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4.7 Hadronic resonances: Discovery of  the c and b quarks

• hadronic states explained as bound states of 3 quarks (u, d, s)

• Prediction of a forth quark by theoreticians (e.g. GIM) 

1974: “November Revolution” – Discovery of the J/ψ, bound state of new quark 

−+−+−+ → µµ, hadrons, eeeeSLAC BNL    p(28 GeV)+Be →e+e-X

Until 1974

Resonance w/ large mass 
narrow width Γ=87±5 keV
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S.C.C. Ting et al.

B. Richter et al.

Both articles appeared 
in the same issue of 
Phys. Rev. Let.
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Brookhaven Experiment (S.Ting et al.)

p(28 GeV)+Be →e+e-X

http://nobelprize.org/nobel_prizes/physics/laureates/1976/ting-lecture.pdf
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MARK-I Detector

= prototype of a compact 4π detector

B field
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Width of resonance:

J/ψ Γ=87±5 keV compared to known resonances:

→ Extremely narrow !

ρ Γ=149 MeV

ω Γ= 8.4 MeV

φ Γ= 4.3 MeV

OZI (Okubo, Zweig, Iizuka) rule:

Decays with “disconnected quark lines” are suppressed 
relative to decays where the quark lines are connected.

OZI allowed but 
little phase space

OZI suppressed

%49)( =→ −+KKBr φ %5.15)( 0 =→ −+ πππφBr

−−== 1)()/( γψ PCPC JJJNew particle J/ψ (bound cc state):

35

• Narrow J/ψ peak cannot be explained in the 3 quark picture:      
would expect large hadronic width if particle consists of u,d,s
quarks

Width of J/ψ

OZI allowed but  
kinematical not possible: 
Charmed D mesons too 
heavy (>1865 MeV)

OZI suppressed

• J/ψ was interpreted as a quark-antiquark bound state of a new                       
heavy quark c-quark.

= “Open Charm Threshold”
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QZI rule in QCD

Colorless gluon 
exchange

1 gluon exchange:   not possible (color)

2 gluon exchange:   not possible (C=1)

3 gluon exchange:   possible (similar to 
positronium)

Suppression ~ αs
3
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Measurement of the J/Psi width
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Breit-Wigner resonance for cross section:

with

keV1.24.93 ±=Γ

statistical factor 

see C. Berger, p. 322

spin of resonance 
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Charmonium (cc) Spectroscopy
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Discovery of the Upsilon (bb) Resonance (1976)

anything+→+ µµNp
Leon M. Lederman et al.



III. Introduction to QED

J. Pawlowski / U. Uwer
6

40

Bottonium Spectroscopy

BABAR PRL 101 (2008) 071801
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