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Physics Goals

A Exotic and excited state meson spectrum
d E.g., Future JLab Hall D & GSlI/Panda experiments
d Photo-couplings & electromagnetic transition form  -factors
d Isoscalar spectrum
d Also heavy quark spectrum & cross-over to HEP
A Baryon spectrum
d Light quark and strange quarks
A E.g., many cascade states unknown parity

0 NP2012: Masses along with ground state and excited state
transition form -factors up to 7 GeV 2

A These are the simplest examples of  views

A NOTE: spectrum & structure division arbitrary
d Also consider 3D structure view of (excited) hadrons
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Requirements

A Dynamical quarks:
d Light quarks (u,d) o can be degenerate
0 Strange quark
0 Charm?
A Chiral extrapolation: problematic ! physical limit
A Multi -volume/decays
A Continuum extrapolation
A Disconnected contributions:
d Isosinglets
0 3pt& 4 -pt
d Annihilation diagrams
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Strange Quark Mass
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Consider strange quark determination understood!

Chiral PT extendable in (I, Sy) BMW, HadSpec 2008
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Continuum Extrapolation

A Clover action - small discretization effects
A Chiral PT works well in ratio method

Ratio method a @ phys limit
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Some Ground State Masses

Some of the ground state masses

2000 -
E +0
1500 - Pt
_ - 5
=3 ' =W z E}EI A
D _
= 1000 SN
f— - EK*
= i 1P
500_’ = — experiment
1 == width
] o input
ol == ¢ QCD

Missing negative parity octet and decuplet 3 much more to do!

Many of these states decay
BMW Collab, Science (2008)
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No- go Theorem

A Scattering matrix elements : only from finite volume Euclidean
correlation functions (except at threshold) [Maiani-Testa]

A 3-d box with size L, spectrum of states discrete & even above
threshold

A Scattering lengths inferred
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Decays

omass from effective range expansion: finite box
B cot(Bui(k)) = 2 (k2 — k), W =2k +m2, k,= %\/m2 a2

2
9onm ™) P s
8 3 _| || 1 .-L?' T | ) I I I 1 I T | ) I I I I ) I |_
2r -
1 -
: m,=390 MeV
m,=250 MeV
2 I | I | 1 L 1 | L I | L 0 | | ' |
2 3 4 o) 0 0.2 0.4 0.6 0.8 1 1.2
m_L r.k

QCDSF 2008

) Thomas Jefferson National Accelerator Facili
Jeffergon Lab y @ A



Yamass
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More complicated decays

A Exotic 1-* cascading decays as mass decreases:
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More complicated decays

A Exotic 1-* cascading decays as mass decreases :
A first T+ bY S-wav [Dominant decay in flux -tube models]
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More complicated decays

A Exotic 1-* cascading decays as mass decreases :
A first +1 b S-wave [Dominant decay in flux -tube models]
A second bVl 1YY, S-wave
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More complicated decays

A Exotic 1-* cascading decays as mass decreases :
A first +1 b S-wave [Dominant decay in flux -tube models]
A second bVl 1YY, S-wave
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More complicated decays

A Exotic 1-* cascading decays:
A Also 1+*! YY,P-wave

A Need multiple volumes

A Theory not well
developed

[P-wave suppressed in flux -tube models]

L=2.0fm

AWill get to costé
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