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 Outline 
•  The sixties, the years of QED and leptons 
•  The back-story of the Bologna group 
•  The CERN-Bologna-Strasbourg scientific 

program to study the time-like electromagnetic 
form factor of the proton 

•  Zichichi became professor at the Bologna 
University and formed a second Group BCF 
(“Bologna –CERN- Frascati)  

•  The vaste program of research of the BCF group 
at the Frascati e+e- storage ring ADONE 

NOTICE In 20 minutes there is no time to discuss the beautiful theoretical 
aspects of such an interesting field as the lepton family, both the QED themes  
and the leptonic weak interaction. I prefere to describe the really great experimental 
work done in few years (from 1965 to 1972) by enthusiastic people, physicists, 
engineers, electronics, mechanics and group technicians.    



The back-story of the Bologna group 



The CERN-
Bologna-

Strasbourg 
Collaboration 

Set-up 

to study  p-antip 
into  

e,mu  
and vector bosons 



The CERN-Bologna-Strasbourg scientific program to study 
the time-like electromagnetic form factor of the proton 



To my knowledge the Zichichi group was the first to use hadron-hadron collisions 
 to study e+e- yelds from the proton accelerators. This group was the first to 
 develop the “Earlier Shower Development Method” so as to greatly increase the 
 electron / pion rejection. (S.Ting Nobel Lecture, 11 december 1997) 



The neutron detector and the development of the 
time-of-flight technique 



The Time-of-Flight principle 





Normally the paper treating 
the performances of the 
experimental set-up 
is written after the 
 physics output papers 
of an experiment. 

The experimental techniques 
used here 
were extensively used by the 
BCF group in Frascati 



The origin of the Frascati Experiment at 
ADONE 



La proposta finale del gruppo di Bologna 
BCF 

 Zichichi had been called 
 at Bologna University 
 by prof.Puppi. 
Local group leader was 
 prof. Monari, particle  
 physics expert grown 
 in the Bubble chamber 
 group held by Puppi. 
 prof.Bollini had already 
 his training at CERN 
 in the CBS experiment. 
  He was brinding the  
 experience of the new 
 experimental techniques, 
 was en electronics and 
 software and calculus 
 expert 



Back to Italy, in 1960, Gatto became the director of the newly formed theory group at 
Frascati laboratories. He found there, as junior partner, Nicola Cabibbo, (..) 
Frascati was busy building an electron-positron collider, a big machine that followed 
the pioneering work done by Touschek and collaborators with the accumulation ring 
AdA (Anello di Accumulazione). A larger version of AdA, was called Adone (big AdA, 
in Italian) and it was the sensation of the moment. 

Great expectations were raised about the results to be obtained in what was the first 
exploration of Electrodynamics at high energy. Raoul Gatto and Nicola Cabibbo wrote 
a long article that summarised the theoretical situation of the high-energy electron-
positron collisions. It was called The Bible by people in Frascati and showed very 
clearly the potential for elementary particle physics of future experiments with Adone. 
As later recalled by Cabibbo, writing this paper they had the exhilarating experience 
of expanding into a vacuum because for a few years the only theoretical papers on 
the physics of e+e‒ annihilations were those coming out of Rome and Frascati. (..) 

The ADONE bible: from https://www.sif.it/riviste/sif/sag/ricordo/gatto 

In 1960, independently of Schwinger and Lee and Yang, Cabibbo and Gatto 
formulated the hypothesis that there is a muon neutrino different from the electron 
neutrinos, noting that two massless neutrinos with exact muonic and electronic 
number conservation would make the amplitude of the decay µ → e γ to vanish 
exactly, as suggested by data. 



The e+e- cross sections introduced in the proposal based 
on the 

Cabibbo and Gatto Bible 



The e+e- cross sections introduced in the proposal based on the 
Cabibbo and Gatto Bible 



The new proposal with no magnetic field.  
The enhanced performances to separate e, mu and 

mesons 
took advantage of the two techniques developed at 

CERN 



Some picture testing the BCF group work in Frascati 



The time-of-flight technique to distinguish cosmic ray 
particles coming from outside from those produced at the 

interaction vertex of the e+e- collision 



The early shower technique to separate electrons from muons and 
pions. Photo were scanned and tracks characterized by 6 

parameters.  

A for that time advanced BDT was defining three populations on the basis of a 
CERN calibration of a copy of the sandwich of spark chambers 

           an electron                                                                     a muon                                               



The first two ADONE papers 



The two following papers were other QED tests 



In ‘73 the final limit on the HL Heavy Lepton search 

Tau Lepton mass = 1776.86 + 0.12 MeV 



The BCF group list of publications - 1 



The BCF group list of publications - 2 



Thank you 


