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ABSTRACT
The O‘;"gl‘ueball mass in the fundamental-adjoint SU(2) lattice gauge theory is extracted from
the Monte-Carlo data on the correlation functions at time distancest =1 andt=2ona 84 lattice.
The ratio mg/ Vo is constant in the Bp -8 region explored giving more evidence in favour of

the universality hypothesis.

The universality problem in the context of lattice gauge theories comes from the possibility to
defitie an infinite number of lattice actions given tlie same classical action when the lattice spacing a
is removed. If the lattice is a useful tool, this ambiguity can not have any physical meaning and we
hope all these lattice formulations will give the same results for physical quantities in the continuum
litnit.

On a practical level, when we compute some physical quantity on a finite lattice, we should
check that the parameters of the theory (the bare coupling g for the pure gauge theory) are in the
scaling region where renormalization group béha,viour holds. Only in this region, is one able to

extract physical quantities .
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In the case of a SU(2) lattice gauge theory, bne possible action (besides the standard Wilson

action) is the fundamental-adjoint action given by

L« { : SR I (1)
S=f. 3 |l-sTra(U)|+ s | 1-5Tra(U)
rplaq_[ 7 Tep(Up)] + B p{;qﬁ 5 T

where the sumimation is over all plaguettes, Up is the product of the four SU(2) matrices around
each plagtiette and TrF (TrA) stands for the trace i the fundamental (adjoint) representation of
SU(2) respectively (throughout this paper the normalization is the same as in ref.[8]). It has been
shown [1] that the action (1) presents in the pz -, plane a phase diagram with a line of first
order phase transition (in the §,>0  half-plane) terminating at a critical point located at a small
value of B, jnear the g range corresponding to the crossover region for the standard Wilson
theory [2].

Some time ago, Bhanot atd Dashen [3] measured the string tension in the fundamental-adjoint
SU(2) lattice gauge theory (1) and from the Monte-Carlo data they got the lattice A parameter ,
finding & discrepancy between the Monte-Carlo results and the theoretical expectations based on a
weak coupling calculation (essentially they found that the ratio ¢/A  changes when f§p, 8, are
changed). Gonzalez-Arroyo ¢b al. [4] have shown that the string tension data of ref.[3] are well fitted
by 4 strong coupling expansion,casting doubt on the applicabilify of the weak coupling expansion
to analyse the data.

Almost all the string-tersion data of ref.[3] were obtained for  §4<0. For 8,20, ons
is near the critieal end point where unphysical effects may appear, being responsible for the large
fluétuations presenit in the Monte-Carlo data. On the other hand, the most interesting region

(B4<0) being very tlose to the gi = 0o line, cast toubt on the use of perturbation theory in
such a region. In refs.[5,6,7] an effective formula in the large N limit was obtained by noticing that
the N = ¢ limit of the theory given by the action (1) is equivalent to a standard Wilson theory

with some effective coupling ¢onstant Be.g+  Using this formula, the string-tension data of ref.[3]
were reafalysed with a very good agreement.

Another point of view to analyse the universality problem was taken in ref.[8]. To avoid the
dangerous use of & perturbative formula, the point of view taken in [4] was to measture the ratio of
two physical quantities such as the 0 “+glueball mass over the string=tension. If we are near enough
to the continuum limit, this ratio must be constant (independent of Brand f,) and universal
(independent of the chosen lattice action). The authors of ref.[8] computed the plagiiette-plaquette

correlation function in the fundamental-adjoint 8U(2) lattice gauge theory and from the Monte-Carlo



data, they extracted the 0% glueball "mass” mga‘ By compariiig the values of m,a with
the string-tension data of ref.[3] a region of fy was found between 2.0 and 2.6, whete the ratio
was constant within error bars for almost all the points considered. The tine separations of the
plaquette-plaquette correlation function used in [8] were t = 0 and t == 1, the main reason for

that being that correlations at t > 2 are very smuall and suffer from Severe statistical fluctitatiotis
(‘mga is of order one and therefore the correlation function decreases quickly). However, real glieball
mass should be extracted in the large t region. Additionally, the physical meaning of the corre

lation function at t = 0 is doubtfull.

It this letter, new results with high statistics for the 0" glueball "mass” in the fuidamental-
adjoint SU(2) lattice gauge theory ate reported. This calculation has been iiade ofi an gH lattice
and the glueball " mass” has been extracted from correlation functions at time distances t = 1 and
t == 2. Periodic boundary conditions have been imposed and we have used the Icosahedron which
in the region under investigation, is indistinguishable from the full SU(2) group.

The glueball mass is evaluated in the followinig way: one can defifie the time-sliced plaquette-

plaquette correlativn function by the following expression

60 = N, LWENO)> - LWORF]

where

1 ) P
W) = o5 TrlU.
® s (U

s all spatiall 2
plaquettes

and N, is the number of spatial like plaguettes. Then, the glueball “madss” is defined by

mga = - log La@)/aw]

All the points in the B -84 plane we have explored, are in the region where univetsality (in
the sense previously defined) was observed in [8]. In all the measured points the expectdtion valdes
of the Polyakov loop was about 0.05 which assures we are in the confined phase. 7

In Table I, the numerical results for the glueball * mass” M8 are réported. Iti the fitmerical
simulation we have used the Metropolis algorithm to geénerate equilibrium configurations for the
gauge flelds. For all the points we have run aliout 16000 Mornte-Carlo iterations dnd we did tiot use
the first 2100 iterations to take averages. It can be seen (see table 1) that the results for the first

two points, which are in the same line of constant physics (one of the lines of constant oa it



TABLE I - Values of the 0" glueball as a functiop of §and f,.
In the third column; the values obtained on an 8 lattice from
correlation functions at time distances t= 1 and t = 2 are re-

ported. The last colurnn stands for the corresponding results
in ref.(8).

12 0t
8 F BA.v mge Mg
2.5 -0.21 194 4 018 | 2.28
2.1 0.2 178 -+ 0.13 | 1.90
2.5 - 0.43 2.35 - 0.08 2.52

ref.[3]), are constant within error bars. On the other hand, if we compare these results with the
corresponding results of ref.[8] obtained on a4 lattice from correlation functions at time separations

t = 0 and t = 1 (last column in table I} , a systematic decreasing for all the analysed valies of

mga can be observed.

In Table II we show the values of the mg/ V& ratio. The data in this table tell us that this

ratio is cotistant within error bars in all the three points measured.

TABLE II - mg/\/3 ratio as a function of BF and BA.

B Ba m,/ Vo

g
2.5 | -o0.21 3.23 + 0.31
2.1 | 0.2 2.97 -+ 0.23
2.5 | -0.43 3.20 + 0.12

All these results strongly suggest that there is a window in the fj - B4 plane where universality
holds (at least for the mass gap of the pure gauge theory). A similar conclusion in the hadronic
sector was found in ref.[9] where the hadronic mass spectrum of a SU(2) quenched gauge theory in
the B -8, : plane was analysed.

In conclﬁsion, if we collect all the results reported in the literature , I think that at the present

moment there is no serious objection to the universality hypothesis,
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