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1. The technical preliminaries. Let us introduce in the
Minkowski space-time (M4) the orthonormal basis of three spa-
ce-like vectors kl (i=1, 2,3, u=0,1, 2, 3), k‘kl = -5l

S 1 -1 ijkijkz_. i_
and a time-like vector n, = 5 uvay® k' k k 0= 1; nuku =0.
These def1n1t10ns imply some useful 1dent1t1es, such as
K kJ k

=n,n, —gv
1mp0rtant obJects

fuvay J, the completness condition k k, =
s dlwe may use them to construct the follow1ng

a) The antlsymmetrlc tensor R = ”k kukL,, its dual ﬁ;v =
= J =+ é uvaywuy =n, k n, #, and self- (antiself-) dual Ean-
v _111 . It is not difficult to check that »' v

sors n

satlsfy Yin dl the 1dent1t1es introduced by t Hooft/l/ for his
tensor; in the standard references frame (k“ —-8‘1, n, =

= (1 0 0,0)) our tensors n! , coincide with t'Hooft's tensors.

So pi” are t'Hooft's tensors for an arbitrary reference
frame (the covariant form of t'Hooft's tensors);
_ b) Scalar variable w-—d(k‘x )2 = V(n, X )24%u =/ - 52-
- _ s X = H = const In the stan-
{,cu n (nx) Xu > u Xu. _,Oﬂ_" Xou
dard frame we have w=T =|r-r | = V(xi-XOi)z. We need

w to construct the spherical-symmetric functions in covariant
form (for an arbitrary frame). The derivative w, = fu/w is a
3 . 2__1- _ _ -1
unit vector: wy=-1; w, =-2w™".
2. Here we shall construct the regular spherical-symmetric
solutions of the complex self-dual equations for Yang-Mills
tensor F" —6 Al—r? Al + ik AJAk'

i e i i
- - = 1
Fo,=1F,, ( 5 uvayfay) (1)

in an arbitrary frame M4 for the algebra SU(2) (or of the real
equations for s1(2,c)’?/ ). Instead of Eq.(1) we shall use the
equivalent’/3/ equation

."k_Fi =0, (2)
Qv pv

, where p¥ is introduced in sec.l. Let us seek to determine the
nv

! . ‘,F"ﬁwm
H rand



solution of (2) in the form

A —R“VD (X)+1J‘“, f, (x) (pv=aup,__,) . (3)
Inserting Eq.(3) into (2), we obtain

ik ik
-25 (puu+pufu)+26 nunv(pul/+fuu+fupv+fufv)

k i
k#kv (2p,uu+2fuu+fupu+fu pu+2pupy)+ (4)

v2ie ™ kin (p,, +f,, +1,1 +p,1,)=0.

By requiring that the coefficients at the independent tensor
structures be equal to zero, we arrive at the over-determined

system for p,, f, . This system can be simplified in two ways:

a) Let f(x) and p(x) depend only on the variable w =

d(kLi )? and identify the set of vectors (L# B“ ) entering
in w, with the set (k! we Dy ) on which R1 Juu’ depend (in ge-
neral these sets are 1ndependent) Then Eq (4) implies (f’ =
=9 ,f,...)

6“{ [ -‘p”+W~1 (ff—pl ) _p;f»] +

. (5)

= 2 -
c ) R (p7 e 7w ™ (e p )+ tp ep Iw =0,

and we arrive at the system

(6)
p”+w'1(pﬁ-V)+p’V=0.

The substitution p’=a+w=! | f'=f-w~! implies
ﬂ'+a2=0.
a’+afB=0,

these equations yield 4% - 82 = ¢ = const. Integrating, we

have finally

,

p =w™} tccsh[c(w-wo)] .

(7)

f’=-w"1+ccth[c(w-w0)], = const .

The regularity condition yields ¢ # 0, w, = 0 and the "-" sign

in the l-st equation. For A} we get

i -1 ~ - i , i,

A, =w [n (nx) - % ][Ruvp (W) +1J3,,07(w)] . (8)
In the rest frame n”— (1, 0 0, O), w= T = l;‘;o‘ we have

AH = —c”k P p (T) , AO-—IX T e (f) . This static solution
was obtained in ref. 74/ by solving the Yang-Mills equations
for the s1{2,c) algebra.

b) The second way of the simplification of Eq.(4)is the im-

posing of the reduction f = -p (in this case the sets (k u ),
(k!,n, ) are generically independent). Then we have a 51ngle
equation p p? =0; the substitution p = -ln ¢ implies the

d'Alambert equaéﬁon

¢Il~li =0 (9)

Substitution ¢ = ¢ (w) yields the singular solution d-wTl,
Let us search for the particular solution of Eq.(9) in the

more general form

d=a(w) B(s), s=(nu§u). (10)

Then we have

é =_a"B_2w'1wﬁ+aé=0 (M:éwa. B=aﬂﬁ).

Putting a =W-¥y we arrive at the system

)'”-k)'=0,
. (11)
B-kB=0.

We choose k = m® > O. The general solution of Eq.(11) is

B=c.e® +coe”? , y=cge¥ +cye % (F=mw, 5 =ms); regula-

rity of ¢ yields c¢,= -c5, and we put ¢, = 0 (or ¢ = 0) to
avoid the ''tachionic exponent" in (k1¢)u . Then we have ¢ =
=cw-lshwef8 (¢ = +1), and, finally

i i s = ==l 12
AV,;r,-Vu[wu(cthw w )+cmn“]. (12)



This is a regular localized solution with the centre in an
arbitrary point of space, It moves in an arbitrary direc-
tion with a speed v--n/n0 gn =(n ,n)).

The general solution of eq (5) of the form (10)

N
¢= T c,a(W®) B(s") +eqg,

a=1

a_ a a a 2 _y8 y2 ., Ta_ a a a _xd
=m J[nu(xu—xou) -(xu xOH) i si=¢*m [nu(xu xOM)L
€2 =+1,
produces the final N-soliton-type expression:

N -1 e a1l -1 32
2 oc [wiw®  (chw®-wt shwa)+m“ﬁm1shwa]es
I . (13)
v N - _ . ~a
cop+ X c,w? shw?®
a=1

This solution depends on 8N parameters such as ca/co(or c,
for ¢4 = 0), x 0“ m?, and 3N "angles'" which parameterize the
vectors nﬁ. There is also a set of discrete parameters,

e ==+1.

The analytical investigation of the general solution is
extremely complicated; the computer analysis of the simplest
"head-on" collision (N = 2, nb— ng, n i=-n% , xb =
m! =rn2, cy = g, ¢ = 02) gives a picture which is ratger far
from the standard one for two-dimensional elastic scattering
(and is essentially distinct for ¢! = ¢2 and el=-¢®). The
detailed analysis will be published elsewhere.

The author is grateful to Prof.V.I.Ogievetsky for useful
discussion and to V.E.Kovtum for the help in the computer
analysis.
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Pemenuss N -MOHONIONBb—COIIMTOHHOT'O THNA ypaBHeHHH
CaMOAyalibHOCTH B MNPOCTPAaHCTBe MHHKOBCKOTIO

IIpegnoxeH annapar 4Jia Npexc TaBJIeHHs ansana By-fura,
TeH30pa XydbTa M chepHUYeCKH—CHUMMETPHUYHbIX GYHKLMH B KOBapH-
aHTHOH ¢opMe /B NPOU3BONBLHON cucTeMme orTcuera/. C NOMOWEIO
3TOr'0 annapaTta hoJlydyeHsl B KOBAPHAHTHOM ¢dopMe MOHOTMOJbHbIE
peuweHua /B Tom uMcine N-conuroHnoro Tuna/ ypaBHeHHH camo-
OyaJIbHOCTH B NPOCTPaHcTBe MHHKOBCKOTO.

PaGoTa BhimosiHeHa B JlaBopaTOpPHH BHIUHCIHTEABHOH TeXHHKH
U aBToMaTusauuH OHAH,

IpernipuaT O6BeAHHEHHOr0 HHCTHTYTA ANEePHbIX HCCNenoBaHui. JlyOua 1989
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N-Monopole-Soliton-Type Solutions

of the Self-Dual Equations for an SU(2)

Gauge Theory in Minkowski Space-Time

The techniques for representation of Wu-Yang ansatz,
t'Hooft tensor, and spherical-symmetric functions in a co-
variant form (for an arbitrary frame) is introduced. Mono-
pole solutions (including N-soliton-type solutions) of
the self-dual equations in Minkowski space-time are con-
structed in a covariant form.
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