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The nontrivial topological structures1 of the monopoles have been much 

stvdied in the gauge field theory. No regular monopole solutions exist 

for the Abelian gauge &L-OUP. However for non-Abelian W(2) gauge group, 

Uu ani Yang have explicitly found regul& monopole solutions except the 

singularity at the origin< rhe reuining singularity at the origin was 

rmoval by 't Booft to give regular solutions mazywhere with finite mass 

for the monopole? Lmopoles in the minimal gzand unified gauge group SU(5) 

get wide attention due to the cosmological i@icationsif :o suqzsss the 

prcduction rate of monopoles. Cuth and l'ye? Langacker and :i?m'e intrcduced 

s+vsral different scenarios. In these cFrcumtances, it would be very 

interesting to find a co@ete set of monopole solution far the graxd mifigi 

SmU?~ m51. :lil:;inaon? 3als and Jeldonf ililkin~on and atis? Zrandt and 

Neri~"!k~inbarg~%aniel. lazarides .a& Sb&i)okos and Todhave studied, 

mcmoples in the non-Abe1ian gauge group. 

Ld4haa obtainad dJ the m!mopo1e solutiona for ths N(3) gauge group 

by exminingthetopclogical structura. instead ofusingthe usual methods 

of solving the equations of motion . The ragnetic symwtxy. &a a set OB 

sel.f-conaistantKillingvector fields. playsa crucial role in findings 

complete set CL mncpole solutiona. itecently, we have obtained a complete 

15 set of mmopola solutions in SU(4) gauge @sup. Cho and we have used *he 

generator in adjoi.ntmpresmtatioos.and the calculatiom become quite 

complicated for large SU(ii) group. In this ps*er.we have usd 5X5tarsarre- 

prrssntation of SU(5) instead of the .%-dinersional representation for the 

Killing vectors. These tenor rqresentatime.comiderably expedite the 

computationa. 



The m~pole solutions am classified by the homotopy ,"p%i the 

non-trivial homotopy mupa for SU(5) are 

ll2[SU(5) / U(1) x U(1) x U(1) x U(l)] 

= n#l(l) x U(1) x U(1) x U(l)] = 2 x 2 x 2 x z , 

i2cif.J(5) / U(2) x U(l) x U(l)] 

=+(2) x U(1) x U(l)] = 2 x 2 x 3 I 

w2 = @J(5) / U(3) x W)l 

= ngJ(3) x u(l)!-'2 x 2 * 

Ir,=bJ(5)/U(4)1=2* 

(1) 

(2) 

(3) 

(4) 

wheeU(1) x U(1) x U(1) x U(l), U(2) x U(1) xU(l), U(3) x U(1) and 

U(4) am su~upa aacclatad with 5, A8, Al5 ad A24 - lika symmetry 

mspectivaly . Tbomfom the monopolsa must no" be classified by four. 

three, two, ad one integers mspectively. 

The mwgmtic cbargea mu+ satisfy the genem.lizd quantizsd.on comiition 17 

&m by 

d* (ix3 gl + *a % + $15 6~ + *24g41= l* (5) 

wham A3, k8, A15, )L24 aa-8 the Self-commUti~ generaton of the SU(5) goup. 
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To satisfy the above condition. om c.au take 

61 = s-‘h* - +&&J. (6) 

B;?=g-1&12+~“3+“~l I ~’ (7) 

% = &2/3+CF3 + +I+7 , (8) 

6j+ = &m4)n4 * (9) 

where nl, 3, 3 axI n4 a2e arbitrsrg intef.sn. 

The value of the magnetic char&es dspmLs on the topolo&=l ConfigUrationS 

which am l3xpreM.d in Eqcla. (l)-(4). 

15 'her, n4 is set to zero. ths mo~pole~~s &S raducad to the SU(4) case. 
14 Hem additionrl zeroes fury would &ve SJ(3) results. Subsequent 

z- fm f wul fl!!.auy give SW?) results. 

To fird a complete set of the mawpole solutions for mar) set of 
14 

integsn nl, 1, 3, n4,the Killing sy-n as~rupti~s intraluced by 

Cho aire lmpdrad aa 

J1ml=o. ~ty,‘O* q&y=0 CQld $%=o* (10) 

The gage potential that satisfies tbe above Killing symetzy assumption 

shoul.d be &lvenby the foUcd.ngfarm 



Bu’+l?$lq+$y+$h 
(=I 

- igCy, apll - LZI& a& - i&y. a,$ - ig&. a,$. 

where .$ , A$ . < d 4 are the components not fixed by the 

cmdition (10). 

The nsgnetic tensors ml, 5, 9, and "4 a?3 chosen to exhibit the full 

homotopy class of the mappings (l)-(3). 

These am foun-l by the @II@ taDsformation such that 

1 1 m* = u&p+. % - u**u+, "7 * U~15u~' 

ad m4 = u&!,lJ', 

(13) 

u.= OX&, &[h -J+!~+Wd&5 -3/Z&J] e”pii&l 

x -Pcy $!x& - iva, *b/2)%131 d-i ~Alol 

x -pi+ +C& - d’~~8J1 4-i +&I 

x axpE-i juk3(n1 - & -& -+4)lexP!I-i$A21 - (14) 

Hera Ai(i=l,.... 24) are the fundamsntal reprasentatlons of the SU(5) 

genenrton . Explicit formsdqetic tennors are shorn in Table I. 
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These ml, %, 9 and m4 'cep'msent the homotopic mppinss cl), (2), (3) 

aod (4) respectively. These wetic tensors in Table I are re,@ar 

except at the origin. Since '&part in the ma@etic tensors accompanies 

sin@, their derivatives are also regular except at the origin. 

The mgnstic tensors are invariant under the additional gauge tms- 

fornation by the diagonal ,q=nerat.ors, 

.i.e.. 

nil = +A33 P "'g3L:'* ) 

"2 = +A,$ = ".$A8U.+ , 

1 
"f 

= &Jt = u'~15u .t , 

and 
q+ = "$24U'= L!'i\24;~t 

with IJ' = ;i exp&.+A3 * aA8 l yA15 ~6)‘~~:; 

(15) 

(16) 

(17) 

(18) 

(19) 

for arbitrary 1, 3, y ad 6. 

?imlly the unrestricted AL, r,,, zU, ,, I" 4. 1 " '3 " : (U) arc chosen to obtain 

the desired monapole solutions as 

4: = -$+pp4) + +4c0diltin=-3agg3 * $5+n4;@sinBa,B], 
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+ @4/3w,e1, 

$ = $2/3$(2 9 + n4)8sine$e , 

4$ = 0 

with 

a = i+p(o cod + (&+yti4; j@ , 

d = -ij&.pse + (&+$I~)]@ , 

Y =$2/3)+(21~~+1++)~0~3 + 

b = (4i5/20)n4 Q, . 

(20) 

(21) 

Earlier results for Q&(20) and (21) in the %(4x SU(3) ad SU(2) can 

be easily recovered by setting "4, 5, 4 to zero subsequently. 

Since thm magnetic ililling tensors in iabls I, their derivatives and the .A1& 

$ in a. (20) a-3 smooth, the gotmtial (i2) is regular everywhere except 

at the ori&. If the @II@ potsntlnl(i2) is a~presscrd in term of ml, 

9, ", arxi m4 arrl of the pure gauge terma aa 

j = 
il iglml f +,% l gyy l g4n4)costipQ - i g-5 ‘avti’f , .22) 

the string singdarity in the first term of Zq.i22) is cancallmi by the 

seconi term. In the A gauge , the potcmtial $2; reduces to the standard 
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D- potential form with the string =insuldtY = 

+ &.4+!9 coseap Q . (23) 

But it is to ba eqha6i~ad that the patmtial (12) with the regular !?a@etic 

t-rs inlkhlf, ~andtith4.(2o)isregular waywhere ax~Vt at the 01-i&L 

ihis potential Q describes the desiti solutions 

sv = -49 + 82% l qy + epfJ 

x sine(a,ea,B- a,eap) , 

$v = +lBv - a* - Q&p. %I . 

(24) 

'The lsgDstiC C-S & 2. 2. 2 Of the solutiops can thm be dsfin=d 

as 

2 = Z.fd.+"T&l~,] = lurg-'&~~ - $I+ - &, - $1~1 , 

d- ZJ-dS+r(ryG,,v] = '*rg-'&, - $13 l $1~1 , 

(25) 

2 = ~d+"T=b+l = %-‘(2&3 + h43 t 

l'lmpotentlal (l2)with nagnstic tenmma inTable I and with 4.(u)) hIsed 

dmcx%bWaU tbe~homt.opicaJly ineqUiV-&antpointLllks Su(5) nOnapOleS. 

a 



At chin Fdnt. it is eppropriate to c onrmtvbymtakesucbalong 

ccmputaretion to find the gawa potcnti.al (22). To obtain the field t-or 

(24) for nmopole. on. would sim&' write dove F.q. (23) vlth help of the 

Beneralired qoantisation condition (5). But there is no eaq practical 

veF to find the re~uler Beuse poteatiel (U) or (22) from the slo~ular 

OKI* (23). But the new mtbod of nmgnetic tceor deecribed in this paper 

i.e quite etreiBhtfomrd to obtain the ragulrr PJW potential far the 

mooopolee. 

We ere grateful forProf. Y. ?I. Cbo'e crit%xl c-ts and 

meou.r~-t‘. Om of oe(1.C.K.) wuld like to thenk members of 

th, Permileb l7wm-y Group. ia prrtieolar. Prof. U. Berdeee, Dr. C. R. 

Zachoe. Dr. J. F. Schonfald for the helpful discussloo md also for the' 

- boepftality. We appreciete the help of U. S. 1'Yi. 8. S. Lee in 

CGupu~tiaa. Ybeee calculationa are aleo checked independently by symbolic 

c~t~tim proBre= IRl?lmP. for this pm-we tb8ekProf.A. C. Burn. 
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