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We have estimated the string tension and the masses of the 07+ and 2** glueballs in lattice QCD with 2 light
flavours of staggered quarks. In addition we have measured the topological charge and hence susceptibility
of our gauge field configurations. The simulations were performed at 6/g2=5.6 and quark masses m=0.01
and 0.025 (lattice units) on lattice sizes ranging from 124 to 164,

Lattice QCD _nables one to calculate the hadron
mass spectrm from first principles, testing QCD by
_giving masses of known hadrons, possibly predict-
ing states which have yet to be seen, and clarify-
ing the quark model assignments of poorly under-
stood resonances. Glueballs, colourless bound states
of gluons, are specific to QCD and not predicted
by simple quark models. Thus predicting whether
QCD does in fact require glueballs narrow enough to
be seen, and if so calculating their masses to com-
pare with experiment, promises to be a definitive
test of QCD. We preser’ an exploratory calculation
of the glueball masses, including the effects of dy-
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namical quarks which, by allowing glueball decay and
glueball/meson mixing could completely change the
spectrum observed in pure gauge theory.

The topological structure of the gauge fields of
QCD is linked through the anomaly with the chi-
ral behaviour of QCD. In particular it explains why
there is no light isosinglet pseudoscalar meson, and
explains the peculiar properties of the n and n'. An

“understanding of topological charge is necessary to

completely understand confinement and chiral sym-
metry breaking. Since topological fluctuations are
sensitive to the presence of light quarks it is help-
ful to know how they depend on quark mass. We
present measurements of the dependence of topo-
logical susceptibility on quark mass.
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Our simulations, performed using the hybrid
molecular dynamics algorithm to incorporate 2 light
degenerate flavours of “noisy” staggered quarks have
been discussed elsewhere 2. All simulations were
run at 8 = 6/g? = 5.6. The measurements of glue-
ball masses and topological charge used 500 config-
urations on a 12% lattice at quark mass m=0.025,
500 on a 12* lattice at m=0.01, 100 on a 12°x24
lattice at m=0.01 and 125 on a 16* lattice with
m=0.01. We are now running on a 16°x32 lattice
with m=0.01.

Let us now describe our glueball mass calcula-
tions. We have used the “fuzzy” glueball wave func-
tions of Teper  to improve the overlap with low lying
glueballs, enhance the signal/noise ratio and allow
the extraction of glueball masses from propagators
at relatively small time separations. In this scheme
we first define “blocked” or “Tuzzy” links recursively,
viz.,
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where the sum is over the 4 spatial directions or-
‘thogonal to the link we are blocking. The result is
projected back on to SU(3). We consider blocking
levels O(unblocked), 1, 2, 3. These blocked links are
used to create wave functions for a given template
(see references ** for templates), and spin/parity as-
signment. If W(T) is such a wave function with zero
spatial momentum, restricted to the hyperplane at

time T, our zero momentum correlation function is
defined by

1 s

C(T) =

<

ST <WiwE+T)>  (2)

As in the quenched case 4 blocking does greatly en-
hance the signal/noise ratio as seen in Figure 1.
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FIGURE 1. The 0"+ propagators for different block-
ing levels with wave functions based on the simple
plaquette for a 124 lattice with m=0.01. The fit is
to the form 0.8298[exp(-0.8080T)+exp(-0.8080(12-
T))] which fits the points T=1 and T=2 of the
blocking level 3 propagator exactly.

The effective mass is extracted from (2) using
the asymptotic form

C(T) ~ Ale™T 4 ¢~ MN-T)) (3)

(where M is the lowest mass state for the chosen
wave function) to fit C(T) and C(T-1). At large
T the effective mass should approach M. Figure 2
shows the effective mass plot for the blocking level

3 propagator for the simple plaquette wave function

on the 124 [attice at m=0.01. Notice that the errors
increase rapidly past T=2, a property of all propaga-
tors we have calculated, which forces us to use the
T=2 effective masses (from fitting C(2)/C(1) to (3))
as our estimate for the value of the lightest masses in
the appropriate channels. These are really only upper
bounds. We appeal to the quenched case * with its
higher statistics to indicate that these might well be
reasonable estimates to the actual glueball masses,
provided mixing of glueball and meson states is small.
Our limited evidence that this mixing is indeed small
will be presented in a forthcoming paper °.
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FIGURE 2. The effective mass for the blocking level
3 single plaquette 07t wave function on a lattice at
m=0.01 as a function of T.
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FIGURE 3. Effective masses at T=2 for various wave
functions on a 124 lattice with m=0.01.

Here we were only able to extract a decent sig-
nal for the 2 lowest lying glueball states, the 0**
and 2% states, and for the blocked Wilson/Polyakov
line, whose mass per unit length is x (the string ten-

sion). Figure 3 gives the 07+ and 2** mass es-
timates for various templates/blocking levels. For
definition of these wave functions see references *°.
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FIGURE 4. Glueball and hadron masses on a 12¢
lattice at m=0.01

Finally, Figure 4 shows the glueball masses com-
pared with the meson and nucleon masses calcu-
lated from the same gauge configurations. The GeV
scale comes from arbitrarily taking the rho mass at
m=0.01 to have its experimental value (770 MeV).
This implies a 0** glueball mass of around 1.2 GeV
and a 2** mass of around 1.7 GeV, while /x ~
300 MeV. Although the value of /& is somewhat
lower than the favoured 420 MeV, on the 16* lattice
this number is around 370 Mev, indicating that the
depressed value could well be a finite size effect.

Now let us discuss topological charge measure-
ments. The topclogical charge of each configuration
was estimated using the cooling method 6. Here the
gauge fields were cooled using a Cabbibo-Marinari
heat bath with the pure gauge action to smooth the
field. The topological charge Q ot the cooled gauge
configuration, which should represent the topological
charge of large instantons in the uncooled configu-
ration was calculated as

1 al
Q = 3977 Z Cuypaq T'(UpuUpa) (4)
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where U,, is the product of the gauge fields U
around ‘a plaquette in the uv plane. Each Q was
rounded to the nearest integer. Figure 5 shows that
this is justified.
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FIGURE 5. Histogram of the raw topological charge
distribution on a 124 lattice at m=0.025.

From Q we obtained the topological susceptibil-
ity
X=<@>/V (5)

For the confined phase we expect 7
X < m (6)

for small m (x o m™ in the unconfined phase).
Instead we find

Y & m0.41(23) (7)

Whether this is due to long time correlations leading
to gross underestimates of the errors (a scenario for
which we have some evidence), or whether it is due
to other reasons (such as being too far from the
continuum), only time will tell.

For SU(2) gauge theory with 4 flavours of stag-
gered fermions it has been found that 7

¥ o m36(23) (8)

in the confined region and is consistent with m* in
the deconfined region.

In the future we intend to improve statistics
and perform a full variational calculation of glueball
masses. In addition we plan to measure glueball-
qq mixing directly. More measurements of the mass
dependence of y in both QCD phases are planned.
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