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Motivation

12 New Neutral Charmonium States

since PDG 2000

10 X States (7 unconventional)

J. Beringer et al. (PDG) PRD 86, 010001 (2012)

K. A. Olive et al. (PDG) Chin. Phys. C38, 090001 (2014)
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Conventional States
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X (3872) : 0F (1)

Conventional description: Xc1 (22) with parallel properties to X1 (2p)

However decay properties completely different

X (4260): 07 (177)
Conventional description: ¥(3D) or ¥(4S5)

However x(4260) — J/y=x @n order of magnitude higher than expected



What are they ?

Hybrid (Quark-Antiguark + Gluon) States ?

Molecular Sates ?

Tetraquarks (compact states) ?

Quark-Antiquark + Molecular States ?



What iIs the effect of Meson-Meson Thresholds ?

Can we implement threshold effects within a
quark-antiquark model framework?

Quark-Antiquark effective potential description
Implicitly incorporating molecular components.
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Quenched vs Threshold-Unquenched Quark-Antiquark Energy

E(r)=V(r)+mgo +mg

G. S. Bali, Phis. Rep. 343,1 (2001) G. S. Balietal., PRD 71, 11453 (2005)
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Generalized Screened Potential Model (GSPM)
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Cornell potential modulated by thresholds



Possible Shortcomings

Non relativistic potential (effective).
No spin dependent terms in the Cornell potential.
Only screening from meson-meson channels.

No thresholds widths.



Heavy Quarkonia Description

The lowest lying spectrum is described by the Cornell potential

- N X
1"{_‘:5?1 (T) — J7 — —
7

o = 850 MeV/fm (0.17 GeV?)

x = 100 MeV.tm ae = B0 (.38
myp = 4793 MeV

m. = 1348.5 MeV

Calculated masses for the lowest lying spin triplet states differing
at most 30 MeV (60 MeV) for bottomonium (charmonium).



Charmonium

J++ Thresholds
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GSPM J++ Spectrum
GSPM
JPC States Measpar Mppa Mcor
MeV MeV MeV
k[Tifl-'Ti]
0t 1pm,oy 3456 3414.75 + 0.31 3456
15t 1pr 3456 3510.66 + 0.07 3456
2+ Apin 3456 3556.20 + 0.09 3456
15+ 2 1 3871.7 3871.68 +0.17 3911
0" 1pmy 1y 3808 3918.4 + 1.9 3911
2tt 2pin 3903 3027.2 + 2.6 3911
1++ lp[Tl.Tﬂ —1017
0t 1pmry 4140 4143.0 £ 2.9+ 1.2
2t lpin 4140 4156730 + 15
0"t 1pmy oz 4325 4350.6725 £ 0.7 4295
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X (3872) results from the interaction between 75 and the Cornell state

Additionally a new state X(4029) appears.
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X3872): 177 (Zp)[TDITI] VS Xe1 (2p)
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1-- Thresholds
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S. Godfrey, N. Isgur

PRD 32, 189 (1985) A Bottomonium
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Summary

1) There iIs a spectral puzzle concerning experimentally unconventional
charmonium states.

1) There is a plausible explanation for this puzzle based on an Energy
Dependent Quark-antiQuark Potential from threshold effects.

1) The Generalized Screened Potential Model (GSPM) based on this
potential allows for a reasonable spectral description of J++
charmonium.

Iv) New higher energy states in charmonium and bottomonium are
predicted.
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