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Abstract

Dilferential cross-sections for = "p elastic scattering were measured for nine incident pion momenta
rom 295 to 450 MeV/e. The measurements cover 7~ CMS scattering angles from 40% to 120"
Preliminary results have statistical and systematical accuracy of § - 6 % and 3 %, respectively.
Agreement between the data and the phase-shift anatysis of Koch and Pietarinen is good.
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1. INTRODUCTION

Experimental study of differentiat cross-sections for pion-nucleon scattering at
low energies is essential for the understanding of the interaction of pions with free
nucleons as well as for evaluating the results of pion-nucleus experimental data. There
have been many previous measurements of differential cross-sections for n'p elastic
scattering. A complete bibliographical study up to 1980 can be found in ref. [1]. The best
accuracy on differential cross-sections (typically 2%) for data beiow 450 MeV/c was
obtained by Bussey et al. [2]. In addition, the recent n"p experimental data of Brack et al.
[3] cover the incident pion momentum range from 152 to 240 MeV/c with an accuracy of
3 10 19%.

We report here of measurements of the differential cross-section for r'p elastic
scattering at incoming pion laboratory momenta of 296, 315, 334, 354, 375, 394,
413, 432 and 450 MeV/c. Our data cover the =~ CMS scattering angle range from 40° to
1200 with a 29 resolution.

2. EXPERIMENTAL DETAILS AND DATA

The experiment was carried out at the CERN 600 MeV Synchro-cyclotron with a
large solid angle magnetic spectrometer OMICRON. The apparatus and the analysis
procedures were described in details in refs. [4,5,6]. Here we recapitulate their main
features.

The beams were of variable momentum and had a typical momentum spread of 7%
FWHM. The incoming pion momentum was measured with five MWPC with a resolution of
approximately 1%. An atmospheric-pressure fraon gas Cerenkov counter was used to
discriminate against electrons in the beam. Muon contamination of the beam was
determined by a separate measurement on the spent beam and was described elsewhere
[S]. The target vessel was a 80 ¢cm long cylinder with a diameter of 15 cm. It was made of
250 um thick mylar reinforced with kevlar fibres and filled with gaseous hydrogen at
1.2 MPa. Trajectories and momenta of particlas emerging from the target were measured
in two secondary arms consisting of two sets of three drift chambers placed at the left and
right hand side of the beam, supplemented by scintillator hodoscopes.

The fast trigger signal required an incoming particle (pion or muon) and one
secondary particle in each spectrometer arm defined by a hit in left and right
scintillation hodoscope counter. In addition, a minimal number of hits in drift chambers



was required in order to ensure the analysability of secondary tracks [6]. Data satisfying
the trigger conditions were written to magnetic tapes. The off-line analysis consisted of
track finding procedures and a fit of three tracks to a common vertex.

The criteria for the selection of events belonging to n-p elastic scattering were
based on geometrical and kinematical properties of this reaction. Events originating in
the target walls were eliminated by restricting the fiducial target volume to a radius of 5
cm and a length of 60 cm. Since the experimental set-up was designed for detection of low
momenta n'x* pairs produced in the reaction n'p - n'x*n, the momentum resolution
for relatively high momenta of scattered pions and protons was rather poor. Thus, we
based our selection critaria on experimentally well defined angles of scattered particles.
n'p elastic scattering evenis are coplanar. In addition, we have three constraints which

allow us to calculate the proton scattering angle ﬁpc from the measured beam-particle
momentum vector pg and the measured scattering angle of n- and to compare it to the

measured one ( 9p™). Combining both features we defined the quantity ¥ as :

VM - 9,° Pac - ©2
p" -0 ac
W2 o (——— )2 4 (o) 2

Oae Pac

where ga¢ is the acoplanarity angie defined as C0S pac = [Po-( anpp)]l Po | p,txppl].

oae and opac are the r.m.s. experimental resolutions typically 1.8° and 0.8°,

respectively. A cut on ¥ < 4 eliminated most of the background originating in multibody
final state reactions. The contributions of background processes to the measured
differential cross-sections for n-p elastic scattering were determined by Monte Cario
simulation and were found 10 be negligible at all incoming pion momenta.

Differential acceptance of the apparatus e(®) was obtained from simulated data. n'p
glastic scattering evenis were generated isotropically in CMS. The simulation was
performed by using beam track parameters obtained during the measurements with a
special trigger. Secondary tracks were foliowed through the magnetic field taking into
account multiple Coulomb scattering, energy loss, decay of particles as well as
resolutions and efficiencies of detectors. In addition, spurious hits in drift chambers
obtained from analysis of beam trigger sample were added to the output data which was
analysed with the same off-line computer programmes as experimental data. A typical
differential acceptance which includes the efficiency of the off-line computer
programmes is shown in fig. 1.
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Figure 1. Acceptance of the apparatus determined by analysing simulated =°p
alastic scattering events at incoming pion momentum 394 MeV/c.

3. RESULTS

The differential cross-section was determined from the relation

AG  ANp/A®  Ng

AQ AN, /AD  4nm NiH

where H is the surface density of protons in the target, Ny the number of incoming pions,
Ng the number of generated events by M.C. simulation and A9 the CMS proton scattering

angle bin. AN, and AN, represent the number of measured and sumulated events which

survived the analysis, respectively. Differential cross-sections at different incoming
pion momenta are shown in fig. 2. The normalization includes corrections due to muon
contamination of the beam, efficiency of Cerenkov counter as welil as the loss of events
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Differential cross-section for =n°p. elastic scattering at different
incoming pion momenta. Error bars include statistical errors on
measured and simulated data. Solid curves represent resuits of phase
shift analysis of Koch and Pietarinen [7].



caused by nuclear interactions and Rutherford scattering of particles in target walis. The
error bars represent the statistical uncertainities on measured and simulated data. As can
be seen from fig. 2. the agreement baetween measured differentiatl cross-sections and
results from phase shift calculations of Koch and Pietarinen [7] is very good in the whole
range of angles and incoming pion momenta covered by this experiment.

The major contribution to systematic errors was the uncertainity on the number of
incident pions. The number of muons in the beam and Cerenkov efficiency for elecirons
yields an error of 1.5% and 2%, respectively. The efficiency of track-finding of beam
tracks was known with an accuracy better than 1.5%. Other sources of systematic errors
considered were those on the hydrogen density in the target (< 0.5%) and uncertainities
in calculating the number of lost events due to Rutherford scattering and nuclear
interactions in target walls (< 1%). Various contributions were considered uncorrelated
and added in quadrature which resulted in a total systematical error of 3%.

4. CONCLUSIONS

We have performed a full-kinematics and high-statistics measurement of n'p
elastic scattering at nine incoming pion momenta ranging from 295 to 450 MeV/c. The
differential cross-sections cover the CMS proton scattering angles between 40°c and
1209 with an angular resolution of approximately 2°. The preliminary results are in
very good agreement with the results of phase shift analysis. The statistical error is

mainly due to the lack of simulated data and is expected to be improved to approximately
2%.
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