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P-wave 7 scattering and the p resonance from lattice QCD'
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The study of hadron-hadron scattering and reso-
nance properties using lattice QCD is a rapidly grow-
ing field.)) There are now many calculations of I = 1,
P-wave 7m scattering, in which the p resonance ap-
pears, but a number of questions remain open. For
example: Which models best describe the energy-
dependence of the phase shift? How large is the non-
resonant contribution? How exactly do m, and g,
depend on the quark masses?

In this work, we have begun to address some of these
questions using a high-statistics calculation with 2 4+ 1
flavors of clover fermions at a pion mass of approxi-
mately 320 MeV. The lattice size was 32% x 96 with
a lattice spacing of @ =~ 0.114 fm; we constructed
the relevant hadronic correlation functions using a
method based on forward, sequential, and stochastic
quark propagators, which has a favorable volume scal-
ing compared with the distillation method introduced
in Ref. 2). We extracted the lowest two or three en-
ergy levels in eight different irreducible representations
with total momenta up to (1,1,1)2%, carefully study-
ing systematic uncertainties associated with the choice
of fit method and fit range in Euclidean time. The
w7 scattering phase shift values obtained from the lat-
tice energy levels using Liischer’s method are shown in
Fig. 1.

We performed fits of several different models for the
V/s-dependence of the phase shift: two purely reso-
nant Breit-Wigner models (without or with a Blatt-
Weisskopf barrier factor), as well as the combination of
these models with three different parameterizations of
a nonresonant contribution. The fit results for the non-
resonant contribution were consistent with zero. We
found that the minimal Breit-Wigner model
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which depends only on the two parameters m, and
Jprr, was sufficient to describe our data. The curve
corresponding to this model is also shown in Fig. 1.
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Fig. 1. Lattice QCD results for the I = 1, P-wave 77w
scattering phase shift as a function of the w7 invari-
ant mass. The data points were obtained by apply-
ing Liischer’s method individually to each energy level,
while the curve was obtained by fitting the parame-
ters of the minimal Breit-Wigner model directly to the
whole energy spectrum.

A comparison of lattice results for m,, at several dif-
ferent heavier-than-physical pion masses revealed sub-
stantial scale setting ambiguities. It is therefore better
to compare dimensionless ratios such as m,/my and
m,/my, where my is the lattice result for the nucleon
mass from the same ensemble of gauge configurations.
Our calculation gives

Mo _ 0.7476(38)(23) at = =0.2968(13), (2)

mn mn
and gpxr = 5.69(13)(16). The most recent lattice re-
sults obtained with 2 4+ 1 flavors of clover fermions
(Refs. 3-5) along with this work) are consistent with
a linear dependence of m,/my on my/my, with
m,/mpy reaching the experimental value at the physi-
cal pion mass.
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