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Interpreting the X�
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The Landscape
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Lattice Charmonia

HadSpec, 1204.5425



hybrids/spectrum/bb/fitBBc.cpp

non rel model + pert VSD PDG

(1)

(1) 3872 = DD*, but 2++ is equally off, also 2 0++ states? 

(2)

(2) could this be the 3P1(2P) shifted up?

(3)

(3) something of a fiasco here
charmonia.dat / charmonia.plt

Model + PDG Charmonia
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vectors





ψ(4320) & ψ(4360)



The situation is even worse: we rely on R for much information! This is not robust! 

h/t: Nils Hüsken
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The X
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The X
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“Vi har nu en model, 
der på smukke ste vis 
forklarer data og for 
første gang 
indeholder alle de 
begrænsninger, data 
giver,” sagde 
fysikeren Tim Burns 
fra Swansea 
University ved 
offentliggørelsen. 

Multi-quark States



Cassidy, D.B.; Mills, A.P. (Jr.) (2007). "The production of molecular positronium". Nature 449 (7159): 195–197

Multi-electron States

1946: Wheeler suggests that Ps2 might be bound
Wheeler, J. A. Polyelectrons. Ann. NY Acad. Sci. 48, 219–238 (1946).

1946: Ore proves it is unbound

1947: Hylleraas & Ore prove it is bound
Hylleraas, E. A. & Ore, A. Binding energy of the positronium molecule. Phys. Rev.71, 493–496 (1947).

2007: Ps2 is observed

https://en.wikipedia.org/wiki/Nature_(journal)
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Multi-quarks through the ages
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X Structure

L =
1
2

∫
d3xd3y ψ†ψV (x − y)ψ†ψ +

∫
d4xψ̄γµγ5τ

aψ∂µπ
a

constituent quark interaction quark-pion interaction

V ρψ D0D̄0∗ D+D−∗ ωψ
ρψ – Vq Vq –
D0D̄0∗ Vπ Vπ Vq

D+D−∗ Vπ Vq

ωψ –
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X Radiative Decays



29 /Users/SWANSONE/products/tex/HeavyLightPapers/B-decays/code/radTrans.f
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rearrangement dissociation

annihilation pion induced

mixing  productionππ

X Decays
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X Hadronic Decays
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X Hadronic Decays

✓

predicted isospin violation 
due to D+D-*, D0D0* mass splitting 

[old]
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X Hadronic Decays

[old]

= 12.8 ± 6 [new]

Molecular picture:

≈ 0.08 ✘
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/Users/SWANSONE/products/tex/HeavyLightPapers/B-decays/code

X Mixing
aχ [GeV]

a [1/GeV ]
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Γ(γψ(2S))
Γ(J/ψ)

= 0.7 − 1.3

X Mixing ~ New Ratios

✓

Γ(D0D̄0π0)
Γ(π+π−J/ψ)

= ? 😕
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Conclusions
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There should be a partner, mostly , state with unusual properties, including large
isospin violating decay modes.

cc̄
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~fin~
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weak binding vs. full wavefunction

1 fm


