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Charmonium in standard quark model  

(n+1)(2S+1)LJ 
Å n  radial quantum number 

Å S total spin  of quark-

antiquark 

Å L relative orbital ang. mom.  

L = 0, 1, 2 ... corresponds 

to  S, P, D... 

Å J = S + L 

Å P = (ï1)L+1  parity 

Å C = (ï1)L+S charge conj.  

c c 

1974 -1980  Discovery of 10 standard charmonium states 

1980-2002   é nothing 

2002-2013  Discovery of 6 standard charmonium states  
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open charm threshold 

Below open charm threshold 
all states are measured 



Charmoniumlike states 
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2002-2016 Discovery of 18 (+4?) 

exotic charmonium states 

All of them above open charm 

threshold  

Multiquark  states  

Tetraquark  

tightly bound four-quark state  

Molecular state 

two loosely bound charm mesons 

 

 

Charmonium hybrids 
States with excited gluonic  

degrees of freedom Hadro-charmonium  

Specific charmonium state ñcoatedò  

by excited light-hadron matter  
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B factories 

Belle:  

8 GeV (eï) ³ 3.5 GeV (e+) 

achieved luminosity: 

21.2³1033cmï2sï1  

Charm factories          
 

 

 

 

BESIII  

Symmetric e+eï collider 

e+eï ŸJ/y, y(2S), y(3770), etc 

scan 2.0 - 4.6 GeV 

L ~ 1033/cm2/s 

LHC  
 

    pp collider  

 

E ~  7 TeV: L~  5fbï1  

E ~  8 TeV: L~ 20fbï1  

E ~ 13 TeV: L~ 30fbï1 

 

LHCb   

 E ~ 7-8 TeV: L~ 3 fbï1  

 E ~ 13 TeV:  L~ 5 pbï1  

 

Charmonium 

Prompt production 

B meson decays  

Tevatron      
  

 

 

 

pp collider E ~ 1.8 TeV: 

 L ~ 4fbï1 per experiment 

Charmonium 

Prompt production 

Beauty hadrons decays  



Charmonium (+like) production at B factories 

Any quantum numbers are possible, can be 

measured in angular analysis (Dalitz plot) 

B decays 

e+eī annihilation with ISR 

JPC = 0Ñ+  , 2
 Ñ+     

double charmonium production 

ɔɔ fusion 

in association with J/ɣ only JPC = 0Ñ+ seen JPC = 1ï ï 



X(3872) 
PRL91, 262001 (2003) 

M(J/ý )́ 

10ů 

 MX close to D0D*0 threshold 

 M = 3871.68 Ñ 0.17 MeV  

 not clear below or above:  

ȹm = ï 0.11 Ñ 0.22 MeV 

 surprisingly narrow:   

ũtot< 1.2 MeV at 90% CL 

Hadronic collisions:  produced mostly 

promptly; only 0.263Ñ0.023Ñ0.016 

from B-decays (CMS) 

First observed by Belle in  

BŸK J/ý +ˊï 

Confirmed:  

BaBar, LHCb, CMS, ATLAS, CDF 

JPC = 1++  
finally 

 established 

Known 

decays 

BR relative 

to 

J/yr mode 

Comments 

J/yr 1 isospin violation 

J/yw 0.8 ° 0.3 isospin violation 

J/yg 0.21 ° 0.06 Belle&Babar good 

agreement  

y(2S)g 0.50 ° 0.15 Belle&Babar 

disagreement 

LHCb confirms 

BaBar  

D0D*0 ~10 dominant mode 

Belle topcited: 

 1200+ 



Conventional charmonium cc1 (2P) (JPC=1++) 
Problems: 

Á ũ(cc1 (2P)ŸJ/yg)/ũ(cc1(2P)­J/ypp ) ~ 30,                 

           measured < 0.2  

Á ~ 100MeV  heavier then expected 

X(3872) interpretations 

D0D*0 molecular state: (the most popular) 

Á MX ~ MD0 + MD*0 is not accidental 

Á JPC=1++ (D0D*0 in S-wave) 

Á DD* decay  

Á Small  rate for decay into J/ɣɔ is expected 
Problems:  

Á too large X(3872) Ÿ ɣ(2S)ɔ 

Á too small binding energy: D0 and D*0 too far in space to 

be produced in high energy pp collisions 

Possible solution:  

Mixture of P-wave charmonium level 

cc1(2P) and S-wave DD*0 molecule  

Tetraquark ( cq)(cq):  

+ 3 states (cu)(cu), (cd)(cu), (cd)(cd) with a 

few MeV mass splitting  
Problems: 

no evidence of neither neutral doublet nor charged partner yet 

Molecule

4-quark

Hybrid

Others
Spiresô vote: 

X(3872) 

X(3940) 

X(4160) 

y2(3820) 

DD 
_ 



o Detailed pattern of X(3872) to charmonium 

transitions (radiative and hadronic) with 

significantly improved accuracy 

 

o Search for partners of X(3872) 
molecules with  JPC = 0++, 1+ï  , 2++é  

 

o Measurements of absolute BR of  

B ŸKX(3872) with improved accuracy  
(Low limit on Br(X(3872) Ÿ J/y p+pï  > 4.2%) 

 

o Measurements of line shape of X(3872) 

decaying to DD* at threshold and to J/yp+pï  

to clarify nature of X(3872): virtual or bound 

state 

 

o Measurements of the total width of X(3872)  

 

Search 

for 

X(3872) 

partners 

decays 

 

Comments 

cc1 g 

cc2 g 

Forbidden by C-parity 

conservation 

C-odd partners: tetraquark, 

molecule 

UL : < 1/4 from J/y p+pï    

J/y h C-odd partners: tetraquark 

UL : < 1/2 from J/y p+pï    

hc h 

hc p
0 

hc p
+pï 

hc w 

Search for other X-like 

molecular states  

UL :  ~ J/y p+p 

X(3872): to be done 



Standard? 

Exotic? 



7.7 ů 

M(ɤJ/ɣ) 

Y(3915) 

PRL 104, 092001 (2010) 

ɔɔ ­ X(3915) ­ ɤJ/ɣ 

J = 0, 2 only 

Y(3940) ſ X (3915) 

 
o the same decay mode 

o similar masses and widths 

o different production mechanisms 

o found by Belle & confirmed by BaBar 

BaBar prefers JP=0+ 

X(3940) 
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Y­ ɤJ/ɣ 

Y­ ɤJ/ɣ 

PRL 94, 182002 (2005) 

YŸJ/yw 

253fb-1 

8.1ů 

BŸYK 

Y(3940) 


