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Abstract : The two -¥h�ton ex�hange in the inelastic 
Bhabha scattering e e - e• e + anything is studied 
without the quasi real photon approximation. 

Resume : L ' echange de deux photons dans la diffusion 
inelastique e+e- - e�e- + r est etudie sans l ' appro­
ximation des photons quasi reels .  
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I wish to report very briefly on a recent work done in 

Paris on the two -photon contributions to inelastic Bhabha scattering 

where r is a one or multiparticle sys tem not detected . 

1°)  More precisely we have computed the dominant diagram at high 

energy 

The knowledge of the cross section for the process ( 1 )  wi ll give 

information on the two virtual photon annihilation reaction 

( 1 ) 

( 2 )  

When the particles entering the system r of  effective mass W are 
2 not detected, we can define 10 structure functions depending on q1 , 

q� and w2 only. If time reversal holds, this number is reduced 

to 8 .  

An experiment with unpolarized electrons and posi trons 

is able to measure only 6 structure functions, and we get 
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where K i s  the c .m.  momentum of the yy , S the square of the total 
2 incident energy S = (E1 + E2 ) • 

The function KAA ' are known functions o f  
.... 
k '  1 and 

� 
k '  2 

but obviously they depend only on 5 variables because of an overal l  

symmetry around the incident axis of  the beams . The structure fun­

ctions depending only on 3 variables, the dependence of the cross 

section on the remaining 2 variables is  known as a consequence of 

the two -photon exchange approximation and is  completely contained 

in the functions KAA ' . 
The two main features of this process i s  the smal lness 

of  the electron mass and the presence of  the photon propagators.  

The poles exi sting at q2 = 0 and q2 = O dominate the cross 1 2 
section and suggests the use of a quasi -real photon approximation . 

Our calculations are free of such an approximation. 

2°) The calculations have been made for a state r free of  any e
+

e­

p air.  

(a)  The differential cross section d'!� .19:.i wz. 
has been computed exactly, integrating 

kinematical variables [1] . 

analytically over the two 

(b) The dominant contribution of  is  associated 

to the total cross section <OTT (o , o . � " ) for process (2)  with 

real photons 

d(O TT 

a wi. (3)  

The function FTT(w2 , s )  can be exactly computed and i s  independent 

of any model . It exhibits a logarithmic dependence in the energy we 

can order when w2 is small as compared to s, according to the 

number of logarithms involved as 

'3 -.Lo� + :2 - L� + 
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For instance we get, for the 3 -Log terms [ 1] 

(4)  

( c )  The other contributions of which are model 

dep endent and where enter the other helicity s tates and the depend-
2 2 ence in q1 and q2 of the structure functions [2] . 

(d)  The total cross sec tion E>' ( s )  for the multipartic le 

states r [2] . 

3°)  Some app lications of these calculations have been investigated 

[2] . 

(a)  The first one concerns the µ+µ- production where the 
quantum elec trodynamics gives us a model for an exact and comp l ete 

calculation. In p articular, the differential A .. G;°(.3,wz)  and 

total E> ( s )  cro s s  sections have been computed. The compari son o f  

E; ( s )  with previous calculations i s  as follows, s e e  f i g .  2 .  

1 . - With formula (3)  o f  Bonneau -Gourdin-Martin, exactly computed, 

the agreement i s  better than 2%. 

2 . - With the Baier-Fadin [3] calcul ation, the 3 -Log, 2 -Log, and 1 -Log 

terms are identical , but in that paper the C. Le and 0 ( �� ) s 
terms have not been evaluated so that we have a nice agreement asym-

p to tically, but at intermediate energy, Baier and Fadin make too 

small  an evaluation, having an incorrect threshold .  

3 . - With Brodsky-Kinoshita-Terazawa [4]  1 s  calculation where the 

pole term (Log .!/ only is taken into account, giving systematic-m 
ally too high a cro s s  section. Of course the threshold is there 

correct and the di sagreement is about 15-20% at intermediate energy 

where the future machine wi l l  op erate and of course 50% at infini te 

energy where the second term of equation (4)  p l ays a rol e .  
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Fig . 2 - The total cross section for the process ee � ee �+�-
as a func tion of E : our complete result 

- - - - resul t of  re f .  [4] 
- · - · -· - resul t of ref . [3] 
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(b) The second application of the general calculations 

concerns the production of p seudo scalar meson r= n°, 2 ,  'X0 • As 

in reference [4] a vector meson dominance type model has been used 

in order to describe the vari ation with with one parameter M 
2 and q2 of the amp li tude 

2 ql 

For rr0 production, the model independent part gives 3/4 
of the cross section and the model dependent part 1/4 for M of the 

order of the p meson mass .  I f  M varies between 5 and 1 . 5  GeV, then 

the model dep endent part can change by 30% so that the computed 

cross section varies by approximatively 5%-10%. 

For � and X production, the situation is better in 

the sense that the model independent part is relatively more im­

portant so that if the model dependent part is more sensible to the 

mass parameter M as in the rr0 case, the total prediction is not 

too sensible to that parameter . 

' Of course these computations agree with similar ones of 

Brodsky, Kinoshita, Terazawa [4] corresponding to speci fic values 

of M. 
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