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………..  our efforts (since 1957) were focused on 
physics development,   design and construction 
of electron-electron collider VEP-1. 
 
Many laboratories throughout the world became 
active in the direction, and, upon the first 
beams storing at AdA (Frascati), two of them, 
Stanford-Princeton group and Novosibirsk group, 
were the first in reaching…………. 

ELECTRON-POSITRON COLLIDERS AT NOVOSIBIRSK 
N. Dikansky 

Budker Institute of Nuclear Physics, Novosibirsk, 630090, Russia 
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Why this dimension? 

AdA  under its glass showcase.  Frascati, 
Open Air Museum 
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AdA dimensions are strictly 
connected to nucleon form 
factors, as measured by Robert 
Hofstadter and collaborators  
in the fifty’s 
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Brief History of Early Electron Scattering Experiments 
 
 1951 Early electron scattering experiments are    
          performed at University of Illinois. A 15.7 MeV   
          beam allows for confirmation of Rutherford’s  
          earlier approximation.  
 
 
 
From Hofstadter Nobel lecture: 
 
“a nucleus could be represented by a model of a uniformly charged 
sphere. The radius (R) of the sphere would be given by the relation 
 
where A is the mass number of the nucleus.  
This is the point from which the present studies began.” 
 
 

 10~ 2113 AR −



Scattering and annihilation electromagnetic processes          18 -22 février 2013          ECT* Trento  6 

 1953 Standford and Michigan have electron beams       
          running at energies up to 190 MeV. Lots of new  
          experimental data becomes available 
 
 1956 The nucleon form factors are measured. The  
          finite nucleon radius and form of the e.m   
          interaction is  given . The form factor fitted well   
          with   a “dipole” function 

Brief History of Early Electron Scattering Experiments 
 

−−=1, PCJρ

.  

It was a surprise,  immediately interpreted as the 
demonstration of the  existence of a neutral 
“vector meson”, called   the  
 



Scattering and annihilation electromagnetic processes          18 -22 février 2013          ECT* Trento  7 

That was precisely Bruno Touschek’s starting point at Frascati. He 
considered the kinematics as rather obvious; to him the possible 
physics to be learned from colliding particles was far more 
significant.  

Brief History of Early Electron Scattering Experiments 
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are phenomelogical constants 
that can be extracted from 
the data 

vector meson mass: the 
“dipole mass” 

Possible connection between these form factors 
and multi π-meson resonances 
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Possible connection between these form factors 
and multi π-meson resonances 

Fitting the data                is determined   ot



Scattering and annihilation electromagnetic processes          18 -22 février 2013          ECT* Trento  10 

THE VECTOR MESON MASS SUGGESTED BY THE 
FORM FACTORS DISTRIBUTION HAS BEEN 
UNDEREVALUATED IN THE  FIRST   FITTING 
PROCEDURES 

MeVto 500350 ≤≤

Brief History of Early Electron Scattering Experiments 
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Bruno Touscheck 

Bruno Touscheck has conceived (and later designed) the 
first electrons collider “to discover the  ρ”, a vector meson 
resonance    
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Bruno Touscheck arrived in Rome in 1952. 
 
He decided to stay in Rome permanently, receiving the 
position of researcher at the National laboratories of 
INFN  in Frascati.  He was also appointed as a part-time 
lecturer at the University of Rome-La Sapienza.  
 
He  rented a room from the Alberigi-Quaranta in the same 
building  in via Senafe’ 19, where I was living with my 
family, and where the Pancini famiily had a flat too.  Untill 
his mariage, in 1955, Bruno Touscheck partecipated with 
enthusiasm to the life of these physicist families.  
 
In this period the Sunday lunch at home with Bruno 
Touscheck  became an habit. After lunch he and my father 
discussed physics  until dinner time. I remember the 
enthusiasm and the evident enjoiement they hade. 
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One argument of interest for Bruno Touscheck was the 
existence of vectorial neutral heavy mesons (the mesotrons)  

Touscheck were deeply convinced of their existence, and 
very interisted in the possibility to discover them 
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Bruno’s view, as he put it, was that a physical 
system can be characterized appropriately by 
investigating its “geometry” and its “dynamics.”  
 
Its geometry, its size and shape, is observable by 
employing space-like photons as in electron-proton 
scattering experiments (“diffraction of electron 
waves”); 
 
This was precisely what Robert Hofstadter was 
doing at Stanford using the Mark III Linac to 
measure form factors of nuclear particles. 
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No one, however, had as yet observed the 
dynamics; for this one needed to produce time-
like photons of sufficiently large energy to 
excite resonant modes of the vacuum 
corresponding to the masses of the vector 
mesons.  
 
Touschek concluded that one  should make 
electrons and positrons collide and annihilate in 
the center-of-mass system to produce time-
like photons 
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While electrons just electromagnetically scatter off 
electrons, electrons and positrons mutually annihilate. 
 
One of the leading motivations for planning e+e− colliding 
beam experiments (rather thane−e− or p-p) was that in 
such an experiment one could 

 ‘observe’ the virtual time-like photon “  
 

Why   e+e- collisions? 
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The great attraction of colliding electron-positrons 
beams was that they produce pairs of strongly 
interacting particles and antiparticles with time-like 
momenta in the particular JPC = 1−− channel and free 
of any other couplings. 
 
 
In Touschek’s own words: “ The quantum numbers of 
e+e− allowed to speak with the hadronic world, in 
admitting as clean a separation between strong and 
electromagnetic interactions as nature will allow” 
  
 
 

Why   e+e- collisions? 
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But he had an argument 
for “managers and 
political people” 
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Colliding beam arrangements will have to deal with 
either equal or opposite charges. Equal charges require 
two rings, opposite charges can be stored in one ring, 
provided that their masses are equal. 
 
Touscheck   argument:  “ Italy being a poor country 
cannot afford an experiment which requires two rings. 
If we cannot even afford one ring we have the 
synchrotron which can be converted into one.” 

Why   e+e- collisions? 
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The idea of exploring collisions in 
the center-of-mass system to fully 
exploit the energy of the 
accelerated particles had been 
given serious consideration by the 
Norwegian engineer and inventor 
Rolf Wideröe, who had constructed 
a 15-MeV betatron in Oslo and had 
patented the idea in 1943 after 
considering the kinematic 
advantage of keeping the center of 
mass at rest to produce larger 
momentum transfers. 
Rolf Wideröe 
(1902–1992) 
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This idea was also taken seriously by a Princeton-
Stanford group that included William C. Barber, 
Bernard Gittelman, Gerry O’Neill, and 
Burton Richter, who in 1959, following a suggestion 
of Gerry O’Neill in 1956, proposed to build a couple 
of tangent rings to study Møller 
Scattering. 
 
Andrei Mihailovich Budker (1918–1977) initiated a 
somewhat similar project at Novosibirsk, wherethe 
VEP-1 electron-electron collider was 
underconstruction in 1961 
 
Donald W. Kerst (1911–1993), who had constructed 
the first successful betatron at the University of 
Illinois in 1940, also was considering colliders, 
particularly for protons, in 1959 using the Fixed-
Field Alternating-Gradient(FFAG) concept 
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The attention of these people was 
apparently focused  on the kinematic 
advantage of colliding beams 
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That was precisely Bruno Touschek’s 
starting point at Frascati. He 
considered the kinematics as rather 
obvious; to him the possible  physics 
to be learned from colliding 
particles was far more  significant: 
 
To discover a “dipole” with mass 
~500 MeV  250 MeV electron 
beams were needed 
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1957-1960 

Bruno Touscheck is intetrested in 
symmetries and conservations laws.  
He was very impressed  by the discovery 
of the non conservation of parity.  
Collaborate with Pauli 
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In 1960 he was tired of pure 
theorethical physics 
 
He decided a full immersion in  
e+e- collider development 
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Bruno Touschek gave a seminar 
on March 7, 1960, at Frascati 
in which he guaranteed that an 
electron and a positron 
necessarily meet in a single 
orbit because QED is CP 
(charge-parity) invariant. 
 
His skeptical colleagues did 
not have the courage to 
doubt him. 
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Bruno Touschek remarked  that 
 an  e+e− machine could be realized in a single 
ring, ‘because of the CTP theorem’ ” 
 He kept insisting that CPT invariance would grant 
the same orbit for electrons and positrons inside the 
ring 
 
At the time, and until it was experimentally 
demonstrated in 1964, many people doubted that 
electrons and positrons traveling in a single ring 
would really meet. 



Scattering and annihilation 
electromagnetic processes          18 -
22 février 2013          ECT* Trento  

29 



AdA (Anello di Accumulazione) 1960-1965 

Registration of the first electrons 
circulating ina AdA. 

AdA consis of a a 
weak focusing magnet, 
Capable to let 
circulate(e+/e-) with 
an energy of 250 
MeV. 



Frascati 

Orsay 
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His seminar was attended by 
many people, among them Raul 

Gatto, who with Nicola Cabibbo 
immediately began to 

investigate all possible 
electronpositron reaction cross 
sections and derived formulas 

describing the relevant 
parameters,particularly in 

hadronic physics. The central 
question was   many or few 

hadrons be produced? 
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However... 
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1961 

 
Robert Hofstadter wins Nobel Prize for “his 
pioneering studies of electron scattering in  
atomic nuclei and for his thereby achieved  
discoveries  concerning the structure of the 
nucleons” 
 
Albert Erwin discovered   with  William Walker 
the rho-meson in a bubble-chamber experiment at 
the Madison physics departement, measuring its 
mass at 750MeV 
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Y. Nambu, Phys. Rev., 106 (1957) 1366. 
 
S. Drell, Proc. 1958 Intern. Conf. High Energy 
Physics CERN,pp. 27-33. 

“POSSIBLE EXISTENCE OF HEAVY NEUTRAL 
MESONS” 

W. R. Frazer and J. R. Fulco, Phys. Rev. Letters, 
2 (1959) 365; Phys. Rev., 117(1960) 1609.  
  
S. Bergia, A. Stanghellini, S. Fubini, and C. Villi, 
Phys. Rev. Letters, 6 (1961) 367; 
S. Bergia and A. Stanghellini, Nuovo Cimento, 21 
(1961) 155. 
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Touschek   tried to convince Salvini and Amaldi to 
immediately convert the Frascati electron 
synchrotron into a collider ring (as actually was 
done ten years later for the Cambridge Electron 
Synchrotron) 
 
He has always regretted the impossibility to 
implement this solution in Frascati.. 
  

(Amaldi and Salvini however 
warmly agreed with the  
proposal to prepare a new 
machine.) 
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Bruno Touschek did not like much of the theoretical 
machinery of that time (dispersion relations, Regge 
poles,  S-matrix…), but he regarded as quite important  
 
the problem of analyticity of form factors and their 
analytical continuation to time-like values of 
squared-momentum transfer. 
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Adone, a 3000-MeV electron-positron 
collider at Frascati (each beam had an 

energy of 1500 MeV) 
Fernando Amman  

Stemming from Touscheck School       
ADONE 
ADONE has had an important 
role  in the determination of 
the “time-like” form-factors: 
 

The first time-like point 
 
The neutron form factors 
 

ppee →−+
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The  proton-antiproton experiments 

−+→ eepp
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The  proton-antiproton experiments 
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The  proton-antiproton experiments 
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BNL   ~1965-1969 
          Tollerstrup  and collaborators 

          antiproton beam at 1.47,2.40 GeV/c  

 
CERN  ~1963-1967 
           Zichichi and collaborators 
                 antiproton beam at 3GeV/c 

The  proton-antiproton experiments 
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Papep experiment ,CERN 
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ELPAR   
(Torino Strasbourg collaboration) 

−+→ eepp
at threshold 

1971 −+→ µµpp
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The hadron   rejection was very efficace, based on 
shower evolution and kinematic : 

−+→ eepp 810−rejection 
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ELPAR experiment at CERN. 
Observed  45 events of 
antiproton-proton 
annihilation at rest in a 
liquid H2 target. 
The measurement assumes 
|GE|=|GM| 

The high value of G was a surprise 
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At DCI in ORSAY 
the DM2 collected data 
in three data taking runs 
for a total of 0.7= pb-1 
With a total of 112 events 
 in 6 points they 
attempted to measure the 
angular distribution, from 
which they could fit 
|GM|/|GE|=0.34, 
but |GE|=|GM| was still 
allowed 



Scattering and annihilation electromagnetic processes          18 -22 février 2013          ECT* Trento  53 

 
At LEAR the PS 170 
Experiment   recorded a 
total of 3667 
events in 9 data points. 
 
First indication of steep 
rise near threshold. 

−+→ eepp
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PS170 detector 
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PS170 rejection toward hadrons 
−+→ eepp 1210 1010 −− −rejection 

Tested in a dedicated beam test 
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PS170 ANGULAR DISTRIBUTION 

Antiproton-proton 
annichilation  
 
The valence quarks 
interact directly 
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The E760 experiment at 
Fermilab produced the 
first measurement of the 
form factors at high Q2 
 
 
They recorded 
29 events. The 
measurement 
assumes |GE|=|GM|. 
Proton 

−+→ eepp
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The FENICE experiment 
at ADONE, primarily 
devoted to the 
measurement of the 
neutron form factor, 
produced also a 
measurement of the 
proton magnetic form 
factor with 69 events in 4 
points. 
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E835 at FNAL, continuation 
of E760, made further 
measurements at high Q2 
with a total of 206 events 
in 2 data taking runs. 
Proton 
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A new measurement 
at high q2  was 
recently made 
by the CLEO at CESR 
in e+e-→pbar p.  
It assumes 
|GE|=|GM|. The 
measurement 
is based on 14 events. 
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Another measurement of 
the proton timelike form 
factors has been reported 
by BES. 
The measurement covers 9 
data points from (2.0 
GeV)2 to (3.07 GeV)2 using 
the hypothesis |GE|=|GM|. 
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BaBar measurement using 
Initial State Radiation (ISR) 
e+e- →pbar  pγ. 
 
 

background 
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BABAR  

Angular distribution 
“after background 
subtraction” 
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The expected Q2 
behaviour 
is reached quite early, 
however ... 

The dashed line is a 
fit to the PQCD 
prediction 
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... there is still a factor 
of 2 between timelike 
and spacelike. 

The expected Q2 
behaviour 
is reached quite early, 
however ... 

The dashed line is a 
fit to the PQCD 
prediction 
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The end 
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