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The EM form factor of the pion has been studied in the time-like region by measuring o(e*e ™~ #*7") normalized to
o(e*e™— u*p ™). Results have been obtained for g2 down to the physical threshold.

We report here results of an experiment perform-
ed at the CERN SPS by the NA7 collaboration to
measure the pion form factor in the tire-ike region
for g2 values from threshold up to 0.18 (GeV/c)2.

Existing information on the pion form factor in
the timeike region below a g2 of 0.5 (GeV/c)? is
poor, and in the range covered by the present experi-
ment only one point has been measured at a g2 of
0.16 (GeV/c)?, and with a 20% error [1]. Other data
at lower g2 come from indirect measurements and
are model dependent [2]. The importance of a mea-
surement of the pion form factor in the low g2 region
has been stressed several times, not only to measure
the coupling of the time-like photon to the hadronic
current in this region, but also to improve the ha-
dronic correction to the calculation of (g — 2) for
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the muon [3].

Experimentally, the form factor is most easily de-
termined by measuring simultaneously the cross sec-
tions for the reactions ete™ > atn~ ande*e™ > uu~
since

IF@)I* = C(g*)o(e*e™ > a"n 7)o e™ > u'u™),

where C is a factor dependent only on the m and u
masses and on g2, but which includes radiative cor-
rections. However, the predominant terms in the radia-
tive corrections cancel out in this ratio and only minor
contributions, of the order of a few percent, remain.
Fig. 1 shows the experimental apparatus. A posi-
tron beam was incident on a 28 cm long liquid hydro-
gen target. Data were taken at 100, 125, 150 and
175 GeV/c beam momentum. A differential Cerenkov,

0.370-2693/84/$ 03.00 © Elsevier Science Publishers B.V.
(North-Holland Physics Publishing Division)
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Fig. 1. The experimental apparatus.

counter (CEDAR), not shown in the figure, was used
to {lag the incoming particle and thus to discriminate
between positrons and the hadronic component (30%)
of the beam. Scintillation counters vetoed the beam
halo and the hodoscope SH rejected events with more
than one incoming particle. Veto counters rejected
events with particles at angles larger than 5 mrad. The
hodoscope LH together with counters M1—M7
performed a charge multiplicity analysis of the final
state for triggering purposes.

Two sets of MWPC (8 planes of 1 mm spaced wires
within a 25 cm? sensitive region) upstream of the
target measured the direction of the incoming par-
ticle with an accuracy of 0.02 mrad. Downstream of
the target, three more sets of similar MWPC (400 cm?
sensitive region) measured the directions of outgoing
particles with the same accuracy. Downstream of the
LH hodoscope the FRAMM magnetic spectrometer
measured the momenta of final state particles. It con-
sisted of 4 magnets interspaced with sets of drift
chambers and shower detectors (SD). The latter form-
ed part of the trigger and were also used to identify
and thus reject events containing electrons. A detail-
ed description of the spectrometer can be found else-

where [4]. In this geometry its angular acceptance
is limited to 7 mrad.

The multiwire chambers defined the vertex from
the incoming positron and two outgoing particles.
The vertex position was used to reject events with an
interaction point falling outside the target. An event
was also rejected if the sum of 8, and 6,, the scatter-
ing angles of the two particles, was less than 0.4 mrad.

In fig. 2a experimental data at 150 GeV/c are pre-
sented in a plot of 8, versus 6,. For the sake of clari-
ty fig. 2 presents only a part of the available statis-
tics. Events cluster around the kinematic curves for
the processes e e™ = g~ ,ete™ = utu—,andete™
~ ¢*e™ (Bhabha scattering).

Most of the background is concentrated along the
axes, typically beam plus one scattered §-ray or beam
plus one slow particle arising from the conversion of
a low energy photon radiated by the positron. This
background was removed by measuring the multi-
plicity of tracks reconstructed by the spectrometer
since the low momentum particle was swept away
from the downstream detectors by the first magnet.
Fig. 2b shows the 8, versus 6, plot for events which
have one fitted track in these detectors, and fig. 2¢
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in the magnetic spectrometer. (d) Data after the SD cut.

events with two tracks of opposite charge for the
same sample of data. Imposing these cuts in multi-
plicity results in a loss of 5% of u and 7 events.

The remaining background, especially at low g2,
was further reduced by means of the information
from the shower detectors, which were split longi-

tudinally into two parts of 4 and 20 radiation lengths.

A charged particle was identified as an electron if
there was a large energy release in the front part and
if the shower energy corresponded to the magnetical-
ly measured momentum. Events were rejected if
both particles were identified as electrons. The re-
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tention of events with only one particle showing an
electron signature limits the loss of pion pairs to less
than 1.5%. This is the only selection criterion which
can cause the loss of pions while leaving the muon
sample unaffected. This procedure also accounts for
the residual Bhabha signal which is still present in the
final data sample.

Fig. 2d shows the resulting 6, versus 6, plot. The
separation between muons and pions is clear over
most of the plot, and misidentification occurs only
in the region near the axes (i.e. for values of scatter-
ing angle in the CM system around 0 and around )
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where the curves for the two interactions are not well
resolved. We therefore use only the region of the plot
corresponding to both particles having scattering
angles greater than 0.7 mrad. Since the angular dis-
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tributions in the CM system for both reactions are
known, the correction for events with one angle less
than 0.7 mrad (always less than 20%) can be readily
applied.

There is also a very low diffuse background still
present in the central region of the plot. The 6 versus

@, plot can be converted to a mass plot using the rela-
tion

M =3 [2mP(1 - (6%/67)*) (1 — 6,0, P/2m)] 112,

where M is the mass of the particle in the reaction e*e™
- M"M™, Pis the momentum of the incident particle,
m the electron mass, and 6% = 6, + 6yand 6~ = 64

— 0,. Fig. 3 shows the data collected at each energy
in terms of this variable. As expected, clustering along
kinematic curves in the 6, versus 8, plot results in
peaks at the corresponding masses of the produced
particle. The plot allows the determination of the
background levels at each energy. The resulting num-
bers of pion and muon pairs are given in table 1.

To compute the pion form factor, corrections to
the data to account for the following effects have
been applied:

(a) Energy independent factors:

(i) Interaction of pions in the material of the spec-
trometer (12.3% at all energies).

(ii) Misidentification of pion pairs as electron pairs
in the shower detectors (1.5%).

(iii) Inefficiency in matching the charged tracks
reconstructed in the spectrometer with the energy
released in the shower detectors (2.5%).

(b) Energy dependent factors:

(i) Energy dispersion of the positron beam due to
radiation of photons upstream of the target.

(ii) The ratio of radiative corrections for pion and
muon pairs.

The increase in these corrections towards the

Table 1
Number of pion and muon pairs.

Beam momentum  N(x) N(u) Statistical Systematic

(GeV/e) error (%)  etror (%)
100 217 5681 6.7 5.0
125 209 2309 7.0 2.5
150 324 2050 6.0 2.0
175 350 1525 6.0 1.0
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Fig. 4. The pion form factor squared.

Beam momentum Radiative Energy dispersion
(GeV/c) corrections of the beam
100 1.0160 1.040

125 1.0064 1.012

150 1.0035 1.007

175 1.0023 1.005

Table 3

The pion form factor squared.

Beam momentum q((Gev/c)?) [FgH]?
(GeV/c)

100 0.101 1.35 £ 0.09
125 0.127 1.48 £ 0.1
150 0.152 1.78 £ 0.1
175 0.178 2.05 £0.12

ot n~ threshold (particularly at 100 GeV), is due to
the increasing difference between the production

cross section for w and pt pairs and the fast rise in
pair production at thireshold.
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Table 2 summarizes the energy dependent correc-
tion factors.

The values obtained for the pion form factor are
listed in table 3 and plotted in fig. 4. Statistical errors
only are shown. No deviation from a smooth trend
towards F(0) = 1 is suggested by our data which are
in good agreement with those of previous experi-
ments [1,5]. Forthcoming results of the NA7 mea-
surement of the pion form factor in the space-like
region will allow its precise determination close to
g2 =0 and combined with the present results will
permit a reliable interpolation through the unphys-
ical region.
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