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Charmonium

lines:  predicted, discovered
overall mass precision ~2-3 MeV
dashed: predicted, undiscovered
not in here: unpredicted, discovered (XYZ)

JPC



B Meson Factories
             e+e– → Υ(4S)  → BB (  ~ 99%)       

                                         

About 1 Million B mesons per day









Product branching fraction small
(B decay) × (X decay) = 10–5
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 Observed by 7 experiments

 Observed in 5 decay channels

Quantum numbers are JPC=1++

 potential model: χc1' 
Barnes et al.,  

 → predicted mass ≥50 MeV higher
→ predicted width factor ≥100 larger 

 Decay X(3872) → J/ψπ+π
dominated by X(3872) → J/ψρ
→ violates isospin

  (assume initial I=0)
→  factor 10−100 too large

Belle, Phys. Rev. D84(2011)052004

LHCb, Phys. Rev. Lett. 110(2013)222001
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Is there cc admixture inside the X(3872) ?
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Overpopulation of JPC=1  States

ψψπ π

Non-trivial pattern, not understood 
No mixing with conventional ψ states
No mixing among them
→ Y(4260) seems not to decay to ψ π+π
→ Y(4350) seems not to decay to J/ψπ+π

ψπ+π        ψ π+π          
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χ  π ±

Problem: understanding of 3-body decay dynamics
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Beijing Electron Positron Collider II



Beijing Electron Positron Collider II





√



ψ ψ π+ π ψ π+ π

ψ π+ π



Γ 
σ

Γ
σ

BESIII Belle
ISR

√

Tetraquark state predicted at m=3.882 GeV
Ali, Hambrock, Wang, Phys. Rev. D85(2012)054011
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Confirmation of the Z(4430) in B0 → K+ ψ' π
LHCb, arXiv:1404.1903[hep-ex]

 data set 3 fb–1, √s=7 and 8 TeV
significance >13.9σ
JP=1+ unambigously established 
(0–, 1–, 2+, 2– ruled out

  by 9.7σ, 15.8σ, 16.1σ and 14.6σ)
mass and width consistent with Belle
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Is there a decay from an XYZ to another XYZ?

Y → Z
Zc+ are observed in Y(4260) decay
(cross section vs. √s peaks at Y(4260))

Y → X 
→ X(3872) in Y(4260) decay ?
1– – → 1++  , parity flip, ΔL=1  
→ search for radiative decay
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Precise confirmation of 
potential model prediction



Implications 
of newly observed, expected bottomonium states 

for potential model (confinement) ?



Precision Test of Flavor Independence of  QQ Potential
→ Are the level spacings identical?

Agreement to 10–3 – 10–4 level

Mass scale ~4 GeV Mass scale ~10 GeV
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Experimental observation of

is inconsistent with potential model

Explicit quark mass dependence 
(except for logarithmic potentials).  



Zb(10610)± m=10607.2±2.0 MeV , Γ=18.4±2.4 MeV
2.6 MeV above BB* threshold
Zb'(10650)± m=10652.2±1.5 MeV , Γ=11.5±2.2 MeV
2.0 MeV above B*B* threshold
confirmed in 3 additional decay modes

Mmiss(π±) / GeV Mmiss(π±) / GeV

hb(1P) 
Decays

hb(2P) 
Decays

≥ σ
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ψπ+π−

Factor ≤40 higher luminosity („nanobeam“)
First data taking planned in 2016
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Experiments at e+e– colliders re-defined our understanding of hadrons

 Many unexplained states have JP(C)=1+(+)

 Probably 1st transitions between X and Y and Z observed 

 Product branching fractions of XYZ states are small ( ~10–5)
  → next-generation high luminosity experiments are required
  Belle II, PANDA, LHCb (upgrade), more BESIII running ...




