
Charm Before (and Slightly After) 
                        the Revolution

          Incomplete & Idiosyncratic  
                                    

First:  A Brief Pre-History

J/ψ 50th Anniversary
SLAC, November 8, 2024
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SLAC Theory Group, July 1969

Missing:  Bj, Stan Brodsky, Joel Primack

Fall 1970

1970/71: Sydney Coleman 
                       Sheldon Glashow
                       Joel Primack

1972/73:   Howard Georgi
                      Michael Peskin (UG)

1973/74:   Steven Weinberg (from MIT)
                      Alvaro DeRujula
                      Michael Barnett
                      R. Shankar

Harvard Particle Theory Group 

1971/72:    Helen Quinn
                      David Politzer (GS)
                      Erick Weinberg (GS)                 

} Away

Spring 1973:  Yang-Mills Asymptotic Freedom 
                             David Politzer,  D. Gross and F. Wilczek

 Color SU(3)                               QCD: 
 Fritszch, Gell-Mann                   αs(q) ~  1 / 
1972 ICHEP 15

ln(-q2 /Λ2)



e+ e- → Hadrons:   Howard Georgi & TA,  June 1973 
                                                   Tony Zee, June 1973            

σTOT ~ Im                                                                                               

R (ECM) =  Σ Qi
2 { 1 +  αs(ECM) / ϖ  + …..}      

u,d,s:  2
u,d,s,c:10/3  

Slow Approach
   From Above

RG Equations:
Peskin & Schroeder
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→ Jets 
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Weak interactions:   Gf  J+
μ J-μ 

Expectation:   Gf  J0
μ J0μ  

J+
μ = uL γμ [dL cosϑc + sL sinϑc ]     

But !!    Γ(KL
0→μ+μ-) /Γ(KL

0 → all) ~ 10-8   etc     

→   J0
μ = sL γμ dL  sinϑc cosϑc + …

Charm

¯¯Hadrons:  

● 1964, Bjorken and Glashow: 
SU(3)  →  SU(4)   u,d,s,c 

  “Charm”
 “Similarity to the Leptons” 

Bj Shelly

J+
μ = uL γμ [dL cosϑc + sL sinϑc ] + cL γμ [sL cosϑc - dL sinϑc ]  

                                              →      J0
μ = Flavor Neutral  !     
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¯ ¯

● Spring 1970, Glashow, Iliopoulos, Maiani  (GIM) 



●  M. K. Gaillard & B. Lee  Spring 1974 : 

Analysis of K Mesons
   Higher order Effects    

Abstract:      mc < 5 GeV
 Δm(KL,KS):   mc ≈ 1.5 GeV  !

●  M.K. Gaillard, B. Lee, J. Rosner  August,1974 :

“Search for Charm” Φc (cc):   Γ (“OZI Rule”)  ≈ 2 MeV ¯
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Progenitor: SO(3)
Lee, Primack, Treiman
1972

https://en.wikipedia.org/wiki/Benjamin_W._Lee
https://www.google.com/imgres?q=jon%20rosner%20chicago&imgurl=https%3A%2F%2Fd3qi0qp55mx5f5.cloudfront.net%2Fkavlicosmo%2Fi%2Fpeople%2FRosnerJonathan600.jpg%3Fmtime%3D1557437856&imgrefurl=https%3A%2F%2Fkavlicosmo.uchicago.edu%2Fpeople%2Fprofile%2Fjonathan-l.-rosner%2F&docid=YKsnOC-0HNZ18M&tbnid=7kUaoi5t0vAJeM&vet=12ahUKEwjj5vGKgciHAxV3rokEHS-kBJAQM3oECEwQAA..i&w=600&h=600&hcb=2&ved=2ahUKEwjj5vGKgciHAxV3rokEHS-kBJAQM3oECEwQAA


ICHEP, London, July 1974

Burt Richter 
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“Subject of great intrinsic interest”

“Results flatly contradict all known 
models of hadron production 
available up to about half a year ago.”



Aspen Summer, 1974
     QCD Workshop

David Politzer, TA

What happens at a cc threshold in e+e- annihilation?¯

•Just Above 2 mc:    Im

•Below 2 mc:             Im 
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● Orthocharmonium  (1--) 

• Γortho h  =   |Ψ(0)|2  |Mh|2
     + …

~  αs
3(2mc)   Narrow ! 

• Γortho ll  =   |Ψ(0)|2   |Ml|2  =  + …  

Γortho ll / Γortho h =  [18 ϖ / 5 (ϖ2 – 9)]  α2 / αs
3(2mc) + … 

~  α2 = ( 1/137)2

● Paracharmonium  (0-+ )   

•  Γpara h =   |Ψ(0)|2 |Mh|2  +…  
~ α s2(2mc)       Less Narrow 

Γortho h / Γpara h =  [5 (ϖ2 – 9)/27 ϖ] αs(2mc) + …

8October,1974 Seminars:  Cornell, MIT

•  Γpara γγ = …



J /ψ Discovery 
November 11, 1974 SLAC BNL
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mc ≈ 1.5 GeV   Qc = 2/3  
αs(2mc) ≈ 0.2 
Non-Relativistic , Non-Coulombic

Γortho ll / Γortho h ≈ 0.09   

Γortho h /  Γ para h  ≈ 0.01  

+

Other Theories

5.5 keV / 60 keV ≈ 0.09 

60 keV / 32 MeV ≈ 0.002 

→   Γ para h ≈   6-8  MeV   

Long Literature

2024 Actuals: 

6

November 15, 1974:
“Orthocharmonium and e+e- Annihilation”
  PRL 34 (1975)    



“Charmonium Spectroscopy”   

Ψ’3.686

J/ψ 3.097

ROM’s

ηcʹ 3.670
 PARA II 

P-states 
~ 3.500 

ηc 3.050 
   PARA I    

3.638

2.984

● Hadronic Decay
     Via Gluons 

● Radiative Transitions 

● Ortho II  (ψʹ) “Below 
    Charm Threshold”

● Higher Excitations
    “Above Threshold”  
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The Cornell  Group    

V(r) =- αs/r [ 1 – r2/a2]  

Fit:  mc = 1.600
           αs   = 0.2 
           a  = 0.2 fm  

“Cornell Potential”

“Spectrum of Charmonium”  
● Avoided: 
  Hadronic Decay via Gluons  
  Spin Dependent ROM’s

● P States ≈ 3.450 

● Charm Threshold “Nearby”     

Coupling to Decay 
Channels  (D, Ds) 
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Similar Spectrum
      More Work 

● Radiative Transitions 



Charm(onium) Theory After the Revolution

1. Spectrum
                 Spin-Dependence 
                 NRQCD
                 Lattice Calculations   

Nora Brambilla
“50 Years of QCD” 2212.11107

2. Hadronic Width via Gluons 
     in Higher Orders:      
                         Γ(J/ψ) Looks Under Control
                         Γ(ηc) Large Increase 
                         Γ(ηb ) Looks Much Better   

Feng, Jia, Sang  1707.05758

Γ(ηc)

M. B. Voloshin 2008: “Charmonium” 0711.4556

Γ(ηb)

3

9.399 GeV

2.984 GeV•



Early Spring 1975 

• Hidden Charm Established. Quarks Real !  

•  mc in Gaillard-Lee Range 

• Non-Relativistic but Non- Coulombic Hadrons 
    (Charmonium)  J/ψ ,  ψʹ

          Asymptotic Freedom, Confinement 
          Modeling, Textbook Quantum Mechanics       
                                                                                                  
• Predictions for Many Other cc States

                                                      

Charm Status 

¯

Near Horizon 

• 1975: P States, Lepton-Photon Conference, August 

Quark Jets: December 1975

Tau Lepton: December 1975 

• 1976: Charmed Particles, G. Goldhaber et al, August

• 1977: Paracharmonium ηc, W. Braunschweig et al 
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Upsilon (bb): 1977  ¯

………………………………………………

(                                                              )



Summary

1. Early → Mid Seventies : 
Depressing in Many Ways
Golden Age of Particle Physics

2. Stunning Experimental Discoveries

& Effective-Field-Theory Framework
3. Emergence of the Standard Model SU(3)c x SU(2)L x U(1)Y

                                                 SU(3)c x U(1)EM 

1

DORIS
∙∙∙∙
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