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The cross section for the e + e* — u~ + u* process is calculated taking the invariant
‘‘smeared-out structure’’ of the electrons and muons into account.

].. In connection with the feasibility of experiments
employing colliding beams of high-energy electrons
and positrons, a number of articles have recently
been devoted to processes, occurring in the colli-
sion of electrons and positrons, which could serve
as test of the validity of quantum electrodynamics
at small distances. [1+2]

In the present article we consider the conversion
of an electron-positron pair into a u-meson pair.
Such a conversion has been first discussed by
Berestetskii and Pomeranchuk;[3] Baier and
Synakh have studied the production of a bound u*u~
system (bimuonium) in electron-positron colli-
sions. 4] This process requires a c.m.s. energy
of the colliding particles greater than the threshold
value of 106 MeV. At such energies one can expect
a discrepancy between the experimental results and
calculations based on quantum electrodynamics. The
reason for this lies in a required modification of
the equations at small distances, nonlocality of in-
teractions, the existence of a structure of the elec-
trons (positrons) and muons and, finally, non-
electromagnetic interaction between these particles.

A modification of the equations of quantum elec-
trodynamics is expressed mathematically by the
change of the photon propagation function 051 1/ q?
— C(q?)/q* (where ¢’ is the square of the four-
momentum of the virtual photon produced in the
conversion of the colliding electron and positron).

An infringement of locality leads to the appear-
ance of a certain form factor F(qz) in the expres-
sion for the current matrix element, (81 and is thus
mathematically equivalent to the former case.

In order to take the structure of the 7° particles
involved in the e” +e* — u™ + u* process into ac-
count, we have to write in the expression for the
particle density current eu(p,)y,u(p;) the follow-
ing operator instead of v,:

L. (q) = a (g + 280 11 o, @)

where q = p, —py; a(q?) and b(q?) are invariant

functions, and M is the particle mass.

It can be easily seen that the description of de-
viations from quantum electrodynamics by means
of the vertex operator (1) contains the two variants
discussed above as special cases [b(qg?) = 0].

2. Furlan and Peressutti?] have calculated the
cross section for the process e” +e* — u~ + u*
taking the p-meson structure into account. At en-
ergies necessary for the conversion to occur, the
structure of the particles taking part in the proc-
ess may influence the outcome. It is therefore
necessary to obtain a general formula that takes
the ‘‘smeared-out structure’’ of both muons and
electrons (positrons) into account.

The matrix element of the process is?

S = @58 (o p, — P_— P {o(—p)|a (@) 7.
— Z8 (g — i) |u (I HTPI[A @ v,
+ o g — qra]v (= P,

where q = p, +p_= P, + P_; lower-case letters

refer to electrons and positrons, and capitals to

muons. Calculations are carried out in the c.m.s.
The differential cross section for the process

(2)

1S

do/dQ = L rN VI—A*{[a(¢) | A (@)
x [1 + A2 4 (1 —A?) cos? 8] + 12 Re [a (¢®) b*(¢?)]
x Re [4 (¢%) B* (¢)] + 4|a () [ Re [A (¢®) B ()]
+2Rela (¢ 6" ()] A (49 (2 + AY
+1a (@ 1B (@[ A2 1+ A* — (1 — A% cos® 9]
+ 10 (@ F A4 (@) FAI — (1 — A cos® 9]
+ 2 Rela(q?) 0" (¢7)1] B (¢?)|° A2 (1 4 2A%)
+16.(¢) | B (%) |*AA7* [A® + (1 — A?) cos® O]

+ 216 (¢*) [ Re [A (¢) B (¢)1 472}, @)

DWe are using a system of units in whichh =c = 1,
e*/dn = ¢ = 1/137.
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where rj = a/m is the classical electron radius,
A=m/E, and A = M/E.

The functions a(qg?) and b(qz) enter the cross
section for electron-electron scattering. (7] How-
ever, different domains of the argument g? corre-
spond to the scattering annihilation processes: for
scattering

g% == 4 (E* — m?sin? (4/2) >0,
and for annihilation
g* = — 4E* 0.

Information concerning the electron form fac-
tors a(q®) and b(g?) in the range where a’<0
can be obtained from experiments on elastic scat-
tering of positrons on electrons, since the annihi-
lation part of the cross section for this process
will contain form factors with negative arguments.
Since in that case the form factors a, b, A, and B
are independent of ¢, we can integrate (3) over the
angles and obtain the total cross section:

o= argh? VI —AH{F|al| A2+ A
+ 12 Re (ab*) Re (AB*) + 4| a|? Re (AB*)
+ 2| A[*Re (ab*) (2 + A?)
+Z|al2|BEA(1 + 2A%)
+ 0P APA2(2 4 AY)
+ 2Re (ab*) | B2 A2 (1 + 2A?)
+ 2Re(AB*)|b[2A2

+ L6 BEAZA (1 4- 2A%)). (4)

If we put here a=A =1, b=B =0, and go over
to the frame in which the electron or positron is at
rest, we obtain the Berestetskii-Pomeranchuk for-
mula. (3]

Form factors a, b, A, and B also contain radi-
ative corrections corresponding to reducible dia-
grams. [ Irreducible two-photon diagrams do not
contribute to the cross section. [89]

3. In order to test the validity of quantum elec-
trodynamics it is necessary to determine experi-
mentally the angular dependence of the differential
cross section do(#) for a given energy, and to plot
the function

S () = [ds (8) — do, (9))/d5, (9). (5)

Here doy(+#) is the differential cross section, which
we obtain putting a =A =1 and b =B =0 in Eq. (3);
doy(#) is the differential cross section with radia-
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tive corrections calculated on the basis of ‘‘pure’’
quantum electrodynamics.?J If that calculation
were absolutely correct, we would obtain a straight
line S =0. In the case of either the first or the
second violation of quantum electrodynamics men-
tioned above, we would obtain S = f(E).

The dependence of S on ¢ denotes a violation
of electrodynamics which requires introducing the
vertex operator (1). As in the case considered in
(2] (only the muon is smeared), this dependence
will be of the form

S(0) = 5 (E) = [ (E) cos? §.

We neglect here the effect of the violation of quan-
tum electrodynamics on radiative corrections as
an effect of a higher order.

Equations (3) and (4) are of course applicable
to any electromagnetic process of the type (8]

F- 1

where f and f are a particle and an antiparticle
described by spinors (but not an electron and a
positron). However, in the case of strongly-inter-
acting fermions (nucleons, hyperons ), the equa-
tions are less suitable for a test of quantum elec-
trodynamics.

4. Cabibbo and Gatto (%] have discussed the role
of a nonelectromagnetic interaction in the e™ + e”*
— u~ + u* process. They have shown that the
strong interaction contribution can be neglected
at energies not greater than 10 BeV. This con-
tribution becomes, however, considerable if we
assume that weak interactions propagate through
an intermediate boson field. The term in the dif-
ferential cross section corresponding to the weak
interaction will not be then an even function of
cos ¢ [in contrast to Eq. (3)].

We cannot exclude the possibility that there
exists an anomalous interaction of y mesons
capable of causing an increase in the cross sec-
tion for the process under consideration. As an
example let us mention the hypothetic anomalous
interaction between electrons and muons respon-
sible for the difference between the mass of the
electron and of the muon, (1% and which should be
felt in the e — u conversion.
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