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The study of interactions

(1) et+e ™ ette + (hadrons, leptons)

is an interesting field of research with ete™ stora e rings. These proces
ses have recently received considerable interest'l , when they proceed
through the diagram of Fig. l1a), that is through virtual photon-photon inte
raction; in particular cases one can extract from them the real photon-
-photon cross section Y+ ¥—>(hadrons, leptons).

The most usual interpretation(l’ 2) of reaction (1) has been there-
fore based on the assumption that the two initial electrons pick up a ve
ry small transverse momentum, and continue on the same line as the
beams. This immediately suggests selecting events (1) by detecting the
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surviving electron emitted at zero angle,

We have carriedout on these lines an experimental investigation
of reaction (1) at the Frascati storage ring Adone; some preliminary re-
sults have already been presented(3’4'
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In the present paper we report in particular on the reaction
+ - + -+ -
(2) e +te —>e +e +e +e

which has been analyzed at an average total incident energy of 2 GeV, and
we compared our experimental results with the available theoretical cal
culations, Results on reaction (2) at lower energies have been already
reported(S) from the Novosibirsk ete™ storage ring,

The exact cross section for reaction (2) can be evaluated by stan
dard QED methods. But until now this calculation has been performed under
the previously mentioned assumption that both final electrons carry out
negligible transverse momentum,



The results we obtained were rather unexpected and difficult
to understand on the basis of this assumption. In fact, to explain our re-
sults we had to reconsider in a more complete way the 4th order diagram
(Fig. 1b and 2¢) which describes reaction (2).

The experimental results on reaction (2), the theoretical inter-
pretation, and its possible practical consequences for future research on
Y -7 interactions are the main purpose of this letter.

The experimental apparatus is shown in Fig. 2 and it is in part
the same described in detail in Ref, (6) for the et +e™=» y+¥ reaction. The
forward emitted electrons or positrons are bent by the magnets of the
storage ring and a fraction of them are detected by the counters Ceor
C_, respectively, located at the extreme end of these magnets, The energy
ofpthe electrons and positrons accepted by the C _,C._ counters covers the
range (0.7+0,9)E (E=single beam energy). Therefore the corresponding
virtual photons have energies in the interval (0.1+0,3)E.

Due to the walls of the doughnut and to the fringing fields of
the bending magnets, we have a~15% loss in detection efficiency, The
momentum acceptance(?) and detection efficiency of counters Ce>Cy has
been calibrated by measuring the energy of the photons coming from beam-
-gas bremsstrahlung, with a lead glass Cerenkov counter Cl(sz (Fig. 2a)),
in coincidence with C (Cp).

Above and below the interaction region (Fig. 2b)) four similar
telescopes A, B,D,S each made of plastic scintillators, optical spark cham
bers and lead converters, allow us to distinguish with good accuracy bet
ween showering and not showering particles,

The spatial reconstruction of tracks and showers is achieved
with an'angular resolution of the order of 1.5° The detection efficiency
of the telescopes for incident electrons has been measured by means of
the pair spectrometer of the Frascati electron synchrotron.

The trigger requires at least two particles at wide angles (15°4&
= 0=140°) in the four telescopes, in coincidence with a particle in coun-
ter Ce or Cp,.

The explored energies were 950, 970, 1050 MeV per beam with
a total luminosity 1.23x1035 cm~2,

To avoid accidentals, due for instance to eYe™ Bhabha scattering,
we selected the collected events by requiring that the detected particles
at wide angle should not be collinear within 109, With this cut we obtained
29 events, identified as coming from reaction (2), All these events are
coplanar with the beams within f_109. We did not find any event with both
counters C. and C_ in coincidence, We have verified that the contribution
to our events due Po beam-gas interaction is negligible,
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FIG. 2 -a) The straight section of Adone machine (top
view) with the wide angle set up, the "tagging" coun-
ters C, and Cp and the calibration Cerenkov counters
61 and 62, Q =quadrupole; B=Bending magnet; b) The
wide angle apparatus; side view from the center of the
Adone ring,



Let us now analyze in more detail our 29 events. We may sa-
fely assume, on the basis of the existing theoretical approaches, that the
two electrons of reaction (2) which do not appear in the spark chambers
go along the beam direction. In this approximation the ¢. m. of the two
electrons emitted at wide angle moves along the beam direction, and its
velocity is determined by measuring the particle angles 8; and 0, with re
spect to the beams (Fig, 2b)); in fact

sin!@l—gzl

(3) iBi :singl--i-sinﬁz
The B distribution of our events is reported in Fig, 3. We define B as ne-
gative (positive} when the ¢c. m. moves in the same (opposite) direction

with respect to the particle detected by the counter Ce or Cp.

We have compared our experimental results with a Montecarlo
distribution based on the theoretical prediction for process (2).

Since we require two high energy electrons at wide angle, at
least one of the three propagators in Figs. 1b), 1c) must be hard., The first
step in this direction was to assume for the cross section of process (2)
the value predicted on the basis of diagram 1b): this theoretical case corre
sponds to assuming that the electron propagator is the hard one, so that
the two created electrons are emitted at a large angle. This is the case
most commonly considered in the literature(l, 2), which has been treated
by Landau and others in the double Fermi approximation(g). As we already
said, our results do not agree with the predictions when we take into ac
count this contribution alone, The Montecarlo prediction of this contribution
is reported in Fig. 3 (dashed line 82). The fact that we do not observe
events with B < 0 (left side of Fig. 3) could be in itself not very signifi-
cant, In fact the events with B < 0 have the electrons at large angles with
the lowest energies, and the predictions become critically dipendent on the
efficiency of the four telescopes for the electrons below ~ 150 MeV., As an
indication we give in Fig. 3 (dashed line gg) the Montecarlo prediction ob-
tained when assuming an efficiency &g for the electrons which is somewhat
lower than our experimental calibration €9, and (dashed line el)' the pre-
diction in the extreme case of 100% efficiency., The energy dependence of
these efficiencies are reported in Fig. 4.

The situation for the events with § > 0 is more definite. In fact
(see Fig. 3) for B >0 the results do not depend critically on the efficiency
of our apparatus, It remains clear that the larger part of our events must
have a different origin than the contribution from Fig, 1b). So we conside-
red(9) the case in which one of the photon propagators is the hard one (Fig,
lc). This contribution has been recently calculated by G, Parisi{l0) with se
veral approximations : in this case the two electrons or positrons with
small transverse momentum are mostly emitted in the same direction, and
the events must concentrate in the region with positive values of §.
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FIG. 3 - Experimental distribution of g (velocity of the center of mass of
the two electrons emitted at wide angle) compared with the absolute theo
retical prediction, Dashed {so0lid) lines are the predictions based on the
contribution of Fig, 1b, lc. The different lines £1. 89, &g refer to diffe
rent efficiencies of telescopes A, B, D, S, €5 being the efficiency experi-
mentally measured (See Fig. 4). Arrows on top give the configuration of
the detected electrons in the case § <0 (left) and B> 0 (right). The beha
viour for different efficiences €1, €95 &g, make clear that in the case
B < 0 the predictions are very uncertain, while in the case B >0 they are
more certain (See text),
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It is clear that the contribution from Fig. lc) to the total cross
section of reaction (2) is rather small, but considering our experimental
selection of the events, it may become rather important, The absolute pre
dictions for different detection efficiencies g1, &9, €3 is reported in

Fig. 3 (solid lines) and it is clearly in good agreement with our experimen
tal results,

In summary, the results of Fig. 3 indicate that we can consider
the theoretical prediction in satisfactory agreement with the experiment
on the B> 0 side. The prediction is still rather unsatisfactory on the g<0
side.

As we said, reaction et+e > et+e +et+e has been observed
at 510 MeV per beam at Novosibirsk(5), In this case the experiment has
been performed by detecting only the particles at wide angles and the reac
tion was recognized through the coplanarity angle distribution. This fact,
together with much lower experimental cuts in the energy of the electrons,
reduces the contribution of Fig, 1c) in this case,

In conclusion:

_ We have observed the reaction et+e” —> et +e~+e' +e” by using the
technique of requiring at least one forward emitted-electron. This re-
sult ensures us of the possibility of using this technique when investiga
ting reactions (1).

- To explain our experimental results we must reconsider in a more com
plete way the diagrams of Fig, 1. In particular we have shown that in
our experimental disposition the contribution of diagram c) (Fig. 1) (hard



photon propagator) is more important than that of diagram b) (hard elec
tron propagator),

- It is of general interest, in connection with the future physics of ¥ -y in-
teractions, to perform an accurate theoretical analysis on the process (2)
and in general on reactions (1),

Before closing, we wish to mention that we have also observed
during this measurement: a few events with two non-showering tracks in
the spark chambers. These events could be interpreted as due to the reac
tions et +e-— et +e™ + ,u++ K- or e++ e—=et+te -+ T+ %", Further anaw—
lysis and theoretical calculations, are in progress to compare these re-
sults with theory.

Thanks must be given to prof, C. Bernardini, prof. N, Cabibbo,
and dott. G. Parisi for many helpfull suggestions and to dott. G. Vigno
la for his assistance in the calibration of the tagging counters,
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