg + GGy + 6 (2FF, — 2F,F, — GG,) =0, 4.7
JoF oF . . . . . .
where F;, = o Fy = T etc. By using (4.6) in equation (2.2), we obtain the following equation

FD;D,G — D,GD,F + D,GDF 4+ GD;D\F + GF = 0. (4.8)

These equations can be expressed in terms of super Hirota operators and provide a superfield Hirota
bilinear form of the SUSY-CD system given by

28.D,F.F —5,G.G = 0, (4.9)
5.:8,G.F —GF = 0. (4.10)

An equivalent bilinearization of SUSY-CD system can be obtained by introducing Grassmann-even
T-functions. We shall see that this bilinearization is same as that of the SUSY sine-Gordon equation.

To relate the bilinearization of SUSY-CD system with that of the SUSY sine-Gordon equa-
tion we introduce two bosonic superfields (Grassmann-even 7-functions) F.y, F_ and apply Hirota’s
bilinearization method to the SUSY-CD system. In the first step, we transform the superfield equa-
tions (2.1-2.2) into a quadratic form in the dependent variables. Let us take the transformation of
dependent variables Q and R in terms of bosonic superfields F; and F_

1 (F. F.
DO=<(=F+—=), 4.11
0-;(2+%) @1

: F_
+

By using the above transformation (4.11) in equation (2.1), we obtain an equation of the form
F_F}S,Fy.F_+F F>S,F_.Fy+28,(F_.F.)(F:SyF_.F- —F2SyF,.F)=0. (4.12)
We can split this equation into two parts due to the presence of two 7-functions

—28;(F_.F,)Sy(Fy.F.) = KF> —F_F.S,(F_.F,), (4.13)
28,(F-.F)Sy(F_.F.) = KF* + F_F.S,(F_.F}),

where K is a free separation variable which can be set to zero by a suitable gauge transformation.
In such a case, we get

28 (Fy . Fy)—FiF- =0, (4.14)
28y (F_.F_)—F_F, =0.
Co-published by Atlantis Press and Taylor & Francis
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So the bilinear form of SUSY-CD system becomes

Sxt(F+.F+ —F_.F_) - 07 (415)

1
Sxt(F+.F+) - EF_F_A,_ = 0

Similarly, same bilinear representation is obtained from equation (2.2). We note that the bilinear
form of SUSY-CD system (4.15) is same as that of the bilinear form of SUSY sine-Gordon equation
given in ref. [32]. By a suitable choice of superfield 7-functions one can relate the bilinear form
SUSY-CD system with that of the SUSY sine-Gordon equation.

5. Soliton solutions of SUSY-CD system

Starting with the bilinear form of SUSY-CD system (4.14), we can compute soliton solution of the
SUSY-CD system. Following [32], we start with the T-Functions

Fy = ¢59/2 4 plrtwn)—{(§+8)(6+2)}/2 5.1

Using expressions of (5.1) in (4.11), we obtain the solutions of SUSY-CD system

D,Q = coth2f, (5.2)
R = —itvcsch2p,

where 2 =(6/2+(E+§)(0+A)/2— (kx+wt) and & = {w— 6 — A /2. The two soliton solution
is given by

Fp = e50/2 4 oM e=(EH6)(0+21)/2 4 o2 p=(§+82)(6+12)/2 (5.3)

ki +3kika + k3 1 (E+012 814001 8) O+ tn A +0mi Aa) /2
_|_A]2 1_—C1C2 eﬂl T)ze 12611002162 12A1+00142 ,
2(k; — k)

kx—t ki+k; ki—k;
—, O = ! / andA,-j: ! J
k+mo ki —k; ki +k;j
tion, the fermionic contribution in the interaction term appears due to supersymmetry.

where 1 =

2
> . As is the case in SUSY sine-Gordon equa-

6. Concluding remarks

In this paper, we have presented an N = 1 supersymmetric generalization of coupled dispersion-
less (SUSY-CD) integrable system by writing down two linear systems of superfield equations in
superspace. By using a suitable transformation, we have also shown that the SUSY-CD system is
equivalent to an N = 1 SUSY sine-Gordon equation. We have presented two bilinearizations of
SUSY-CD system, one with fermionic and bosonic superfield t-functions, and the other with two
bosonic superfield T-functions. We have shown that the later bilinearization is the same as that of
the SUSY sine-Gordon equation. We have also computed the soliton solutions of SUSY-CD system.
The work can be further extended to study the superfield Darboux transformation and the construc-
tion of Wronskian determinant multisoliton solutions of the SUSY-CD system.
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