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The quant1zed vacuum ofnon-abelian gauge theories ia well-known 
to have a aomplicated stru~tur~,wh1ch cannot be ~eaovered by pertur­
bat10n theory. In spite,of the progress in understanding nonperturba­
tive phenomena in QCD, like ohiral symmetry breaking, the solution of 
the UA(1) -problem or the deaonfinement phase transition, we have not 
yet arrived at a alear pattern of the typiaal vacuum fluctuations. At 
preeent, there are several competing schemes describing the vacuuma 
inotanton gas models/1/ , the Copenhagen vaauum/2/ , the chromomagne­
tio 8uperconductor model/)/ , and others. 

The lattice discretization of gauge theories provides us with a 
model-1n~ependent way of studying the relevant vacuum fields. That 
inetantons as well as monopoles play an important role in the pure 
Yang-Mills vacuum has been realized very reaently by "aooling down" 
Monte-Carlo generated equilibrium fields/4/ • But the immediate inves­
tigation of the equilibrium configurations with respect to their (elec­
tro ) magnetio stru~ture yields valuable 1nformation, as w8ll. Th1s 
has been shown for the Georgi - Glashow model/5/ and for pure Yang ­
Mills theories/6/ , respectively. 

With1n th1s letter we study the influenoe of electromágnetic 
fluctuations of the phase structure of the 4D- Georgi - Glashow model 
on-the lattice/5,7,8/ • To a certain extent we follow the reasoning 
given in Ref15/ • In more detail weo are- going to characterize the 
fluatuations by investigating correlations between different compo­
nents of the electromagnetic fieLd tensor. Moreover, we want to sse 
whether monopole-like ~bjects can really be substantiated in diffe­
rent phases. 
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The (Buclidean) action of the Georgi - Glashow model on the lat ­
tice can be defined as 

Gf)1>tihii~tiH1I:lA tHCnrryr l 

ma(~~U~X scc.'H~AOnaU61 I 
~"1SJ1f' ~ TEK A 



S== I 6n • tL. ({ -~ tJru"f ll ) -r ~tn(<P:<Ph -<k,u"'~.t uj.)-t. 
n h,f>V (2.1 ) 

+ ).z: (m(<tl:4>~)- 2 f') '2., 

h-'lo.., 
where 4>.,:. i.cV",O" denotes the Higgs f1eld (in the adjoint represen­
tat1on) at latt1ce s1te n ; Unj4 é SU('2) and U"rV =U~JlU ..i})lItLi/,U:aI 
are the 11nk and plaquette var1ables, respect1vely. Addi­
t10nally to the (bare) couplinga fi::: "19''1.:- ,íL and f L 
let us introduce m'J.=-81f2. taken to be negat1ve. 'le study a finite 
b~ latt1ce with per1od1c boundary oondit1ons. The model is quant1zed 

by funct10nal 1ntegrat1on, 1.e. 

(Q) : i-i )ni 4Z. n{JUty'} fi eo;p{- S} ; (2.2) 

Y\ t1f ult'ih (tI> =: i 
[dUM! 1 represent1ng the Haar meaaure of SU(2) • The phase struo­
ture w.r. to the bare couplings has been studied by measur1ng the or­

der ~arameters (I:tc UM v> ,'<R'1>= i <b(4):<R) and 
<bc<tl Ury-teprlf U:) /5, r. P1g. 1 presente the phe.se diagram at f1xed 

) • O.2/8~ • The sol1d l1ne corresponds to'a trans1t1on of the 
f1rst order establ1shed by a hystereais behav10ur of the order para­

18/ . 
meters. 

..At suffic1ently large values of f> the jump becomes st1ll 
lower until it 1s comparable with the stat1st1cal errors. In th1s 
case we cannot state of ,wh1ch order (oecond or higher) a transition 
takes place (if any). The "horizontal" dashed l1nes :$.n Fig.1 '. Corres­
pond to th1s case. The order of the other transit10ns ("vertical" 
l1nes) has not been exactly determined, so far. Thus, we have four 
phases denoted by A,B,C ·and D • Phases C and Dare characte­
r1zed by fluctuations of the Higgs f1eld modulus R-= (ihc4>t4» )'/2­
ar.und <'R) "" f f 1.e. near the min1munÍ of the class10al Higgs poten­
t181. On the contrary, in phases A and B, ( R) 1s definitely smal­
ler than f but yet different from zero due to the measure p"'ldR 11'
in (2.2). JIoreo~er. phaseC shows so-called spontaneous symmetry break­ q. 
ing/9/ • Therefore, we call i t H1ggs p~se. The transit10n C -+ D 
"restores" th~ symmetry.

" 
In: the tollowing we are go1ng to 1nvest1gate the phase structure 

with respect to the behaviour of magnet1c and electrio fluxes r8l~ted 

2. 

~. 

to that oomponent of the non-Abelian gauge field which is assoc1ated 
with the U{~) group of rotatlons around $>:. We define the elect­
romagnet10 field tensor on the lattice by (4):-.::: tt.t.1t 4t1 ) 

i [1'\ I .J. IJ -t"-I­
~v (~) :: ãifj. tr. (<t>t1 U~II) - 2: L-"l~" u.reP.,tt Uh!, UhV cI>~TV Uh\! )] , 

(2.3) 

W1th1n tho nn1vo cont1nuum l1mit (lattice spac1ng a~ O) th1s gauge 
invar1ant expression corresponds to the defin1t1on or1g1nally 1ntro­
duoed by't HoPft/10/, (seete.g./11/ ). Thus it should be the mostly 
su1table def1n1t1on for deteoting monopole-l1ke fluctuations of the 
't Hooft - Polyakov type on the latt1ce. Us1ng expression (2.3) we 
define the magnotic and the electr1c fluxes out of an elementary 3D 
oube at s1te h t respect1velYt by 

H~ (h)~-% )'d5; E'J'K 1]1<. =~ 02 tF2lh}t~ill+1)+F.~(rl)- F.?(tl~2) - fi'1(n) -t F.'1 (~t~)J 

Z( (2.4) 

E/t1)= ~ )c1S, ~Af :: 9(\'1 [F.'f(~) - FJJ4(t1+ f) + ~Ij(n) -~(t1+2) +~/t1)- ~ (n"'~)j . 
~( 

W1th1n the continuum the magnetic flux M becomes quant1z~d by homo­
topy arguments H-J> "'iN 1 N-= O,± L;±'2, p'~' if th. .c;Losed sur­
face ~ completely l1es in regions t where the (energy) dens1ty 6 
~f:. (2.1» vanishes (1.e. classioal Higgs vacuum). On the lattice 
there 1s no quantizat10n for the def1nit1on Me given above , 
In the follow1ng we sball measure distr1but1ons for detecting r1e ­

and Ec. -values as well as· simply for valuea of the flux 
Ml]::.g.at~", through elementary plaquettes. The latter, of course, 

does not depend on the (space-l1ke or time-l1ke) orientat1on of the 
plaquettes cons1dered. Let us denote the distributions by Pc (Me) , 

Pc(~~ and Pa&1a) , respectively. In order to see 1ndicat1ons of 
the ex1stence of monopole-l1ke fluctuations we will measure s1multa­
neousiy the energy (act1on) of 3D cubes 6~ ánd the Higgs f1eld 
modulus R~ 

The Monte - Carlo s1mulat1ons with respect to the distr1but10n 
de~1ned in (2.2) have been carr1ed out by employ1ng the standard Met­
ropol1s alg?r1thm. 

)' 

Firat, let us study the plaquette-flux distribution PI) (Ma) 
for po1nts (.~::l42, m;f&) (of.J1ig. 2). The numerical results for the 
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I F i g. 1. Phase diagram of the Georgi ­
IN~t 
I Glashow model at ~ = 0.2. 
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phases Â,B and C look similar (B and C are not included in Fig.2) 

and produce maxima at zero flux M • They can nicely be fitt.ed byrJ 
simple Gaussian distributiona.On the contrary, phase D is singled 

out by the appee.ra.nce of a maximum at a nonzero ~lue of IMol • This 
. ";1	 effect can be underatood as a strong coupling one. In order to see 

this, we apply the effective potential method at ~ = O /8,13( • 
In this limit the integrationa w.r. to the gauge field degrees of 
freedom as well as for the "angular" variablea of the Higgs field can 
analytically bL done. Then, one finds the effective potentia1 of. the 
Coleman-Weinberg type as a fUnction of R /8/ 

VPPt' (iO : (9t trJ1.) ~~+ t~ R.I,- ~ k 4l,('l~~) - ~ "R,'2.. (3.1 )
IT	 '2.~'Z.' 

fP
where the last term is due to the integration meaaure ti ~ .. In 

Fig.3 tho oharaoteristic behavtour of Veff at sutficiently small 
O ~ 0.22) io shown for different values m2. (for definiteness À. • 

0.1 1s ohosen).The ooourrenc8 of a second minimum of Veif with grow­
ing Im'2.1 ind.1cates the first-order phase transition at m'1.-= l11~ c, 

~-21.'5" from phaae A to D. Let us fix now values ')1)1. in both the 
phaaas , but suffic1ently far from 'Yll~ ,such that the corresponding 
single minima of Vef.t determine. the average values <R). Then, the 
plaquette-flux distribution can be approximated by 

Pr (Ma) ,... (nJUt e«:f(R1.z:. fA(6iUe(f~U:)) y. 

a )l~nl)"'''' b;(]~yw	 (3.2) 

" S(H!,-iJc{i~U.r +~03U'r~U;L{Au..:n, 

where Day.v denotes a defin1.te .plaquette at (arbitrarily chosen) 

ti • t_' IJ • ~um.erically we find the behaviour as shown in Fig .4 
for Jt:::: t and R= 3. ,reapectively, which explains our findings 
in Fig.2 qualitatively. 

It is interesting to diSCU8S now the distributions Pc. (Me) c:uuJ 
H:. (E,,) • The Monto - Carlo data tor them are presented in Figa. 5 
a.::-d for the phaaes A..:;- D • For comparison, we calculate the cu­

be-tlux distribution by folding the single plaquette-flux distribu-. 
tions under the assumption that the fluxes through neighbour plaquet­
·tas are completely unoorrelated, 
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whera fluxes in the argument of the b -function are aummed takingll'l into account their orientation. We find Pc. (Me)-= Pc(Ee):. ~unJt (Me) 

in phase A. (cf. Fig.5a), wh10h means that this phase is db­,dI 
minated by uncorrelated random noise. On the contrary, the other phas­
es show up correlations which become very strong in the Higgs phase 
C. 

The comparison of :Figs. 5a-d makes clear that the magnetic flux 
out of cubes is well suited to disti~th between the phases in con­
trast with the electric flux, the distributionsfor which do not dif ­
fer very much. Phase C is charaoterized (in contrast to other three 
phases) by a very strong suppression of a large magnetic flux (see 
also/5/ ) compared with the electric one. It is due to an average 
cancellation between magnetic fluxes through, nearest-neigbour pla­
quetts at common lattice sites and with common links. In this sence, 
a strong .discrepanoy between Pc. (Me) and Pu,.,~ (Me) is highly signi­
ficant. This effeot is demonstrated by ligo 6 showing the average 
magnetic flux through the neighbour p~aquettes as a tunction of the 
flux through a given plaquette. 

One ia now tempted to ask whether large magnetic fluxea are real­
ly connected with monopole-like configurations. In order to answer 
this question we have studied the correlations between magnetio flux 
Me and the Higgs field modulus R at given elementary eubea, In 

Pig.1 the .average energy of the Higga field ia plotted as a fUnotion 
of the magnetio flux M{. ••i th increasing Mt deviations of the 
average Higga field towarda lower values is aeen in phasea C and 
B • Let us remind here that classical monopoles of the 't Hooft and 
Polya.kov type are accompanied by zeros of the Higgs field at their 
centres. Therefore, it is natural that with increasing flux the va­
lue of<'R)decreases. At the aame time, large values of Me.. (which 
are comparable ri th 411" ) may be produced only by point-like monopo­

11 

~ las (more exactly, monopoles of very amall sizes). Consequently, with 
.further increasing M~ the value of (1\) should also increase. 
Just th1s dependence ia o~served in pba.ses C and B. In phase C 
a strong suppression ot: magnetic fluxes out of the cubes in the pre­

't	 sence of large plaquette-flux fluctuatiQns allows one to assume that 
in th1s phas8 a noticaable rola is played by monopole-antimonopole 
pairs (dipoles) of amall sizes. In phases A andD (at least for 

6	 7 



r
 

À 

.D l "O'L n.~ 
Ó Ó. L t;. A t:. 11'.1


C
 
l>I n ÂÂ.AA.:tit~~~o 
2: r	 'C' 
o +tti1+++++-t-++ Â 1.61 

'6 o	 ... " " " • I • 
" 

• : o o A .& i ,D" 0.91 
o ~ I	 'A

0.2 o ~ ~ c} 9 v 0000000000000099 

.B" 
• 081 "B"'t ~ c· 

+ " 0.7o • o • ~ 
o . ~	 •• +'l'11 2Cfl Mo	 e o 

0.6	 1- _------lLP i g.	 6. Plaquette­
<il 2Yl Mc 

F i g. 7. Dependence of the average 
flux correla­

tions at different phaa-
Higga field on the magnetic cube-flux. es. 

13

Z1+ "'I-" + fi.ti'~)'t\ a	 lId)\
b 

L. ~ 
/\ , ~ 

I	 u + ~ w 
yI " I I • • ~ 2 

9j:!'Illllt 1 ! l	 • o 
12 ~	 ot 1i o

•
+ 

~ 

1	 I d,o" 
,+++'+ "e"

• , , t 
I I .-:-.- ­r.	 1 1 
'ii 2Cj[ flux •	 1} ~ q 

o o o 
8. Dependence of theP i s­

• o o	 o o o of'	 
o 

average energy per o o o o 
9 •,cuba on magnetic(black- circlea) ..
 

and electric (wh1te circlea) L­ I 

(jT 21f[ flux---
Iluxes. 

8 

I 

f	 the values of parameters we have choâen) the Higgs field is practi ­
cally indàpendent of the magnetic flux. 

:1 The depende~ce of average energy in an elementary cube on the 
magnetic flux in four different phaaes is represented in Pig. 8. 

~ 

1) 

1I 
I, 4
 

li We draw the following conclusions. The four phaaea of the Geor­

~ ~ gi-Glashow model observed in the given range of coupling/~I can be 
~ . well characterized by the behavior of magnetic flux out of 30 cube 

as well as by the behavior of magnetic flux through plaquette. The 
vacuum in the Higgs phase C may be aasumed to be a "medium" of mag­

t. 
netic dipoles of amall sizes. At the transition to phaae D xhis di­

.; pole structure is destroyed and the symme,try ia "reatored lt It may be • 

assumed	 that in phase D a vacuum state analogous to that discussed
11 

~ 

in ref.	 2 is realised. 
"IL In phaae A vacuum configurations have the nature of a random:! 
"	 Gauasian noise. In the transition from A to B. vacuum configura­


tions bear out some monopole-antimonopole structure.
 

Further t~oUgh study is required in order to understand more 
clearly vacuum in different phases of this model and the types of 
phase transitions between different phases. At preaent, these prob­
iems are under investigation. 

In'conclusion, we would like to exp~ess our gratitude to Heshche­'II~	 ryakov V.A. and Sissakian A.N. for useful discussions and interest 
I in the work. One of us (M.K.-P) would like to express bis gratitude 

to the Directorates and colleagues of the Laboratory of Computing 
Techn1que and Automation and of the Laboratory of Theoretical Physics

'/ for kind hospitality extended to hãm, He warml.y acknowledges very use­
tu! discussions with G.Schierholz and M.Lftscher at DlSY• 

Note added in proof. 

Mter having fin1shed th1s work 'we heard about similar iuvesti ­
gations by M.Laursen, G.Sch1erholz and U.Wie8e. We are indebted to 
them for informing us prior to publication. 
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MHTpmmKHH B.K., Mmnnep-llpoHcKep M., 
3a,o;opmmb!H A.M. 
MarHHTHhle ~YKTYa~HH H CTPYKTypa BaKYYMa 
B MOAenu ~op~u-rn9moy Ha pemeTKe 

E2-87-555 

B pa6oTe HCCneAyeTCH CBH9h Me~y 9neKTpOMarHHTHbMH 
~nyKTya~HMH H ~a90BOH CTPYKTYPOH 80(3)-cHMMeTpuqHOH 
MOAenH ~op~u-rn9moy Ha pemeTKe, HMem~eH (no KpaHHeH Me­
pe npH AOCTaToqHO ManhlX 9HaqeHHHX KOHCTaHThl CKanHpHOrO 
caMOAeHCTBHH) qeTMPe ~a9M. MeTOAOM MoHTe-Kapno B~ncnHnHCh 
pacnpeAeneHHH 9neKTpuqecKHX H MarHHTHhlX llOTOKOB, a TaKEe 
pagnuqHbJe KOppenHTOpM. 

Pa6oTa BhlnOnHeHa B na6opaTOpHH TeopeTH~eCKOH ~H9HKH 
OIDIH. 
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Mitrjushkin V.K., Muller-Preussker M., E2-87-555 
Zadorozhny A.M. 
Magnetic Fluctuations in the Quantized Vacuum 
of the Georgi-Glashow Model on the Lattice 

We study the influence of (electro)magnetic fluctua­
tions on the phase structure of the 4D-Georgi-Glashow mo­
del on the lattice. The distributions of (electro)magnetic 
fluxes and different correlations were measured using 
the Monte-Carlo method. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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