Hadron Resonances and Decays from the Lattice

G. Schierholz
Deutsches Elektronen-Synchrotron DESY




With

T. Burch, M. Gockeler, S. Gutzwiller, R. Horsley, U.-G. MeiBner,
Y. Nakamura, A. Nogga, D. Pleiter, P.E.L. Rakow, J. Zanotti



The Problem

e Apart from the nucleon, hadrons of most phenomenological interest are
resonances

e Resonance states cannot
be identifled with a single
energy eigenstate of the lattice
Hamiltonian

e The method of choice is to
compute mass and width from
the volume dependence of the
energy levels

Luscher, Wiese A — N



This Talk
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Benchmark Calculation

— Ny = 2 clover fermions
— Physical quark masses

— Extension of formalism to arbitrary total momenta P (representations of H (4))



Challenges
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Baryon Resonances
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Shortcut

— Compute energy levels on the lattice

— Match with energy levels computed
from HBChPT in finite volume

MeiBner et al.

Extension of Luscher formalism
to multichannel resonances In
progress



Action
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Landscape
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Scale

m, [GeV]
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Rho

Interpolating fields
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Hypothetical Energy Levels

Effective range formula
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Useful region



Phases
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Fits

0.2

0.1

-0.2

(r2k3/E) cot 6,
|

-0.3

m_=260 MeV

O p*=0
O p?*=1
O p?==R

o

| —
(AY]



0.2

0.1

-0.2

(r2k3/E) cot 6,
|

-0.3

O p*=0
O p?*=1
O p?==R

m_=160 MeV

o

| —
(AY]



Width

10

gpﬂﬂ

m_[MeV]

200



Mass

2.9

1.5

T T T T T / T

i P 1
I v/ 1

/
) e .
i / ©m i
i // o 1
| - @/@/ 1
|l w S "
I i £=5.25 1
. O =529 -
I 0 8=5.40 ]
-/ © m,=2m,_ i
I I/ | | | | | | | |

1
(rom_)?

w



Delta

Very preliminary
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Summary

e Simulations at the physical pion mass with Wilson- e Improvement of algorithms
type fermions progressing e Increase of computing power
e QPACE
e Benchmark calculation of p resonance parameters |deal volume: m, L = 2—4
successful ~ 3 —6fm

Precision of the calculation largely question of
statistics

e C(Calculation of A resonance parameters will follow Lowest energy level E sufficient
shortly

e To go beyond elastic p and A resonances, Luscher formalism needs to be extended to
multi-channel case



