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ABSTRACT

We investigate non-reducible 0@) symmetric meron solutions
to classical su(y+;) Yang-Mills theory in four dimensional
Euclidean space. For even N the solutions have topological charge
densities equal to a sum of delta-functions with integer
coefficients while for odd N /N>>1/ these coefficients can be
both integer and half-integer. In all cases they correspond to
solutions of a system of N coupled singular elliptic eguations.
We discuss the existence of two meron solutions of this system

and for N=3,4 give some numerical solutions too.
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I. Introduction

Particular solutions to classical gauge theories have been
the focus of many recent investigations. Part of these solutions
- called merons - are infinite action solutions of Euclidean
Yang-Mills equations with topological charge density concentrated
at points. The interest in merons stems from the fact that they
can be used in models for quark conf:l.nementu'z). The first meron
solution was obtained in SU(Z)B) » later it was generalized to

multiple merons on a line “). These sd(z) configurations of

. course can always be embedded into any SU (M) theory believed to

describe the interaction among quarks. /The general belief is
that for the physical world M=3, however, with integer charged
quarks it may be 4 as we11l®) | mhe su(5) merons may play a role
in a so called grand-unifichtion scheme (6)/. However, in these
cases there is a possibility that genuine SU (M) configurations
exist which cannot be obtained from an SU(2) embedding. We call
these non-reducible. It is our intention in this paper to
exhibit the existence arid discuss the properties of such non-

reducible merons in an SU (N+1) gauge theory.

So far this kind of merons has been discussed only for
8u (3) (), There it was shown that non-reducible SU (3) merons
have their topological charge quantized in integers instead of
in halfintegers, as in the case for Su (2) merons. Here we derive

the generalization of this fact for any N /Sect.III./.

To obtain non-reducible merons in SU(N+1) we use an 0(3)
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syametric ansatz of refsp) used to obtain non-reducible
instantons. In terms of this ansatz the original four dimensional
géuge theory gets replaced by N mutually coupled, two dimensional
Abelian Higgs models with a residual U(l) XeoseoX U(l) /N times/
gauge groﬁp. In the case N>2 we find a novel thing: the

possible meron charges in some different U(1) components are
different. For even N they all are integers while for odd N they

can be both integers and half-integers.

We reduce the problem of finding su(p+I) merons to obtaining
solutions with appropriate boundary conditions to a coupled system
of elliptic differéntial equations for N real functions. We
outline a general proof of existence /for any N/ of two meron
solutions of this system using upper and lower bounds, that we
give explicitely for N=3 ISU(ﬁ)/ and N=4 ISU(ﬁ)I. Ir these cases

we also give numerical solutions for all possible two merons.

The paper is organised as follows. In sect. II. we describe
the 0(3) symmetric ansatz and derive the SU(N+1) gauge field
equations in terms of this ansatz. In sect. III. we look for
solutions to these equations that have topoldgical charge density
apprépriate to merons and derive the possible values of meron
chargeb. Sect. IV. contains the discussion of two meron
solutions together with the proof of their existence and the
numerical solutions for su(p) and SU(S), while in sect. V. we

discuss some general properties of our two merons.




1I. 0(3) Symmetric Ansatz for SU(N+1) Gauge Theory

To find 0(3) symmetric merons in an SU(N+1) gauge theory we
use the ansatz of ref.(s) exhibiting in a manifest way the symmetry

under the mixed angular momentum operator

> -y
En-i:xv-&? ) C (1)

where ? is a matrix representation of S0(3). The ansatz which

is a generalisation for SU (N+1) of the expressions used in

G,

refs. for cylindrically symmetric merons in SU(Z) and SU (3)

respectively takes the form

-
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Here M is a vector and ¥ig, ¥l; are scalars under (1) and ¥ is
the radial unit vector. Using the most recent resulté” for
constructing gauge fields with given symmetry properties one
can prove in a straightforward way that the expressions above
are really the most general SO (3) symmetric ones for an SU(N+1)

gauge theory.

-lp

Though M ' R A and Q° do depend on the spherical angles via
3
¥ the field strengths

G L= W -9, w (LW, W, ]
depend only on derivatdves with respect to 1 and { because the

angular derivatives in

A &
V.% 2-‘4 2x(Zx9)
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combine with the .‘."; x? in (2) to yield commutators with:’ x:;
that are determined by the 80(3) symmetry alonéa) . Therefore

from now on we shall evaluate all fields on the z axis. The SO(3)
symmetry then enables us to evaluate them along any other axi!lo).
As we want to have non-reducible SU (N+1) merons we shall consider

the case whenT is the maximal embedding of SO (3) in SU(N+1)

with
N N
T,- cing (%> %oty 44,09 10>
Finally our ansat:z fof R, ’ Q4 ’ M! /along the z axis/ is
l a*
“r !‘ Q) \Q
Q- g \
e, o ¥,
gi ) =
“f y A M‘ V!

qﬂv au-l
’ Yu

: N
_Q’ 0)

where we introduced a two dimensional notation with f =1, )‘“- ¥

and the functions ﬂ; (“{0 are real and \Q“(*,*) complex with
M_-(ﬂ,\*. /Note that the matrices are N+1 dimensional but each
contains N functions only./ This ansatz is invariant with
respect to Abelian gauge transformations from a residual

v(1) x (@) ...x UQ1) /N times/ subgroup. To display this we
define | ‘
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where ﬂ = % 0. The (5) equations can be inverted using
the C" v matrix

Qe - (™% Gk Q)
F -k fu -w)_ .
with c,“' 2% :‘ = ‘1:’:: for k £ m and C-' =
v 13(““'\): 2_,._€ for kz2m. C™" satisfy two
Nt Ne 1

important identities that the we shall frequently use:

4 W4 w e wmal e
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The SU(N+1) field strengths evaluated on the z axis take the

"
following form in terms of G, and ‘Q‘:

® )t = Sw L (10 1l (iAo
®, )M = L D

(E)mm mn 3_(—“ M‘) (E)ny... Wre T)DQ\Q

™ ) ™ ™\ " . Wik ok
) - = ' : '
with F;v = c/ugv /avg,u - (anﬂ- Qﬁqy)' C le/“V
and \Qo = \fw,\"i O. These field strengths transform covariantly
under the Abelian gauge transformation

A" — G + W™ y N

e N,

for any real function /\ (+ ¥)

Now i+ is easy to express the action of the SU (p+1) gauge

theory in terms of q;' (ff‘t) and ‘-QMQW\}); after integrating
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over the angular variables we obtain an effective Lagrangian

w 2
for the NC\,’ and \-Q“in the Q‘_S{\,)*’\ 'i"lO‘lS half plane:
¥a

L SR LS 2

L‘ 1w Z { ;1(1\\915!\ -i\\Q"'\\_(siN"'N)) +

wm= 4y (8)

b R -2 1 2
43 o] [P
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This is the Lagrangian for N Abelian Higgs fields \{,,
interacting with each other as well as the N abelian gauge
fields q;,"‘ of the residual UQQ) x U(Q)x....x U(l) group in the
1 "

curved two dimensional half plane Q+ with metric %’"s '1?' &M [
The Higgs potential is of the symmetry breaking type with

several minima. A particular feature of L is the coupling

between the field strengths of the different U(l) components

of the direct product group.

The field equations of the SU(N+1) gauge theory expressed

w ™ ™.
in terms of aﬁ and &Q = QA‘!'L "Po are simply given by the

variations of L with respect to these functions. For q;,“ we

find
Do (4 C™ 2% )=-2 I

2 ™k b =y (9)
34(1- C 40)= -11 ° wmai N

Here we introduced the vector I;= <P:V/“Q:— Q‘;Vﬂ Q: where

the new covariant derivative v,. of the two component vector
q

®,., is defined as

V=090 gl ¢

t) .
The (ﬁ) equations can be written in a more coinpact, coordinate

free form

wk & m
* o\ C 'k£ =-27T maA,.. N (‘M}
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wm L,
where I - I ; dx"' stands for the external derivative and =
denotes the Hodge adjoint. We note the appearence of the -~v2

terms in the equ.(9) as a direct consequence of the curved

2
structure of Q 4

~ip
For the scalars 'P“ we obtain

ws{ ..N
- - - ~ J
TG - OF P-4 4G o @9 inoy
- 2 > I
where | 37’ (@) (@)
Equ.s (9) and (10) are the field equations for a general
SO (3) symmetric SU(N+1) gauge theory. In what follows we shall

find solutions to these equations with topological charge

density concentrated in different points on the r=0 line.

I1I. System of Equations for Non-reducible SU (N+1) Merons

The topological charge /or Pontryagin/ density of the four

dimensional SU @+1) gauge theory after some algebraic manipulation

can be expressed in terms of G, and O‘i as
N
24)a A B {Z k™ v wsm 7 § b1)
Qe ) ) a2 * ' Qu*st m"l( o £°‘)
- N Pt ~ ~
where k/w is the curl of the vector I,. : \4”: 9,‘1"' "Q,I/,
1.e. \(Ma cIT™ Note that in (11) in contrast to (8) there is
no coupling between the different U(l) .2ctors. Integrating

Q\:\Q) over the angular variables we obtain the charge density
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" N
= L " = )
(7t 2w 2,4( kousws {os
Now as we want to obtain 80(3) symmetric merons, i.e. merons
located on the line r=0 at different ti we look for solutionsg
to equ.s (9-10) such that
ped 5 (€))
QED=Z « §P @) (440

Z
This means that in Q.., we must have

N
“ - (% ™ _
A 2 UG s 100)= 224 8@ 5 (1t ()

ms 4

™ .
Using the fact that “m’ (& I“’)M and that the field equations

(9) imply

™ .k
\‘os=° L‘—Z (C\?’!" c\* £k )0“

we find that the requirement (12) is equivalent to

N
S deds 4 4](Z mm () = Z 28l 6

Because of the T~ in bo'\-n-.g a solution to (13) and (9) is

given by
m T .
§7 =7 25 a7 o) Sl-to) 1
i mwm
N -
implyiag I; =0 and d, 'J-i ’\"’; . In what follows we take
me A\

this ..olution and reduce the remaining gauge field equations
(lo) to N coupled elliptic equations for N real functions of
r and t. It will also turn out that - within a clacs of gauge

transformations - P": must be an integer multiple of ;—_ " ™
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in order for W be regular away from the locations of merons.

Following refs ) we find an q"" such that 2,,,, a Da'
where ,f is given by (14)

- ] ™ n .
Q= '9’3 by Z *t‘ vaoa(-ﬂ— tivoe) @5)
-—P
With the aid of these ‘8 we carry out a rotation on the ‘bh

vectors

- ves ¥ LYY ’3
Y- ucs 4’*‘5 U= (-s-.‘w&"' W,S“) be)

™
These u rotate the covariant derivatives V/.. into ordinary

ones as 9,. U?-)* ﬂ; Guuz';and U™ e QJ" )_41 € so that

U™V (U= U™ (5, + 7 e“)(u") -9, ()

Therefore equ.s Q.o) , the second set of the gauge field

equations, become .
v*9, 4

AT (IF-0- J1F S 4120 g9

" 4,..."

As a consequence of 6.7) the circulation density of Qm

\.5‘\’ 9 ‘)Q VQ:-T“‘

therefore ‘\"”‘maintains a constant direction in those connected
domains where Tf’"# 0 ;s i.e. by U™ we rotated E)"‘into a
single direction. If :r."‘ solves (18), it can, at worst, change
direction by W across curves where .:\/’”' = 0, This means that

(18) 1s equivalent to the following system
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where Y™ is the component of ?"‘ along a fixed direction which
is one of the two possible directions of -‘\3". This is the system
of coupled elliptic differential egquations we mentioned above,
these equations are the equivalents in SU @4—1) of the equations
describing non reducible merons in SU (2) and SU (3) in refs @7
respectively. Of course only those solutions of (19) can describe

Su(N+1) merons that meet some boundary conditions.

We require for merons that the SU (N+1) gauge field strengths
be regular at r=0 /away from the merons, i.e. for all t#ti/.
This requirement implies that

{

Lim 1g_1= U (@754 @09)% L VW1 T0m (o)

=0 =0 =0 wed LN
as in this case - possibily after a gauge transformation -
Lw ™, =T, . Note that W\ e constitute the minima of
:.L:oscalar potential in (8) As long as (20) is satisfied there
is alwrys a gauge transformation such that applying this
transformation we obtain &_i:oQ‘:s Yo 5 l;: ¢.=0 for
*i‘*‘ L{,i” iz 4, . Therefore when 3e move across t, at
r=0 from (15,16) we see that :’\/"‘ changes direction by 2 {7 r[u:.
On the other hand as we have shown above T'\:"' can change direction
at worst by r . Hence we conclude that P must be an integer

multiple of iihn'h_n .

However, (5": can be changed by any amount by a gauge

transformation unless we restrict our attention to a class of
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gauge transformations that are continuous across t, at r=0. The
|3

gauge transformation changing iSi has the form:

A 12 .

A= &5 Z X avg (-‘ts-\; +\1‘)
L
- ™
Clearly under this transformation _\3-‘—5 BT =tk and
\ + i\‘t 1.‘ » while Q" -8 undergo a rotation by

u ()\“)'—t (\0‘:/\" 9w Ah'
- Bw A“ W /\h

This U(.K“) is continuous for all m at r=0 across t, if 1;1- =
= ww with integer w; . This means that \5:' is defined
/i.e. is gauge invariant/ mod mm.

In conclusion to find SU (N+1) meron solutions with
topological charge density QAR ’()-"7 kz (o ) “)(,)g& '\‘)15
reduced to solving (19) with boundary conditions

¥ (04) - L'*)" (_:-. by 2E <ty @D

1
where {>; are integer multiples of‘zm;’ .

Let us now discuss the emerging structure of topological
charges of SU le) merons supposing for the moment that the
appropriate solutio: s to Q9,21) exist. We say that a meron
configyuration is elementary and is entirely in the k-th U (1)

sector if \”‘: = 0 for m$k /w¢ recall that m-s index the

different U(l)sectors @-6)1. For all values of m the smallest
/non-zero/ value of ‘b": is ‘7_...;.’ . A8 m ranges from 1 to N
there are N types of possible elementary meron charges and of

them N—;—‘ are different for odd N and g are different for
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even N /because Cv":)swm /. Thus for N=1 /SU(2)/ or N=2 /su(3)/
we obtain the results of refs (3'4'7): the elementary meron
charges are ‘1 and | respectively, in the latter case this value
is valid for the elementary merons in both U(l) sectors. However,
as we go beyond SU(3) i.e. as N exceeds 2 an unexpected thing
happens: there are elementary merons in the different U(l)
sectors with different charges! [e.g. for N=3 and N=4 the possible
values are }i /m=1,3/ and 2 /m=2/ and 2 /m=1,4/ and 3 /m=2,3/
respectively/. It is clear that for even N all @‘: will be integer
while for vdd N the (5\'-: -8 can be both integer /for even m/ and
halfinteger /for odd m/. In a similar way as d; = 2'; \5“: for
non-elementary merons the total topological charge at ty is

integer for N even and can be both integer and halfinteger for

N odd / 21/.

It is also obvious that for all N the minimal elementary

meron charge at ty is obtained for m=1 /m=N/ and is given by
?1:"12 . This value is exactly the half of the minimal

topological charge for non-reducible SU QHI) instantons found

(8)

in ref " within the ansatz (2,3). This fact gives support us

to retain the name "meron" - that originated from fractional

charges -~ even when% is integer.

Finally, we would like to mention that these new values

for the topological charge for merons are not artifacts of

" normalization. Rather they are the consequence of the form of

the maximal representation of the 0(3) generatorc allowed by

the suU(N+1) generators.
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1V. Existence and Numerical Solutions for Non-reducible

Elementary SU'N+l) Meron Pairs

The Y ™ functions contain a ‘hidden dependence on the index
m via the boundary conditions (21) . We find it convenie.at to
. am ™
make this hidden dependence explicite by introducingy = ]“;x (.rlg)
as for A" the field equations (19) take the form:

me

- T ¢ —_— —
“;A,x —XM(MM .x. - %(h\-\)(n_‘)'xm-(". %(m*4)(.“‘) X"‘ﬂl- ,‘);gNo (22)
A...
while boundary conditions (21) change to 7
= Zpt
o8- ¢ b ctat, )

we AN
:I..e.'xm are™4 on the r=0 line independently of m. Note that -
as a consequence of the elementary identities m-lsm+l, m+lem-1 -
the system (22) has a nice syxmneti'y under the change xme-) 'l'-“.
msl . .N . 1t '\5': are such that the boundary conditions

J
(23) respect this symmetry we can reduce the number of eguations

in (22).
1f Pw:c %m: /mod mm/ for all values of m and i then
the substitution X =X reduces (22,23) to a single equation -

to the equation for merons in SU (2) -

2 L 24
FAX = X(X-4)= O 24)
with appropriate boundary conditions for multiple merons. A proof
of existence of solutions to (24) with these boundary conditions

was given in ref (1]) . As for Xm ='X, m=1, N N._-“' r_everywhere
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p A
in Q+ these solutions describe the trivial embedding of the
su(2) /multiple/ merons into the maximal sO(3) subgroup of
su (N+1) .

In establisiiing the existence of the general solutions to
Q4) a central role was played by the closed form two-meron
solution. As we expect that in the general case of (22,23) the
two meron solutions can play an equally important role we turn
now to the discussion of existence of elementary two meron
solutions to (22,23), though no analytic /closed form/ solution
to (22,23) is known for any choice of. P‘: different from the

previous one. H

,

In what follows we consider only such elementary two meron
configurations when one of the merons is sitting at the origin
and the other is shifted to infinity. /The case when the two
merons are at a finite distance from each other can be obtained
from this configuration by a conformal transformation./ For the

X"‘functions describing such an elementary two meron configuration

in the k-th U (1) sector the (23) boundary conditions read as

'XM(O)'E):4 \m#\( ollt ) ‘X,E(O){)z A t(O} 1}(0)*);_1 (25) i
_ g t>0

 because for such an elementary meron at t=0 P" =20 me k, p‘.il\:’

Further we assume that for these two merons X,M depend on r and

t only via the combination @z oy (-teiv) r’x.h('i')%) 2 \™(©) This

assumption changes (22) into a system of ordinary differential

equations / x:hz A X, /
U6
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1 D)) i 2 —
28X, = L, (i W - L (menion X

. ‘ — ma (26)
- 1(-»0‘\)(‘-0»4) XMH - ,\)= (@)

w=4 N
while (25) become
tim K= U ) mek L Liwm (- YY) = (27)
0-Q e->7 / G:OI g:“-( x)
We also express the action density (8) in terms of x“ (9)
/recall that {';“--o at r>0 as a consequence of (14)/:
Nid ‘
"Rz Y CALR S TGy ity (28)
waz A

= (gNetm)) + mm (XY ~

2 2
where R vt . Note that (26) are the variational equations

to (28) and that (27 } are necessary to ensure the finitness of
L. In fact x (8)==* constitute the minima of the / €
dependent/ "potential” in (28), for this case .2 (0 ; for any
other L (Q) L>O . Therefore it is not obvious that a
minimum of SL dae -corresponding to a solution to (26,27)-exists.
and we mustc look for an alternative proof. On the other hand
from (28) it is clear that - for finite | - these su(N+1) two
merons have the same kind of logarithmic interaction - i.e. are
just as singular - as the original SU(Z) ones because the total
acti‘gn of the two meron is obtained by integrating L over Q:', Y
As ﬁnmz C;Q L . Therefore the integral of R L over®

c
jult measures the coupling constant of this interaction.

The alternative proof that we shall now sketch is the

adaptation tc our problem of the proof given in ref(7) for the
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)
N=2 case. The proof also establishes that X_JO)=X,:.(“)=O u;(}_ N

First, we note that it is sufficient to work in the (O) El
uVv :
interval with boundary conditions X (!)'_)‘0) 'X:‘ (‘-E)=O wik
because setting Xk(?i,f@)"xk(i‘e)) 'X,,.(‘%,*@):XM(‘{-G) n*k_'

will extend the solution to a continuous function on (0,1) .

The general strategy is to give upper and lower bounds
for xmlG), i.e. to give 2N functions R,M(Q)é U, (9) that

satisfy both the boundary conditions at zero and at 1\'/1 :

Un0)= L, (0)=4 ul10)= € ()  wad N
T @ |
GlE)= 0, ()0 WL (%)~ EL(5)*0 wmik "

and the following differential inequalities: i

——— — a2 .
g Q:— Cwy (m'; Q:‘- %.(mq)tmq) Q.::..- i(m«)(m\) Qm‘- DH>0 (o)

3 - — j— 2 . 31
20 u‘:,,'umkmmutoa(n-\)(nq)qm-‘- %_(mn)o-.num‘- 1)<O ( )
and to prove that the solution satisfies QM (€) < X,£e)< u,. (9)
This proof goes as follows: With the aid of Q,,,(e) and 4.(9) we

‘ . oN
define a domain M in (O, TTxR": M. {6,%,,) leo)ax"mh(c)’
0O¢ 041;_\} and denote by S the boundary of M. As the equations
(26) are sufficiently well behaved for any € in (‘g)";.l 570
there is a unique solution to (26) in (5, 5;) with the initial
LAY T\. . y? Y (wy.

conditions 'Xk (£)= O) ’X.m(,_) 4, wmek, X (E)aqh"x“‘. % )20 wik

N
The solution is a curve in (O)!;JXR

iamlo)g (©,%,,(€) wai,..N)

The 3; (G) curve starts in M if the a. /m=1,N/ initial values
m
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are between the boundaries set by (29), i.e. if (ql... qN)eI
] - \ R o ) ~—
where I:-:F\K,..- IN with IL‘ (“u(?.)) Qt(!;)); T.= (QM('L;)) uh(i))
For each (o‘...qﬂ)el there is a unique point |, where j_
- u-q
first intersects S. In the case 3.9“(9)&"\ for all 9 [ (O, I{I
we define_‘; = %.u (0) - (O)I... 1) . As long as 3, Q) eM e
" - L] "
can divide Lzs) by 8in’Q to obtain a uniform bound on (X ..,)
)
of order unity. Since u.’mlo)’ Qh lO) =) such a bound implies
+) ) o
that 1im X _=C . Therefore ¥, 18) is a solution to our problem f
°+0 -
if =
Te = (O 4 0)
One can conclude that there must be an (Qa--- QN)@I such

that Tq”m)" (O) A A) by proving that the map T: I-»S is continuous

and that there is a curve C in I such that T(C) sur‘rounds the
point in question in S. The proofs of these statements for N=2
were given in ref (7), and by trivial modifications they apply
in the general case too. 'Therefore we conclude that we can
prove the existence of the solution to our problem if we can

give the Q... \3) ,u,,le) functions with the necessary properties

(29-31).

In what follows we give some QM and U, functions that -
according to the previous discussion - ensure the existence of
all kinds of elementary two merons for N=3,4 /su(4), su(5)/.
Although at present we have no upper and lower bounds for the
general case we still expect that even in the cases not considered

here they can be established.

For all of our two merons we take for lee) the following

QE(Q) : \.,vae k,,,\l-,): A= %5;“19 wm K




-19 -

They obviously satisfy (29) and a straightforward substitution
shows that they satisfy (30) for all m provided kk<{0 /The
restriction comes from the (k+1) =th and(k-l) -th inequalities,
the others are satisfied for all values of k/ .' Note that the
lower bound for the function going through 0 at ‘.l 3 is nothing

but the closed form two meron solution for SU (2).

The determination of upper bounds is more tedious and less
systematic. Finally, for N=3 /SU (4)/ and k=1 / p‘*'%. 5 ‘?-@‘: 0y

we oObtained

. TR R { A S A Y

With these functions it is easy to check the validity of the

third inequality in Ql), but we had to us. a pocket calculator
to establish the validity of the first and the second ones. /The
k=3 case is obtained from this one by interchanging all quantities
with indices 1 and 3/. For N=3 /Su(4)/ and k=2 / $§:O, F*2
when the boundary conditions allow the ) ‘n'x,b substitution and

we have only two equations in (26) we found the following upper

bounds :
i
L\‘s A uzt "—Q’%)
For N=4 /SU(5)/ and k=1 / §+2, €+ $:3°=0 / we found

\ Y ° Y
U= "‘GT?); o A-44)-1G) ) ) st - i {(1}6) -3 (l‘f)“} y Had
while for N=4 and k=2 ( ‘5‘: ‘Q- ?“- 0) ‘f’s 3)

b 02T S, e -8 g a0 {08 (2]
Uva/\
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The SU(§) two merons in the third or fourth U(}) sectors are
obtained from the k=2 and k=1 cases respectively by interchanging

all quantities with indices 1,4 and 2,3.

Having established the existence of all possible types of
elementary two merons in SU(4) and SU(5) we display on figs 1-4.
the numerical solutions of the equations describing them. From
the figures we see that - as a consequence of the rather simil..r
upper and lower bounds - the function going through zero at W |3
is almost the same in all cases. It is also clear that the farther
is a function in (26) from this particular one the better it
approaches the constant - identically one - function. These
numerical solutions also enable us to compare the coupling
constant nf the interaction of the different elementary two

merons in SU (4) and SU(5):

su (4) su(s)
topological charge 3 f
- 2 2 3
at t = 0 2
: T

R (Loag

1% . 4.75 6.54 6.99 11,05
h'l o —”‘.‘j"

These values of the coupling essentially determine /up to a
factor of 4w/ the action for our two merons in Minkowski space
obtained by bringing back the other me-cn at finite distance
via a conformal transformation and continuing in t analytically

to ixo as in ref(3).
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Finally, we note that for the existence of non-elementary
merons at present we have no rigorous proof, however, the
existence of two meron solutions - though not in a closed form -
gives support to the expectation that even in the general case
a proof could be given along the lires of the argument of reéln‘.
In this case a search for numerical solutions can be carried out

in a way similar to the determination of multiple merons in

su(2) (12) .

V. Conclusion and Outlonk

Let us now turn to the discussion of some further properties
of the elementary two merons in SU(§+1). First, we note that for
the merons with all of their XM -s- /m=1,N/ different /e.g. for
all N the meron with smallest charge /one can establish whether
they represent a genuine non-reducible SU(y+1) confiquration by
looking at a component of the field strength /e.g. 33/ which is
is diagonal on the z axis. The fact that all the diagonal elements
are different and non-zero /for all z/ implies that there exist
no other linear relation between them /expect the tracelessness
condition/ and guarantees that our solutions are not contained

in any subgroup of SU(N+1).

As we mentioned earlier for all N the smallest elementary
meron charge is just the half of the topological charge of the
smallesi non-reducible instanton (8) . For Ns=1 /SU (2)/ the relation

between the two meron and one instanton solutions is even more
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intriguing: there exist a family of elliptic solutions - indexed

by a continuous parameter k - interpolating between them u3)l the

k=0 solution yields the two meron, the k=1 the one instanton/.
This family may describe the dissociation of an instanton into
two merons (“). Naturally emerges the question:does thewfamily

of the same kind of solutions exist for the general non-reducible
SU(N+1) instantons and two merons? We know of no definite answer
to this question but we note a striking difference between the
N=1 and the N>l elementary two merons that may answer the
question in the negative: the N=1 two meron has a hLigher
symmetry, it is 0(4) symmetric while for N>1 it is not. )

[/ Remember that we consider only such two merons when one of them

is shifted to infinity/. To see we note that using the recent
results for constructing gauge fields with given symmetry
properties (9) one can show thaf the most general 0(4) symmetric

ansatz for an SU(N-&I) gauge theory has the form:

W, $(@)2, < e dy 62>

where {= (1’»{')‘"-()(,{’)“2' and -Z,w are some representations
of the O(4) generators constructed from matrices of the Lie
algebra of SU(N+1): z iy ['T;)Tsl z,“, T,
where Ti. (ve 4).";') form an 80(3)/su(2)/ subgroup of SU(N+1) .
(32) implies in our ansatz that X =Y for all m. Therefore
the field equations reduce to (24) that really allows the 0(4)
symmetric two meron solution Xs € . /The 0(4) symmetry can

be made manifest by a gauge transformation/.
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However, as we mentioned earlier in this case we have \3\ %_h;

wma \,--N therefore only for N=1 is this an elementary two meron.

Let us finally mention the possible physical application of
the su(N+1) /su(4) and su(5)/ merons in the mechanisms ‘1727
suggested so far to explain the confinement of quarks. According
to the first(lj in a non-abelian gauge theory of quarks and
gluons the contribution of instantons to the functional integral
determines the vacuum structure of the theory while the
contribution of merons gives rise to the confinement of quarks
via the dissociation of instantons into merons. The critical
value of the coupling constant where this dissociation - and
the transition to confinement phase - begins depends crucially
on the value of the coupling in the two meron interactinan. If
we apply this picture to an SU (N+1) theory then the existence
of non-reducible two merons with different couplings may signal
the existence of several such phase transition points.
/Provided the assumptions of the model are valid even after the

first phase transition./

In the alternative mechanism - that assumes no meron pair
dissociation (2) = the meron pairs at high density behave like a
dense fluid thus changing the exponent of Wilson loop from
perimeter to area behaviour (2) . Perhaps the best wcy to clarify
the role of non-reducible SU LN+1) merons in this scheme would

be to obtain 0(2) symmetric ones. For 0(2) symmetric merons in

. 80 (2) it was shown that they have 1/2 topological charge

concentrated in points in a plane 1s) . It needs further
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By, Y8

£ ra it

" clarification whether the generalization of this for SU<h+;)

holds or not.
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: Figure Captions
Fig. 1. The functions describing SU(4) two meron with \5‘ . ‘3_ )",‘;?‘:0
a 2
Fig. 2. The functions describing SU(4) two meron with Q'?'Q ) P72
Fig. 3. The functions describing SU(5) two meron with ?“.1) g @.‘}.0
Fig. 4. The functions describing SU(_S_) two meron with \‘;' (55 .r\#.o) \‘5l=3 gl
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