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- Abstract

The s dependencc of the proton form factor in the tlme hke reg:on has been
_deterrmned up to s 4 2 GeV’, assun:nng the va.hchty of the G| = [Gul = |G
hypothes:s Data were takcn in a dedlcated expenment performed at the LEAR
.antlproton rmg at . CERN, mcreasmg by one order of magmtude the available
stahstlcs on, the,  proton form factor near threshold in the time- hke region. Our
results con51st of cross- Sectxon measurements of the pp — ete reaction for different
beam momenta in the kmcmat:cal range 3.6 < s < 42 GeV2,  The observeds
dependence of the form factor close to threshold d:ﬂ'ers appreciably from the one

suggestcd by prev1ous expenments
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Introduction

In the electromagnetic annihilation processes:
pp—ete” 1)

e —pp 2)
 the quadrimomentum ¢? of the exchanged photon is time-like and yields informa-

tion about the electro-magnetic frequency structure of the proton. Channels 1)

and 2) are therefore dominated by JPC€ = 1-~ resonances.

The relation between electromagnetic form factors and cross section can be
found in the literature [1] . In the time-like region where the existing data [2,3,4]
are rather scarce and inaccurate compared with the space-like results, the form
factor |G| has been derived from total cross section measurements of reactions
1) and 2) with the assumption |G,| = |IGm| = |G|. The large errors of the data
allow a reasonable agreement with Vector Meson Dominance (VMD) model pre-
dictions(5,6,7).

Reaction 1) was investigated at the Low Energy Antiproton Ring (LEAR)
at CERN with a dedicated apparatus in which the collected statistics allowed an
accurate scan of the |G| form factor near threshold. The experime.nt was performed
at several incident beam momenta in order to explore the full kinematical range
of the reaction from threshold (s = 4mJ) up to s = 4.2 GeV?. The results obtained
from the 300 MeV/c beam setting have already been published [8]. In this paper

are presented the data concerning 5 beam momentum ranging from 540 MeV /¢ to
900 MeV/c.

With a total of about 4 x 10'* 5 impinging on a liqu.id hydrogen target, more
than 1000 e*e- events produced in-flight by reaction 1) were recorded, improving

by one order of magnitude the amount of data available on the proton form factor

in the time-like region.
The experimental set-up and its performances

The experimental apparatus is fully described elsewhere [9]. Here we summa-
rize its main features. Accepting a rate of 2.10°p/sec in a 30 cm long, 6 c diameter

liquid hydrogen target, the apparatus ensured the requested high luminosity. The
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momenturn for the outcoming particles was measured by a central detector sur-
rounding the target and located in the gap of a C-magnet, 1m in diameter and
40 cm high. The geometrical acceptance of the magnetic field was 0.8 x 360° in
the horizontal plane and +20° in the vertical one. The momentum resolution was
further improved by a double layer of drift tubes situated at about 1.5 meter from
the center of the system. The discrimination of ete~ events from the overwhelming
hadronic background due to 7 annihilating into pions and kaons was achieved using
aring of gas Cerenkov counters filled with isobutane at atmospheric pressure and a
ring of shower detectors, 5.5 radiation length thick, made of lead plates interleaved
with limited streamer tubes. The rejection of Pp — h*h~ events was about 104 at
the trigger level and up to 107 after the off-line analysis. The overall acceptance
(solid angle times efficiency) of the apparatus for e*e~ events was about 7% . A
selective trigger based upon the {wo-body kinematics was obtained from two layers
of concentric hodoscopes made of scintillation counters. Most of the 2-body events
correspond to the hadronic annihilation 7p — A*h~ where Ath~ stands for x*x— and
K+K-. A small fraction of such events was recorded for continuous monitoring
and normalization purposes, essential {o this experiment. The good momentum

resolution of the spectrometer (Ap/p ~ 2%) provided a clean separation between

kaons and pions {9].
Data analysis

The results have been obtained at various beam momentum settings ranging
from 540 MeV/c to 900l MeV/c, as reported in the first column of Table 1, while
the meen incident momentum values are in column 2. The correspbnding _ﬁumbcrs
of p impinging on the target arc‘ rc:porfcd in column 3.

The cross section o(pp — c*e")_,‘ has been evaluated on the basis of the number

of events of reaction 1), selected with the criteria underlined below.

The reconstructed vertex of the ete~ pair was requested to be inside the target
volume, Cuts were applied, in the center of mass system, on the momenta of the
particles and on their opening angle. As an example, we show in fig. 1 the ete-
opening angle distribution in the center of mass system for the 600 MeV/c beam
momentum setting. The background contribution coming from multi-body events

is rather flat and corresponds to less than 10% of the signal in the region of the
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peak for the two-body annihilation events.

The rejection of the hadronic events in the ete~ candidates sample is based
on cuts applied on the Cerenkov amplitudes and the number of hits in the shower
detector as defined in [8]. Within these cuts, the remaining background, about 5%
of the ete~ events, has been subtracted to get the corrected numbers N,+,-of ete
events which are reported in Table 1,column 4. A fraction of the hadron pairs was
recorded and analyzed with the same kinematical criteria as the lepton ones, but
without the Cerenkov signal and the shower type response of the shower detector.
The corresponding selected number Nj4j-of hth~ pairs is given in the 5th column
of Table 1. The demultiplication factor applied to the hadronic trigger is 1000 at
540 and 900 MeV/c, 791 at 600 MeV/c and 678 at 700 MeV/c

The relative efficiency for detecting hadron against lepton pairs, ¢(232), has
been provided at each beam energy by a Monte Carlo simulation and is given
in column 6. All the numbers are evaluated in the range -0.8‘5 cos 8., < 0.8.
For the 900 MeV/¢ sample, these limits are -0.7 < cos 8., < 0.9. The center of
mass angular distributions of the outcoming h*h~ obtained at various energies
are compatible with the existing data {10}, as it can be seen in fig 2a, where
this distribution is presented for the 600 MeV/c beam momentum setting. The
corresponding angular distribution of the pp — ete~ sample is shown in fig 2b.In
the angular |cos(6.m)] range defined above the data are compatible with the |G,] =
|G| hypothesis.

The kadronic cross section a(pp — h+h~) at the various beam momenta is de-
duced from literature [10].Because of some incompatibilities among. the various
puBHshéd data, only the most recent and accurate have been chosen for the fp —
. rtr=, K+K- total [10e,i] and differential [10e,f,g,i] cross sections. A polynomial fit
‘on this data in the same angular {cos(f.m}| range as in this analysis, has provided the
energy behaviour of the h*h- cross section necessary for our normalization. The
values obtained by this procedure are reported in column 8 of the Table 1. The
o(ete™) cross section has been evaluated by comparing number of events »,+,-to

Nu+a-, taking into account the radiative and coulomb correction factor ¢ [8,11]

according to the relation :

‘Noto- h*h-

olpp— ete) = o )e(Fp — hHAT)E 3)
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in which the number N*4+,- includes the correction due to the.demagnification
,of,th.c I;adro;x trigger. The radiative corrections are of the order:of 8% while the
| coulomb corrections vé.ry_ from 4% at 540 MeV/c to 1% at. 900 MeV/c.:

The inefficiencies of the apparatus due to the variation of the high 7 beam
rate have been determined by analyzing "minimum bias trigger” events recorded

only with the requirement of a signal in the beam hodoscope. An independent

normalisation based on the number of incident 5 gives compatible results.
The obtained cross sections values are reported in column 9 of Table 1.

In the hypothesis of {G,| = |Gn] = |G| the form factor |G| is related to the

differential cross section by the equation:

2
! |G (s + 4M*)(1 +

s —4M32

s+ 4M3

do _x «a
dcosbem 4 pem

cos?(Bem)) 1)

where p.n is the incoming momentum in the center of mass system, s the total
energy squared, a is the fine structure constant and M the proton mass. By
integrating 4) over our selected range, we obtain the final values of |G| for the

different energies (see the last column of Table 1).

Discussion of the results

The values of |G| reported in Table 1 at different s are presented in fig 3, (full
circles),together with the the results of previous experiments with lower statistics.
The data from threshold up to s = 3.59 GeV? have already been published {8]. Our
results outline a steep slope near threshold, while the distribution at higher energy
is almost flat. Although the previous low statistics measurements are compatible
with our result, the physical meaning of the new data seems completely different.
The VMD model as presented in ref. 7], for instance,which fits well the previous

points, does not reproduce our data.
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Table 1

Beam B 101113 Ne-!-e- Nh-}-h— E(h/e) < s> O’(h+h_) o'(e‘*'e') IGI
MeV/e MaVie flux Gev? 10-30_.2 107332
(1) (3) (3) (4} (5) (s) (7) (8) (e) {10)
540 505 8.58 30s+20 19208-k1227 1.29 3.76 sp0.64 4.2 7.340.8 0.282:+0.014
600 551 8.25 282+ 244161324 1.25 3.83 853.244.2 5.9240.5 0.253+0.010
700 681 5.75 19918 2390041049 1.29 3.94 331.434.7 4.810.5 0.247+0.014
200 888 20.18 497t27 49252-1- 2086 1.39 418 s10.0te.0 3.740.3 0.252+0.011




Figure Captions

Fig. 1- Opening angle in center of mass system for ete~ pairs for the 600 MeV/c
beam momentum setting. The dashed line corresponds to the background
conirbution.

Fig. 2 - For the 600 MeV/c beam momentum: _
a) Angular distribution in the c.m. system vs. cos(f.,) for A*h~ pairs (x+x~
and K+K-), where 4,,, is the angle between the directions of the incom-
ing 7 and the outcoming negative particle. The curve is obtained from a
smoothing of published data (see text).
b) Angular distribution in the c.m. system vs. cos(f.m) for ete~ pairs. The
curve corresponds to the |G,| = |G..| hypothesis.

Fig. 3 - The proton electromagnetic form factor |G| as a function of s. The continuous
ines are the VMD previsions for |G,| and |G| by Dubnicka [7].
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