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QCD on a lattice

Discretise (spacing = a) — regulator
Finite volume -2 finite no. of d.o.f.

Quarks fields

Gauge fields (gluons)




QCD on a lattice

Discretise (spacing = a) — regulator
Finite volume -2 finite no. of d.o.f.
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Gauge fields (gluons)
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Charmonia from the lattice — other work (lower states)

¢ 0.2 ms
& 0.1 ms
O physical

BESII

N; = 2+1, extrapolate to continuum limit and physical m_

DeTar et al (Fermilab and MILC), Lattice 2012 [arXiv:1211.2253]
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N; = 2+1, extrapolate to continuum limit and physical m_

DeTar et al (Fermilab and MILC), Lattice 2012 [arXiv:1211.2253]
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N; = 2+1, extrapolate to continuum limit and physical m_

DeTar et al (Fermilab and MILC), Lattice 2012 [arXiv:1211.2253]



Charmonia from the lattice — other work (lower states)

Spin—orbit

N; = 2+1, extrapolate to continuum limit and physical m

T

DeTar et al (Fermilab and MILC), Lattice 2012 [arXiv:1211.2253]




Charmonia from the lattice — other work (lower states)

N; = 2+1, extrapolate to continuum limit and physical m_

DeTar et al (Fermilab and MILC), Lattice 2012 [arXiv:1211.2253]




Charmonia from the lattice — other work (higher states)
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Charmonia from the lattice — other work (higher states)

(1) N;=2+1, m_= 156 MeV [red crosses]
(2) N;=2, m_ ~266 MeV [blue crosses]
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Excited Charmonium S pectrum Hadron Spectrum Collaboration

Dynamical (unquenched) u, d and s quarks [N, = 2+1] Relativistic charm

Anisotropic — finer in temporal dir (a./a, = 3.5), a,~ 0.12 fm

L2

Two volumes: 163,243 (L, = 1.9, 2.9 fm)

M_ ~ 400 MeV

Only connected contributions

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



Excited Charmonium S pectrum Hadron Spectrum Collaboration

Dynamical (unquenched) u, d and s quarks [N, = 2+1] Relativistic charm
Anisotropic — finer in temporal dir (a./a, = 3.5), a,~ 0.12 fm
Two volumes: 163,243 (L, = 1.9, 2.9 fm)

M_ ~ 400 MeV

Only connected contributions

Various techniques C;;(t) =< 0]0;(t) O;((O)lo >
Large no. of ops. of different structures, including gluonic excitations
—> Large number and variety of states ~rD.. .9

JHEP 07 (2012) 126 — Liuming Liu, Graham Moir, Mike Peardon, Sinéad Ryan, CT, Pol Vilaseca;
Jo Dudek, Robert Edwards, Balint Jod, David Richards
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LHCb — arXiv:1302.6269
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Charmonium —irreps

167247 167243 167247 167247 167243 167243 167243 16%247 167243 167243 167247 163247 169247 167243 167243 163247 167243 167247 163247 165247 1

A1 AT Ty Ty ETT OATY AST TTY 1ot pt ATT ATT Tt Tt gt AT AT T T3 EYT ]

3




Charmonium — volume comparison




Charmonium — hybrid candidates
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