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We study two arbitrarily separated SU(2) Yang-Mills-Higgs monopoles in the Atiyah-
Drinfeld-Hitchin-Manin-Nahm (ADHMN) construction. In particular, we obtain an ex-
act analytical expression for the Higgs field on the axis connecting its two zeros which
are defined to be the locations of the monopoles. From this expression we compute the
zeros of the Higgs field for small and large separations.

I. INTRODUCTION

In the past year there has been rapid progress in
determining exact (superimposed and separated)
multimonopole solutions of the SU(2) Yang-Mills-
Higgs theory in the limit of vanishing Higgs po-
tential. Most of the explicit results have been ob-
tained by means of the Atiyah-Ward (AW) an-
satz.!~® For a recent review of exact results in the
theory of magnetic monopoles in non-Abelian
gauge theories see Ref. 7. Wherever possible, these
solutions have been shown to be regular, but a gen-
eral proof of this is still an open problem in the
AW approach. In particular, one has to study the
two-separated-monopole solution either perturba-
tively* for small separation or numerically® for
large separation. Numerical study of the two-
monopole system has also been done in Ref. 9 us-
ing a completely different approach.

Recently, Nahm' has adapted the Atiyah-
Drinfeld-Hitchin-Manin (ADHM) construction for
instantons!! to the monopole problem, and we will
refer to it as the ADHMN construction. In the
ADHMN construction, the regularity of the solu-
tion is automatic. Two other advantages of the
ADHMN approach are as follows: (a) it is easily
generalized to gauge groups beyond SU(2), and (b)
it allows the exact construction of Green’s func-
tions for particles propagating in the background
of the multimonopole solutions.

The purpose of this paper is to study two arbi-
trarily separated monopoles in the ADHMN con-
struction and, in particular, to locate the two zeros
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of the Higgs field (which are defined to be the lo-
cation of the monopoles). The main result of this
paper is an exact analytical expression for the
Higgs field on the axis connecting the two zeros.
From this expression we compute the zeros of the
Higgs field for small and large separations.

The results of this paper should help clarify the
nature of the parameter space for two monopoles
which in turn is relevant to understanding the
dynamics of two monopoles'? (e.g., scattering of
two-far-apart monopoles approaching each other).

II. STATEMENT OF PROBLEM

Let us define in four-dimensional Euclidean
space (x,X,,X3,X4) the matrix-valued fields
(3,=0/0x,):

A, and F,,=3,4,—3,4,+[A4,,4,]
(ev=1,2,3,4). (2.1)

For SU(2) Yang-Mills gauge theory, 4, (the gauge
potentials) and F,, (the gauge field strengths) are
22 anti-Hermitian traceless matrices.

The problem, simply stated, is to solve the self-
duality equations

Fuy=5€moFro (2.2a)

for A, subject to the following requirements:

(1) In all gauges 4, are static (independent of
X4)2
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3,4, =0 (2.2b)

In this case A, is referred to as the Higgs field.
(2) In some gauge 4,, are nonsingular functions
of
(xl,xz,x3) . (2.20)
(3) The gauge-invariant scalar function
H=(—5Trd)"? (2.2d)
has the following asymptotic form:

n
2r

as r=(x24x2+x3)"* 5w ,

H—c— +0(r"2)

(2.2e)

where ¢ >0 is an arbitrary constant and » is a posi-
tive integer called the topological charge which, in
appropriate units, is also the magnetic charge of
the solution.

Motivated by considerations from differential to-
J

X3—ix4 X1—ix, 0 0
_ X1+ix, —Xx3—ixy 0 0
= 0 0 X3—iX4 X1—ix;
0 0 X1+iX2 —X3-—-iX4

and consider the following linear matrix differen-
tial equation (I =4 X4 identity matrix):
L&+ 5 |7=0
dz
over a symmetric interval —z; <z <z,. Equation
(3.3) will have four linearly independent (4 X1
column vector) solutions 7, and we require that
only two of them be orthonormalizable in the sense
that

(3.3)

42, 4
f _,, V¥ pdz=8up a:f=1,2. (3.4)
Thus, Eq. (3.3) must have two non-normalizable
solutions, and this can only happen if the matrix
& diverges at z =+z,. The ADHMN construction
then states that the solution of our problem [Eq.

(2.2)] for n =2 is given by
|

0 X3 X1 —ixz
. o x3 0 —ix, x4
?EQ (29-}-1)(41)9: x| l-xz O —X3
ix, x; —Xx3 0

TWO SEPARATED SU(2) YANG-MILLS-HIGGS MONOPOLES IN . . .

855

pology,'* one can define the location of the mono-
poles as the zeros of the function H. In particular,
for n =2, the two-separated-monopole solution will
be defined to be the one where H has exactly two
distinct (simple) zeros. The limit where the two
distinct zeros of H degenerate into one (double)
zero corresponds to the axisymmetric configuration
of two superimposed monopoles.!

III. ADHMN CONSTRUCTION FOR n =2

Following Ref. 10, the ADHMN construction
for n =2 begins by defining three real functions
f1, f2, and f3 of a real variable z satisfying the
equations

D ptr Lot Loopipn.
(3.1
We then define the 4 X 4 matrices
f3 0 0 fi—/fa
~ 1 0 ~fy fitfa O
T2 0 ks —fs 0 2
fi—fa 0 0 f3
-
[4,].p=ath row and Bth column of 4,
= _+ 718,7 gdz . (3.5)

b

The real symmetric matrix % can be diagonalized
by the constant orthogonal matrix

1 100
~ 1 [0 0 1 1
Q=-E 00 1 —1/° (3.6)
1 —-10 0
so that we can replace Eq. (3.3) with
—I4+2Z+5 |7r=0, (3.7a)
dz
where
(3.7b)
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fi—=fat+f3 0 0 0
51551 0 fi=f1+/2 0 0 .
T=2 2=y 0 0 fitfa—13 0 ’ e
0 0 0 —f1—f2—f3
P =9(x1,%2,X3,2)=2 "7 e R (3.7d)
I
Note that the x, variable has disappeared in Eq. sn(u,k) 1
(3.7a). In terms of 7 the gauge potentials, Eq. f3= en(u,k)’ fi= en(u,k)
(2.5), become (I =1,2,3) 1 dn(u,k)
S =5 etk
54 cn(u,k) 42)
idap= [, 7017, (3.8) u=-z k=—20 '
z . S T 2172
[A4]ap=i f_z ZVL?/'de . k (1+8%
s (1 — k)2 1
k'=(1-k%) N2 ?
Let 2 be an arbitrary constant (=independent (1+8%)
of x{,x,,x3,%4, and z) 4 X4 orthogonal matrix and ) ,
U (x) an arbitrary 22 unitary matrix function of and we note that f},f>,f3 diverge at z = +k’K
X1,X,, and x3. Under the transformation where
, , _ w/2 dy
V47 q=(27 )qUygq (a,a'=1,2), (3.9) K= f() m . 4.3)

the gauge potentials, Eq. (3.8), transform as
A I—*Al,

(3.10)

which are precisely gauge transformations. In par-
ticular, the scalar function H defined by (2.2d) is
gauge invariant.

IV. EXPLICIT SOLUTIONS FOR fi,f>,f3

Integration of Eq. (3.1) implies f;>— f;?
=constant=c;;. Since ¢;3=cy,+cy;, only two of
these constants of integration are independent. By
appropriate rescaling of z and the f>s we can fur-
ther fix one of these constants, ¢;3, to be 1. We
also require that the f’s diverge at the symmetrical
end points z = +z; and are thus led to the follow-
ing solution of Eq. (3.1):

d
f3 1+f32)1/2(1+62+f 2)1/2
dz
fi(z=0)=0, 4.1)

fi=0+£0" fr=014+8 412,

8 is an arbitrary real number.
Equation (4.1) can be explicitly solved in terms
of Jacobian elliptic functions:

=U"'4U+U"'3U, 4,—A4,=U""'4,U,

For =0, f3=tanz, f{=f,=secz, and we regain
the axially symmetric n =2 monopole solution.!”
As noted in Ref. 10, Eq. (3.7) implies that as
r— o, ¥ —e™ and Eq. (2.8) gives H—z; as
r— oo. Thus the constant ¢ in Eq. (2.2e) will be

=k'K:

c=z,=k'K =H—>k'K asr—ow . 4.4)

From now on, by f;, f,, and f; we will mean the
expressions defined by Eq. (4.2).

V. DISCRETE SYMMETRIES OF H

We begin by proving covariance of Eq. (3.7)
under space inversion (parity operation P):

P: xi=—x, Xx5=—Xx5, X3=—x3. (5.1

In the space-inverted system Eq. (3.7) will appear
as

d ’
!d(—z) +9’—5"]V(—x1,—-x2,~—x3,z)=0

(5.2)
From Eq. (4.2) we have
[i(=2)=—f3(2), fi(—2z)=f(2),

[l =2)=f>5(2),

(5.3)
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and if we define the constant orthogonal matrix

0100

N
{f

(5.4)

S O =
oS © O
- O O
o = O

then it is easy to show that

D \F2)D=—-F(—z2), 9" \wI=2.
(5.5)

From Egs. (3.7), (5.2), and (5.5) it follows that
P: V'(—xl,—xz, —X3,Z)
=D ¥ (x1,X3,X3,—2) , (5.6)

and Eq. (3.8) implies

P: A:t(_xla_xZ?_xC;):_A4(x1’x27x3) ’
(5.7

where A4 is some gauge transform of 4, [see Eq.
(3.10)]. Squaring both sides of Eq. (5.7)-and taking
the trace, we obtain the gauge-invariant statement

H(——xl,;x2,~x3)=H(X1,x2,x3) ) (58)

which is our first discrete symmetry of H.
Let us now consider rotations R{,R,,R; of 180°
about the x, x,, and x3 axes, respectively:

’ ’ ’
Ri: x1=xy, x3=—x3, x3=—x3,
Ry: xh=x,3, Xx1=—X1, X3=—Xx3, (5.9)
’ ’
R32 x'3=x3, X1 =—X1, Xp=—X3 .

If we define the constant orthogonal matrices

—-10 0 O -1 00 O -1 0 00O
0 1 0 O 0 10 O 0 —-100
Z1=19 0-10|"Z=]0 01 0| Z=|0 o0 10| (5.10)
0 0 0 1 0 00 —1 0 0 01
then it is easy to show that
RIZ V'(xl,—xz,——x3,z)=91V(x1,x2,x3,z) =>A:t(x1,—x2,——x3)=A4(x1,x2,X3) )
Ry: 77'(—x,%3,—%3,2)=D,7(X1,X2,X3,2) => A4 (—Xx1,X5, —X3)=A4(x1,%,,%3) , (5.11)

Ry: 77'(—x,—X2,X3,2) =D 377 (X{,X9,%X3,2) => A4 (—x1,—Xp,%3)=A4(x1,%3,X3) .

We thus arrive at the following discrete sym-
metries of H:

H(x1,%3,x3)=H(—x1,—X3,%3)

=H(x1,~x2,—x3)

=H(——X1,X2,"“X3) . (5.12)

Equations (5.8) and (5.12) prove that if H has
exactly two zeros, then those zeros must necessari-
ly be on one of the coordinate axes (x;,x,, or x3)
and located symmetrically about x; =x,=x3=0.
If H has exactly one zero, then it must necessarily
be at x; =x,=x3=0. These results were originally
found in the AW approach by O’Raifeartaigh and
Rouhani.'*

-
VI. EXACT EXPRESSION FOR H (x;=0,x3,x3=0)

We will now compute the function H on the x,
axis: x;=x3;=0, for, as it turns out, the zeros of
H are precisely on this axis. In this section H and
A4 will stand for H (x;=0,x,,x3=0) and
A4(x;=0,x,5,x3=0), respectively. It will be useful
to define a variable i by

T=3u—K)=7% i—Kl, ~K<a<0 (6D

kl

7 0
so that f_sz dz—2k’ f_K dii, etc.

Equation§ (3.8) and (3.7a) show that in order to
compute 44 on the x, axis, one can immediately
set x;=x3=0 in Eq. (3.7a) and solve for 7" on the
x, axis. (Note that this would not be true if we
had to compute 4; for / =1,2,3.) Thus, we must
solve the following equation:
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1000 f1—=f2+f3 0
dlotroofl 4 0 fi—fi+/2
Zllo1o|ty 0 2ix,

0001 2ix, 0

0 —2ix,
—2ix, 0
Fitfoets o =0 6.2)
0 ~fi—=fa—f3

As shown in Appendix A, Eq. (6.2) must have exactly two normalizable solutions of the form

Wi 0

0 w;
V1= 0 ’ V2= ws ’

Wy 0

(6.3)

where w; and w, can be taken to be purely real with w; and w, purely imaginary. Since ¥~ J{V 1=0, it fol-

lows that
[44]12=[44]21=0, (6.42)
—ilaadn= [ it fwa ez [ 7 i+ |y 2z, (6.4b)
—ilAy]n= [ j’zs(w22+ |ws | Pz dz / I fzs(w22+ lws | Dz , (6.40)
H=|[44]u]=[44]n]| - (6.4d)

In order to compute H we need only find [44];;.
From Eq. (6.3) it follows that w; and w, satisfy
the following equations:

%+%(f1—fz+f3) wy —ix,we=0,

(6.5a)
d 1 .
Z—'?(f1+f2+f3) wa+ixw;=0.

(6.5b)

Let us define the real function A by
wi=A(f1+£3)2. (6.6)

If we substitute Eq. (6.6) into (6.5a), solve for wy,
and then substitute in Eq. (6.5b), we find that A
must satisfy the following equation:

2
‘;—_’% =(B +2k*sn’)A 6.7)
u

where B=4k"*x,2—(1+k?). Equation (6.7) is
Lamé’s equation (of order 1). Note that since the
coefficients of Eq. (6.7) are regular for all finite
real values of i, so will all its solutions. If we now
define a parameter ¢ through the relation

B=4k"x,2—(1+k?)
=—1—k%n’, (6.8

then it is shown in Ref. 15 that an exact solution
of Eq. (6.7) is given by

0\[(m/2K) (T +1)] .
0,[(7/2K)7T]

where 0, and 0, are theta functions and Z is
Jacobi’s zeta function.
In order that 7| be normalizable, we must have

0 0
[ wida= [ ANfi+f)dE<w

However, (f, +f3) has a simple pole at # =0, and
therefore it is essential that A(i7=0)=0. [Because
of the regularity of Eq. (6.7), A can have a simple
zero at #=0.] Now since sn*(—i)=sn*(i7), it fol-
lows from Eqgs. (6.7) and (6.9) that we can obtain a
normalizable solution by choosing

AN@)=ZL(u)—L(—u) . (6.10)

From now on, A will be defined by Eq. (6.10).

It is fortunate that, with A defined by Egs. (6.7)
and (6.10), all of the integrals in Eq. (6.4b) can be
evaluated exactly—some of the details can be
found in Appendix B. In order to present the re-
sult we now define the function S (z) by

dInA
dit

—az | (6.9)

L)

I

S(t)=

i=-K

__ —(sntdn?)
t

= tanh[KZ (2)] . (6.11)
cn
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The exact expression for [44]; is found to be In terms of the parametrization (6.8), Eq. (6.12)
becomes
i[Ay)y=—k'K+ —2K 2%’
- 4111— — 2_ Q2 —ilA4 =_k’K+_—__
B+14+k“—S i[A4]n (kKZsn’t —S7)
2, dS
X |S—-2(B+1+k )EE . < s — snt__ dS
cnt dnt dt
Taking the absolute value of Eq. (6.12) we obtain As we will show, it is sometimes useful to make
H(x;=0,x3,x3=0). the following change of parametrization:
|
. T/2 dy
t=t'+iK' where K'= —_—— e | (6.14)
i fo (1—k"%sin%)! 72
Equations (6.8) and (6.11) in terms of ¢’ become
2.1
B=4kx—(14+kY)=—14+32L (6.152)
sn“t
cnt’ cnt'dnt’
t)=—————cothiK |Z(t')+— | t, 6.15b

S0=—Ton")dnt) * O+ = J (6.15b)

and Eq. (6.12) becomes
2k'sn’t’ snt’  dS
—i[A,]y1=—k'K = 6.16
i[A4]n + S’ ont'dnt’ dt’ (6.16)

VII. ZEROS OF H

We begin by evaluating H at the origin x; =x,=x3;=0. In terms of the parametrization (6.8), we see that
x,=0 corresponds to ¢t =0. To evaluate Eq. (6.13) in the limit z—0, we need the following Taylor series ex-
pansions around ¢ =0:

snt=t+ -+, S(t)=—t¥K—E)+ -, snt =t4 -, (7.1)
cnt dnt
where
/2

E= fo" (1—k3sin2y)!2dy .
Substituting Eq. (7.1) into (6.13) we obtain

——i[A4(x1=x2=x3=0)]“=%[(1+k’2)1(—-2E] : (72)
Expanding Eq. (7.2) around §=0 we find

—i[A4(x, =x2=x3=o>]“=1—’76—52+0(a4) , (7.3)

so that =0 corresponds to the axisymmetric configuration of two superimposed monopoles with H vanish-
ing at only one point, namely x; =x,=x3=0. For §=0 we can use the parametrization (6.15) to evaluate
H(x;=0,x3,x3=0) as follows. For 8=k =0 the elliptic functions become trigonometric functions:

For 8=k =0: snt'=sint’, cnt’'=cost’, dnt'=1, Z(¢')=0, K =u/2 . (7.4)
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Substituting Eq. (7.4). into (6.16) we obtain

U

2 cosh[(7/2)p]{sinh[(7/2)p]—(7/2)p cosh[(7/2)p]}

—i[A4(x1=0,x2,x3=0,8=0)]11= +

2

p=(4x,2—1)12,

which agrees completely (after appropriate rescal-
ing) with results obtained using the AW approach.
Equation (7.5) has the following Taylor series ex-
pansion around x,=0:

—i[A4(x1=0,x3,x3=0,8=0)]y;

Ll
4

s

2

3— x240(x,% . (7.6)

Since on the x, axis H = |[44];;| and
H(—x,)=H(+x,), it follows from Egs. (7.3) and
(7.6) that to second order in 8 and x,,

—i[A4(x;=0,x2,x3=0)]y;

7,,2
=7

T T
._.___.82___

24 ...
= 16 2 Xy —~ N (7.7)

which shows that, to this order, H has two zeros at

(zeros of H for small 8): x,=+8(24—27%)"1/2,

(7.8)
Thus, as asserted, the zeros of H are on the x,
axis. Note that to obtain the higher-order terms in
Egs. (7.7) and (7.8) we must directly expand Eq.
(6.12).

In order to study H for large values of 8 and x,,
it is again convenient to use the parametrization
(6.15). For large 8 we have the following Fourier
series expansion for Eq. (6.15a):

B +1+k*=4k"x,?=——
snt

=K coth? | —

p{ —p>+sinh?[(7/2)p]}

r

and since K —1Ind for large 8, we can consistently
make the following approximation for Eq. (6.15b):

—cnt’
~ snt'dnt’ ’

(7.10)

Inserting Eq. (7.10) into Eq. (6.16) and expanding
the resulting expression in a Fourier series valid for
large 8 we obtain

—i[A4(x;=0,x2,x3=0)]y;

ok,

= —k’'K +k'sinh (7.11)

At this point, we note that the limit |x; | >> | 5|
corresponds to t'—0, and comparing Egs. (7.9) and
(7.11) we obtain

—i[A4(X1 =0,X2,X3 =O)]11

, 1 _
=—kK+—|x—|+0(x2 2), (|x2] > |8])
2

(7.12)

in complete agreement with Egs. (2.2¢) and (4.4).
Equation (7.11) shows that for large §, with an er-
ror of 1/8, the zeros of H are at

mt' /K’ =sinh~ 'K ~In In8? and inserting this into
Eq. (7.9) gives

(zeros of H for large 8): x,=+8/2. (7.13)
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APPENDIX A: NORMALIZATION

From Eq. (3.1) it follows that

d d d |
fi=—-I(fatf3), fo=—In(fi+fs), fi=—In(fi+f2), (AD
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so that any equation of the form

%=(01f1+62f2+63f3)g ’ (A2)
where ¢y, ¢,, and c; are constants, can be integrated (within a constant factor) to give
g =(f2+f3) F1+3) 714+, . (A3)
Let us now consider Eq. (3.7) at the origin x; =x,=x;=0:
1000 f1—=fa+f3 0 0 0
dloroo| ; 0 fi—=f1+/2 0 0 >0 Ad
iz 0010t o 0 fithri-fs 0 = (a4
0001 0 0 0 —f1—=fa—f3
Equation (A4) has the following four linearly independent solutions:
) 0 0 0
— |0 _ ) — |0 I [
1=19 |2 72=|p ,7/'3=w3,7/'4=0 ) (A5)
0 0 0 D4
where
_ o 1 o
i, 2= —k’'sni cniz dnif , 2= e Snucni ;:nu , W3l= _k,__snusdnu D42 = __’3__cnu Sfu (A6)
dn’ cn’(ir) k 31 %7]

Note that (T,%,,2,,% @42 >0 for —K < <0. Since cn(—K)=sn(0)=0, only ¥"| and ¥, will be normal-
izable. Now on the x, axis the normalizable solutions of Eq. (6.2) must become ", and 7", as x,—0.
Thus, one can search for normalizable solutions of Eq. (6.2) in the form of Eq. (6.3).

APPENDIX B: DERIVATION OF EQ. (6.12)

In this appendix integrals will be indefinite. In order to compute [4,4];; defined by Eq. (6.4b), one must
know how to compute the integrals

Ilzxff(wlz—{— |wy | Dz , Izsxzzf(wlz—f- |wy|*)zdz , ' (B1)
where
(Fi+f3)12
w=A(f1+13)"2, w4='fle3“ %(f3+f1)1\+idlz\— ’ (B2)
2

where A satisfies Eq. (6.7). If we substitute Eq. (B2) into Eq. (B1), repeatedly integrate by parts, and use
Eq. (6.7) we find

ILi=(fi+f3) %(f1+f3—fz)A2+A‘fi—'z\ +13, (B3)
1 2 dA 1,2
Iz=(fl+f3){2 s (f1+f3—1f2)A +A~d—z— —5A% 41, (B4)

where

D K2 poo
L==3 [ Rt Ol fi=fat f)=fifsMe=— 5 [ Aisniena dna da , (B3)
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I4=—% f A f3+ Ozl 21 —fa+f3) = F1f3]+(f1+f3—2f2)}dz

2
= [ KCa+ Ksngon dng da— 25 [ AL—(14+k2)+ 2K sn’a1dt (B6)
In order to evaluate I; we multiply both sid&s of Eq. (6.7) by d A /dir and integrate by parts to obtain
2 1 daA 2 2
[ A*snzeniz dnz dir=— +(B +2ksnT)A (B7)
4k dir
If we multiply both sides of Eq. (6.7) by A and integrate by parts, we obtain
IRIES Bt 2ktsrtan? ar—n A B8)
dtT \
We can now integrate I, by parts and use Eqgs. (B7) and (B8) to obtain
__ L ,da 1 aA 2027 A2
Li=— oA — 24K - +(B +2k%n?)A? | +15 (B9)
where
2
Is= k,(B+1+k 2) [ Al . (B10)

In order to evaluate I's we regard B as a free parameter in Eq. (6.7) and consider A as a function of B.
Then A(B) and A(B +¢) will satisfy the following equations:

d’A(B)

> =(B +2k?sn’7)A(B) , (Blla)
dir
2
-‘?—% =(B +e+2k’sn’*T)A(B +¢) . (B11b)
7]
Multiplying Eq. (Bl11a) by A(B +e€) and Eq. (B11b) by A(B), subtracting, and then integrating gives
[ AB+oABT=1 |AB)IABTE (g o dAB) (B12)
€ dir dii

We now take the limit e—0 on both sides of Eq. (B12) to obtain the desired integral:

[ Adi=

We have thus exactly computed I, and I,. It only remains to evaluate I, and I, at the limits #=0 and
7= —K, which, though tedious, is completely straightforward leading to the result quoted in Eq. (6.12).

d?A
dB du

dA 1 dA

dir

(B13)

IR. S. Ward, Commun. Math. Phys. 79, 317 (1981). 7P. Rossi, Scuola Normale Superiore, Pisa, Italy, report,

2M. K. Prasad, Commun. Math. Phys. 80, 137 (1981). 1982 (unpublished).

3M. K. Prasad and P. Rossi, Phys. Rev. Lett. 46, 806 8L. O’Raifeartaigh, S. Rouhani, and L. P. Sing, DIAS
(1981); Phys. Rev. D 24, 2182 (1981). report, 1982 (unpublished).

4R. S. Ward, Phys. Lett. 102B, 136 (1981); Commun. 9P. Forgdcs, Z. Horvath, and L. Palla, Phys. Lett.
Math. Phys. 80, 563 (1981). 109B, 200 (1982).

5E. Corrigan and P. Goddard, Commun. Math. Phys. 10W. Nahm, CERN report No. TH-3172, 1981 (unpub-
80, 575 (1981). lished); ICTP Report No. IC/81/238 (unpublished)

6S. A. Brown, M. K. Prasad, and P. Rossi, Phys. Rev. UIM. Atiyah, V. Drinfeld, N. Hitchin, and Yu. Manin,
D 24, 2217 (1981); A. Soper, DAMTP report, 1982 Phys. Lett. 65A, 185 (1978).

(unpublished). 12N, S. Manton, Phys. Lett. 110B, 54 (1982); ITP Santa



26 TWO SEPARATED SU(2) YANG-MILLS-HIGGS MONOPOLES IN . . . 863

Barbara Report No. 82-02 (unpublished). 177 (1981); 105B, 489 (1981).
13, Arafune, P. G. O. Freund, and C. Goebel, J. Math. I15E. T. Whittaker and G. N. Watson, Modern Analysis

Phys. 16, 433 (1975). (Cambridge University Press, Cambridge, England,
141, O’Raifeartaigh and S. Rouhani, Phys. Lett. 105B, 1962).



