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• Introduction: spectroscopy and lattice QCD 

• Some recent work: 

• Excited meson spectra 

• The  resonance in isospin-1  scattering 

• Summary and outlook 
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BESIII KLOE2 LHC JLab @ 12 GeV 
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Spectroscopy on the lattice 

Operators (interpolating fields) 

Energy eigenstates of 
Hamiltonian from 2-pt corr. fns. 
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Large basis of ops  matrix of corrs. Eigenvalue problem 

(t >> t0) 

Spectroscopy on the lattice 

Operators (interpolating fields) 

Energy eigenstates of 
Hamiltonian from 2-pt corr. fns. 

Eigenvectors  Z(n) 
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Excited Charmonium Spectrum 

JHEP 07 (2012) 126 – Liuming Liu, Graham Moir, Mike Peardon, Sinéad Ryan, CT, Pol Vilaseca; 
 Jo Dudek, Robert Edwards, Bálint Joó, David Richards 

Hadron Spectrum Collaboration 
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Dynamical (unquenched) u, d and s quarks [Nf = 2+1]  

Anisotropic – finer in temporal dir (as/at  3.5), as  0.12 fm  
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Anisotropic – finer in temporal dir (as/at  3.5), as  0.12 fm  

Two volumes: 163, 243 (Ls  1.9, 2.9 fm) 

M   400 MeV 

Relativistic charm 

Various techniques 

Large no. of ops. of different structures, including gluonic excitations 

 Large number and variety of states 
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JHEP 07 (2012) 126 243,  M   400 MeV 

JPC 

c J/  
χc0 χc1 χc2 hc 

X(3872) 
LHCb – arXiv:1302.6269 
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163 (Ls  2.0 fm) 

PR D82, 034508 (2010) 

Morningstar and Peardon PR D60, 034509 (1999) 

PRL 103, 262001 (2009) 
PR D82, 034508 (2010) 
PR D83, 111502 (2011) 

Light unflavoured mesons 
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Resonances on the lattice 

Imaginary time – can’t study 
dynamics (e.g. scattering) directly 
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Continuous spectrum 

Quantised momenta  discrete spectrum 

Infinite volume 
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Lüscher: (elastic) energy shifts in finite vol. 
 infinite vol. scattering phase shift 

Resonances on the lattice 

Understanding unstable mesons – 
need energies of multi-hadron states 



2m  E 

13 

Map out phase shift  resonance parameters etc 

Extract phase shift at discrete Ecm  

Lüscher: (elastic) energy shifts in finite vol. 
 infinite vol. scattering phase shift 
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Ecm / MeV 

|A|2 

M  = 863.5(19)(6) MeV   
 = 10.1(6)(1) MeV 

[M   400 MeV] 

c.f. experimentally  
M  = 775.49(34) MeV   

 = 149.1(8) MeV 

Mapped out in detail 



Summary and Outlook 

15 

•   Excited charmonia, light mesons, D/Ds mesons, [baryons] 

•   Exotics, hybrid phenomenology, exp. interest 

•   Mapping out phase shifts scattering observables  
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•   Other scattering channels – resonances, decays, ... 

•   Radiative (and other) transitions 

•   Systematics: lighter pion masses, larger volumes, ... 

•   Understand strong interaction phenom. within QCD 

Outlook 
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