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The solutions of the Bogomolny equation in 211-dimensional anti-de Sitter
space–time are obtained by using Darboux transformations with both constant
spectral parameters and variable ‘‘spectral parameters.’’ These solutions give the
Yang–Mills–Higgs fields in 211-dimensional anti-de Sitter space–time. Some
examples in the SU~2! case are considered and qualitative asymptotic behaviors of
the solutions ast→` are discussed in detail. ©2001 American Institute of Phys-
ics. @DOI: 10.1063/1.1337799#

I. INTRODUCTION

The Yang–Mills–Higgs fields satisfying the Bogomolny equations inR3 and R2,1 were
widely investigated and the equations are known to be integrable. On the other hand, the
Mills–Higgs fields satisfying the Bogomolny equations in some curved spaces such as the
bolic spaceH3, the 211-dimensional anti-de Sitter space–time are also integrable.1–3 In the
present paper, we consider the solutions of the Bogomolny equation in the 211-dimensional
anti-de Sitter space–time, the Lax pair of which has been known and the soliton solutions~with
constant spectral parameters! were also obtained.3

With the Darboux transformation method, we obtain exact multisoliton solutions. More
the ‘‘spectral parameters’’ in the construction of Darboux transformation can depend o
space–time variables as in some other problems with dimensions>3, like the self-dual Yang–
Mills equation, modified principal chiral field, the Bolgomolny equation inR3, etc.4–8 These kinds
of equations are also called breaking soliton equations, since the spectral parameter may
constant and satisfies an equation whose solution can blow up at finite time.9,10

In Secs. II and III the Darboux transformations for GL(N,C) and U(N) cases are discussed
As a special case, the general construction of soliton solutions is given in Sec. IV. Then, i
V, some examples of single solitons and multisolitons are considered, with both constant s
parameters and variable ‘‘spectral parameters.’’ Their qualitative asymptotic behavior ast→` is
discussed in detail. When the spectral parameters are constants, we find solutions globally
on the whole 211-dimensional anti-de Sitter space–time. When the ‘‘spectral parameters
not constants, the solutions derived here are only locally defined in 211-dimensional anti-de
Sitter space–time.

Our problem is as follows.
Let M be a three-dimensional Lorentz manifold with metricg. Am is a gauge potential andF

is a ~scalar! Higgs field, both of which are valued in the Lie algebra of a Lie groupG. Hereafter,
we always supposeG is a matrix Lie group and the matrices inG are of orderN.

The 211-dimensional anti-de Sitter space–time is the universal covering space of the h
boloid

U21V22X22Y251 ~1.1!

in R2,2 with the metric
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1

U1X
, x5

Y

U1X
, t52

V

U1X
, ~1.3!

then a part of the 211-dimensional anti-de Sitter space–time withU1X.0 is represented by the
Poincare´ coordinates (r ,x,t) with r .0 and the metric is

ds25r 22~2dt21dr 21dx2!5r 22~dr 21du dv !, ~1.4!

whereu5x1t, v5x2t.
The Yang–Mills–Higgs field in 211-dimensional anti-de Sitter space–time satisfies

Bogomolny equation1,11

DF5* F, ~1.5!

or, written in terms of the components,

DmF5
1

2Augu
gmnenabFab, ~1.6!

where the action of the covariant derivativeDm5]m1Am on F is DmF5]mF1@Am ,F#, ]m

5]/]xm. $Fmn% is the curvature corresponding to$Am%, Fmn5@Dm ,Dn#.
With the Poincare´ coordinates~1.3!, ~1.6! becomes

DuF5rF ur , DvF52rF vr , DrF522rF uv . ~1.7!

It was proposed in Ref. 3 that this system of nonlinear partial differential equations had
pair

~rD r1F22~z2u!Du!c50,
~1.8!

S 2Dv1
z2u

r
Dr2

z2u

r 2 F Dc50,

whereDmc5]mc1Amc andz is a complex spectral parameter. That is,~1.7! is the integrability
condition of the overdetermined system~1.8!.

II. DARBOUX TRANSFORMATION IN GL „N,C… CASE

In this section, we consider the caseG5GL(N,C). This is the simplest case because
reduction should be considered. Let

c̃5~z2u!Rc2Tc, ~2.1!

whereR(u,v,r ) andT(u,v,r ) areN3N matrices andR is invertible, then the transformationc

→c̃ is called a Darboux transformation~of degree one! if there are (Ãm ,F̃) such that

~rD̃ r1F̃22~z2u!D̃u!c̃50,
~2.2!

S 2D̃v1
z2u

r
D̃r2

z2u

r 2 F̃ D c̃50
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hold. HereD̃m5]m1Ãm .
We should first determineR and T so that ~2.1! is a Darboux transformation. For given
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(A,F), (Ã,F̃) and arbitrary matrix functionQ, let

DmQ5]mQ1ÃmQ2QAm ,
~2.3!

dQ5F̃Q2QF.

Expressed inc, both equations of~2.2! are polynomials ofz of degree two. The coefficient
of the second, first, and zeroth order ofz in the two equations of~2.2! lead to

DuR50, rD rR12DuT1dR12R50,
~2.4!

rD rT1dT50,

and

D rR2
1

r
dR50, 2DvR2

1

r
D rT1

1

r 2 dT50,

~2.5!
DvT50.

These two systems are equivalent to

DuR50, ~2.6!

DvT50, ~2.7!

DvR5
1

r
D rT, ~2.8!

D rR1
1

r
DuT1

1

r
R50, ~2.9!

D rR2
1

r
dR50, ~2.10!

D rT1
1

r
dT50. ~2.11!

Ãu and Ãv are solved from~2.6! and ~2.7! as

Ãu5RAuR212~]uR!R21, ~2.12!

Ãv5TAvT212~]vT!T21, ~2.13!

while ~2.10! and ~2.11! lead to

Ãr5
1

2
~TAr2] rT!T211

1

2
~RAr2] rR!R211

1

2r
~TFT212RFR21!, ~2.14!

F̃5
r

2
~TAr2] rT!T212

r

2
~RAr2] rR!R211

1

2
~TFT211RFR21!. ~2.15!
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Now let Z be anN3N matrix function of (u,v,r ), H be a solution of
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r r u u

~2.16!

2~~]vH !H211Av!1
1

r
~~] rH !H211Ar !S2

1

r 2 FS50,

whereS5HZH212u, thenS satisfies

] rS5HS ] rZ2
2

r
~]uZ!~Z2u! DH211

2

r
S1

2

r
~]uS!S2@Ar ,S#1

2

r
@Au ,S#S2

1

r
@F,S#,

~2.17!

]vS5HS ]vZ1
1

2r
~] rZ!~Z2u! DH212

1

2r
~] rS!S2@Av ,S#2

1

2r
@Ar ,S#S1

1

2r 2 @F,S#S.

Remark 1: If Z is diagonal and Z5diag(z1,...,zN), then H5(h1 ,...,hN) where hi is a column
solution of the Lax pair (1.8) withz5z i(u,v,r ).

If T5RS, then~2.8! and ~2.9! hold if and only if

] rZ2
2

r
~]uZ!~Z2u!50,

~2.18!

]vZ1
1

2r
~] rZ!~Z2u!50.

Therefore, we have
Theorem 1: Suppose R(u,v,r ) is an arbitrary invertible matrix function. If Z(u,v,r ) is an

N3N matrix solution of (2.18) and H is a solution of (2.16) with S5HZH212u, then c°c̃
5(z2u)Rc2RSc is a Darboux transformation for (1.8).

If Z5diag(z1,...,zN), then eachz i is a solution of

] rz2
2

r
~z2u!]uz50,

~2.19!

]vz1
1

2r
~z2u!] rz50.

Apart from the constant solution, the general nonconstant solution of~2.19! is given implicitly by

v2
r 2

z2u
5C~z!, ~2.20!

whereC is an arbitrary holomorphic function. We still callz i as a ‘‘spectral parameter.’’ How
ever, here the ‘‘spectral parameters’’z i ’s in Z can be either constant or variable. In the latter ca
they are given by~2.20!.

Remark 2: Note that the spectral parameterz in the Lax pair is still a complex constant. Onl
z i ’ s in Z can depend on(u,v,r ).

According to Theorem 1, we can get the exact solution of~1.7! from a known solution of~1.7!
and the corresponding solution of the linear system~2.16!. WhenZ is diagonal, solving~2.16! is
equivalent to solving~1.8!.

Theorem 1 gives the construction of Darboux transformations of degree one. The Da
transformations of higher degrees can be obtained by the composition of several Darboux
formations of degree one.
ed 25 Feb 2001 to 144.214.5.231. Redistribution subject to AIP copyright, see http://ojps.aip.org/jmp/jmpcpyrts.html



III. DARBOUX TRANSFORMATION IN THE U „N… CASE
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F* 52F.
In order to construct Darboux transformation which keeps this reduction, some constrai

z j ’s andhj ’s should be added.
Supposec is a solution of~1.8!, f is a solution of~1.8! with z→ z̄. Then

r ] r~f* c!22~z2u!]u~f* c!50,
~3.1!

2]v~f* c!1
z2u

r
] r~f* c!50.

It is uniquely solvable for a given initial value off* c at r 5r 0.0 and v5v0 . Hence if
f* cur 5r 0 ,v5v0

50, thenf* c50 identically for r .0.
Let z0 be a constant number or a nonconstant solution of~2.19!. TakeZ5diag(z1,...,zN) with

z j5z0 or z̄0 , H5(h1 ,...,hN) wherehj is a column solution of~1.8! with z5z j such that detH
Þ0 andhi* hj50 for z i5 z̄ j . Then, the Darboux transformation given by Theorem 1 keeps

U(N) reduction. That is,Ãm* 52Ãm , F̃* 52F̃. This is proved similarly to the U(N) reduction
for other systems like the AKNS system.

Darboux transformation of higher degree can be obtained by composition of Darboux
formations of degree one. However, whenG5U(N), there is the following special and mor
explicit construction.

Let z ( i ) ( i 51,...,r ) be constant numbers or nonconstant solutions of~2.19!, h( i ) be a column
solution of ~1.8! with z5z ( i ). Consider the composition ofr Darboux transformations of degre
one. In thei th Darboux transformation, let

Z5Z( j )[diag~z ( j ),z̄ ( j ), ...,z̄ ( j )!, H5H ( j )[~h1
( j ) , ...,hN

( j )!, ~3.2!

where h1
j 5h( j ) and hk

( j ) (k52,3,...,n) are solutions of~1.8! with z5 z̄ ( j ) and satisfyhk
( j )* h( j )

50. In this case, the Darboux transformation of degreer can be constructed in the following way
which does not depend onhk

( j ) ( j 51,2,...,r ; k52,3,...,n).
Let

G i j 5
h( i )* h( j )

z̄ ( i )2z ( j )
, ~3.3!

thenG5(Gi j ) with

Gi j 5)
j 51

r

~z2 z̄ ( j )!S 11 (
i , j 51

r
h( i )~G21! i j h

( j )*

z2 z̄ ( j ) D ~3.4!

is a Darboux matrix for~1.8!.6,7

IV. SOLITON SOLUTIONS

Soliton solutions are obtained in the following way.
Take seed solutionAm50 (m5u,v,r ), F50. Considering the gauge equivalence in~2.12!,

we can always chooseR51 andT5S. From ~2.12!–~2.15!, ~2.17!, and~2.18!, we have

Ãu50, Ãv52~]vS!S215
1

2r
] rS,

~4.1!
ed 25 Feb 2001 to 144.214.5.231. Redistribution subject to AIP copyright, see http://ojps.aip.org/jmp/jmpcpyrts.html
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1

r
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r

2
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and

F̃uv5@D̃u ,D̃v#5
1

2r
]u] rS,

F̃ur5@D̃u ,D̃r #52
1

r
]u]uS, ~4.2!

F̃vr5@D̃v ,D̃r #52
1

2r
~] r] r12]u]v!S1

1

2r 2 ] rS2
1

2r 2 @] rS,]uS#.

Here we always supposeZ is diagonal withZ5diag(z1 ,...,zN). Then the correspondinghi ’s
are solved from~1.8! explicitly.

Case 1:z i is a constant.
Thenhi satisfies

r ] rhi22~z i2u!]uhi50,
~4.3!

2]vhi1
z i2u

r
] rhi50.

Hence

hi5 f i~v~z i !!, ~4.4!

where f i is an arbitrary holomorphic vector function ofv(z i) and

v~z!5v2
r 2

z2u
. ~4.5!

Case 2:z i is not a constant.
According to~2.20!, z i satisfies

v2
r 2

z i2u
5Ci~z i !, ~4.6!

whereCi is an arbitrary holomorphic function.hi should be a solution of~4.3! with this z i , which
is

hi5 f i~z i !, ~4.7!

wheref i is an arbitrary holomorphic vector function. The Darboux transformation is also give
S5HZH212u with H5(h1 ,...,hN) when detHÞ0.

Multisolitons can be obtained by the composition of Darboux transformations of degre
or by ~3.3! and ~3.4! directly in U(N) case.

V. EXAMPLES FOR SU „2… CASE

Now we consider the soliton solutions for the simplest non-Abelian groupG5SU(2).
ed 25 Feb 2001 to 144.214.5.231. Redistribution subject to AIP copyright, see http://ojps.aip.org/jmp/jmpcpyrts.html
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0 0 0 0

H5S a~t! 2b~t!

b~t! a~t!
D , ~5.1!

wherea, b are two holomorphic functions. Lets(t)5b(t)/a(t), then

S5
z02 z̄0

11usu2 S 1 s̄

s usu2D 1 z̄02u, ~5.2!

F̃52]uS215
z02 z̄0

~11usu2!2 S ~ usu2!u s̄2su2s̄u

s2s̄u2su 2~ usu2!u
D , ~5.3!

and

2tr F̃25
8~ Im z0!2

~11usu2!2 u]usu2. ~5.4!

According to~1.1! and ~4.5!,

t5
z0~Y1V!~U1X!212Y21V2

~z0~U1X!2Y1V!~U1X!
5

z0~Y1V!1X2U

z0~U1X!2Y1V
. ~5.5!

Denote

j5z0~Y1V!1X2U, h5z0~X1U !2Y1V, ~5.6!

then bothj and h cannot be zero anywhere on~1.1! when z0 is not real. Hencet is a smooth
function of U,V,X,Y on ~1.1!. Moreover,

]ut52
r 2

~z02u!2 52
1

h2 . ~5.7!

Sinces(t) is a meromorphic function oft, supposes(t)5s1(t)/s2(t) wheres1(t) ands2 are
two holomorphic functions oft without common zero. According to~5.4!,

2tr F̃25
8~ Im z0!2us2~t!]ts1~t!2s1~t!]ts2~t!u2

~ us1~t!u21us2~t!u2!2 uhu24. ~5.8!

Hence,F̃ can be extended smoothly to~1.1!. Likewise, according to~4.1!,

2tr Ãu
250, 2tr Ãv

25
8~ Im z0!2~ us2~t!]ts1~t!2s1~t!]ts2~t!u2

~ us1~t!u21us2~t!u2!2 ~U1X!2uhu22,

~5.9!

2tr Ãr
25

8~ Im z0!2~ us2~t!]ts1~t!2s1~t!]ts2~t!u2

~ us1~t!u21us2~t!u2!2 ~U1X!2uhu24.

Therefore, the solution (F̃,Ãu ,Ãv ,Ãr) is smooth on~1.1!, hence is smooth on the whol
211-dimensional anti-de Sitter space–time.
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The infinity of the 211-dimensional anti-de Sitter space–time includes onlyr→0. However,
for the parameter space (t,r ,x) (r .0) with fixed t, the infinity of the derived half plane contain

r→0 and r 21x2→`. Here we call a solution localized if2tr F̃2→0 when r→0 or r 21x2

→` for fixed t.
Example 1:If z05 i, t5v(z0), s(t)5t, this is just the localized solution~25! of Ref. 3, and

2tr F̃25
8r 4

~~r 21x22t2!212x212t211!2 .

Let

x5tR cosu, r 5tR sinu. ~5.10!

When t and u are fixed, 2tr F̃2 is a function of R only. Its maximum appears a
R56At211/t. Hence ast→`, the ridge of the solution locates on the circlex21r 25t211.

Figures 1 and 2 describe this soliton att50 and t510, respectively. In Figs. 1 and 2, th

vertical axis is (2tr F̃2)1/4.
Example 2:t5v(z0), s(t) is a polynomial oft of degreek (k>1).
If r→0, thent→v, ]vt→1 and all the other derivatives oft ~including derivatives of higher

orders! tend to zero. According to~5.4!, 2tr F̃2→0.
If r 21x2→`, then~for fixed t!

FIG. 1.

FIG. 2.
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Moreover, whent fixed, r 21x2 and utu are large enough, we have the estimates

utuk11u]tsu
11usu2

<C1

utuk11utuk21

11utu2k <C1 ,

~5.12!

U]ut

t2 U~r 21x2!5
r 2

uz0~x2t !2~r 21x22t2!u2 ~r 21x2!<C2 ,

whereC1 andC2 are independent ofx and r , but may depend onz0 and t. According to~5.4!,

2tr F̃2<
8~ Im z0!2C1

2C2
2

utu2k22

1

~x21r 2!2 →0. ~5.13!

Hence the solution is also localized whenevers(t) is a nonconstant polynomial oft.
Now we consider the asymptotic behavior of the solution ast→` for z05 i . The following

discussion in this example is qualitative and not rigorous.

Suppose all the roots ofs(t) are simple roots. DenoteE52tr F̃2. By ~5.4!, whent is near
a root ofs~t!, E may be large. Hence whent is near a root ofs~t!, perhaps there will be a ridge
in the graph ofE.

From ~4.5!, the real and imaginary parts oft5v( i ) are

Ret5
x2t1~x1t !~r 21x22t2!

11~x1t !2 ,

~5.14!

Im t5
r 2

11~x1t !2 .

When t is large andx1t is not very small,

Ret'
r 21x22t2

x1t
. ~5.15!

For a rootr of s(•), the points with

r 21x22t2

x1t
5Rer ~5.16!

are on the circle

C: r 21~x2 1
2 Rer!25~ t1 1

2 Rer!2. ~5.17!

On this circleC, for fixed t and Rer, Im t can be expressed byx as

Im t5
t22x21Rer~x1t !

11~x1t !2 . ~5.18!

By computing (d/dx)Im t, we know that Imt decreases whenx increases ifx>2t11 and
t>2Rer/2. Hence it is easy to derive thatuIm tu<2 whent.uReru andx>0. Therefore, when
uIm ru is not large, there will be a ridge ofE on C.

WhenuIm ru@1, E is large onC only when Imt'Im r. If t is large andx1t is not very small,
ed 25 Feb 2001 to 144.214.5.231. Redistribution subject to AIP copyright, see http://ojps.aip.org/jmp/jmpcpyrts.html
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Im t'
t2x1Rer

x1t
. ~5.19!

The equation

t2x1Rer

x1t
5Im r ~5.20!

has a unique solution

x5
2~ Im r21!t1Rer

Im r11
. ~5.21!

If Im r@1, then whent is large enough,x satisfies2t<x<t1Rer. Hence there exists uniqu
r .0 such that (x,r )PC. This means that when Imr@1, there will be a peak rather than a ridg
If Im r!21, then whent is large enough,x,2t. Hence there does not existr .0 such that
(x,r )PC, that is, there is neither ridge nor peak in the graph ofE.

The above-presented discussion on the graph ofE is summarized as follows. Ast→`, a root
r with uIm ru!1 corresponds to a ridge, a rootr with Im r@1 corresponds to a peak, and a roor
with Im r!21 corresponds to nothing.

Figure 3 (t510) shows the solution for

s~t!5~t22!~t26!~t16!, ~5.22!

which has three real roots. It is plotted forr>4 because the ridge is perpendicular tor 50 and the
figures cannot be plotted well nearr 50. Figure 4 shows its local behavior for a part of the reg
with 0<r<4.

Figure 5 (t510) shows the solution for

s~t!5~t22!~t26!~t16!~t22i !~t26i !~t16i !, ~5.23!

which has three real roots and three purely imaginary roots, but one imaginary root ha
negative imaginary part. The solution has three ridges and two peaks.

Figure 6 (t510) shows the solution for

s~t!5~t2222i !~t2626i !~t1624i !, ~5.24!

which has no real roots. In Fig. 6, there are three peaks.
Figure 7 (t510) shows the solution for

FIG. 3.
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s~t!5~t2222i !~t2626i !~t1616i !, ~5.25!

which has no real roots, and only two roots have positive imaginary parts. In Fig. 7, there ar
two peaks.

In all these figures~Figs. 3–7!, the vertical axis is (2tr F̃2)1/8.
Example 3:z05 i , t5v( i ), s(t)5sin(mt) wherem is a real constant.
If r→0, thent→v, henceE→0. When the point (x,r )→` along the straight liner 5kx

1b ~k,b are real constants!, ~5.14! gives

Im t5
~kx1b!2

11~x1t !2 →k2,

~5.26!

Ret5
x2t1~x1t !~~kx1b!21x22t2!

11~x1t !2 ;~k211!x.

Denotemt5p1qi wherep andq are real, then

FIG. 4.

FIG. 5.
ed 25 Feb 2001 to 144.214.5.231. Redistribution subject to AIP copyright, see http://ojps.aip.org/jmp/jmpcpyrts.html
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E5
16m2~cosh~2q!1cos~2p!!

~cosh~2q!2cos~2p!12!2

r 4

~11~x1t !2!2 ;
16m2k4~cosh~2mk2!1cos~2m~k211!x!

~cosh~2mk2!2cos~2m~k211!x!12!2

~5.27!

as x21r 2→`. Hence the solution is bounded, but not localized in our definition@on the half
(r ,x,t) space#. However, as is shown,E tends to zero at the infinity of the 211-dimensional
anti-de Sitter space–time (r 50).

This solution is shown in Fig. 8 (t510).

B. Single soliton solutions with nonconstant ‘‘spectral parameter’’

In this case,z0 should satisfy

v2
r 2

z02u
5C~z0!. ~5.28!

S, F̃ are given by~5.2! and~5.3!, and2tr F̃2 is given by~5.4!. However, in these expressions,z0

is no longer a constant.
Contrary to the case wherez0 is a constant, here the solutions are defined only on the

(r ,x,t) space. In general, they cannot be extended to the whole 211-dimensional anti-de Sitte
space–time.

Example 4: C(z0)5C0 ~constant!, then

FIG. 6.

FIG. 7.
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z05u2
r 2

C02v
. ~5.29!

Let

H5S a~z0! 2b~z0!

b~z0! a~z0!
D ,

wherea andb are holomorphic functions ofz0 ands5b(z0)/a(z0), then the Darboux matrixS

is also given by~5.2!. For example, ifs(z)5z andC05 i , then2tr F̃2 is completely the same a
that in Example 1.

Example 5: C(z0)5z01C0 where C05a1b i , a and b are real constants withbÞ0,
s(z0)5z0 .

Then

z0
22~u1v2C0!z01uv1r 22C0u50. ~5.30!

The criteria of this quadratic equation is

D5~u1v2C0!224~uv1r 22C0u!

5~u2v1C0!224r 2

5~2t1a!224r 22b212b~2t1a!i . ~5.31!

When t.2a/2, the imaginary part ofD is never zero. Hence we can choose

z05
u1v2C01A~u2v1C0!224r 2

2
, ~5.32!

where the square root takes the specific branch in the upper half-plane.

FIG. 8.
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If r→0, thenz0→u, ]uz0→1 and all the other derivatives ofz0 tend to zero. Hence by~5.4!,

2trF̃2→0.
If x21r 2→` ~t fixed!,

uz0u

Ax21r 2
5

1

Ax21r 2 U2x2C01A~2t1C0!224r 2

2
U→1,

u]uz0u5
1

2U11
2t1C0

A~2t1C0!224r 2U<C3 ,
uIm z0u

r
<2, ~5.33!

where C3 is independent ofx and r , but may depend ont, a, and b. According to ~5.4! for

s(z0)5z0 , 2tr F̃2→0 asx21r 2→`. Hence the solution is also localized. However, it cannot
extended to the whole 211-dimensional anti-de Sitter space–time smoothly because of the
dition t.2a/2.

This soliton is shown in Fig. 9 (t51) and Fig. 10 (t510) for a50 andb52.
Example 6: C(z0)5z01C0 , C05a1b i (bÞ0) as previously,s(z0) is a polynomial ofz0

of degreek.
Then similar to~5.12!, we have the estimates

uz0uk11u]z0
su

11usu2 <C1

uz0uk11uz0uk21

11uz0u2k <C1 ,

~5.34!

FIG. 9.

FIG. 10.
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U]uz0

z0
2 U~r 21x2!<2C3

asx21r 2→` by ~5.33!. From ~5.4!, whenx21r 2→`,

2tr F̃2<
128C1

2C3
2

uz0u2k22

r 2

~r 21x2!2 →0. ~5.35!

The solution is localized. As in the last example, this solution cannot be extended to the
211-dimensional anti-de Sitter space–time.

C. Double soliton solutions

Double soliton solutions are obtained by Darboux transformations of degree two. He
only show the following simple case for constant spectral parameters. In more complicated
the double soliton solutions can also be derived similarly.

Example 7:Let z15 i , z25512i , t j5v(z j ), s j (t j )5t j ( j 51,2). The double soliton is
shown in Fig. 11 (t510).
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