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Charmonia

2



Charmonia via the Potential Quark Model

standard lore (cf. talk by Qiang Zhao)
   Cornell static potential +
   spin-dependence from one-gluon-exchange(*) + 
   ‘scalar’ confinement (**)
   (*) need to modify the delta function in the hyperfine interaction
   (**) not sensible for several reasons
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Charmonia via the Potential Quark Model
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Charmonia via the Potential Quark Model
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Charged Charmonia
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running coupling is motivated by the persistent over-
estimation of heavy meson decay constants (cf, must 
modify psi(r->0)) 

Vconf = V2 − V1

Renovating the Potential Quark Model

the general spin-dependence is given by

A constraint from the Gromes relationship
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It is the alternation in sign of the combination V1 + V2 between vector and scalar currents which, through the analysis of the heavy 
quarkonia spectrum, enabled Schnitzer to identify the scalar interaction as the likely structure for confinement. H. J. Schnitzer, Phys. 
Rev. Lett. 35, 1540 (1975).

Renovating the Potential Quark Model

Assuming a ‘relativistic’ interaction like

and taking the nonRel limit for vector-vector gives

V1 = 0 V2 = Vconf V3 = V′ conf /r − V′ ′ conf V4 = 2∇2Vconf

& for scalar-scalar

V1 = − Vconf V2 = 0 V3 = 0 V4 = 0
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Renovating the Potential Quark Model

Measure the Vi on the lattice (Koma&Koma, NPB, 2007)
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Renovating the Potential Quark Model
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V2 = ϵbr − CFαS /r
V1 = − (1 − ϵ)br

V3 = 3CFαh/r3

V4 = CFαh
b2

he−bhr

r
V5 = 0

Renovating the Potential Quark Model

A reasonable summary

ϵ ≈ 1/4

This remains to be fully explored…
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Hybrids
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Cheung et al. [HadSpec], JHEP 1612, 089 (2016).

Lattice Gauge Theory
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M. Berwein, N. Brambilla, J. Castella, A. Vairo, arXiv:1510.04299 

Obtain Schrödinger-type equations for heavy quark hybrids with pNRQCD.

R. Oncala and J. Soto, arXix: 1702.03900

N. Brambilla, W.-K. Lai, J. Segovia, J. Castella, A. Vairo, arXiv:1805.07713

Effective Field Theory
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⇢Aq =  †(x)TA (x)

⇢Ag = fABC ~AB(x) · ~⇧C(x)

J�1/2⇢Aq J 1/2 = ⇢Aq J�1/2⇢Cg J 1/2 = ⇢Ce↵( ~A)[ ]

[no need for three-body if focussing on lowest multiplets]
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A Simple Constituent Gluon Model

Construct hybrids with transverse constituent TE gluons
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A Simple Constituent Gluon Model
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M. Tanimoto, Phys. Lett. B 116, 198 (1982)

A Simple Hybrid Decay Model

C. Farina et al., arXiv:2005:10850
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A Simple Hybrid Decay Model
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A Simple Hybrid Decay Model
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~fin~
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