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Strong physics problemsStrong physics problems
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Charmonium positronium of QCD

• Positronium • Charmonium
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Charmonium positronium of QCD

• Charmonium
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Charmonium
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charmonium from B-decaycharmonium from B decay
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charmonium from B-decaycharmonium from B decay
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candidate assignmentsg
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diquarks:  colour

3 ,  6

3  × 3   =   1 +  … tetraquark
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Baryons:  colour
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Deep inelastic scattering as x 1
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diquarks:  colour tetraquarkq
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possible X(3872) structures

molecule tetraquark
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M [M V]Effect of Decay channels
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The 1-- family Faccini

several resonances observed in e+e- γISRY

Y(4260) J/ψππ
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The youngest of the 1-- familyy g y
arXiv:0707.2541

9M V94361M
MeV155147Γ
9MeV94361M

±±=
±±=

MeV 3 1584Γ
MeV 5 114664M

±±=
±±=

5 8σ5.8σ

MeV404008M 72
28

+
−±= MeV124247M 17

26
+
−±=

MeV44226Γ 87
79

+
−±= MeV19108Γ 8

10
+
−±=

arXiv:0707.3699 



Only seen in

1-- family
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The 3940 family

Observed in JPC (?) M (MeV) Γ (MeV)

X e+e- J/ψX (X DD*) 0-+,1++ 3943±8 <39

Y B YK (Y J/ψω) 1++ 3943±17 87±34Y B YK (Y J/ψω) 1 ,… 3943±17 87±34

Z γγ Z (Z DD) 2++ 3929±5 29±10

PRL 96, 082003 (2006)PRL 94, 182002 (2005)PRL 98, 082001 (2007)
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Y(3940) closer to X(3940)
C th b th t t ?

X DD*

Can they be the same state?



X, Y, Z states
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The first charged state: Z(4430)The first charged state: Z(4430)

B± Z±K B0 Z K±B± Z±Ks     or   B0 Z K±
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X, Y, Z states
(2S+1)LJ
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interquark potential      spectrum



Schwinger-Dyson EquationsSchwinger Dyson Equations

Ward-Green-Takahashi:Ward-Green-Takahashi:
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Schwinger-Dyson Equationsg y q
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gluon propagatorgluon propagator

Δ(p) ≡ Δ00(p) 



Hadrons & quark confinementHadrons & quark confinement
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Hadrons & quark confinementHadrons & quark confinement
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gluon propagatorinterquark potential gluon propagatorinterquark potential

rp ~ 1

Coulomb : OBE

r << 1, p >> 1
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interquark potentialinterquark potential

rp ~ 1

Coulomb : OBECoulomb : OBE

r << 1, p >> 1

r >> 1 p << 1r >> 1, p << 1



Schwinger-Dyson Equationsg y q

Slavnov-Taylor Identity

axial gaugesaxial gauges

covariant gauges
QCD



Studies in covariant gauges

first just gluons Pagels, Mandelstam, Bar-Gadda

STI



Studies in Landau gauge

Brown & P
1988



Studies in Landau gauge

α = 0 25αs = 0.25

Nf = 2f

Brown & P
1988



QCD running couplingQCD running coupling

α (Q2) > 1    for    Q2 < Q0
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Studies in covariant gauges

QCD

Alkofer et al
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Lattice Results: Cucchieri, Mendes
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Lattice Results: Cucchieri, Mendes
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Richardson Potential



Potential : Cucchieri-Mendes gluonRichardson Potential g

2mb = 10.08 GeV 2mb = 9.46 GeV



Confinement potential

QCD

Alkofer et al



Alkofer Fischer Llanes Estrada & SchwenzerAlkofer, Fischer, Llanes-Estrada & Schwenzer



Alkofer Fischer Llanes Estrada & SchwenzerAlkofer, Fischer, Llanes-Estrada & Schwenzer
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scalar component in vertex
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