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Resonance at large quark masses
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Simple parameterisation

• First “guess” at baryons; use simple (one parameter) form
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Non-interacting energies
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Interactions: much more interesting

• Real part of rho meson mass
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Lüscher

Map out volume-dependence of energy levels
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Lüscher

Map out volume-dependence of energy levels
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Large width
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Large width
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Need to extract full 
phase-shift analysis 
for strongly-coupled 

(large-width) systems



Delta Bernard et al. JHEP(2008)
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Finite-momentum trick
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mπL ! 2π
Lattice volume: Lowest non-zero momentum:
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BOOST rho to pmin Rummukainen & Gottlieb, NPB(1995)
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Finite momentum trick
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Finite momentum trick

mπ

mρ
= 0.41mπL = 4.3 Rho “stable” at rest, but (just) 

“decays” in boosted frame

Identified two states near evergy level of 2 non-interaction pions
Determined phase-shift to extract gρππ

Rescale phase-space to physical kinematics to estimate width

Γphys ! 150 MeVΓlat ! 162± 35 MeV

CP-PACS(2007)



Coupled channel resonances
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Multi-channel S-matrix on finite volume

• Extension of Lüscher by He, Feng & Liu JHEP(2005)

• Scattering parameters
each as function of E

• Finite-volume eigenstates constrained by (s-wave)

Two-channel S-matrix
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The “Roper”
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The “Roper” on a finite volume
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Towards the Roper

• Dynamics of finite-volume effects

• N-sigma channel also quite strong in Roper

• Delta and sigma also “unstable”:

• Finite-momentum modifications (even for rest Roper)
Delta-pi has Delta at finite momentum (modified like rho)

• The main challenge: investigate inversion for lattice QCD

Nππ



E0 − 2m

Scattering length Lüscher

Beane et al. (2005)

Beane et al. (2007)


