




















Spectrumiinibox: (PeriodiCn:cY)

spectrum is discrete in box (momentum quantized)

narrow resonance is avoided level crossing, broad resonance!?

Positive parity energies

Dotted curves are V=0 spectrum
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Unstable particles (resonances)

our computations done in a periodic box

Q

Q

momenta quantized

discrete energy spectrum of stationary
states =2 single hadron, 2 hadron, ...

how to extract resonance info from box info?

approach |: crude scan
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if goal is exploration only > “ferret” out resonances
spectrum in a few volumes
placement, pattern of multi-particle states known

resonances > level distortion near energy with little volume
dependence

short-cut tricks of McNeile/Michael, Phys Lett B556, 177 (2003)
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Unstable particles (resonances)

approach 2: phase-shift method

0 if goal is high precision = work much harder!

0 relate finite-box energy of multi-particle
model to infinite-volume phase shifts

0 evaluate energy spectrum in several volumes to compute phase
shifts using formula from previous step

0 deduce resonance parameters from phase shifts

0 early references
B. DeWitt, PR 103, 1565 (1956) (sphere)
M. Luscher, NPB364, 237 (1991) (p-mm in cube)

approach 3: histogram method

0 recent work for pion-nucleon system:
0 V. Bernard et al, arXiv:0806.4495 [hep-lat]

new approach: construct effective theory of hadrons!?
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Summary.

goal: to wring out hadron spectrum from QCD Lagrangian using
Monte Carlo methods on a space-time lattice

0 baryons, mesons (and glueballs, hybrids, tetraquarks, ...)

discussed extraction of excited states in Monte Carlo calculations
O correlation matrices needed
0O operators with very good overlaps onto states of interest
must extract all states lying below a state of interest
0 as pion get lighter, more and more multi-hadron states
multi-hadron operators = relative momenta
0 need for slice-to-slice quark propagators
new stochastic Laph method = end game in sight?

interpretation of finite-box energies
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