e

Laboratori Nazionali di Frascati

To be submitted to Phys. Lettets B

LNF-87/86(PT)
17 Settembre 1987

V.Azcoiti, A.Cruz, G.Di Carlo, A.F.Grillo and A.Tarancén:

STUDY OF CONFINEMENT IN THE ADJOINT SU(2)-HIGGS MODEL BY MEANS OF
THE FREDENHAGEN AND MARCU CRITERION

Servizio Documentazione
dei Laboratori Nazionali di Frascati
P.O. Box, 13 - 00044 Frascati (Ttaly)




INFN - Laboratori Nazionali di Frascati
Servizio Documentazione

LNF-87/86(PT)
17 Settembre 1987

STUDY OF CONFINEMENT IN THE ADJOINT SU(2)-HIGGS MODEL BY MEANS OF THE
FREDENHAGEN AND MARCU CRITERION

V.Azcoiti*, G.Di Carlo, A.F.Grillo
INFN, Laboratori Nazionali di Frascati, P.0.Box 13, 00044 Frascati, (Italy)

A. Cruz, A.Tarancén
Departamento de Fisica Teérica, Facultad de Ciencias. 50009-Zaragoza, (Spain)

ABSTRACT

We report on numerical results of a simulation of the Standard Adjoint SU(2)-Higgs model
with clear evidence for charge confinement in the Higgs and confined phases. We report also on
some numerical results on the accuracy of the Icosahedron in describing the full SU(2) gauge
group.

The study of the non-perturbative dynamics of Gauge-Higgs models is a matter of great
interest in field theory. Despite the extraordinary success of the standard SU3)xSU2)xU(1) model
in describing the phenomenology of elementary particle interactions, open questions still remain,
mainly related with non perturbative dynamics. The lattice formulation of Quantum
Chromodynamics together with Monte Carlo simulations have provided us with a good
understanding of some of these questions such as confinement of colour charge and chiral
symmetry breaking. The success of these techniques when applied to Q.C.D. has motivated an
increasing interest in applying them to the Gauge-Higgs model in order to understand the
dymarnical mass generation mechanism.
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The understanding of Gauge-Higgs systems is at present much less complete than that of
Q.C.D.; however, a few important and, we believe, surprising results have been obtained. The
phase structure of the U(1) and SU(2)-Higgs models has been explored [1], and charge
confinement in the Higgs and confined phases has been found for the U(1) [2] and SU(2) models
with the scalar field in the fundamental representation of SU(2) [3].These results, if we assume that
the inclusion of fermionic matter fields will not change qualitatively the confining property, point in
the direction of compositeness of the gauge and Higgs bosons [4].

On the other hand, the understanding of the Gauge-Higgs system with the scalar field in the
adjoint representation of the gauge group is crucial in the context of any grand-unified model and
their implications about magnetic monopoles.

In this letter we report the numerical results of a simulation of the SU(2)-Higgs model with the
scalar field in the adjoint representation of SU(2), with clear evidence for charge confinement in
both Higgs and confined phases. We will present also results on a check about the accuracy in
describing the SU(2)-Higgs model by its discrete version (icosahedron). The partition function of
the lattice SU(2)-Higgs model with the scalar field in the adjoint representation of SU(2) is:

Z= j HH,V dUu(n) Hn do(n) exp(-B E’Wn,u <V [1-(1/2)Tr Uu\/(n)]
1 X, n 147U (00 @+n))) )

where p,v =0,1,2,3, W is a unit vector in the positive | direction, n € Z labels the site, ¢(n)is
a three component real vector, Uu(n) an element of SU(2) in the adjoint representation, and U Iwn{n)
is the plaquette variable defined by the links (n, p) and (n, v) and costructed whith the group
elements in the fundamental representation of SU(2). To simplify the problem without throwing
away any important physics, we freeze out the radial mode of the Higgs fields [1]. In these
conditions and making use of the one to one correspondence

d*(n) <=> 6 (n)=i ¢ ¢*(n)
we can write the action associated to (1) as:

S = B Zyyn < nl1=1/2)Tr Upy(n)] +

+ X *v,u [1-(1/2) Tr (6qUpyy 0" g U np)] @)

where now all the gauge and matter field variables are taken in the fundamental representation of
the gauge group. '
In order to study confinement of static charges, the Wilson loop is a good order parameter



since it is well known that from its asymptotic behaviour we can extract the coefficient of the linear
dependence of the interquark potential. However, the Wilson loop criterion cannot be used to test
the existence of free dynamical charges in gauge theories with dynamical matter fields, since the
string can be broken if there is enough energy to create a charge-anticharge pair..

A short time ago Fredenhagen and Marcu [5] proposed a criterion which apparently can be
used in these theories.The Fredenhagen and Marcu (F-M) order parameter ¢ is defined as:
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where Pg (L,T) , Py (L,T) are plotted in Fig.1 . The (F-M) criterion is based on the fact that if free

charge can be isolated, o should be zero because the operator in the numerator of (3) will have no
projection on the vacuum state.
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FIG. 1 - The paths Pg(L,T) and PR (L.T) for the operators enterifig o.

In the numerical calculation we have used an 84 lattice with périodic boundary conditions and,
to avoid finite size effects, we consider rectangular paths with a perimeter ranging from 6.to 16.
Using the discrete version of SU(2), the icosahiedron, we have explored several points in the
confining and Higgs phases of the model. To reduce the complexity of the numerical calculations,
we work in the unitary gauge. When working with the discrete version of SU (2), the unitary gauge
must be constructed with care. In fact, when we work with the icosahedron, the residual local
gauge symmetry, which in the continuum version is always U(1), depends on the direction the



scalar field points to. In order to get the maximum residual gauge symmetry Z(10), we have
constructed the unitary gauge by fixing the scalar field ¢ in all the sites to

¢ = cos(n/5) + i (v* o) sin(n/5)
v = ( -0.52573, 0, 0.85065 ) (5)

In Fig. 2 we present the numerical results for ¢ as a function of the perimeter of the different
paths and for several points in the Higgs and confining phases. All the points have been thermalized
with 1000 M.C. iterations and the mean values have been taken over 2000-10000 M.C. iterations.
These results give clear evidence of charge confinement in all the studied points. On the other hand,
from the observation of these results, one can see that ¢ depends asymptotically only on the
perimeter of the paths, in agreement with the assumption of an exponential decay with the perimeter
for G(L,T) and R(L,T) in (3), as noted in [5].
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While the non existence of charge is expected in the confining phase, the presence of a
massless vector boson in the Higgs phase [6] might be taken as an argument against our numerical
result in that phase. Yet, what can be proven in this respect is that, in an abelian theory, whenever
the photon acquires a mass, charge gets screened [7]. The fact that a theory without a mass gap

does not confine escapes the proof.

On the other hand, the theorems by S. Weinberg and E. Witten [8], on the impossibility of the
existence of cormposite massless vector particles, do not apply in our case, since our massless
vector boson has no conserved charge associated.

It is interesting to compare these numerical results for ¢ in the Higgs phase with those one can
obtain by using mean field techniques.

The use of the mean field in axial gauge is the most practical choice to describe the Higgs
transition both qualitatively and quantitavely [9], and give a good value for ¢ in the U(1)-Higgs
model.

With a treatment and notation similar to those of reference [2], we obtain, in the mean field
approximation to zero order, in the axial gauge, for the action (2):

F = Bd(d-1)V* + Bd(d-1)V2 + J(d-1)B2V2 + JB2 - (d-D)aV -y B +

+ (d-1o(o) + W(Y) (6)
with
S i . 21 (o)
o(o)= j [d.U]exp[--Z- Tr(erU+U )] = In ~———oou (7.1)
o
W(o)=[(aolewp(-i7 §1 = 1n Z0) (72)
y
where I,(o) is the modified Bessel function of order 1.
In these conditions, the equations of motion, or saddle point equations, are
ABV3+2BV +2IB2V =0 (8.1)
V = L{a)/1; (o) (8.2)
6IVB+2IB =Yy (8.3)

B = coth(y) -(1/y) (8.4)
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In the Higgs phase, these equations present a non trivial solution with B and V different from
zero.

For o and 'y large we can solve analytically the equations, by considering the asymptotic
behaviour of (8.2) and (8.4),

B=1-1/y V=1-3/(2a) )
and using (8.1) and (8.3)

B=1-1/8)) , V=1-3/(12p+47) (10)
in the mean field approximation to zero order we obtain for ¢

o =B?
and using (10) we obtain for f=2.3 (in the Higgs phase)

6(J=3.0) = 0.84

6(J=7.0) = 0.93

in excellent agreement with the Monte-Carlo results of Figs. 2a and 2b.

The use of the icosahedron instead of the full SU(2) group has, as is well known, many
advantages from the technical point of view in the numerical simulations. The phase diagram of the
Icosahedron-Higgs model was studied accurately in ref. [10]. Frorm this study it follows that the
icosahedron has, in addition to the phase transition which separates the Higgs and the confining
phases completely (in the adjoint representation), another phase transition due to the discrete
character of the gauge group. Due to the prejudices aquired in the numerical simulations of the pure
SU(2) gauge theory, one is tempted to think that the icosahedron should be a good approximation
of SU(2) if we are far enough from the spurious transition. In order to check this prejudice we have
made the numerical simulation of the full SU(2)-Higgs theory. In Table I we report the numerical
results for the mean plaquette energy and the mean link energy against the corresponding values for
the icosahedron gauge group for several values of B and J. The surprising evidence which follows
from the results reported in Table 1 is that the icosahedron and the SU(Q2) results are different even
in the confining phase: 34% for the mean link energy at B =0.5, J=5.0, 90% at B=0.5,
J=10.0.The reason for this anomalous behavior of the icosahedron at large J lies in the fact that the
equilibrium configurations for the Icosahedron-Higgs theory in the large J region approach the
unbroken symmetry group Z(10) much faster than in the full SU(2)-Higgs theory [11]. On the other



hand, these results are in contrast with the correspoding values that we have obtdined in a
simulation of the fundamental SU(2)-Higgs model. In this case no difference between the

icosahedron and the full SU(2) gauge group have been found for B < 4 in agreement with the
results of ref. [12].

TABILE 1 - Numerical results for the mean plaquette energy <1-jTrU v> and the mean

link energy <1-{Tr(f,Up f'*n )> for the icosahedron and SU&) Higgs model. All
the points have been obtamed in ih Iattnc

SU(2) ICOSAHEDRON

B J <P> <L> <P> <L>

0.5 1.0 0.874+0.001 0.685+0.001 0.875+0.002 0.686+0.002
0.5 5.0 0.823+0.001 0.196+0.001 0.803+0.002 0.129+0.001
0.5 10.0 0.796+0.001 0.098+0.001 0.758+0.002 0.010+0.001
2.0 2.25 0.317+0.001 0.271:+0.001 0.300+0.001  0.227+0.001

2.3 3.0 0.258+0.002 0.205+0.002 0.216+0.001 0.118+0.001
3.0 0.6355 0.273+0.001 0.726+0.003 0.273+0.001 0.725+0.003
20 1.0 0.480+0.003 0.636+0.004 0.476+0.001 0.655+0.002

About the results on the Fredenhagen and Marcu order parameter, we believe that the use of
the full SU(2) group will change, especially in the Higgs phase, the numerical results, but not the
qualitative property of confinement. Indeed, the effect of the use of the discrete group can be

thought of as a renormalization in the J coupling costant, as suggested by the results reported in
Table I.

This work has been carried out in the context of an INFN-CAICYT collaboration. We thank
both institutions for their finantial support.
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