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I. I NTRODUCTION 

The present pape r is devoted to the investigation of the 
SU(~ gauge-Bi ggs model phase structure. The Higgs f ields are 
transformed over the f undamental group representation. and the 
radial mode of t he Higgs field is active. 

In r ecent years many papers have been ai~d a t stud!'ing the 
gauge-Hi ggs theories (see. for instance 1-6 · ). In mos t of t he 
papers the r adi a l f luctuations of the Higgs field ~ l were neg
lected. i. e •• it was assumed that I~ 1 I .. const. The r efusal of 
this strongly simplifying assumption changes completely the 
phase picture of the theory . As we know. the first inves tigati 
ons of the phase diagrams taking into account radial fluctuations 
have been made in papers .'2 .1 for t he Z 2 -symmetric theory. The 
active radial mode has been also used in papers ' 8-6,' for the 
models wi th symnetry groups ZN' U(l). SU(2). 8U(3). 

In the pr esent paper we investigate the nature of phase tran
sitions by the Monte-Carlo method as well as by approximate cal 
culation~ using an effective potentia l o f the Coleman-Weinber g 
type. A special attention has been paid to t he end points of 
phase diagrams. 

The paper is organized as follows: The second section is devo
ted to the formulation of the model; in the third s ection t he 
effective potential of the Coleman-Weinberg-type is construc
ted and used to analyse the type of phase trans itions by one 0 

the order parameters and the dependence of the points of phase 
transitions on the parameters of the act i on; t he fourth section 
contains the results of the Monte-Carlo ca lculations and their 
comparison with those obtained with the help of the effective 
potential. 

2. FO RMlTLATION OF THE PROBLEM 

We choose the action for a gauge f ield with t he symmetry 
group 8U(2) interac ting wi th Diggs fields in t he f undamental r e 
presentation of t he gauge group in the f orm 

S : 	(j I 80 + I8 L • ( 2 . 1) 
o 

where 

1
So = 1 - "2 Sp U0 • 	 (2.2) 

Uo " U IJ U JkUkrUfl and the I?;auge field Uij c: U L is defined on the 
link L ii (i. j) outgoing from the si te i and ending on the si te 
j. The second term in (2. J) is the s um over all links and SL 

has the form 


SL = 14 (...It <1> * <1> . +,\.(<1>*<1> ) 2 ) + (<1>~<1> . - Re<1>*U.. <1> . ). (2.3)
G I I I I I I I 1,1+Jl I+Jl 

The Higgs field <1>i is defined in each site i and <1>i i s the co
lumn 	of t wo r ows . It is convenient to r ep resent the f ield <1> i 

by a 	 pair of variables (R j • ¢i)' where R j '" V <1> j<1> j and ¢j is the 
unitary matrix 2x2: 

[1<1>(1)I -<1>.(2)*1 
¢t 

Rj 	 ' <1> (2) <1>: 1) *" ~ SU(2). 
I i 

Then 	 the action SL can be rewritten as 

1 ([1]2 2 "2 1 (¢ ¢ * ))
SL = T2Ri + ,\Ri)+(Ri-RiRi+Jl2SP iUi,jqL i+Jl' (2.4) 

Now we use the Higgs "polar" variables (R 
j

; r./> i) to determine the 
partition function 

z r II d!l(R)d¢ IldU e-S[IR j 1;Ir./>jl ; lULl] 
(2.5)i I ILL 

where dU L and de;:, i a r e th e Haar me asures on group SU(2). and th e 
radial mea sure dp(R) is chosen in the form dJl(R) _ R 3dR. In our 
paper we calculated the following order pa rame ters: 

< R2 > Z-l r II dp(R . )dc;6. II dU R2 e-S 
j 	 I I L L I 

(2 .6) 
0 / : Z- 1 r II d!l(R )dc;6. II l-S<1 - dUL Re(l-...., Sp Uo) e 

j IlL G 

If [1]2_ 00 or II '''''. the radial fluctuations of the Higgs fie l d 
be c ome ne gli gib le and \ve are left with a pure SU(2) gauge theory 
wi th a crossover in the o rder parameter < 1 -0> at f3 == 2,2. 
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3. THE EFFECTIVE POTENTIAL ~lliTHOD 

An appr oach deve l oped i n this section fo r investi ga ti ng pha
s e transiti on s by the s trong coupl i ng expan s i on f or an e ff ec tive 
potenti a l o f the Co l eman-Weinberg-type t urn s out to be a usefu l 
supp l ement t o the nume rical Honte-Carl o me thod. In sp i t e of 
a na rrow r eg i on of ap pli cability o f thi s expans i on , the effecti 
ve po t ential me thod provide s an e l egant i n t e r pretati on of t he 
spec i f i c f eatures of the behavi our of or der pa r ame t e r s obse r 
ved i n the numeri ca l mode ling , and i n parti cul ar , under s t anding 
of t he na tur e of phase t ran s ition i n the so- called end po i nt . 

Let us r epre sent t he par t iti on f unc t ion as 

Z .. r II dp (R . )Z{ R . ! . 	 (2 .7) 
. 1 	 1 

1 


\vhere 

ZIRj ! '" e -S{Rj I Er n d¢ i n dUL . e-s (2 . 8 ) 
i L 

and the ac ti on 8 i s define.d by (2 .1 ) - (2 . 3) . Nm·] He ex pand t he 
quant i ty i n powers of ~ ( s trong coupl ing expa ns i on ): 

- - - 2 
8 = 8 0!R . ! ~ ~S l {R . 1 +~ S2 !R . I + ... 


1 1 1 


\.7hose coe ff i c i ents 80 , S 1 , S 1 ' a r e r e l a t ed with Z by 
- - - --1 d - 

= l.. (8 2 _ Z'- 1 E.-=- Z)I ( 2 .9)8 0 = -lnZ I~=.,o ' 8t = -Z ~ Z I~=D • 82 
 2 1 	 df3 2 ~== O . 

and so on. 


Usi ng (2. 9) and def ini t ion ( 2.8) we get the qu ant i tie s 


2I 1(x f ). m2 2 4 	 - I

8 1 JS "" ~ [(4 + -)R + AR . J }. In , = rNo - n ___2~~ .

o i 2 1 1 , x r 1 o C'- 0 I 1 (x p) • 


12(x i ) + 	12 ~ I e (X i ) _~2 (X j )
8 2 =-i- i rI- 3 1 


o i ~ xi l 1(x i ) i < J ~ CJ x i I t (x i) x jI 1(x j - 0 

I2(X i ) 12(X) 12(xk) 12 (x P) 
- 48 1 - -_ . . --- + 192 U 1

i < j < k;':' CJ x i l l (x i) X j I ! (x j ) xk I 1(x k) f c, 0 x I (x ~ ) 


I (X )3~ (xL ) . I? ("l ) 1 	 2 i1 1 [1 - 1 11 ~- - +'2 }. L1 

2 	 0 .0' i ;':' 0 X .11 ( Xl )0 .0 '1.11 (XL ) i ~ 0 uc'/ L ~ (Xi ) 


on 0 ' = L n o'; ¢ 


I2(x j ) 
1\ 

j ":O x .
) 
11 (x 

.J 
) ( 2. 10 ) 
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whe r e In are the modified Bas s e l f unc tions, x r .= RI ~ i tll ' e", (i.;). 
NOH we appl y t o S IRII a s t anda rd proc edur e fo r obta i n ing an ef 
fective pot enti a l of t he Col eman-l.Je inbe r g-type 16,8 / . For our 
purpos e it is suffic ient t o us e onl y th e lmoJes t order ap proxi
mation fo r th e e ff ective po t ential Ve ff wh ich is de fi ned as 

-
Veft 

(R) _	 _1_ S{R . ! I _ '" I ~ k V (k) (R) . ( 2 . I 1)
N L 1 R i = R k > 0 err 

whe r e 

-2 
(0 ) - . rn 2 -2 A-4 211(R ) 3 2 


V (R) = II + - R ) + - R - In - - InR .e ff 8 4 'R2 2 


I 4 (R 2 )
(1) - 3 _ 2 )V efr (R) = 2' [1 


11 (R 2) 

( 2 . 12 ) 

18 (R2 ) ) 12 (R 2 )
V(2) (R) = 	 _ 3 {.!!.. [l _2 __ 

err 	 '2 2 36 + 

I 8cii 2 ) R 2 I (R 2 )

1 	 1 


I (R 2) 2 	 1 (R2) 

+ 36 [ 2 1 - 96 [ 

I 2(R ~) 13 + 96 [ _ _2__) 4 I 

R2 I (R2) j{2I (R 2) R2 1 (R 2)
1 	 1 
 1 


( 0 ) . 
'::he l as t te rm i n Ve rt (R) allows fo r the s truc tur e of the mea sure 
of inte gr a t io n ov er R i : d/l (R 1)=R~dRj i n ( 2 .5). In furt her ca l 
cul a t i ons we sha ll use onl y th e fir s t three t e rms of e xpans i on 
(2.11) f or Verr def ined in (2.1 2 ). Th e re gi on of appli cahility 
in ~ of an approx ima te expre s s i on fo r Ven · i s r a the r sma l l 
( I ~I < 0.3) t ha t foll ows f r om t he e s timat e of a r e l a t i ve contri 
butio n of correc ti ons ( 2 . 12) t o the expansion ( 2 .1 1) . Howeve r , 
t hi s t urns out to be suffi ci en t fo r our aims. 

Th e sh a pe of t he effec ti ve po t e nt i a l [or di ff erent v a lues 0 

~ .m2.a nd A he lps IlS t o und e r s t and t he nature of the phas e t r ansi 
ti ons wi t h t he cha nge o f t he se pa r ame te rs. Figure 1 shows the 
t ypi ca l be haviour of the e f f e c t ive po t en t i a l for different va 

2
l ue s of m and f i xed ~ and A. for sma l l vahles of 1112 th e 
eff ec t ive potentia l ha s onl y one minimum (fig. Is) . \hth increa
s ing Im2 1 (m2<O ) V eff acq ui re s a second mi n imum (see fig . lb) 
l y i ng above t he fi r st and t hen t he val ue s of Vert in both minima 
bec ome equal (fi g. Ie ) . \-l ith f ur t her i ncreas ing Im2 

1 t he value 
o f t he e ff ect i ve po t ent ial i n t he r i ght minimum be come s les s 
t ha n i n t he l e f t (f ig . l d ) a nd even t ua ll y the left minimum va 
n i shes a t a ll ( fi g . Ie ) . The l ef t rrti n imum of Verr in fi g . l b co r 
r espond s t o a s t ab l e pha s e I!hereas the 'ri gh t t o a metast abl e 
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and the situation is reversed in fig.ld). At m2 =m 2 , I.here the 
minima become equal (fig.lc), there occurs a phase \ransitio n 
of the first order. With the help of V eH on e can recover th e 
~ -dependence of m2 for not very large v a lues o f~. The depen
dence of m~ on ~ at differen t values of ,\ is shown in fig. 2. \~e 
see that the ef f ective potenti a l predicts a shi f t wi t h i n c r e a
sing'\ of the l i ne s of fase t r ansi tions to the ri ght and uph'ard. 
The circles ind i c a te that the li nes of the fir s t ord e r phase 
transitions have e nd poin t s ( a t least for not ve r y small ,\) . 
Near the end p oint m ~( '\ ) ; ~ c(,\ ) of the l i ne of the first o r d e r 
pha se trans i tions the minima of the eff ec ti ve potenti a l mov e 
neare r to each o the r and the lo ca l maximum betwee n them disa o
pea rs . Fi gure 3 exempl i fie s the b ehav i our of the e f f e cti v e p o 
ten ti a l ne a r a n c nd poin t (~= ~ c) f o r di ff ere nt v a l ue s of m = 
_m2 . At some v alues of Im2 1< I m~ l . nea r t he end point t he e £
f ecl i v e poten t i a l ha s , i n add i ti on t o t h e mi nimum at s ome rel a ti 
vely small va l ue of i 2, a l s o a n in fl e ction p oi nt to t h e ri gh t o f 
the mi nimum (see fi g . 3a ) . w:i th increasing Im 2 l the min imum a nd 
the inf l ection point a pproa c h each o the r and a t some va lue of 
m2= m ~ "coincide" (f ig. :Oc ) . \.,rith f u r t her incr~ a s ing Im 21 t he 
i nfl e c t i on point shif ts t o the l e ft of the minimum (fi g . 1d) . 
and wi t h furthe r i ncrea s;hng 1m2 I t h e mi n i mum s h if t s t o the r i ght 
toward s large values o f R2 ( fig .3e) . 

It is obv i o us that at m2 = m2 the de ri vativ e of the o r der 
c 

pa r a me t er ~<R 2> lm2)ha s a singula r ity . Indeed , le t be th e 
dm 

s ol u tion of the equ a t i o n 

d - 2 )-=- V eff (R , m ) = 0, (2 . 13
R __ 

i. e. , R c(m2 
) is t h e v a lue o f the ord e r p a rame t e r at a g i ven va 

l ue o f m2.By dif f eren ti at ing e q. ( 2. 13) wi t h r es pec t to m2 , wp 
get 

o = _d_ V 'rr [R ( m2 ) , m2 J = ~ V 
dm2 e c dm2 6 

or 

d -
-R ( 2 
dm 2 em ) 

Rc (n, 2 ) 

4V " [a (m2 ) m 2 Jrr c' , 

[R (m2 ), m2 ] ~ _d_ R (m~) V'f' f 
c dm2 c e 

Sinc e V " ~O as 01 2 _. m2 t'le ge t f r om ( 2 . 14 ) -.i.- R em 2 ) 
err c dm2 c 

(the solid line in Ei g .4). 

6 
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'~ [ v~ L~ 
l } II /1 1/ 2 R 

a b c d e 

Fig. 1. BehaviouY' of t he effec tive potential- as a functi on 
of R at fixed ,\ and ~ around the point of the phase tY'an
sition of fi Y'st oY'der. Curvet:; a-e cOY'respond t o growing 
va lues of 1m21. 

"" E, 
4 

Fig. 2. The d~~sp lacement of li
nes of t he phase transit~on8 0 

'iret ox>deY' and its end point 

L_---'-_ I • 

in the plane (f3; m2 ) wi th 
gY'Owing A (A 1 < ,\ 2 < ,\ 3< A ol < >-. 5). 
The l'esul.ts aPe obtained by ana
l ys ing the e ffecti v e potentia l 
Vert . 

-:2 

10:: 
~ 

'0-~ 

-;1 o .1 .2 ~ 

.lll~
I t 1/ 1 II 1 /1 1 II 1 2 R 

a b c d e 

Fig . 3. Dependence of the effective potential on if at 
di fferen t values of m 2 and fixed >.. and f3 = ~c • CiN! les d~
note the minimum and poi nt of inIle:J;ion of Vett . 

The singularity o f t he derivative of t he order parameter 
<R2>(m2 ) wi th respec t to m2 a t the end point a 110ws one t o as

7 
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Fig . 5 . Th€;. level l i nes o f t he 
f unction R(f3; m2) f oY' A = O~ 12 . 

Fig. 4. Behaviour of R(m2 
) at 

f3 = f3c (solid curve ) and f oY' 
f3 < f3 c (dotted cUY've ). 

6.6 

50 __ 

UG: __ ~~ 

-.2 -.1 o .1 0 .2 

sert that it is a point of the second order phase transition. 
To the left of this poil)t, i. e., at f3 < {-J , we observe a change 
of regime (crossover) without singularit[es in the behaviour 
of the derivative of the order parameter <R2 >(m2) (see the 
dashed line in fi g .4). The lines of the level of the order pa
rame ter <R2 > in the plane (m 2, f3) at A = 0,12 are shown in fig.5. 
There occurs a discontinuity, i.e., the f irst order phase 
transition, where two line s of the level almost coinride. At the 
end point (m;;f3c) the level lines diverge (in fig.s these are 
lines with the values of th e order narame ter 1,8 and 2,6), ho
wever, they are still at a relatively short distance from each 
othe r. This proximity of two different line s of the level in
dicates a sharp change of r e gime. '~e may s ay that the "1 ine" o f 
crossovers is the trail of the end point. Obviou s l y , an analogou s 
situation occurs in the phase plane <(3.{JA) in the pure SU(2) 
gauge theory with mixed action 9 . 

4. RESULTS OF THE MONTE-CARLO CALCULATIONS 

The mode-l (2.1)-(2.3) has been numericall y inve stigated by 
the Monte-Carlo me thod with the use of the Hetropolis algorithm '7 . 
4-5 updates of the field variables in each site and on each link 
o f the lattice have been optimised. To update the ~auge field va
variables which are the e l ements of the SU(2) grou] , the old \1;1 

lue of the field variable has been multiplied by a random U 
element of the group SU(~ which is close to unity. The ¢j field 
has been updated in two stages. First, an attempt was made to 
update the radial variable R j and then the angula,L variable ¢. 

• • .1
The degree of prOXImIty of a random group element U to the unIt 

8 

1 

one and the interval I\±~R of the ne\,1 value of the radial va
riable Ri have been choosen so as to provide the probability 
of updatin g -50%. The sequence of renewing of variabl e s on 
links and at sites was chosen in a random way (stochastic swe
eps). He have employed the Honte-Carlo method to calculate th e 
following order parameters <1 - 0> and <R2>, defined by (2.6). 
The behaviour of the order parame ters near the phase transition 
points has been studied by two different methods: 

i) Thermal cycles 

One of the parameters (f3 or m2 ) was be ing slm,1ly changed in 
a given interval, first in one direction and then back. At each 
point the final configur~tion from the preceding point is used 
as an initial configuration. 7-\0 iterations \,1ere made at each 
step and the averaging \,1as performed over the last 4 ite ration s . 
The typical step of changing f3(m 2 ) wa s equal to 0.05-0.1. At 
the beginning of the thermal cycle - ]00 iterations were made 

" 
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Pig. ? .The dependence of or de2' 
pal'ametel' <R2 > on the nwnber of 
Monte-Car l o i -tel'o t i ons f Ol' 
f3=0; A = 0, 0.5 ; m 2 = - 2 . 86 and 
di f f a ent 1:ni t i al configura
tions of va1~iables D, dI and R. 
Das hed lines al'e ca l cu l ated by 
f omrula (2. 13). 

m1. _1 

mZ = L ~I.O 
1 ° 0 

m =- 7 ~ '\,; 

" '·0'rrf=-IO I \. 
I " 0.".',I I,

I I I, 
r I
I, I I , 

':~ 

-2 o 

< 1- 0 ) 

....... 
2 4 P 

P'i g. 8. Results of t hem aZ eyr'
le8 i n f3 at di f fel'e nt vaZues 
of m 2. Curves r epl'esent the be
hav ioUl' of O1"dn:' pm:'Cl171e tel' 
<1  0 >. VeT't icas dashes denot e 
the domain of s l ou convel'gence . 

at constant values of f3 a nd m2 to equi l i br a t e t h e s ys t em. The 
ap pe a r a nc e of a h y s t e res i s l oop (see , f or i n s tance , f i g . 6) may 
i n d icate a p o ss i b l e phase t rans i ti on . 

i i ) The cho ice of d i fferen t i ni t ial co n H gurat i ons (starts) 
both of the rad i al f i e l d v a r i a bl e s !R I ! and t he fields ld> i I and 
{U f!' 

As in t he prev i ou s paper s / 3 ,5/ we used mainl y t wo t ypes o f 
star t s: " ho t " , whe n all t he v a l ues of f i e ld va riab l es are ch ose n 
a t r andom, a n d "c~ld ". f o r -whic h 1 h e i n i tia l d i strihu t ion vJaS 

cho s e n t o be U£= I , R i = O. I . ¢ i '" ,. The typica l p icture a t t he 
poin t of the fi rst o r de r t r a nB i t ion (at >. = 0 , 05 , f3 = O. m 2= -2, 86) 
i s s hown i n fig.7 a nd i n t e.rms o f t h e effec t i v e potenti a l V etC 

it co r r e s po nds to t he si tua t i on when the values V u of two mi n i 
. . ( . ) erna co~nc ~d e f l g . lc . 

I n t he p r eviou s s ection we have 8_1ready mentioned a strong 
de pe ndence of the s h ape o f p hase t ransitions on A (see f i g. 2) , 
whi ch has been e stab lished by the e ffective poten t ial. This f a c t 
i s c onfi r me d by the lIoQte - Car lo analys i s. Thus, a sequenc e o f 
the nua l cy cl es a t d i ff eren t A a t the p o i n t f3 == 2 . 2 (at t.he "cros
sov er" poi n t of a pure SU(2) gauge t heory) indicates a sharp 
na r rowi ng o f the hy s t e r esi s l oo p wi t h increasing A [rom O. I t o 
0 . 7 . A s i mi l a r p i c t ure i s observed for t he order parameter 
< l -D> which h a s a str ong c or relation with < R2 > . This fact is i n 
a greeme n t wi t h a q ual i t a t i ve b e.haviour o f an e nd point of first 

10 

~~ <"R l ." 
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/, 

~, 2 

c 2 J L. -mt. o 

"...::...:
.... i 

.,;... 
... ,.,. .-..... ~ 

I~'.· .......... 

_.. 
i 

.' 

• • I 1 ___ 

1 2 3 1. -m 2 

Fig. 9 . The de pendence of <R 2> on m2 as a. Y'es u l t of t he 
i hermaZ ayal-e .fOl~ >.. = 0, 1 a t a ) f3 == 0 and b ) (3 =1 . 

o rd e r p ha se transition s ( fi g. 2 ), ~'hi ch is s h ifted to t h e r i gb t
upwa r d wi th increasi ng A. 

Th e v a nish i ng of t he rad i al fluctu a t i ons of t he Hi ggs fiel d 
I. < R 2 > 4 0 ) a t '\--->00 or m2... ~ has already been g i v en i n s ec. 2. 
One can easily observ e a f ir st orde r phase t r ansit i on a t ,\ = 0 . 1 
and f3 =2.2 by the method of different starts ( f i g. 7) -wh ich ind i 
cates t he existence'of t -wo long-l iving configurat i ons wi th 
highl y d ifferent < R 2>.The Monte-Carl o a nal y s is of the behaviour 
o f the or d e r parame ter <1 - 0 > (fig. 8 a ) prov ides a quan t itative 
pic ture o f s u ch a "dy i ng out" at f ixed A and \vith inc re a si rrg m2 , 
All:eady at m2 == 10 the dependence <1-0> on f3 in the model (2 .1 ) 
( 2. 3) does not d i ffer from that in the pure SU(~ ga u ge theory . 
By decreasing gradually m 2 up to z ero and then p a ss i ng to t h e 
region of negative, the Hi ggs fields effect active l y the be
hav i ou r of an average plaquette <1 - 0 > (fig. Sb) even at small 
A . The behavi our of the order parame ter < R 2> wi th respect to 

m2 at ,\ = 0.1, f3 == 0 and f3 = I is shm-m in fi g . 9 ; it ind icates 
the existence of an end point o f the line of t h e f i r st order 
phase trans i t i o n in the inter v a l 0 < f3 < 1. Th i s is in complete cor
respondence wi th the pi cture obtained by the effective p o tential 
method in Sec.3. On the othe r hand , a s has bee n pointed out in 
ref. '5 ' . at fixed A and increasin?, f3 a discontinu i ty of <R2 ;. at 
the po int of the first order phase transition as a func t i on of 
m2 dec r e a ses gradua lly up to zero (within f3---> 00) a nd there is 
no f i rst order phase transition at f3 (fig. 10). Thus for the 
lattic e SU( 2) gauge-Higgs theory the typical picture of the li
n e s of a phase transition in the (f3,m 2 ) plane (phase diagram) 
i s shown in fig. 11 corre sponding to A= 0,1. l.J i th increasing .~ 

this line o f phase transitions shi f ts to the right and upward. 
11 



Fig . 10. The dependence of order
<R2>t ... 0"' parameter <R 2 > on III 2 for f3 = 

4 	 I 
00 

.. and A = 0.1 • ......3 .•0" .. ... 	
m22 

. 
1 I ...••-	

-31 '1'1'1 ...-......._. ..... 

-2 '1'1",-1 a 	 m2 

-1
Fig . 11 . Phase diagram in the 
p lane (f3.m 2) at "=0. 13 calcu '-1 
lated by the Monte- Carlo me- ~ 
thod. The solid line r epr'e- 0,25 0,25 t arc Ig j) 
s ents the phase t r ansition of I 

firs t or'de r; the t hi ll dashed l ine denotes the loegion whepe the 
type of phase t rallsi ,tion is not ye t established . Err ors in the 
deteFl17ination of t ransition points are indicated . 

How far the lines of tlle first order phase transitions extend 
to the region of large f3 is not yet clear and should be further 
investigated. 

CONCLUSION 

Thus, we have i.nvestigated the phas e s t r uctur e of the l a t 
tice SU(~ gauge-Higgs theory. For the construction of nhase 
diagrams we ha ve us ed both the numerical approach, the Monte
Carlo method, and an approximate analytical method based on t he 
use of an effec tive po tential of the Coleman-'~einberg-type. In 
both approaches the radial mode of the Higgs field was thou~h t 
to be frozen out. We have detected the line s of fir s t order 
phase transitions in the (f3. m2) plane at f ixed A. whi ch have 
end points corresponding to second order pha se t r a ns itions. This 
result foll ows from the nume rica l as we ll as f rom the a na l y t i cal 
analysis wh ich show a good qualitat i ve and quanti ta ti ve agree 
ment. At first sight, our results do no t a~r ee wi th t he r esul t 
of ref. ' 4 / in \~hich only se cond order phas ~ t r ansi t i ons have 
been observed. A more thorough inv es t i ga tion shows that the 
dis c repancy of our results with tho s e of r ef .! 4/ is only seeming , 
caused by a. d i fferent choice of the model parame te r s .' 11 ' . The 
comparison of the formul ae (2.3)-( 2. 4) with ana logous from 
12 

'4 .
ref. l eads to the followine relations between the parameters 

m2~.~. and in our paper and those of paper ' 4 ~ which are deno
-- - - 2 2ted by f3. A. andk f3 = f3, A=A/ 4k " m =(l-2A-8k) / k . 

To def i ne the type of a phase trans i tion th~ 3uthors of pa 
per '4' have studied the region of parameters f3.A. and k, \.,rhich 
is beyond the r egion of parametris space s~udied. In particular, 
they studied in detail the point A = 0. 5, f3 = 2.25, k = 0 .27 which 
corresponds to A = 1.715, f3 = 2.25, and m 2= -8 . 

Our investigation shows however that at A ~1 both minima of 
the mod e l effective potential a re so close t o each other that 
become indistinguishable in the Mon te-Carlo analysis. This is 
the reas on for the conclusion on the second order phase transi
ti on made in ref. ,' 4/ . 

The existence of an end point on the line of the first orde r 
phase transition, we have established, t es tifie s to the comple

/ IO Imentarity principle suggested i n re fs . This end po i nt i s 
a cri t i cal point analogous t o a phase d iagram of t he type " gas
liquid-ice" ; in the phase di ag ram the c rossover l ine is the 
"trail" of t hi s end point. I n part icular , the ex i s t en ce o f t his 
line exp lains a crossover in the pur e gauge 8U(2) theory a t 
f3 ::: 2,2. 
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repAT B. n . H AP . 	 E2-85-I 03 
8U(2) - XHrrc -X8JtHtSpoBO'lHaa t-eopHa aa pemeTxe 

• 


Hccn~Tc. ~SOBMe AHarpaMMY B 8U(~ -CHMMeTpaqHOA XHrrc

x&RH6pOBOQHOA TeoPHM c pasMOpa.eaHoA P8AHanbHOA MOAOA. XHr

rcoBCKHe nonA paCCMaTpHB8mTCa B ~YHXQHOHanbHoM npeACTasneHHH. 

nOCTpoeHW ~aso.we AHarp&MMW An. pasna'lHWX SHa'leHHA KOHCTaHTW 
CKanRpHoro CaMOAeAcTBHR. nOKasaHO. 'ITO nHHHH ~asoBYX nepe
KOAOB I-ro pOAa HM~ xOH~eBwe TO'lXH. xOTopwe aBnRroTca XPHTH
qeCIUDOI TO'lltaMH . aRBnOM"'HO TONY . XU 3TO lIMeeT MeCTO Ha ~a
SOBWX AHarp4MMaX THna "raS-lIH.ttKOC Tb-neA". 

Pa60Ta BwoonHeHa B fla6opaTopHH TeOpeTH'IeCKOA ~SH1CH O~l . 

DpenpHHT Oth.e,QIIHe.HOro HHCftlTyra JI,qe.,... Hccne,qoaaHIIl. llythla 1985 

Gerdt V.P. et ale E2-85-I03 
80(2) Lattice Gauge-Higgs Model 

Phase diagrams are investigated in the 8U(~ gauge-Higgs 
theory with a defrost radial mode. The Higgs fields are con
s idered in the f undamental representation. Phase diagrams are 
dete~ined for di f ferent values of the scalar self-action 
constants. It is shown that the l i nes of f irst order phase 
transi t ions have end points which are cri tical points, 
analogous to a phase diagram of the type "gas-liquid-ice". 

The investigat ion has been performed at t he Laboratory 
of Theoretical Physics, JINR. 
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