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The art of smearing — can one reach M, = 140MeV in
quenched QCD with clover quarks ?

Stephan Dirr*

Bern University, Institute for theoretical Physics

Several smearing recipes (APE, stout, and a new LOG smearing) are discussed and compared,
without and with the hypercubic nesting trick, which may be applied to each one of them. While
the U (1) projection in the APE recipe creates a challenge in defining the derivative of the smeared
link with respect to the original one, the latter two recipes yield differentiable fat links. This makes
them interesting for building UV-filtered fermion actions which can be simulated with a HMC
algorithm. This contribution discusses the plaquette distribution and how it is affected by these
recipes and their hypercubic descendents. Subsequently, the issue of how light a pion one may

simulate in the quenched approximation with such low-cost nearly-chiral actions is addressed.
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Figure 1: Dirac operator eigenvalues without smearing and improvement versus with smearing and csw = 1.

1. Why should one smear ?

A brief answer is: because it is much cheaper to calculate a physical quantity (dimensionless
ratio) in the continuum limit with a pre-defined accuracy, if one uses a UV-filtered (“fat-link”)
fermion action. This contribution discusses the advantages and some of the caveats.

A word on history: Link-fattening has been introduced to reduce taste symmetry violations of
staggered fermions. Shortly after, it was found to be equally useful to tame chiral symmetry break-
ing of Wilson-type fermions — see [1] for details. Fat-link perturbation theory for Wilson/clover
fermions has been pioneered in the second item of [1] and specified in more detail in [2].

In Fig. 1 the eigenvalue spectrum of the plain Wilson operator at amp = 0 is shown on an
incredibly coarse lattice — the physical branch is barely separated from the remaining four. Upon
including a clover term and some link-fattening the situation changes noticeably: The physical
branch becomes well-separated and moves left, i.e. the additive mass renormalization is reduced.
Moreover, the physical branch gets slimmer, and this suggests that the size of O(a?) ambiguities is
bound to be much smaller. Here and in subsequent plots the same type of smeared links has been
used in the covariant derivative and in the clover term — see [2] for a more complete typology.

2. Four smearing recipes

The first type of smearing, known as APE smearing [3], may be written in factorized form as
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