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ABSTRACT
Angular distributions of the analyzing power Ay and of the differential cross section dcr/dfl

in pp elastic scattering have been measured at 439, 544 and 697 MeV/c. Our results of Ay are
compared with those measured at nearby energies, and with various theoretical models.

1.Introduction

We present here the results of the experiment PS198 at the Low Energy
Antiproton Ring at CERN. The aim of the experiment was the measurement of
spin observables in antiproton-proton elastic scattering. The theoretical approach
to NN scattering is based mainly on potential models. The first ingredient of
this approach is a form of theoretical NN potential, based on meson exchange
and G-parity transformed to an NN potential. The second ingredient is a kind
of annihilation mechanism. The annihilation cross section is large, twice larger
than the elastic cross-section, and is responsible for the large imaginary part of
the potential. All the different approaches to the annihilation, lea.d to models
that fit reasonably well data on differential cross-section1"4. On the contrary, for
the spin-dependent observables, the predictions depend on the form chosen for
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the short range imaginary potentials. Therefore the measurement of full angular
distributions of spin observables in pp elastic scattering is very usefull to provide
constraints to define the proper set of parameters of the NN potential. In this
experiment we have measured the analyzing power Ay in pp elastic scattering
using the antiproton beam from LEAR at three incident momenta 439, 544 and
697 MeV/c. This observable has already been measured at LEAR at energies
between 500 and 1500 MeV/cB. In our energy range, these data cover only a
limited angular range around 90°cM- There exist also 4 points measured at 700
MeV/c6 though with very big statistical error bars, and no other data exist at
lower energy. Although the aim of our experiment was not the measurement of
the differential cross section dv/dfl , we have also calculated its value from the
same data by averaging over the spins. This parameter has already been measured
in several experiments7"10.

2. Experimental set-up

The schematical layout of the experiment is shown in Fig.l.

1.Experimental set-up
1) antiproton counters F and FH; 2) polarized target; 3)monitor counter, out of the plane of

the figure; 4')M\VPC: 5)spectrometer SPES II; 6) MWPC's; 7)scintillator S; 8)focal plane; 9)recoii

counter

The incoming beam with an intensity of a few 10s antiprotons per second,
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Fig.2 a,b: The differential cross-section dtr/dSl at 697, 544 and 439 MeY/c.
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Fig.3 a,b: The analyzing power at 697 MeV/c 544 and 439 MeV/c
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was monitored by a thin scintillator counter F, 0.3 mm thick, placed in the beam,
and taken in anticoincidence with an anti-halo counter FH with a circular hole
12 mm in diameter. It was scattered on the polarized targf * made of a slab of
pentanol 5 mm thick, 18 mm high, and 18 mm wide. The polarization of the
target was held in the 0.7 T field of a superconducting coil. The relaxation time
was about 150 h. Typical values of the polarization ranged between 0.68 and 0.85.
The scattered particles were detected and momentum analyzed with the magnetic
spectrometer SPES II. To cover the forward C.M. angles, the spectrometer was
rotated from 10 to 45°to detect the p's. For the backward C.M. angles the sign
of the magnetic field was reversed and the outgoing protons were detected in the
same angular domain. A multiwire proportional chamber (MWPC) was put at
the entrance of SPES II to define the incoming tracks. Three more MWPC's, all
with X and Y planes, together with one scintillator counter S, were placed on a
movable carriage in order to cover always the focal plane at each angle, independly
of the kinematic recoil. A time-of-flight measurement between the two counters
F and S allowed the discrimination of the p's or the p's, from the other particles,
mainly pions. The tracking of the scattered particle was performed using the X,
Y, 9 and <j> coordinates at the focal plane and the transfer matrix of SPES II. The
calculated X and Y coordinates at the entrance of the spectrometer, compared
to the measured ones, allowed a good selection of events corning from the target.
The kinematics of the reaction gave the missing mass. The background under the
missing mass peak was interpolated from the wings of the distribution. The use of
such a spectrometer for the detection of the most energetic outgoing particle made
feasible the measurements in a wide angular range. In particular, measurements
close to 0 and 18Q°cM \vere possible even at those low momenta, because only one
particle had to be detected. On the contrary, at angles around QCM - 90° where
the energy of the detected particle was minimal, the angular and energy stragglings
considerably deteriorated the resolution for the missing mass. In order to clean
the ratio of the signal to background in this angular domain, we added a counter
to detect the recoil particle in coincidence with the scattered one. Additional
measurements of the background were also done by changing the nominal field of
the spectrometer by plus or minus 5%, and gave similar results. Nevertheless for
a small part of the angular domain around ÔCM = 90° where the missing mass
peak was too wide to evaluate the background correctly, the data could not be
extracted.

3.Results

The results for the differential cross-section and the analyzing power at 697
MeV/c are already published in réf.11. The angular distribution of the differential
cross-section is shown in Fig.2a. together with a Legendre polynomial expansion
fit. The Fig.2b shows the results for the same parameter at 544 and 439 MeV./c.

The Fig.3a shows the angular distribution of the analyzing power at 697
MeV/c. Our data are compared to the predictions of réf.1"4. None of the curves
fit our data very well, and the disagreement is more or less pronounced in different
angular regions. In Fig.Sb, our data at 439 and 544 MeV/c are compared to
the data of Kunne et al.5 measured at nearby energies in complementary angular
regions. The agreement between the two experiments is very good. Also shown
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in Fig.Sb are the results of theoretical calculations from Timmermanns et al. 13,
and from models based on potentials from Paris2 and Dover-Richard3. These
three groups predict the general trend of the data of the analyzing power and
give relatively well the position of the minimum around cosBcM = —0.3 at 439
MeV/c, and -0.6 at 544 MeV/c, but none of them describes perfectly the angular
distributions. Another prediction of Ay not shown in the figure, was made by
Mizutani et al.12 using the Bryan-Scott one-boson exchange potential and the
black sphere annihilation model with cut-off parameters A= 980 MeV and 1040
MeV. These calculations had given a good description of the data at 697 MeV/c,
although with a dip less pronounced than measured11. At 544 and 439 MeV/c
they no longer reproduce the data: in particular no dip is predicted.

4.Conclusion

Among the different theoretical models, none reproduces perfectly the angular
dependence of Ay at the three studied momenta. The fit of réf.13 which was
performed most recently when the data on Av from réf.5 were already available.
gives the closest values at the two highest momenta 693 and 544 MeV/c. At 439
MeV/c it gives higher values than the measured ones but is probably influenced
by the data of réf.5 included in the fit. The problem encountered by potential
models is described by Myrher in réf.14. The free parameters of the short range
part of potentials allow to fit the general behaviour of the analyzing power and
differential cross-section, and do not contain enough physics to make predictions
on further measurements. More data on spin observables should be measured and
used to put constraints on the long range meson exchange part of the potential.
In addition data are also needed in the charge exchange reaction pp—>nn, to study
both isospin channels T=0 and T=l.
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