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ABSTRACT

Some experiments in progress at Saturne and measuring spin observables in pp
inelastic scattering are presented. Future perspectives are also discussed.

1. Introduction

The Saturne 2 accelerator is built up with two synchrotrons: the storage-
booster Mimas and the main ring Saturne. It provides, with three different kinds of
injectors a large variety of probes for the study of hadronic interactions in the
intermediate energy domain, that is for energies equivalent to proton kinetic energies
.1 2 Tp < 2.9S GeV. The list of these probes, together with their masses, charges,
intensities and energies is given in table 1.

Relevant for this conference is the characteristics of this facility to provide
beams of protons and deuterons with a large polarisation P (P = 85% ) over its whole
energy domain. These large values of the polarisation P made possible an extended
program of measurement of spin observables, that i will resume in three lines:

1) Measurement of the scattering amplitudes in the NN interaction using polarised
beams of protons and neutrons, the neutrons are obtained from the deuteron
break-up, and / or polarised targets, with all the possible combinations of the
spin orientations of the beam and target particles.

2) Isoscalar excitations in nuclei, using the deuteron polarised beam and the tensor
polarimeter POLDER to detect the polarisation of the scattered deuterons.

3) The measurement of spin observables in the associated strangeness production
of hyperons.

The first two topics will be treated here: 1) by C. Leluc and 2) by J. Cameron.
I will, therefore, concentrate hereafter on the topics 3 and on future perspectives.

2. Spin observables in the associated strangeness production of hvperons.

In the energy domain of the Saturne accelerator, data on the inelastic
channels and mainly spin observables data are, so far, largely incomplete. The
consequence of that on the theory is that the N-N interaction is well described by the



available models up to the pion production threshold, but that above this point the
situation is more unfolded, mainly because of a lack of knowledge of the inelastic
channels.

Above the pion production threshold, the reactions pp-»ppn? and pp-*pn7C+
contribute for a sizeable amount to the total cross section of the pp interaction. The
maximum value of the total cross section (O10, = 18 mbarn, Ref.l) of the pp-»pn7r>
reaction is reached at 1.7 GeV/c.

An other inelastic channel, the pp-»p+K++A reaction, has a much smaller
contribution in this energy domain, O11, = 51 nbarn at 3.67 GeV/c. Nevertheless the
measurement of spin observables in this reaction is very important in view of the
understanding of the mecanism that produces polarised A hyperons. Above the
threshold for this reaction, Tp = 1.S8 GeV, in addition to the quoted pion producing
reactions, other channels are feeded, involving two or more pions, with cross
sections that are about three order of magnitude larger than that for the associated
strangeness production. They will present, therefore a large background for the
experiment, dedicated to the measurement of spin observables in the hyperon
production (DISTO Ref. 2), that i will describe hereafter. Even though this
"background" has to be rejected for the strangeness experiment, just keeping a small
amount of it, with a proper trigger selection, will provide with data the differential
cross-sections and the analysing power Ay for the pion producing reactions, as a by-
product of the DISTO experiment

Since the discovery that the A particles, produced at large transverse
momenta Pr, were polarised a large amount of data have been collected on inclusive
hyperon production with proton beams. For the A and £ polarisation, data, obtained
in inclusive reactions, exist from about 10 to 2000 GeV. The polarisation values PY
do not depend on the total CM. energy Vs but show some regularities in the
transverse momentum Pr dependence (Ref. 3).

In the energy domain of Saturne similar experiments have not been
performed so far. We plan therefore to study the pp->pK+Y reaction to check if a
similar P1- dependence exists and in addition, taking advantage of the high
performances of the polarised beam, measure other spin observables like Ay and Dyy.
Finally we can obtain the angular distributions of the differential cross sections.

The aim of these studies is to understand the reaction mecanism of the
associated production. A first step would be the comparison of the data with the
predictions made in the framework of boson-exchange models. In this context an
important role is played in the strangeness production by the N* ( namely N*[1650]
and N*[17101 in our case ) resonance excitation. In our experiment we plan to relate
the spin observable measurements to these resonances by reconstructing the mass of
the ( K+A) system, to which these resonances are coupled. To do that we need to
design an exclusive experiment, in which the measurement of the angles and
momenta of the A decay products and of the proton and the kaon will allow a
complete kinematical reconstruction of the missing mass of the reaction products.
Only in this way can the contributions to the A polarisation coming from different
sources be disentangled.

It has, also, been suggested that the A polarisation could be related to
interferences between the S=-1 resonances. We can check this assumption by
relating the spin observables measured to the (pK+) reconstructed mass. At 2.9 GeV,
S = -1 resonances can be excited up to A*(1520).

To explain the high energy data ' ad hoc ' quark models have been proposed.
In connection with the energy independence shown by these data, the measurement
of spin observables at Saturne would provide a way to investigate the connection



between the fundamental QCD approach and the boson-exchange theories.
We plan to identify the strangeness production reaction through the vertex cut

method: The strange particles have lifetimes of the order of 1010 s., that is their path
lengths before decay are of the order of several cm. This property makes possible
their identification via a cut on the decay vertex position. This method is preferable
to the other possibility, based on the identification of the K meson, which requires
complicated and costly Cerenkov detectors.

Another consideration for our choice of the detection system has been the
required precision on the A polarisation. We plan to determine the A polarisation
from the measurement of the angular distribution W(0*) of the decay proton ( A ->
pir ). This angle is referred to the direction perpendicular ( ~*p,. x ~*pQUt ) to the
reaction plane, in the A rest frame. As W(0") = [ l+a-PAcos(8 )], to extract PA,
usually the analysis is made by fitting the data with a straight line of slope a-PA. The
parity-violating decay asymmetry parameter a = .642 ± .013 is known within 2%;
therefore the main error on PA comes from the statistical significance of the data
within each angular bin; this depends in turn on the precision of the binning. We can
reach the required precision by measuring the momentum of the decay proton and
from it (it is a two-body decay ) determining the angle.

We have now to fulfill the requirements: to have a momentum resolution
good enough to provide missing mass spectra for the hyperon where the A, the E and
the Y* resonances can be clearly distinguished and to have large momentum and
angular acceptance to avoid cuts in the phase space.

We think that this is done with the proposed experimental apparatus (Fig. 1)
that includes the magnet S170 from CERN.

The detection system (Fig. 1) is made of 8 cylindrical detectors in two arms,
symmetrically placed at the two sides of the beam direction. They cover a scattering
angle of 45 degrees and a dip angle of ±15.5 degrees. We choose a cylindrical
geometry to improve the momentum resolution with respect to a planar one. In fact,
with this solution the particles will be on the average closer to normal incidence on
the detectors, resulting in a smaller spread in the energy loss and better position
resolution.

The 4 inner detectors, placed at distances of 20 and 40 cm from the target
center, respectively, are plastic scintillating fiber chambers made t ne horizontal
layer and two stereo layers at ±45 degrees. Scintillating fibers offer the following
advantages: simple and reliable operation, insensitivity to the high magnetic field,
sufficient radiation hardness and, the most important, they are well suited, due to
their fast light output for trigger design with high counting rates.

We plan to use fibers ( square size 1-1 mm. ) with aluminium coating, for
cross-talk reduction. The chosen fiber size seems to be a good compromise between
the spatial resolution we need to discriminate Lambda and Sigma invariant masses
(less than 1 mm), and the light yield at the readout end (minimum ionizing particles
deliver about 130 photons, accounting for a 1.5 m attenuation length). Optical fibers
will transport the signals outside the magnet to the readout system, which makes use
of Position Sensitive Photo-Multipliers (PSPM).

With the signals from the PSPM we can also design a relatively simple first
level trigger based on the information of charged prong multiplicity.

The 4 detectors placed at 90 cm and 120 cm are MWFC (multiwire foil
chambers) (Ref. 4) with cylindrical shape. We foresee three readout planes for each
chamber. One with vertical wires gives the angular coordinate in the horizontal
plane, whereas the vertical coordinate information is provided by horizontal wires.
An additional plane of strips, put at 45° helps in combining the hits with the tracks.



The simulations have shown that a vertical wire spacing of 3 mm is consistent with
the required invariant mass resolution.

The 2 outer detectors each consist of 2 planes, horizontal and vertical, of
scintillation counter hodoscopes, 1.6 cm. thick and covering the same solid angle as
the inner detectors.

We propose to use a two-level trigger in order to filter the lambda and sigma
events from the background. The first-level trigger is a multiplicity selection of four-
prong events. The detectors used in the trigger are the scintillating fiber chambers
and the hodoscopes.

We plan to use a level 2 trigger performed by four RISC processors. They
fully reconstruct each event with a subset of the off-line reconstruction program in
order to find the lambda decay vertex and to reject events which would be eventually
rejected by off-line analysis. Only events filtered by the second level trigger will be
written on the cassette.

For the cross-section calibrations we will take the backward-forward
coincidence of the pp elastic scattering also seen by a part of our setup.

3. Future perspectives

A more complete experiment on spin observables in hyperon production,
including sideway spin orientations and correlation coefficients is foreseen for the
future. This will require also a spin rotation device for the beam, before the target,
and a polarized target. All those devices are available at Saturne.

Preliminary studies of a possible upgrade of Saturne have been performed
recently (Ref. 5). They figure the construction, in the available space of one, or two
rings. Depending on Ae choice of the magnets, superconducting or room operating,
the highest proton energy could be 8 or 25 GeV respectivelly. The foreseen beam
intensity is, in both cases, 8 1012 p/burst. The addition of a Siberian snake would
provide high polarisation rates.

Table 1. Beams at Saturne 2

Part A Q Part/burst Tn,

P
D
He
He
p

pol

C
N
N
O
Ne
Ar
Kr
Kr

1
2
3
4
1
2
6

12
14
15
16
20
40
84
84

1+
1+
2+
2+
1+
1+
3+
6+
7+
7+
8+

10+
16+
30+
28+

8.10"
5.10"
2.10"
2.10"
2.10"
3.10"
1.109

1.109

7.10s

7.10«
2.108

2.10«
1.10*
2.106

4.10s

2.950
1.145
1.691
1.145
2.950
1.145
1.145
1.145
1.145
1.020
1.145
1.145
0.820
0.688
0.617
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