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Motivation

e ‘Resonances’ are unstable hadronic excitations that
play an important role in hadron interactions.

e Currently the resonances are determined from PWA
of experimental data coupled with modeling.

e Resonances appear as sharp features in phase-shift or
cross-section data.

e The spectrum of hadronic resonances is an open
problem: expected baryonic resonances are missing,
exotic resonances are expected in light and charmed
mesons, etc.



Scattering from lattice QCD

Final state interactions from euclidean correlation functions
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Scattering from lattice QCD

e In a finite box the energy of two-hadron states is
modified by their interaction.

e Lattice QCD can be used to determine the energy of
these states in finite boxes.

e [iischer formula connects this finite volume effect to
scattering phase-shifts.

e The symmetry group of the box dictates the spectral
decomposition and plays a key role in the connection
to phase-shifts.
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Resonance parameters
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Symmetry considerations

TABLE I. Resolution of the 2J + 1 spherical harmonics into
the irreducible representations of O, and D,,.

J o Dy,

0 AT AT

1 Fy A @E™

2 E"®F; AT @B @B, @ E"

3 Ay ®F ® F; A ® By ® B, ® 2E~

4 AT®@E"®F ® F; 2Af ® AT ® B ® B, ® 2E™

For J=0 the relevant irrep is the 1-dim A,* for both cubic and
elongated boxes.

On the lattice this irrep mixes also with J=4 and J=2 for cubic
and elongated boxes respectively.



Variational method

e When the energy states are nearly degenerate, as is the case in scattering
spectra, exponential fitting is an ill posed problem.
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e The workaround is to use information from a set of interpolating fields.
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Operator basis for I=1
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e These are operators with I=1 and I;=0.
e Linear combinations that change under A, are used ( e.g. V:

for 0 and pr=—p2={1,0,0} for 7z ).



Correlation functions









Energy level extraction -
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Operator basis - [=0
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e These are operators with I=0 and I;=o0.
e Linear combinations that change under A,* are used.






I=0 phase shifts—K-matrix fits
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[=0 phase shifts—UyPT fits
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0 pole position and residue
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(Global fit

Infinite-volume spectrum
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Conclusions and outlook

e We performed a lattice Nf=2 QCD calculation for the phase shifts in the I=0,1,2
channel in the elastic region. We use zero-momentum and boosted states at my=227
and m»=315 MeV. We use elongated boxes as an efficient way to access a larger
kinematic range.

e We fitted a number of models to the phase-shifts and identified the position of the
0 and 0 resonances.

e We used Unitarized ¥PT model to extrapolate to physical pion mass and we for
find for 0 a value consistent with experimental analysis and for @ a value

significantly smaller than the experimental one. We argued that the @ mass
discrepancy is due to the absence of the strange quarks.

e In general we find that Unitarized ¥ PT describes the data qualitatively very well but
there is some tension between the lattice data and the model. Further studies are
required to determine whether the tension is due to lattice systematics or model
deficiencies.

e Outlook: refine our methods to increase both the precision and the range of our
phase shift calculation (with an eye on f;(980)), compute three body energies, move
towards lower quark masses, investigate the continuum limit.



