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C. P ellegrini and C. Schaerf: SOME CONSIDERATIONS O N THE MAXI
MUM AMOUNT OF INFORMATION OBTAINABLE FROM ELECTRON 
COLLIDING BEAMS EXPERIMENTS. 

The possibility of obtaining informations on the electromagnetic 
form factors of particles and on the limit of validity of Quantum Electrodz 
namics by means of electron-positrons colliding beams experime nt has 
been widely discussed(1). We want to add .here some remarks showing 
that, in order to obtain a maximum of information, it is necessary t o per
form e xperiments at certain angles and energies with both electron-posi
tron and electron-electron colliding beams. To explain what we mean by 
maximum information let us consider the three reactions: 

(1) 

(2) 

(3) 

e++e-_a+a 

e + + e- --+ e+ + e-

where, for simplicity, we assume a to be a spin zero particle. 

After subtraction of the radiative corrections and neglecting the 
contributions from the two photon channel, the cross section for the three 
processes can still differ from the one calculated in the first Born appro~ 
imation because of the form factor of the 'Y a a vertex or because of the va
cuum polarization effects of the strong interacting particles which modify 
the photon propagator or because of the breakdown of Quantum Electrody
namics (QED). Following the conventional procedure we introduce a form 
factor F a(q2) for the 'Y a a vertex, a form factor F ~(q2) to desc ribe the ef
fect of a breakdown of QED at the 'Ye+e- vertex\<:), a funchon P b( q 2) / q2 
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for a similar breakdown of the photon propagator, and a [unction P (q2)j 

j q2 for the change in the photon propagator due to vacuum polariiation 
effects. 

The cross sections [or the three processes can now be written 
respectively as: 

( 4) 

for process( 1), where: 

and: 
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for processes (2}, where: 

and: 

(6 ) 

for process (3) . G(q2) is real for q2..:: 0; it can be imaginary otherwise. 

It is interesting to note that in formula (5) G(q2) appears for sp~ 
ce-like and time -like values of the four-momentum transfer and therefore 
it is not possible to obtain separate values of: 

IG(4E 2) 12 and IG(-4E 2 sin2(J-j2)) \2 
from an analysis of the angular distribution in a way similar to what is 
done in electron-proton scattering to separate the charge and magnetic 
form factors . of the proton. 

With a particular choice of the scattering angles we.can Glbtafrr 
from formulas (5) and (6) 

(7) 
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for reaction (2) at rY- =lL and 

&-=! 
'I >'eLm: d6'-/ 1/ (i.2 (_ 2c'Z) 

(8) '" d.a €-r 2- c.' 2. 

for reaction (3) at If = lr/2. 

It is now obvious that choosing E'= I'ZE we can obt ain from (7) 
and (8) G2 (_4E2) and /G(4E2 ) 12 and from this the ratio 

/ fa.(9 2)1'/IFe (tJ/
L 

for reaction (1). 

The interesting point of this note is that in order to measure 
G(q2) for time-like values of the four-momentum transfer it seems ne
cessary to have both electron-electron and electron-positron storage 
rings. Furthermore the electron-electron machine should provide higher 
energy than the electron-positron one. It looks also very important that 
in designing the interaction region of the e+ e- colliding beams experi
ments particular care should be devoted to the possibilities of detecting 
particles scattered at 1800

• 

A measurement of the differential cross section for electron
-positron scattering at 1800 seems very reasonaBle with the storage 
rings which are now under c?Dstruction. Focusing our attention on the 
pro~osed italian storage ring 3 (ADONE) arid assuming a solid angle of 
10- steradiant for the detection of the scattered particles and a circul~ 
ting current of 100 rnA we obtain 6 events per hour at the highest .energy. 
(1. 5 GeV . each beam). This number, calcul ated under the hypothesis .that 
aliform factors ahd corrective terms are unity"decreases in inverse ·pr~ 

portion to the energy of the colliding particles. 

If we a"sume that all discrepancies from the first Born approxi 
mation come from a breakdown of QED of the form: 

it is easy to see that such an experiment with a statistical accuracy of 
O. 1 will set a lower limit on Q ur the order of 10 GeV. 

It is a pleasure to thank Prof. R. Gatto and Prof. C. Bernardi
ni for many useful discussions. 



4. 

REFERENCES. 

(1) - S. D. Drell, Ann. Phys. i, 75, (1958); 
Yung Tsu Tsai, Phys. Rev. 120, 269, (1960); 
N. Cabibbo and R. Gatto, Phys. Rev. Lett. i, 313 (1960); 
N. Cabibbo and R. Gatto, Nuovo Cimento~, 185, (1961); 
R. Gatto, On the experimental possibilities with colliding beams of 
electrons and positrons. Proc. of the Aix-en Provence Conference 
(1961), pag. 487; 
R. Gatto, Nuovo Cimento 28, 658 (1963). 

(2) - We neglect contributions from the anomalous magnetic moment of the 
electron. 

(3) - F. Amman et al. Status Report on the 1.5 GeV Electron Positron 
Storage' Ring - ADONE, Laboratori Nazionali di Frascati, LNF
-63 /62 (1963). 


