Scattering phase shifts and the spectrum of excited states
in lattice QCD using the stochastic LapH method
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ABSTRACT

Our first results for the mass spectrum of excited mesons and
light meson scattering phase shifts are presented. Our re-
sults are obtained from the temporal correlations of quantum-
field operators in quantum chromodynamics (QCD). The
correlations are determined using Markov-chain Monte Carlo
estimates of QCD path integrals formulated on an anisotropic
space-time lattice. To reliably determine the excited states
of interest, we use both single-hadron and multi-hadron op-
erators for the first time. A new stochastic method of treat-
ing the low-lying modes of quark propagation which exploits
a new procedure for spatially-smearing quark fields, known
as Laplacian Heaviside smearing, makes such calculations
possible for the first time. Our results are obtained using
243 x 128 and 323 x 256 anisotropic lattices. The method pro-
vides reliable estimates of all needed correlations, even those
that are particularly difficult to compute, such as nn — nn
in the scalar channel, which involves the subtraction of a
large vacuum expectation value. A new glueball operator is
introduced, and computing the mixing of this glueball oper-
ator with a quark-antiquark operator, 77, and nn operators
is shown to be feasible.
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Figure 1: (Left) Effective mass of kaon-pion pair
in a P-wave. (Right) Effective masses of pion with
various momenta.

1. ACKNOWLEDGEMENTS

This work was supported by the U.S. NSF under awards
PHY-0510020, PHY-0653315, PHY-0704171, PHY-0969863,
and PHY-0970137, and through TeraGrid /XSEDE resources
provided by TACC and NICS under grant numbers TG-
PHY 100027 and TG-MCAO075017. Computing, storing, and
manipulating the quark sinks and the meson/baryon func-
tions is possible only because of current XSEDE computing
and storage capabilities.

2. REFERENCES

[1] S. Basak, R. Edwards, G. Fleming, U. Heller,
C. Morningstar, D. Richards, I. Sato, and S. Wallace.
Group-theoretical construction of extended baryon
operators in lattice QCD. Phys. Rev. D, 72:094506,
2005.

[2] C. Morningstar, J. Bulava, J. Foley, K.J. Juge,
D. Lenkner, M. Peardon, C.H. Wong. Improved
stochastic estimation of quark propagation with
Laplacian Heaviside smearing in lattice QCD. Phys.
Rev. D, 83:114505, 2011.



