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1. In recent years the study of gauge-Higgs systems has drawn
a great attention (see, e.g. refs., /1-14/). A special interest to
theories including Higgs bosons is mainly due to the problem of the
Higgs mechanism and of the continuum limit of such theories. Unlike
pure gauge theories and the ones with fermions, in gauge-Higgs sys-
tems there is no asymptotic freedom, So, if in the case, say, of a
pure gauge theory we know (or believe) that thé continuum limit ta-
kes place when Go> 0 , Where 9o is a bare gauge coupling constant,
in the case of a gauge-Higgs theory the problem concerning which set
of bare parameters in the action permits one to achieve the continuum
limit remains still open, We think that we may speak about the conti-
nuum limit of a lattice theory only in the vicinity of a critical
point. Therefore, a first step towards undestanding the continuum
1imit'is the study of phase structure of a lattice theory.

This note deals with studying phase diagrams of the SU(2)
gauge-Higgs theory, Higgs bosons being in an adjoint representa-
tion (the Georgi-Glashow 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 phase tran-
sitions observed in Monte-Carlo simulations. Here we do not consi-
der the problem of classification of phases which requires an inde-
pendent and more careful gnalysis. Our analysis is essentilly ba-
sed on calculations by the Monte-=Carlo method and with the use of
an effective potential of the Coleman-Weinberg type.

2. The model under consideration couples an adjoint Higgs mul-
tiplet to a set of SU(2) non-abelian gauge fields. The Euclidean ac-
tion is of the form:
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where P= 4/90 , Uag = ULJ y,ng Ug‘ and UL:" ={, is a gauge
field defined on the link 1_ (LJ)_(u,)uJ which originates

s A
at the site [ and ends at the site =Lt » g .

The Higgs field @ is defined at each site ( , and we are
using the 2x2 matrix representation_: & = llﬂﬂ@‘ﬁ?‘a where
(e are Pauli matrices and‘ 4{" are real numbers, The ave-
rage of any functional (]{gb)(/j is defined by

(O) = ZiﬁdUﬂé’”M (epl-5. 2.4)
where [0/596]:/7&/%7 [JU]:{‘7‘/UL 5 G/UL

is the Haar measure and Z is a normalization factor. In our
paper we calculated the averages of the following functionals:
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Under gauge transformations the fields U{,;/,‘ and 4).; are trans-

formed as follows
Up = w; U ”/u,
where W, € SUQ)

Lattice field variables are connected with continuum ones in a
standard manner
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where Q is a lattice step. Setting m’ almwd we obtain
in-the classical contimuum limit (0->0- (3 2 mcawt — fixed) from

(2.1 )-(2,3) the following
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Hence it follows that ath—O the average <[]> equals zero for
all A and m? and is an odd function of ﬁ- , while yhe
order parameters {($'P> and (L) are even functions of § .
When mM*— 60 or Q1 -» 0O the Higgs-field fluctuations die out,
and we should come to a pure .gauge theory. The limit of forzen
radial mode is, obviluely, establlshed when A oo and Y“%ﬁb}
is fixed.
3. The numerical study of the model (2.1)-(2.3) was made by
the Monte-Carlo method., All our numerical experiments have been
performed on 4 and 6" lattices with periodic boundary con-
ditions, According to our calculations the results on the 4% tat-
tice do not in practice differ from those on the 6% lattice, In
our calculations we used the Metropolis algorithm. The procedure
of construction of the phase diagram is fully analogous to that
described for instance in /4,10,11/.
Fig.1 presents our main result: the phase diagram of the model,
Solld curves represent first-order phase transitions for different
A . These firgt-order phase-transitions are observed for all
the three order parameters: ¢4-11> , (R%> and <kf> ., In
Figs. 2 a,b,c as an illustration, hysteresis loops are shown for
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Phagse diagram in three-parameter space, calculated by the
Monte-Carlo method., The solid line represents the phase tran-
sitions of the first order; the dashed lines denote the region
where the type of phase transition is not clearly established;
the vertical dash-dotted lines represent the "crossovers";

the line marks region where the phase tran-
gition of the first order disappears.
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Fig., 2. Thermal cycles at A =0.1 and various P .
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the order parameter (,Z> at }, =0 and three values of

: ﬁ = 0; 2; 4., Simulations from different types of initial
configurations (starts) show that in the region of hysteresis a
jump of the order parameter occurs,

It is to be noted that with growing ﬁ the hysteresis curve
gets narrowing up to some large enough values of P where it
vanishes at all (dashed lines in Fig.,1 ). From the behaviour of the
order parameter in this case we cannot yet conclude whether in that
region the phase trangition is of first or second order or whether it
does exist at all, It is interesting that with increasing A the
picture of phase transitions abruptly changes: from the line of '
first-order phase transitions a segment "drops out" in the interval
of 4 values between 0 and 1. (In Fig, 1 this is shown by a
e ——  line for\ = 0.3). This occurs at A = 0.22,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-
mal cycles at X = 0.3 and F = 0; 2; 4 illustrating this behavio-
ur, :

The vertical dash-dotted lines in Fig. 1 have beén calculated
with the use of the order parameter «{ -[J>» 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
Monte-Carlo method, At @ =0 an explicit integration can be made
over "angular" variables, and as a result, we obtain (like we have
proceeded in ref. /4,10,11/) for the effective potential in the le-
ading approximation the following expression:

Vg = (8+ M) R + 4 AR - 4&4(/8}1.(251)/2?3 — R

(4.1)

The last term in (4,1) comes from the integration measure d5¢’ .
In Fig. 4 a characteristic form of K4{ is shown for various va-
lues of the scalar-self-interaction constant A at such Yn:(?)
at which values of the effective potential at minima coincide. At
ﬂ.<~21410.22 the effective potential has two local minima. At some
value of TWE=TWE the . values at these minima get equal,
and consequently, a first-order transition occurs. With increasing

;L the height of the barrier between minima lowers; at A=2e
both the minima coincide, and the "well" bottom becomes flat; at

A ;»;lc * the effective potential has a single minimum for all
values of mt , and there is no first-order phase transition,
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Fig. 3. Thermal cycles at ,q =0.3 and varius /25 .
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Fig., 4. Behaviour of the effective potential
as a function of FZ at 75
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In conclusion, we would like to thank V.A.Matveev, V,A,Mescher-
yakov, A.N,Sissakian, D,V,Shirkov for constant interest in the work
and useful discussions,
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