
r
1\ 

10 KOrr. 

I
11 

1I, 
\1,1 

'/' 

,I 
li 

, 
'\1 

} 

V.K.Mitrjushkin, 

ofila8AMH8HHbll 
IHCTITYT 
RA8pHblX 

MCCI8~OBaHMI 

AYfiH8 

E2-86-376 

A.M.Zadorozh,ny 

"

I 
'I 
11 

PHASE STRUCTURE 

OF THE SO(3) GEORGI-GI.ASHOW MODEI. 

.ill 

Submitted to "Physics Letters BI 1 

nOAnMcaHO B ne4aTb 17.06.86. 
~opMaT 60x90/16. O~ceTHaR ne4aTb. Y4.-H3A.nHCTOB 0,69. 

THpa. 510. 3aKa3 37834. 
H3AaTenbcKHH oTAen 06~eAHHeHHoro ~HcTHTyTa AAepH~X HccneAbBaHHH. 

Ay6Ha HoCKOBCKOH 06naCTH. 

PeÁaKTOp 3. B.I.fBaIlIKeBliq. MaKeT P.,U.<l>OMHHOi1. 

1 
~ 1986 

/11-6 

I 

:/, 
li 



"

.i 

:1.;·, 

"I 

1. In recent years the study Df gauge-Higgs systems has drawn 
a great attentiQn (see, e~g. refs. /1-14/). A ap~cial interest to 
theDries including Higgs bDsDna is mainl~ due to the prDblem Df the 
Higga mechaniam and of the continuum limit Df such theories. Unlike 
pure gauge theories and the ones with fermions, in gauge-Higgs sys
tems tbere is no asymptotic freedom. So, if in the case, say, of a 
pure gauge theory we know (or believe) that the continuum limit ta
kes place when ~o~ O ,where go is a bare gauge coupling constant, 
in the case of a gauge-Higgs theory the problem cDncerning which set 
of bare parametera in the action permits one to achieve the cDntinuum 
limit remains atill open. We think that we may speak about the conti
nuum limit of a lattice theory only in the vicinity of a criticaI 
point., Therefore, a first atep towards undestandi~g the continuum 
limit is the study of phase structure of a lattice theory. 

This note deals with studying phase ~iagrams of the SU(2) 
gauge-Higgs theory, Higgs bosons being in an adjoint representa
tion' (the Georgi-Glashcw model). Qualitatively, this problem has 
been discussed in refs. /12-14/. The aim of this note is to estab
lish an exact quantitative pattern and the nature of ph88e tran
sitiona obaerved in Monte-Carlo simulations. Here we do not consi
der the problem o~ classification of phases which requires an inde
pendent and more careful analysis. Our analysis is essentilly ba
sed on calculations by theMonte-Carlo method and with the use of 
an effective potential of thé Coleman-Weinberg type. 

2. The mod.el under consideration couples an adjoint Higgs mul
tiplet to a set of SU(2) non-abelian gauge fields. The Euclidean ac
tiDn is of the form- . 

s::: ~LS + L'SL
J O a L (2.1 ) 
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where p= 4/~o , Uo = U~j Uj~Vr..e Ut~ and U.:J =- UL ia a gauge 
field defined on the link L:=: U.J) =. (L,;~) whicb originates 

at the site L and ends at the s.ite j = í +-} , I' = i,,, 14 
The Higgs field ~t i8 defined at eacp site í , and we are 
uaing the 2x2 matrix representation: 4:>1:- =i, ±6d-4>?, where 

. ot::d. 
Õ~ are Pauli matrices and, cP(...... are real numbe ra., The ave

rage of any functional O{ep;'U} is defined by 

(u> =: -:tjldUlIJ3<f>] OMCf[-5j (2.4) 

where [d~cP] -:: (ld'1i; [dUl == /7clUt dfJL 
I L 

is the Haar measure and ~ is a normalization factQr. In our 
paper we calculated the averages of the following functionals: 

{- O =f - 0 Ti: UO R. \~ 'Tzf(P; PJ 

L == h (4); U,Jf rpi+} ~:f) . 
(2.5) 

Under gauge transformations the fields U~;f and cPiare trans

formed as follows 

U).I
t I{ 

-> 
-I

co, 4~'t Cf1;.i ' 
cPi, .----;,. Wi ckw; 

where uJl. E. SU(2j . 

Lattice field variables are conn€cted with continuum ones in a 
standard manner 

Ui;t :::. eq;p{iga.fi/Q(i' ihf»)] 
A-..J. A..,ci. .
'-f/;, = a 'r (o Z) : a rv l), 

2 2. '2. 
where Q ia a lattice step. Setting m;Q ~~ we obtain 
in ·the classical continuum -Lí mí.t (n ~ O ~ ~ lÁ, m~t - fixed) from 
(2.1 )-(2.) the following 

2 

~2 I~ ,)2(
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where
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It may eaaily be verified that the quantity $ -f~ i 
is invariant under the transformations 

f ~ -f
 
U i ~U VI i1'{
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Uh .... Yl~') 2 ~ (- ir UYl 1. " nl<~ 2 

Uni ,.. VI.,·,3 ----> (-1)r»n.," n,,'r3 
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Hence it. follows that at f3 =0 the average <O) -equa La zero for 
a Ll, ). and 1YI '2. and is an odd function of f ' while .the 
order parameters <4/4» and <1> are even functions of (> 
When 1)7'2..-,> <X> or ;L ~ 00 the Higgs-field fluctuations dia out, 
and we should come to a' pure .gauge theory. The limit of forzen 
radial mode is, obvilusly, es t a bLí.ahed when ). --'> C70 and 'r'!'l//.t) 
is fixed. 

3•.The numerical etudy of the model 32.1 )-(2.3) was made by 
the Monte-Carlo method. AlI our numerical experimenta have been 

pe rf'o rmed on L/, and 6 4 lattices wi'th periodic boundary con
ditions. According to our calculatio~s the results on the 44 lat 
tics do not in practice differ from those on the 6· lattice. In 
our calcula tions we uaed ·the Metropolis algori t hm , The procedure 
Df conetruction of the phase diagram i8 fully analogou8 to that 
described for inatance in /4,10,11/. 

Fig.' presents OU! main result: the phase diagram of the modelo 
Solid curves represent first-order phase tranaitione for different 

)l • These firet-order phase-transitions are observed for alI 
the three order parameters.: <:1- IJ> , <.R~ and <1> . In 
Figs. 2 a,b,c as an illustration, hysteresis loops are shown for 
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the order paramet er (1) at ).. 
~ : f3 ::: o; 2; 4. Simul,ations from 

= O and three values of 
different types of initial 

·~1 
I :t 

--~-~ 6 

st :~~~--<I 
the region of hysieresisconfigurations '(starts) show that in 

jump of the order parameter occurs. 
It is to be noted that with' growing f the hysteresis 

a 

curve 
i gets narrowing up to some large enough values of ~ where it 
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Fig. 1.	 Phaae diagram in three-parameter apace, calculated by the 
Monte-Carlo met hod , The solid line represents the phase tran
sitions of the first order; the dashed lines denote tbe region 
where the type of phase transition is not clearly estab11shed; 
the vertical dash-dotted lines represent the "crossovers"; 
the __ •• -- line mar'ka region where the phase tran
sition of the first order d1sappears. 
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.. Fig. 2. Thermal cyc Les at t. :::0.1 and various f
 

vanishes at alI (dashed lines in Fig.1 ). From the behaviour of the 

\ order parameter in this case we cannot yet conclude whether in thatI 
I 

region the phase transition is of firat or second order or whether 1tI,1 does exist at alI. It is interesting that with increasing ) the , 
picture	 of phase transitions abruptly changes: from the line of 
first-order phase transitions a segment "drops out" in the interval 
of /D vaiues between O and 1• (In Fig. 1this is shown by a 

'_., -- line for ~ ::: 0.3). This occurs at }..::::. O~ 22) the 
value being in good agreement with that found by the effective poten
tial method (see below). In Fig. 3 results are presented for the ther
m~l cycles at ~ ::: 0.3 and p = O; 2; 4 illustrating this behavio
ur, 

The vertical d~sh-dotted lines in Fig. 1 have been calculated 
wi th the use' of the order parameter <.1. - O> and they correspond, 
obviously, to the crossover. 

4. The effective-potential method for investigating phase 
transitions turns out to be a useful supplement to the numerical 
Morrt a-Ca r-Lo met hod , At (1 =0 an explicit integration can be made 
Dver "angular" variables, and as a result, we obtain (like we have 
proceeded in ref. /4,10,11/) for the effecti~e potential in tbe le
ading approximation the following expression: 

V-u ~ (8+ m')R'+ 4),R" - 4tn (4sh (2R')jiiP) - tJ,;;:2 . 

(4.1 ) 
The last term in (4.1) comes from the integration meaeure d~~ 

In Fig. 4 a cbaracteristic form of V~ is shown for various va
lues of the scalar-self-interaction constant J at such rn~~(J) 

at which values of the effective potential at minima coincide. At 

li 
Â Z..Lcr::::::. O. 22 the effective potential has two local mí.ní.ma , At some 

value of 'YYJ1.-:::; 1YJ~ the V4f- values at these minima get 'equal, 
and consequently, a first-order transition occurs. With increaaing 

J- the height of the barrier between minima lowers; at .1 =-)..~ 
both the minima coincide, and the "well" bottom becomes flat; at 

--1 ,>;L(' the effective potential has a single minimum for a Ll, 

values of m2. , and there is no first-order phase transition. 
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'!j ~' 
Fig. 4. Behaviour ~ the effective potentia1

~2I	 as a function of R at r =0. Curves 1 + 3\/3 . correspond to growing va1ues of ;l1 '_ ~'l...	 is equa1 to ~;~)
0.5 1 1.5 R 
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The Monte - Carlo method is applied to study the phase 
structure of the SU(2)-gauge-Higgs model in the adjoint 
representation (S0(3) Georgi - Glashow model). Phase diag
rams are constructed at various values of the scalar self
interaction constant. 
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