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AT THE THRESHOLD OF THE TIME-LIKE REGION
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ABSTRACT
From the measurement of
T(pp » e*e™)

B = (3.2 £ 0.9) x 107 ,

ete” I'(pp ~ total)

obtained in an experiment at CERN with antiprotons at rest, a value of the proton
electromagnetic form factors at the threshold of the time~like region is derived:

[ - - 2 _ 2
(- GE = GM = 0.51 + 0.08 at q° = -3.52 (GeV/c)“.
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.. The . knowledge of the proton electromagnetic form factors Fl’z(qz) is fundamental
to the understanding of the structure of this particle. Several models [1] attempted
to fit the numerous data in the space-like region, without any conmstraint in the
time-like regién, where the existing measurements were extremely poor. However,
data in the latter region are most essential to detefmine the analytic function

F(q?) in the whole complex plane [2].

Attempts to measure the proton form factors in the time-like region started
about 15 yeafs-ago, jﬁsﬁ after precise measurements [3] were obtained in the space-
.like fegion. Experiments af CERN [4] énd BNL [5] gave only upper limits at
q®> = -6.8, ~6.6 and -5.1 (GeV/c)?. The first positive result was obtained in 1972
from an e+e_ colliding beam experiment in Frascati [6]. On the basis of 27 events,

the authors evaluated G = 0.27 £ 0.04 at,q2 = -4.3 (GeV/c)? with the hypothesis

|GE| = IGMI = G.

We give here the first evaluation of the proton electromagnetic form factors

at the threshold of the time-like region, at q2=-3.52 (GeV/c)2, and at a near value:

q® = -3.61 (GeV/c)2. These results were obtained from the analysis of our data on

the process:
pp > e'e” ’ . ’ (1)

with E brought to rest. The reasons for studying process (1) at rest are twofold:

i) at ¢ = -4M;, we have strictly GE = GM = G with G real, thus allowing an unam-

biguous determination of G;
.. . . + - ¢
ii) furthermore, such an experiment is complementary to any e e colliding beam
i éXpefiment"Which cauldbﬁof‘attempt measurements below |q%| ~ 4 (Gev/c)2.
To allow the determinationvof-G,-the'branching ratio:
S e g
B+ -=Ll(p>ee)
ee T'(pp ~ total)
is needed. It was measured by our group in an experiment where antiprotons were
stopped in a liquid hydrogen target surrounded by electron detectors [7]. These de-

tectors, consisting essentially of scintillation counters and optical spark chambers,




_2_
allow the detection of electrons in a high hadronic background and the measurement

of their direction and energy. Twenty-nine collinear pairs were found which can

be attributed to reaction (1), yielding

- -7
B 4o = (3.2 £0.9) x 10

Contamination by accidental background was evaluated and found to be negli-

gible.

Five more events can be attributed to reaction (1) in flight, where the anti-
proton momentum lies between 150 and 500 MeV/c with an average value of (300 * 20) MeV/c.

Normalizing to the rate of the reaction:
- -— — -_— +—
pp > h+h . where h+h = ﬁ+ﬂ or KK ,
observed [8] in the same apparatﬁs and in the same momentum interval, we obtain
T(pp > e'e) +0.25
PP~ 22/ - (0.40 -0'16J x 107*
IT(pp > h'h) )
on the hypothesis of equal angular distributions of the two electrons and of the

two hadrons from Ep annihilations at this energy.

Using the cross-section O(EP - h+h_) at 300 MeV/c also measured in our appil
ratus [9]:
| 0h+h_(300 MeV/c) = 1.25 £ 0.2 mb ,
we derive

_ +32
O+ - = [50 _zo]nb :

At 300 MeV/c, G can be readily obtained if we assume IGEI = lGM| = G. 1In fact,

we have

G=_1_\/mxpl3xge+e"
a T

_ +0.15
G = 0.46 ;"2

At rest, we have to use a different method to evaluate G. We can
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determine Otot X pﬁ at rest by extrapolation of the known measurements of Oiot be-

tween 0.3 and 1 GeV/c. Figure 1 shows these data together with the best linear fit

(X*/n_ ~ 1.6). If we assume that the behaviour of o X p- remains linear when
" P

tot

the antiproton momentum goes to zero, we obtain:

lim (o

X p=) = (56 £ 2)mb x GeV/c .
P> P
p

tot

Using our measurement of B+~ [7], we derive O t,= X P5- Thus
G, =G, =G=0.510.08 .

Our values of G near and at threshold are shown in Fig. 2, together with the
ete” colliding beam measurement [6], the CERN [4] and BNL [5] limits and the data
in the space-like region [33. The continuous line represents a tentative fit to
the éxperimental points in the space-like and in the time-like regions. We used
the formalism of Blatnik and Zovko [1] based on the VDM model with three isoscalar
(w,w’,¢) poles, three isovector (p,08250,01600) poles and asymptotic constraints

on G. More details on this fit and its significance can be found in another paper [10].
Attempts to fit all the data without heavy vector mesons did not succeed. In
particular, a dipole fit (dashed line in the time-like region) with
6,(a®) = (1 + q*/n®)7%, m® = 0.71 Gev?

is away from the data by an order of magnitude in the time-like region.
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Figure captions

Fig. 1 : Linear extrapolation to p5 = 0 of the known data in G(Ep -+ total) X pB.

Fig. 2 : Present situation of the data on G, for -8(GeV/c)? < q2 < 8(GeV/c)?2.

E
The solid line represents a fit to the existing data, based on the
VDM model with the contribution of w,w’,d,p,pl250,0 600 mesons.

An increased statistical weight was given to the time-like data.

A dipole fit (dashed line) with GD(qz) = [1 + qz/mzj_z, m? = 0.71 GeV?,

is also shown. TFor q?> > 0, it is superposed on the solid curve.
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