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ABSTRACT
Full angular distributions of the differential cross-section do/dQ and of the analysing power Ay

in pp elastic scattering have been measured at 697 MeV/c. The results of A, are compared with the
predictions of various theoretical models.
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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, which is
G-parity transformed to an NN potential. This G-parity transformation reverses the signs of the
potential contributions of the odd G-parity meson exchanges. The second ingredient in NN models is
some kind of annihilation mechanism. The annihilation cross-section is large (¢ana/0a = 2) and is
responsible for the large imaginary part of the potential. There are several different approaches to
this annihilation: one may apply a suitable boundary condition [1], or use an optical potential [2-5],
or do a coupled-channel calculation [6], or assume that one qq pair annihilating into gluons is the
dominant channel for the NN annihilation [7]. All these approaches fit the existing data on the
spin-averaged cross-sections reasonably well. For the spin-dependent observables, the situation is
completely different: the predictions depend consistently on the theoretical inputs. Therefore the
measurement of spin observables in the PN elastic scattering will provide useful constraints to define
the proper set of parameters of the NN potentials—provided the data are obtained over the full
angular range— because the different theoretical predictions differ significantly in different anguiar
domains. This was the main motivation of the experiment PS198 performed with the antiproton
beam of the Low-Energy Antiproton Ring (LEAR) at CERN.

We report here the first measurement of the full angular distribution of the differential cross-
section do/dQ and of the analysing power A, in the Pp elastic scattering at 697 MeV/c. Data on
do/dQ near this energy have already been published [8, 9]. With regard to Ay, a few points with large
error bars have been measured in a double-scattering experiment [10], and recently, data have been
produced in a more restricted angular domain at 679 and 783 MeV/c [11].

The experimental set-up is illustrated in fig. 1. Monitoring of the beam was done by the counter
(1). This counter consisted of a thin scintillator (F), 0.3 mm thick, and of an antihalo scintillator
(FH), 0.5 mm thick, with a circular hole 12 mm in diameter. The scintillators F and FH were
individually viewed by two phototubes in coincidence; FH was put in anticoincidence with F to give
the signal FO. When the beam was focused on the polarized target (2), typical counting rates of FH
were less than 2% of F. Additional relative monitoring was provided by counter M (3), which
consisted of two slabs of scintillator placed in view of the target at 0° and out of the scattering plane
and of the acceptance of the spectrometer. The polarized target consisted of a slab of pentanol
(CsH120), 5 mm thick, 18 mm high, and 18 mm wide, doped with ethyl hydroxybuteric acid (EHBA).
The 2.5 T magnetic field, which was needed to polarize the protons, was produced by a
superconducting split-coil magnet supplying a vertical field. The proton polarization was determined
by comparing the dynamic polarization signal with the natural polarization signal at thermal
equilibrium. Polarization values of 0.68 to 0.85 were obtained. In order to decrease the influence of
the magnetic field on the trajectories of the incoming and outgoing particles, we lowered the target
field to 0.7 T, operating it in frozen-spin mode. The proton relaxation time was about 150 h.

The scattered particles were detected and momentum-analysed with the magnetic spectrometer
SPESII [12]. In order to cover the full angular domain in the ¢.m. system, we detected the p’s for the
forward c.m. angles and the recoil p’s for the backward ones, rotating SPES II and/or reversing its
magnetic field to get the appropriate c.m. angular set. The detection system of the spectrometer
consisted (fig. 1) of four multiwire proportional chambers (MWPC), CHO, ..., CH3, all of them with
X and Y planes, and of a scintillator counter S. The acceptance of the spectrometer was defined by
CHO. The angile and the momentum of the scattered particles were measured with CH1, CH2, and
CH3. These three chambers and counter S were put on a movable carriage, the position of which was
changed at each scaftering angle so that the focal plane always crossed CH2, independent of its
kinematical recoil. The trigger was FO*S, and the precise time-of-flight measurement made with these
two counters discriminated the p’s and the p’s, respectively, from the other products (mainly pions)



of the interaction of the D beam with the target. A complete retracking was performed in two ways,
with the X, Y, 6, and ¢ coordinates at the focal plane and the transfer matrix of SPESII: i) Using
chamber CHO at the entrance of SPESII (40 cm downstream from the polarized target), the
computed X and Y coordinates of CHO were compared with the measured ones. The differences
between these two sets of coordinates enabled the point of origin of the track to be determined. In
this way, spurious tracks coming from the antiproton counter F, or from the windows or the thermal
screens of the polarized target, could be rejected. ii) The complete reaction kinematics was
reconstructed at the position of the target, yvielding the missing mass. In this way we could select the
pp elastic channel from the contributions of nuclei other than the target protons. Around fap = 45°,
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 investigate possible
contamination from quasi-elastic scattering or other reactions on the nuclear content of the target,
we added a recoil counter R [(9) in fig. 1], which was placed at an angle of about 90° with respect to
the direction of the scattered particle and rotated with SPESII. This counter consisted of a
scintillator slab and a MWPC, with X and Y planes. Its acceptance corresponded to the full aperture
of SPESII and was efficient for the detection of the recoil particle, p or P, in the angular domain 70°
< O =< 110°. Track reconstruction and coplanarity selection showed that quasi-elastic
contamination was negligible even in that angular domain. We checked our apparatus during a
preliminary run with a proton beam, measuring d¢/d in pp elastic scattering. Our results were
consistent with the phase-shift analysis of ref. [13].

In pp elastic scattering, the angular distribution of the spin-averaged cross-section do/dQ has
been fitted with the Legendre polynomial expansion:

do/df(8) = Fa, P, (cos ) .

The data together with the best-fit curve are shown in fig. 2. Coulomb interference does not affect
this analysis since only angles 6., > 20° have been taken into account. The best-fit coefficients a, are
presented in table 1 and compared with those given in refs. [8], [9] and [14]. It appears that the
agreement is particularly good with the coefficients from ref. [9]. The angular distribution of Ay has
been fitted with the associated Legendre polynomial expansion:

(do/dDA, = b, P/ (cos 6) .

The data together with the best-fit curve are shown in fig. 3a. The best-fit coefficients b, are also
presented in table 1.

The angular distribution of A, at 700 MeV/c has been calculated in ref. [15], using the
Bryan-Scott one-boson exchange potential and the black-sphere annihilation model with cut-off
parameters A = 980 MeV and 1040 MeV. The results are shown in fig. 3a.

In fig. 3b, the A, data have also been compared with the theoretical predictions given by the
Dover-Richard I (DRI model [16], the PARIS model [5], the Bryan and Phillips potential [2], and
the Nijmegen group [6]. To keep the figure clear, we have not shown other predictions such as those
based on DRII [16] or the ones given in ref. [17], which differ more significantly from our data. This
selection has been somewhat arbitrary, as even the calculations that have been selected for fig. 3b
reproduce, at most, only the general trend of the data. A reasonable agreement with our data is
provided by the calculations shown in fig. 3a where, instead of an optical potential, a much simpler
black-sphere model has been chosen to describe the annihilation. However, even this approach fails
to reproduce the dip shown by the data around cos fcm = —0.2. This comparison between various



theoretical calculations and our measurements leads us to the conclusion that none of them fits our
data really well. The disagreement is more or less pronounced in different angular regions, reflecting
the different weight given to the various helicity amplitudes in the models, which have therefore to be
studied again in order to satisfy the new constraints provided by our data.

We gratefully acknowledge the assistance of CERN, and in particular of the LEAR operating
crew. We are very much indebted to the technical groups from DPhN/ME and LNS, Saclay, for their
help in realizing the experiment.
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Table 1

Legendre fit coefficients

a, This exp. Kageyama et al.| Eisenhandler et al. | Kunne et al. b, This exp.
[9] (8] [14]

ag 3.59 £ 0.02 3.57 = 0.01 4.22 + 0.07
a/ap | 2.22 £ 0.02 | 2.22 + 0.01 2.30 £ 0.05 2.57 + 0.08 | by/ag | 0.174 + 0.004
as/ap | 2.32 +0.02 | 2.28 + 0.01 2.51 £ 0.07 2.58 + 0.10 | by/ag | 0.171 £ 0.005
as/ag | 1.46 + 0.02 | 1.42 =+ 0.01 1.73 £ 0.07 2.07 £ 0.10 | bs/ag | 0.136 + 0.004
as/ao | 0.53 £ 0.02 | 0.55 = 0.01 0.81 + 0.05 1.10 + 0.06 | bs/ae | 0.062 + 0.004
as/ap | 0.11 £ .01 | 0.11 =+ 0.01 0.26 = 0.05 0.45 + 0.02 | bs/ag | 0.020 + 0.002
as/ao 0.003 = 0.01 bs/ae | 0.006 + 0.001




Figure captions

Fig. 1 Experimental set-up (not to scale): 1) antiproton counters F and FH; 2) polarized
target; 3) monitor counter M, out of the plane of the figure; 4) MWPC C0;
5) spectrometer SPESIL; 6) MWPCs CHI1, CH2, and CH3; 7) scintillator S; 8) focal
plane; 9) recoil counter R.

Fig. 2 Angular distribution of do/d{. The curve represents the best fit with Legendre polynomials.

Fig. 3 The data of the analysing power A,. They are compared with the theoretical predictions of:
a) ref. [15] with the cut-off parameters A = 980 MeV and 1040 MeV; the solid line
represents the best fit with Legendre polynomials;
b) Dover-Richard [16] (solid line), Paris [5] (dash-dotted curve), Nijmegen [6] (dashed
curve), and Bryan-Phillips [2] (dotted curve).
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