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INTRODUCTION

Members of the Lattice QCD group at the University of Liveopare actively engaged in the study of
the flavour-singlet sector [1] of quantum chromodynamic€[X). The group has a strong track record
In this field of Lattice QCD, with publications spanning ng&tb years.

The group is currently performing a high statistics invgation of scalar.{’“ = 07) singlet states,
Including thef; mesons and their mixings with so called ‘glueball’ states.

STAGGEREDFERMIONS

We have chosen to generate the configurations for this stethguhe Asgtad staggered fermion
action. Asgtad is well known to be a fast action (due to theeleslegrees of freedom) which makes
it feasible for us to build large, light dynamical ensembl&kis is necessary when considering"
glueballs as they are rather heavy so require high staigiiccrease the signal to noise ratio.

The structure of the staggered fermion action differs sigantly from all Wilson type actions. Rather
than working with spinors directly we define Kogut-Susskfatmion fieldsy(x) andx(x) by per-
forming the following spin-diagonalisation transfornuats:

(@) = Qa)x(@), P@)=xX@)2 @) with  Of) =[] ()™

The resulting action
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carries no spin indices — the Dirac matrices are hidden inkibgut-Susskind phases,(z). The
action is diagonal in spinor space, and the four compondnisase identical — I.e. the actiofi; .
describes 4 flavours (which we refer to as tastes) of fermibicfwvare degenerate in the free field case.

The Fourth Root Trick

In order to represent one physical flavour we reduce thidgéddidegeneracy by taking the fourth-root
of the fermion determinant. It is this ‘fourth-root trickFRT) which attracts so much criticism — the
FRT renders the action non-local foe£ 0. However it is expected that rooted staggered fermions stil
have the correct continuum limit (see [3]) and the rootediinés described well by rooteslyPT.

Taste Symmetry Violations

The fourfold degeneracy above exists only in the free-fi@deg interactions with the gauge fields
break the taste symmetry. These taste breaking interackaa to a more complicated spectrum —
for example, when considering the pseudoscalar spectathenrthan having a single pion we obtain
16 pions grouped into 8 multiplets, each with a different sna&'e work in thespin ® taste basis In
order to distinguish between the different tastes.

These taste breaking effects are@fu?) effect for the Asqgtad action and hence vanish in the contin-
uum limit as the figure below indicates. Due to the remriafit) chiral symmetry only one of the 16
pions become massless in the chiral limit, thex - pion.
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Taste symmetry violations for the pions on MILC asqtad ce#ts:;,; = 0.02/0.05)
and fine ¢m,;, = 0.0124/0.031) lattices (from [2])

The Asqtad action includes terms in the action which attempdduce the taste symmetry violations
by suppressing the coupling of quarks to gluons with high metum — the single link in the action
above is replaced by a fattened link which includes pathis upito 7 links.

GLUEBALLS

SinceSU(3) is a non-Abelian group the field strength tensor includesagyet of the gluon fields
due to the commutator of 2 gluon fields being non-zero. Thadsego self interactions of the gluons,
In particular three and four gluon vertices. This allows ai€donsider colourless bound states of the
gluons themselves, known as glueballs.

GLUEBALL OPERATORS

In order to extract the physics of glueballs from gauge camégons we need to choose operators
which have the maximum overlap with the glueball wavefumetiin order to obtain the corredt’
guantum numbers we sum over different orientations of pgt@s, and in order to achieve the desired
definite momentunp we sum over all sites of the lattice with a weighting factt? X.

Since the)™ ™ glueball corresponds to théel++ Irrep of the cubic subgrou@; we only need choose
plaquettes which transform under the same irrep, and asthectollowing operator is sufficient to
representp| = 0 glueballs
A-|--|— . . .
O (1) =Ty (DTlax, ) + Oyl 1) + T (x,1))
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Glueballs are quite large objects (effective radiug.3 fm) and so operators formed from elementary
plaquettes do not reveal much of the large distance phys$icerder to enhance the large distance
physics we both APE smear and Teper block the gauge field. &athterative procedures which
makes them computationally attractive.
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SINGLET MESONS ON THELATTICE

We study mesons on the lattice by creating a state using aatop€® with the desired properties
(e.g.JY'C quantum number) at time and letting it propagate on the lattice until tirhe 7, when we
annihilate it by creating its antiparticle. A (non-stagggr mesonic operator is thus written

O(X7 t) — @i(xv t)ij (Xa t)

wherel’ Is some product of the Euclidean gamma matrices.

The correlation function for this general mesonic operaavritten

C(1) = (¢ (%", t + 7)Ti(x', t + T)bi(x, £) (. 1))

In the case of the flavour-singlet mesons we consider mesamhware made from a quark and an-
tiguark of the same flavour, e.gu. For flavour-singlets there are four non-zero contribudiom the
correlation function from the Wick contraction

r————1 1
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These contractions result wonnected (lower contractions) andisconnected (upper contractions)
contributions to the correlation function. The disconeectorrelators are formed from correlations
of quark fields at the same site, and the connected ones fioge tit different sites.

GLUEBALL AND SINGLET SCALAR MESONMIXING

In pure gauge QCD (i.e. the quenched approximation) thebgllies a perfectly well defined con-
cept since the glueball operatatsdo not mix with the fermionia/I'yy operators. However, in un-
guenched odynamical QCD the sea quarks, which were previously neglected, wilseahe glueball
and flavour-singlet fermionié™* operators to couple to the same set of states [4].

For this reason we call the ‘glueball operators’ gluebaiérpolating operators since we can design
operators as well as possible to couple more strongly tobgliheomponents than fermionic compo-
nents, but there will always be mixing between them.

SCALAR SINGLETS— THE fy MESON AND GLUEBALLS

Members of the lattice QCD group at Liverpool have made detstions of the masses of scalar
singlet states as well. Th&¢ = 0+ sector includes th¢; meson. Thé@** glueball will mix with
the 07 gq operators. From the lattice we would expect to get the masfsé® f(;(1370), f,(1500)
and fy(1710). A summary of our results is below.
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