


Search for resonances: 
•  with non-quarkonium JPC 

•  unnaturally small widths 
•  not null charge: clear indication of 
something new going on 



Strong interplay between theory and experiment 
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Open charm thr. 

All states below the open charm threshold are observed and explained 

ψ(3770) 

ψ(4040) 

ψ(4160) 

(pot. Models) 
QWG: hep-ph/0412158 
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Γ = (3.6−2.3
+4.6 ± 0.9)MeV

Original Belle paper Γ<2.3MeV@90%C.L. 



BF(XJ/ψππ) 
BF(XDD*) 

Γ(XJ/ψππ) 
Γ(XDD*) 

68%C.L. 
90%C.L. 

Large DD* BF and Γ : Prob(Γ(XDD*)<Γ(D*)=0.7% Test against molecular nature 

Work in progress 
Drenska, RF, Piccinini, Polosa, Renga, Sabelli 



B/BJ/ψππ



BF(BJ/ψK)=10-3 

BF(Bψ(2S)K)=0.65 10-3 

BF(Bψ(3770)K)=0.5 10-3 

BF(Bχc1K)=0.5 10-3 

Significantly 
lower than other 
charmonium 



TWO STATES? X(3872) & X(3876) ? 

Predicted by tetraquark model 
(but why so close to threshold?)  

[my extrapolation] 

PRL 103:152001,2009 
CDF inclusive J/ψππ
ΔM<3.2 MeV @90%C.L. 

Issues with the fits for the DD* mode? 



Width(GeV)

Range: ±(σ(stat.)+σ(sys.))

Better analysis of 
the J/ψ ω mass 
spectrum needed!! 
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Right sign p 

Wrong sign p 

PRL101,172001 (2008) 

Cotugno, RF, Polosa, Sabelli 
PRL104, 132005 (2010)  
 - simultaneous fit to ψ(2S)ππ and ΛcΛc 
modes has good χ2 

 - M=4661±9 MeV  Γ=61±23 MeV 
 - Large preference of the baryonic 
decay model! 

Y(4660) good candidate for a 
tetraquark (Baryonium) 
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dd pair prod. Example of global analysis 
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ψ(3770) 
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X(3872) 

Z 

X Y 

X: the most debated 
(tetraquark vs DD* 
molecule) 

3940 family: 
   X candidate tetraquark  
   Y,Z candidate χ(2P)1,2 

X(4160): candidate ηc(3S) 
Y(4160): candidate hybrid 

X Y 

Z+(4050) 

ψ(4040) and Z±(4050) and 
isospin triplet?!? 
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ψ(4415) 
Y(4350) 

Y(4350) 

Y(4260) 

Y(4660) 

1-- family: 
Y(4660) best tetraquark 
candidate 
Y(4260) and Z±(4250) an 
isospin triplet?!?    

Z+(4250) 

Z+(4430) 





Spectra based on :  
1.   Quark constituent 

model (as in Maiani et 
al,  

2.   orbital excitations 
based on Chew-
Frautschi as in hep-ph/
0602128 

3.   radial excitations 
taken from standard 
charmonium   

c q

c q

O(100 MeV) uncertainties Work in progress 
Drenska, RF, Piccinini, Polosa, Renga, Sabelli 

States decaying into  
ψK, never looked for !  

JP=1+ 
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Legenda 

-------  charm – charm 

_____  charmonium - light 

- - - - - data 

Interesting states: right 
below a threshold () 

c q

c q





Charged states 
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3872, 3940, 4260,… 





Exp results and main 
interpretations (?) 

30/48 pages total 
30 needs more work but 
might be nicer. Which best 
fits general scheme? 




