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Glueball spectrum in the bag model and in lattice gauge theories
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Existing bag-model calculations for the masses of lowest-lying glueball states are extended and reviewed

and compared to the present lattice Monte Carlo calculations. The predicted spectra agree remarkably well.

I. INTRODUCTION

Since the advent of quantum chrornodynamics there has
been interest in hadronic states containing gluons only, so-
called glueballs or gluonic states. ' There are as yet no posi-
tively identified glueball states, although there exist some
promising candidates. 2 Theoretical predictions for the spec-
trum are available from the MIT bag model and lattice
Monte Carlo calculations. In the bag model the glueball
states are constructed from a few valence gluons (cavity
modes) whereas in the lattice approach, one extracts masses
from correlation functions measured at large imaginary
times. The purpose of this note is to elaborate somewhat
on the bag description and to compare the results of the two
different approaches.

II. BAG-MODEL PREDICTIONS

may have different self-energies was not considered. How-
ever, the model could fit the a and 8 for a variety of o., and
R, and choosing R =4 GeV ' puts the 0++ and 2 +

masses about where the quoted fit of Ref. 4 puts them.
In Ref. 3 a different bag approach, based on a specific

model" for the QCD vacuum, is employed. The basic as-
sumption of this model is that the QCD vacuum is locally
well de'scribed as a color- and spin-singlet (TE)2 gluon state.
Over long distance scales, these condensed "glueballs" are

Ref. 3
———Ref . 4
—-——Ref. 6

Ref. 7

The MIT bag model is successful in explaining masses
and other dimensional quantities for the lowest-lying
mesons and baryons. ' ~ As free parameters one typically
has the bag constant J3, the strong coupling constant tt, (or
alternatively Aocz entering a running n, ), the quark self-
energy parameter e~, and/or the geometrical or Casimir en-
ergy parameter Zo. The lowest-lying glueball states are con-
structed from two or three valence gluons in the lowest
transverse electric (TE) and transverse magnetic (TM) cavi-
ty modes. The only additional parameters entering are the
corresponding self-energies eqE and e~~. We now discuss
the results of two different bag model fits to the glueball
mass spectrum.

In Ref. 4 era and eon were fitted to t, (1440), which has
the (TE) (TM) quantum numbers 0 +, under the three dif-
ferent ad hoc assumptions e~E = eq~, eqE = 2eq~, and
eqq= ~e~~. In our discussion we restrict ourselves to the
latter since the two others correspond to the situation of
having the TE gluon self-energy larger than the TE kinetic
energy. Corrections for center-of-mass motion are made by
including them in the Casimir parameter Z. The resulting
spectrum is shown in Fig. 1.

Bag-model predictions of the glueball masses are also
given in Ref. 5. The (TE)2 and (TE)(TM) mass splittings
are calculated with the goal of showing that the t, (1440) and
8(1640) (JR=2++) could be accommodated as glueball
states in the bag model. That the separate gluon modes

l
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FIG. 1. The lowest-lying glueball states for each of the indicated
quantum. numbers. Lines without dots are bag-model calculations
(our work in Ref. 3 is supplemented by the 0++ calculation report-
ed here) and lines with dots are Monte Carlo calculations on a lat-
tice. We have used fit 1 with CzE/Cz&=1/2 from Ref. 4 and in

plotting Ref. 6 we used M ++ = 750 MeV following the third article0++
of that reference.
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described by an effective Lagrangian

mt (g y)z ln

By minimizing with respect to Q and assuming that the vac-
uum is densely filled by glueballs of radius R, one obtains

3[—yg (R) j ~

8mR~
(2)

where mz(R) & 0 because of the instability of the vacuum.
So once 8'~ and AQcD are determined from fits to the
meson and baryon spectra Eq. (2) gives eTE through m .
There will also be an observable J =0++ state which is an
excitation of @. The mass of this object can be estimated by
expanding around $0, and finding a term

III. LATTICE GAUGE THEORIES

During the last two years several attempts have been
made to extract glueballs masses in lattice QCD using
Monte Carlo methods. The technique is to choose ap-
propriate corrected two point correlation functions that have
the relevant quantum numbers (e.g. , between plaquettes for
the 0++ state). This correlation function is then evaluated

where p, = —I . Thus we get a real scalar particle with
mass ~&p. Using Eq. (2) and the parameters of Ref. 3 we
obtain

J2p, =242B =780 MeV4m R~

3
(3)

The remaining states involving (TE)z 2++, (TE)(TM), and
(TE)~ modes are computed with the ad hoc assumption
eTM= eTE in Ref. 3. The resulting spectrum is shown in Fig.
1 and labeled CHP. As is seen from this figure, the two
bag-model approaches agree well despite the different algo-
rithms [results from Ref. 4 were not given for (TE)~; we
have included them here using their parameters and
methods]. The agreement for the (TE)2 0++ state is
perhaps a coincidence. In Ref. 4 this is a conventional ha-
dronic state whereas as shown above it is a collective excita-
tion in Ref. 3.

numerically and from its large-imaginary-time falloff the
mass of the lowest state with the quantum numbers in ques-
tion can be extracted. The concept of valence gluons does
not enter in lattice QCD calculations, '2 although in Ref. 13
an attempt is made to measure (G~S'~G) inside the 2++
glueballs with a suggestive dipole structure as a result,
perhaps indicating a few-valence-gluons structure.

Glueball masses predicted from lattice gauge calculations
in Refs. 6 and 7 are also plotted in Fig. 1. A number of re-
marks should be made.

Only for the 0++ and 2++ states (and the latter only in
Ref. 7) does an appropriate "scaling window" exist. Hence
only for these states is it safe to go to the continuum limit
and quote a definite mass. Other lattice-gauge-theory. pre-
dictions should be viewed with caution.

The masses we use from Ref. 7 come directly from the
concluding section of the last listed article. In Ref. 6, only
the 0++ mass is quoted in MeV. To try to get an idea of
their mass spectrum, while remembering the above caveat,
we have taken, using the P = 5.7 column of their Table 5, '4

the ratio of the minimum mass (given in lattice units) that
they calculate using single operators from the set of opera-
tors relevant for a given state to the minimum mass similar-
ly obtained for the 0++ state, and then suppose the latter to
weigh the 750 MeV that they quote.

Some additional states which are not amenable to bag
descriptions are amenable to latttice-gauge-theory calcula-
tions. Of special interest is the 1 + state that cannot be
made as a qq pair, for which Refs. 6 and 7 predict masses of
2.44 GeV and 1.73 GeV, respectively.

We have not thus far mentioned error estimates. We
cannot, unfortunately, argue that they are small. It is not
clear how to estimate the errors for the bag-model calcula-
tions and the errors quoted for the lattice-gauge-theory cal-
culations are statistical only. ' Also, the overall scale of the
lattice-gauge-theory mass predictions depends directly on
one's choice for the SU(3) string tension (which for Refs. 6
and 7 is 440 and 400 MeV, respectively).

We conclude by noting from Fig. 1 that the lattice predic-
tions and the bag-model predictions agree substantially for
both the absolute mass scale and the spin-splitting pattern.
In addition, this may itself suggest that a two- or three-
valence-gluon structure. for the glueballs is substantially
correct.
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From the last article of Ref. 6. In all but one case, the mass got-
ten using P= 5.7 lies between the mass got from the other listed
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