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Improvement of the massive overlap fermion action on

the lattice
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Strong interaction, that governs the dynamics of quarks and gluons, is described by the
Quantum Chromodynamics (QCD), the Non-abelian gauge theory based on SU(3)
gauge group. Because of its asymptotic freedom, some non-perturbative methods are
required to analyze the long distance physics based on QCD. Lattice QCD is a
mathematically well-defined formalism of QCD that defines the gauge theory on
four-dimensional hypercube, and enables a direct numerical calculation in the
non-perturbative regime. It has been successfully applied for the studies of low energy
dynamics of QCD, such as the quark confinement, hadron mass and decay constants,

hadron structure and so on.

In the lattice calculation, the most significant source of systematic error is the
discretization effects, which is due to finite lattice spacing a. Theoretically, it can be
reduced by adding irrelevant operators to the lattice action so that they cancel the
discretization effect in the long distance correlation functions. This, so-called
improvement program, was originally considered by Symanzik and is widely used in
present lattice calculations; the best known example is the removal of the O(a) effect in
the Wilson fermion formulation. In this work, we construct an improved lattice action

which does not contain O(a’) effects at least at the tree level.

Our starting point is the overlap fermion formulation, which has manifest flavor and
chiral symmetry at finite lattice spacings, in contrast to other fermion formulations such
as those of Wilson or staggered. Because of this chiral symmetry on the lattice the
discretization effects of O(a) and O(a’) are absent, and we can concentrate on the
improvement of the O(a’) effects to achieve a highly improved lattice formulation. If it
is applied for heavy quark, the effect of improvement would be substantial because the
leading error becomes O((ma)®) rather than O((ma)2 ) for the heavy quark mass $m$ not

too small compared to the lattice spacing //a.

We first improve the so-called kernel operator of the overlap fermion, and then add

dimension-six operators to the action, so that it maintains the chiral symmetry. We
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check that the tree-level quark dispersion relation and propagator are actually improved
for both massless and massive case, and that the rotational-symmetry violating effects
are largely removed.

We minimize the numerical cost for applying the improved operator in practical
calculations by introducing an improved iterative solver algorithm. The resulting
numerical cost for the new operator is only factor of two larger than the original overlap
operator. We show some numerical test of the new overlap operator and propose a
method to non-perturbatively tune the parameters in the operator.
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