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Multisoliton configurations of a superextended and Moyal-type noncommutative deformed modified 2 + 1 chiral model have
been constructed with the dressing method by Lechtenfeld and Popov several years ago. These configurations have no-scattering
property. A two-soliton configuration with nontrivial scattering was constructed soon after that. More multisoliton solutions with
general pole data of the superextended and noncommutative Ward model will be constructed in this paper. The method is the
supersymmetric and noncommutative extension of Dai and Terng’s in constructing soliton solutions of the Ward model.

1. Introduction

A generalization of the modified 2 + 1 chiral model [1] (also
called the Ward model in [2]) with /" < 8 supersymmetries
and a Moyal deformation of this model is introduced in
[3]. Since the //-extended and deformed chiral model can
be formulated as the compatibility conditions of a linear
system of differential equations, solutions of this model
can be generated with the aid of the system just as in the
nonsupersymmetric case [1, 2, 4-7].

A powerful method, the so-called dressing method, is
employed in [3] to construct multisoliton configurations with
only simple poles. By allowing for second-order poles in the
dressing ansatz, a two-soliton configuration with genuine
soliton-soliton interaction is constructed in [8].

In a recent paper [9], we extended the algebraic Backlund
transformations (BTs) and the order k limiting method of Dai
and Terng [2] to the noncommutative case, with which we
constructed multisoliton solutions with general pole data of
the noncommutative Ward model [7, 10]. In this paper, we
further extend the above case to the supersymmetric one; that
is, we use the supersymmetric and noncommutative extended
algebraic BTs and the order k limiting method to construct
multisoliton solutions with arbitrary poles and multiplicities
of the supersymmetric and noncommutative Ward model.

The plan of the paper is as follows: we review the explicit
definition of the ./ -extended and deformed Ward model and

the linear system associated to it in Section 2. In Section 3, we
first briefly review the dressing construction in [3] and then
give the supersymmetric algebraic BTs for the linear system.
We apply these algebraic BTs and the superextended order k
limiting method to construct a large family of multisoliton
configurations with general pole data in Section 4.

2. Noncommutative ./ -Extended Ward Model

To formulate the noncommutative /4 -extended Ward model,
we need to introduce the following notations [3, 8].

(1) R* = (R3,g) with coordinates (x”) = (x, y,t) and
the metric g = diag(1, 1,-1).

(2) Grassmann variables (see [11]): some mathemat-
ical objects obeying the following anticommuta-
t.ion rules x;x; + xjxi = 0 ‘for any 1 < i
j < mn. In particular, when i = j, we have
X/ = 0. So any function K of the Grassmann
variables is a finite polynomial K(x;, X2>---> Xy) =
Za,:O,l a0y, 0 )X X X

(3) The antichiral superspace R**" with coordinates
(x%n)fora = L2andi = 1,...,(1/2)N < 4
here #;* are called fermionic coordinates, which are
Grassmann variables. The tensor fields on R*" are
called superfields.
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(4) The noncommutative star product on the antichiral
superspace R s

(f * g) (. s tamf})
« i —— «
= f (e ysto;) exp {50 (0.0, - ayax)} g (e ).
¢))

Note that the time coordinate remains commutative and no
derivatives with respect to the Grassmann variables 7.

With the notations listed above, we can now state the
definition of this model.

Definition 1 (see [3, 8]). The U(n)-valued superfield ®(x*, #")
of the noncommutative ./ -extended U (1) Ward model satis-
fies the classical field equations

9, (0" x3,@)+0, (0" x3,0) -0, (" x5,0)
+93, (" x0,@) -9, (0" x0,0) =0,
3 (@' x0,@) -3, (@ x 0) +0, (" x D) =0,
3, (" 3,0) + 0} (" +0,@) -9, (@' » @) =0,

3, (0" x2j@) +0] (o' » 20) =0,
2

where &, := 9/07", and the unitarity condition
Ol xd=0x0" =1, (3)

To avoid cluttering the formulae we suppress the “x”
notation for the supersymmetric version of noncommutative
multiplication from now on and most products between
classical fields and their components are assumed to be star
products until mentioned otherwise.

By [3], model (2) is the compatibility condition for the
following linear system of differential equations involving a
spectral parameter { € C U {oo}:

(Co, -0,y = gy,
(¢, -0,) v = By, (4)

P i ) 1
(561—82)1//:%1//, i= 1,...,5/!/,

where the n x n matrix y depends on (x* | {,#") and the
n x n matrices &/, %, and €' are superfields on (x* | #;") €
R** independent of the spectral parameter {. Moreover, v is

subject to the following reality condition:

v () v (0] = 1 (5)

Then the superfield ®(x“, ;") = w(x“,0, 11;")71 =y ((=0)
clearly satisfies model (2) and unitary condition (3).

The noncommutative star product can be replaced by
ordinary product via the Moyal-Weyl map [3, 6, 7]; that is,
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f*g — fg,where f and g are the corresponding operators
of f and g under the Moyal-Weyl map, respectively. In later
sections, we will mainly use the star-product formulation but
use the operator formalism when the former does not work
well.

3. ./ -Extended Multisoliton Configurations
with Simple Pole Data

Dressing method is employed in [3] to construct solutions to
the linear system (4). This method is a recursive procedure for
generating a new solution from an old one. We briefly review
their construction. Rewrite (4) in the form

14 (au - Cax) I//T =d,
y(3,-03,)v" = %, 6)
, . , 1
-y =%, i=1...,-4,
v (9, -0)) v i 5
and build a multisoliton solution v, with m simple poles at
position y;, ..., 4, with Im gy, < 0 by left-multiplying an (m—

1) simple pole solution v,,_, with a single pole factor of the
form

In + Hm — ll_’tm

c ~Um
where the n x n matrix P, is a Hermitian projection of rank
7,,; that is, P,L = P, and an = P,; this is obtained by
reality condition (5), and therefore one can decompose P,, =
T, (T T,) "T!, where T,, isan nxr,, (n=>2,r,, < n) matrix
depending on x” and #* and the r,,, columns of T,,, span the

By, (x%.17), (7)

image of P,,. Therefore the iteration y;, — --- — vy, yields
the multiplicative ansatz
m—1 7
=11 (In v Mme,>, (8)
1=0 C ~ Um-1

which, via a partial fraction decomposition, may be written
in the additive form

m A ST
Wm=I+ M

" , 9
kzlc_tuk ()

where A, and S, are some n X r;, matrices depending on x”
and #".

It was shown in [3] that y,, is the solution of the linear
system (6) if

Sk =Sk (wk”ﬁc)’

k-1 = (10)
T, = ‘|H (In + —‘u—kil Bt sz)]’ Sk

=1 Ui = M-t

with w, = x+gu+p vandn, = 5} +@n? fork = 1,...,m.
The associated superfield is

@, =y, C=0 =[], -pP) withp=1- %
k=1 k

(11)
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Thus, the solutions of (2) described by the simple pole ansatz
are parametrized by the set {S;}]" of matrix-valued functions
of wy and #; and by the pole position .

Example 2. One-soliton configuration

-
=1+ P,
¥ —u!

(12)

o =y ¢=0)=1,- =Fp,
[
withu € C\ R, P, = Ty(TTT)) ' T}, and T} = T, (w, %), is an
n X r matrix, where

i 1
’71:’1;'1"'/7’71‘2’ i=1,....,=A.

w:x+ﬁu+[771v, 3
(13)

This configuration will describe a moving soliton if the matrix
T, depends on w rationally [3, 8].

We now change the form of the one-soliton solution y, in
(12) into the following one:

v, =1+ L Ep (14)
(-

where P* := P, and thus P = I, - P* = [, - P, = P} built
from the n x r matrix T := T; 5 then T] T = T]T;, = 0. Since
T, = Ty(w,%), we know T} = T](w,7'); hence 9, T = 0
and 9,T{ = 0. Thus 0 = 9,(T{T) = (0,T))T + T{(9,T) =
T7(3,T) implies 9,T = 0. Similarly, d,;T = 0; hence T =
T(w,7) = T(x + pu + u v, + pn?). If we suppose

1
s =N
2

(15)

i=1,...

w=px+pluty, =+,

Then T = T(w, 11i) is an n x r matrix function of w and 17i
and depends on w rationally. With these notations at hand,
we can give the following supersymmetric extension of our
noncommutative version of algebraic BT, which will be used
to construct multisoliton solutions with only simple poles of
the linear system (4).

Theorem 3. Let y(x*,{,%") be a solution of (4) and ® =
v ({ = 0) the associated superfield; choose y € C \ R such
that v is holomorphic and nondegenerate at { = p. Let

S (16)

l//,u,P (C) = In + C

be a solution of (4) with a simple pole at { = y, where P =
P(x*,u") is the Hermitia projection built from an n x r matrix
T = T(w,n') depending on w rationally. Let P = P(x", )
be the Hermitian projection built from the n x r matrix T =
y(x®, u,n)T. Then

M) FG 81 = v, 5 QOY e, C ), p(©) " is holomor-
phic and nondegenerate at { = p, u;

() vy = v, ¥ = Yy, p is a new solution to the linear
system (4) with some new superfields oy, %, and
@\, and the new associated superfield is ®,(x",n;") =

O(P + (u/mP").

Proof. (1) The residues of the right hand side of W¥({) =
¥, 5OW(Qy, ()" at pand  are

(=M Py 1,~P), (a7 (L,-P")y@P",
17)

respectively, and both equal zero by the definition of P. Thus
we have two factorizations of y; =y, 5y = Yy, p.

(2) It suffices to show that o, := ({0,y; — O,y,)y; " is
independent of the spectral parameter . Using y; = v, 3V
we have

oty = (00,5 = Ou¥up) Wb + Vb (0¥ = 0.9) ¥ 'y 5
(18)

Since ({0, — 0,¥)y " is constant in { by assumption, (18) is
holomorphicat{ € CU{oo}\{u, y}. On the other hand, using
¥y = Yy, p, we have

‘Qil = (caxer/ - au{/;) {/7_1 + {/7 ((axv/p.,P - au‘//y,P) 1///;,33{/;_1'
(19)

Since v, p is a solution of (4), ((d,y,p — au%,},)y/;,; is
independent of {. Together with (1), we deduce that (19) is
holomorphic at { = g, p. Thus &/, is holomorphic on C U {co}
and hence independent of { by Liouville’s theorem. Likewise
By = G091 = d,y)yy and G} i= ((dhy, — dhyy)y; are
also independent of (.

The associated superfield is ®; = y;'(( = 0) = O(P +
(u/@)P*), and then the proof is completed. ]

Let y; = v, ply, @; = ¥, p§® denote the ./ -extended
noncommutative algebraic BT generated by v, p. If we apply
these BTs repeatedly (with distinct poles) to a one-soliton
solution, then we obtain a multisoliton solution of (4) with
simple poles and the associated superfield. Such configura-
tions coincide with the ones constructed in [3], and we call
them multisoliton configurations with simple pole data. In
contrast, we call solutions of (4) with higher-order poles and
the associated fields multisoliton configurations with higher-
order pole data, which will be constructed in the next section.

Example 4. Two-soliton configurations with two simple
poles.

Let y;, u, be two distinct complex numbers and y; # i,,
and let Tj.(wy, 7;) be an n x 1 matrix function depending on
wy, rationally, where

e
2
(20)

2 i 1 2 .
Wy = WX + U+ v, Me =1 +iht;> i=1...

Let P, = Tk(T;Tk)flT;r, k =1,2; theny, p andy, p are
one-soliton solutions and v, = ¥, p 4V, n = V¥, 5V P



is a two-soliton solution of (4) with two simple poles at { =
py and ¢ = p,, where P, is the Hermitian projection built
from the n x 1 matrix T, = y, p ()T, = (I, + (4 -
w)/(y = wy))PH)T,. The associated superfield is @, = (P, +
(l/ll/ﬁl)Pll)(Fz + (Hz/ﬁz)ﬁzL)'

4. //-Extended Multisoliton Configurations
with Higher-Order Pole Data

A solution of (6) with a double pole at { = —i is constructed
in [8] by making a second-order pole at { = —i in the
dressing ansatz, that is, considering the following dressing
transformation:

2i _ 2 = 2i
ver-gar == (o) ()
1)

where the Hermitian projection P is known and P =
T(T'T)™'T" is yet to be determined. Demanding that ¥ is
again a solution of (6) with some new superfields </, 9, and
@', which are independent of , they obtained the following
equations:

(1,-P)(3;T+(3;P)T) =0,

(1,-P)(3,T-2i(a,P)T) =0, (22)
(1,-P)(5 (@} + @) T+ (3P)T) = 0.

After constructing a projection P via a solution T of (22), ¥
and the associated superfield Q= 1/771 (¢=0)=(,-2P),-
2D) are derived.

Their construction of the solution T is inspired by the
known form of T in the bosonic case [4, 5], that is, making
theansatz T = T + T, (TTT,)™" g with T, orthogonal to T

Below we will present a supersymmetric extension of
our noncommutative limiting method as in the bosonic
case to construct multisoliton configurations with a higher-
order pole at { = u. We give an example of two-soliton
configuration with a second-order pole by taking a limit at
first.

Example 5. Two-soliton configuration with a second-order
pole.

Let y € C\ R, f, g be two holomorphic functions of
(w,n') and depend on the bosonic variable w rationally:

1

) et )

(23)

where w = ux+pPu+vandy =5 +unt, w, = (u+e)x+(u+
) ’u+vandr) = i +(ure),i = 1,...,(1/2).¥, foranye € C
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with |e| small, P, = T,(T{T,)"'T}, and P, = T,(TiT,) ' T}.
The Taylor expansion of f(w,,#.) in € is

f(wor) = f () + 2 (w, - w)

aprae
> o bi-i)+0(@)

12w
:f(w,,?i)Jr %(x+2;,m)+ ;aa—;fllnf €

+0 (62) ,

(24)
where 0f /07 is right derivative of f with respect to the Grass-
mann variable 7/'. Note that the products in the expansion are
the ordinary products and that we omit the variables (w, #') of

0f /ow and Of /01 for simplicity. Clearly, g(w,, \) has similar
expansion; therefore

f(woor) + €9 (weorfl)

= f(w,ni) + % (x + 2pu)

S - :
+ z a—niryi +g(w,11') e+O(e).

i=1
(25)
Then
TZ =Yu.p (AM + 6) T,

_ <In+!41—/“‘1pl¢>
€

1
a2
X f+[%(x+2‘uu)+ ; %qf+g €+O(€2)
=<1>+(M—E)Pf
f
0
1204

X +0(e);

of ( of »
o (4 2um) + ; o+

= . 1 —
Tz=€h_f)r{)Tz=(f>+(.”_!4)Pll

0
of “WQRraf
%(?HZWH Z a_;fni+g

i=1

X

(26)
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Let P, = T,(T,T,) T, and P, = T,(T, T,) " T}, then

1’?/\2 = I’(/.‘4’ﬁzl’(/.‘4’131 = giir})wlﬁefz l//#’Pl
(27)

= Ehil%)wy+e,P2 T'W/‘u,PI

is a two-soliton solution of (4) with a double pole at { = p,
and the associated superfield is

&, =9;' ((=0)= <P1 + §P1i> <132 + ﬁﬁj). (28)
Z i

Next, we use a systematic limiting method and our
extended algebraic BTs in Section 3 to construct multisoliton
solutions of (4) with pole data (y, k) for any 4 € C \ R and
k=>2.

Letu € C\R bea constantand {a (w, ;1")}1000 asequence of
nx 1 matrix functions dependlng onw ratlonally Foranye €
C with |e| small, let w = yx+y u+v,17 =n +unp, we = (u+
e)x+([4+e) u+v, andlqe = +(pt+e)111 fori=1,...,(1/2)/.
Here we only consider the case of /= 8 since it is easily
truncated to any smaller even number /" of supersymmetries
(see [8]); thus

w, —w = (x + 2uu) € + ue’,
(29)

ni—ni:nize, i=1,...,4

Let Fy . = ZI;:O aj(we,qé)ej for k > 1. The Taylor expansion

ofaj(we, 172) at (w, ;1i) is
a; (we.1r.)

. Oa
= a (w) + 5 (we =)+ Za ()

1 azaj 2
z—[w we =)

4 82 )
awa i 6 ) (}72 - }71)
< aza] K\ (i
i’kzz:l aﬂia},]k (’7 " )(776 ’7)
1 [2%a;
" [a—wi(we w)

i a3a]
+
i owort ‘onk

5
< 83“1 I
+II;lzlaniarlka},ll (’75 ’7)
(=) (L -1)
1 [0%a;
| )
4 oa. . )
Y S w) (1, =1
4 4
kz 287’] al’]k( € )
< (k=) (i - 1)
4 64(1
" 41,§lawa;7 ionfon! (we ~w)
x (=) (1 =n") (L =)
4 a4aj
i klm=1 orfononfon™
< (' =™ (e —1)
(e =) (b =n') |+,
(30)

where the sums are taken over different indices when there
are more than one index and the partial derivatives of
aj(w, ') with respect to the Grassmann variables are given
by the following remark.

Remark 6. We can write

a;(w') = JO(w)J“ZaJl(w)”

4
+ z ;i (w) 'y
Kiz1
. (31)
Ik i
+ Z ajp; W) nn'y
Lki=1

oy

m,lk,i=1

m 1 k i
A i (W) 015

hence the right derivatives of a;(w, #') with respect to one or
several of the Grassmann variables are computed as follows:

4 4
oa; k Ik
i a; + Zaj,ki’? + Z A M

n k=1 Lk=1

k#i Lk#i

< Ik

m
+ z ]mlkirl nns
;



Pa !
o =ik~ ikt Z (aj,lki - aj,lik) n
l#tk
4
m_1
+ Z (aj,mlki - aj,mlik) s
m,l=1
m,l #i,k
63a

—aﬂ ankon Z $Ig0 9, 6 1)a(k)o i)

4
+ Z Zsign 0} oo >
m+# :1 k,l
64aj )
orfonForfon™ = Z SN TAj 2 (m)r()r(k)r(i)>
(32)

where ) , } represent that the sums are taken over the
permutation group of {I, k, i} and {m, [, k, i}, respectively.

Substituting (29) into the Taylor expansion of a;(w,, qi),
we get the Taylor expansion of a;(w,, 7L) in . Assume that
aj(w,n.) = Z;io b; €7, then

bjo = a;(w.r),
oa; 4 Oa;
_ 7 i 2
b, = o (x +2pu) + ;a—niﬂi ,
da; 182
b, = £u+ >3 2(x+2[4u)

< 2“1' 2
+ Zawani (x + 2pu) n;

aza]
b, = s (x +2uu)u
4 9%a ’
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182(1]- B 183] 2,
bjAzzWu +za 3(x+2;m)

1 a.

j
+ Z St (x+ Z[Ju) ”’7;

i=1

4

+lii(x+2 u)’n?
6= owor I T

1 g 64’1] 2V

1 &
to X

el awan ankan

x (o + 2pt) e
RER L
24, 5 onfonronton™

2 22 2

’Im’71 ’/Ikrll’

Expanding F; . in €, we obtain

k oo
Zzb i
=c0+cle+---+ckek+O(ek“),

where ¢, =37 i=0 bj p-j are given as follows:

(33)

(34)

(35)

(36)
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(37)

63‘10 2.2
— 2 :

(38)

From the expressions, we know that ¢;’s are n x 1 matrix
functions of (w,#’) and depend on w rationally.

Fork > 1,let Ty, = Fy ., Py = Ty (T) Tp ) ' T .
Define y; . and ¢ by induction as follows:

l/jl,e = l//.u+e,P1YE’ ‘/’1 = 6113101//1,9

~ ~ ) (39)
I//k,e = Wers,Pk)enu/kfl’ Yy = elll}})l//k,e'
Let Ty, = ¥y (u + OTyo B, = T, (T] Ti ) ' T ; then
Vie = Vyrep, V1> where implicit “x” products are still
assumed between classical fields and their components.

Theorem 7. Let ay,a,,... be a sequence of n x 1 matrix
functions of w and ni' and depend on w rationally. Let Ty, P,
Vie» Yo and Ty be defined as above. Then one has

A) Ty = T, + €Sky + €S, + -+, where T, = ¢ +
k-1 —\j S P
Yioi (=Y Py j€pPrj = Yisiisnipzn B Pz]l and
P, =T(T/T)"'T};

(2) ¥ = Vb, Yy p, isamultisoliton solution of (4) with
only a pole at { = u of order k;

(3) the associated superfield is @, = P, +
(/PP - (P + (W) P).
Proof. We prove the theorem by induction on k. For k = 1,

the theorem is clearly true. Suppose the theorem is true for k,
we will prove that (1)-(3) hold for k + 1.

(1) By Theorem 3 and induction hypothesis,

Tkﬂ,e =P (U +€) Tige
[l TR
= <In+ Tpi-)uﬁc—l (M+€)Fk,e
= <In + il
€
i\ k
X (Fk—l,e +ax (we’ ’716) € )

= <In+ #‘#ﬁ;)
€

B ) Fics ()

x (‘/7k—1 (u+e€)Te+ Yooy (1 +€) oy (we’ﬂi) €k)
= <In L H- ‘u13k*> <Tk)E + (In L H #13;_1>
€ €
(1R
€

ay (o) )

H-bsi) (s k-1
:<In+ . P;)(Tk+esk)1+e(y—y)

XPp_q g1 (w’ ’7i) +0 (62) )

1

-~ N =~ _k,
=T+ (=) B (Se + (- 7)

XP_y 1@ (w, ni) ) +0(e).
(40)

In the last step we have used BT, = 0. Thus all terms of
negative powers of € vanish in the Laurent series expansion

of Ty, . in €; hence

Tiore = Vi (u+€) B,

=<In+‘u_‘ul3ki>--~<1n+#_yl3f>
€ €

X (co +cle+-~-+ckek +O(ek+1))

p-b (u-m*
= In+ Pk’1+"'+—kpk,k
€ €

X (co +cle+-~-+ckek +O(ek+1))



:CO+(AM_p)Pk,1C1

+ot (0= 1) P+ O (e).
(41)

Therefore we obtain
Ty = M Ty = 6o + 2(# ~ 1) P ;. (42)
=
(2) By the inductive definition before this theorem,
1/A/k+1 = Eli_f}})%ﬁ,pme ﬂ{/;k = Ehir%)l//me,ﬁkﬂ)elpk
= Vb Wk = Vib Yiub, " Vil
- W—psi > < .’"‘ﬁAL) (43)
=\I,+ —P e L, + p
( C_ U k+1 C_ u 1

k+1( Y
e,

o e
il -p)

=1, +

By Theorem 3, ¥/, p . ¥ is a solution of (4) for small |e] >
0. By continuity, so is ., . The coefficient of ({—) * of i,

is (u - ﬁ)kHPkH,kH. To show that ¥, has a pole at { = y of
multiplicity k + 1, it suffices to show that

Pk+1,k+1 = ﬁlj;lﬁkl'”ﬁll#o' (44)

As in the nonsupersymmetric scenario, we choose the
operator formalism to prove (44). So now the Hermitian
projections P, i =1,...,k+1,

Hl Pl Ll
Pk+1,k+1 = Pk+1Pk “‘P1 >

S BB (45)

[2i)>+>i;>1

Pl,j =

(under the Moyal-Weyl map) are U(n)-valued matrices, and
the products in (45) are the ordinary products instead of star
products. We write P ; = P ; + ﬁkLP,H)j,l. So (42) fork+1
can be written as
R k-1 ‘
Ty =c+ Z(P‘ 1) Py 6
=1
k-1 .
~ s
+ By Z(# -n)’ Py icin (46)
=0
k-1 '
_ N _
=T+ (- B Y (=1 Py -

Jj=0

By the induction hypothesis, T) # 0, then the above formula
implies that

Im B, NIm P} =0. (47)
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If (44) does not hold, that is, 13,;113;---13# = 0, then
Bt P c ImPy,,, but P -+ P 0 by induction hypothe-
sis, and clearly P;" - - P} ¢ Im B, so we have

0#P - P cImP,, NIm P, (48)
which contradicts (47). Therefore (2) holds for k + 1.

(3) The expression for the associated superfield @, is
straightforward; that is

6k+1 = l/A’1:+11 (¢=0)

5  Us 5  Us 5 U
= (P1 + ﬁP§> ---<Pk + ﬁp,j> (Pk+1 + ﬁp,;l).

(49)

The proof is completed. O

Note that all P;’s are of rank one in the above construction.
But the same limiting method also produces multisoliton
solutions of the form y, 5 ---y, 5 with rank(P) > --- >

rank(P,). Similar computations give the construction of
multisoliton solutions with pole data (u, k) and arbitrary rank
data (n,,...,m).

Like the bosonic case, we can also associate to each
multisoliton solution of (4) with pole data (y,k) a gener-
alized algebraic BT. Using these generalized BTs, we can
construct multisoliton solutions with general pole data

(,l/ll,---,//lk,l’ll,...,l’lk).

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgment

This work was supported by the Key Project of Jiangsu Second
Normal University (JSNU-Z-4469).

References

[1] R.S. Ward, “Soliton solutions in an integrable chiral model in
2 + 1 dimensions,” Journal of Mathematical Physics, vol. 29, no.
2, pp. 386-389, 1988.

[2] B. Dai and C.-L. Terng, “Backlund transformations, Ward
solitons, and unitons,” Journal of Differential Geometry, vol. 75,
no. 1, pp. 57-108, 2007.

[3] O. Lechtenfeld and A. D. Popov, “Noncommutative solitons in
a supersymmetric chiral model in 2 + 1 dimensions,” Journal of
High Energy Physics, no. 6, article 065, pp. 1-28, 2007.

[4] T. Ioannidou, “Soliton solutions and nontrivial scattering in
an integrable chiral model in (2 + 1) dimensions,” Journal of
Mathematical Physics, vol. 37, no. 7, pp. 3422-3441, 1996.

[5] R.S. Ward, “Nontrivial scattering of localized solitons in a (2 +
1)-dimensional integrable system,” Physics Letters A, vol. 208,
no. 3, pp. 203-208, 1995.



Abstract and Applied Analysis

[6] O.Lechtenfeld and A. D. Popov, “Scattering of noncommutative

[9

[10

]

]

solitons in 2 + 1 dimensions,” Physics Letters B, vol. 523, no. 1-2,
pp. 178-184, 2001.

O. Lechtenfeld and A. D. Popov, “Non-commutative multi-
solitons in 2 + 1 dimensions,” Journal of High Energy Physics,
no. 11, article 40, pp. 1-32, 2001.

C. Gutschwager, O. Lechtenfeld, and T. A. Ivanova, “Scattering
of noncommutative waves and solitons in a supersymmetric
chiral model in 2+1 dimensions,” Journal of High Energy Physics,
no. 11, article 052, pp. 1-16, 2007.

X.-j. Zhu, “Noncommutative multi-solitons in a modified chiral
model in 2 + 1 dimensions,” Communications in Mathematical
Research, vol. 25, no. 4, pp. 349-360, 2009.

O. Lechtenfeld, A. D. Popov, and B. Spendig, “Noncommutative

solitons in open N = 2 string theory;” Journal of High Energy
Physics, no. 6, article 11, pp. 1-18, 2001.

[11] K. Efetov, Supersymmetry in Disorder and Chaos, Cambridge

University Press, Cambridge, UK, 1997.



