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The aim of this letter is to inform the Physics III
Committee of ocur intention to perform an experiment using
a pion beam of the CERN Improved SC, in 1973, The proposed
experiment takes place in an experimental program which

will be later on continue at SIN.

As we are, at present time, designing a proton polarised
target and a detection apparatus to determine the polarisation
parameters in pion-nucleon scattering, we believe it is worth
to achieve an experiment at the CERN-S5C for testinp this ex-

perimental set-up before the SIN machine starts.

In the following we just sketch the physical motivations
for such experiments, outline the experimental technics we

want to use and evaluate the running time.

At pion kinetic enerpy available now at CERN-SC and
later at SIN, the I = 3/2, J = 3/2, p-wave phase shift domi-
nates the pion-nucleon elastic scattering. Accurate mesure-
ments of the polarisation parameters in both ﬂ+p and ﬂ_p
elastic scattering and the charge exchange scattering, will
be needed to tdetermine precisely the s - p and possibly the
d - wave phase shifts in importance at low energies. On the
other hand the Cambridge-Rutherford group (Bugg et al.) has
recently performed a precise measurement of the ﬂ-p and ﬂ+p
differential cross section from 75 teo 285 MeV; their final
accuracy is typically + 1 % or slightly better but the agree-
ment with present phase shifts is only moderate; at some
angles and energies, deviaticns of several standard deviation
appears. 5o it will be very useful to check these amplitudes

by accurate polarisation measurements.



An estimate of the accuracy needed for polarisation
measurements has been made 1) using predictions for the
scattering parameters at 98 and 200 MeV pion snergies
from energy dependant phase shift analysis by Roper and.
Wright 2). It comes out that a measurement of the pcla-
risation parameter for exemple with Apy, = 0.05, together
with the 1 % accuracy differential cross section of Bupg
et al. will permit a determination of the phase shifts to
+ D.SU, which will be a substantial progress over the pre-
sent precision and will strongly improve the analysis "&

la Hamilton".

Polarisaetion may be determined by measuring ths asym-
metry in a pion beam from a target containing polarised
protons or by measuring the polarisation of the recoiling
protons from an unpolarised target. The former method being
preferable from experimental asymmetry point of view, the
construction of such a tarpet was decided at SIN. It will
be @ similar target to that developped at CERN, except it
will make use of superconducting separated coils, which
allow the protons to be polarised in the three directions
to the scattering plane, transversed and longitudinal to
the i.a. perpendicular incoming beam (useful for measure-

ments of the Welfenstein parameters).

Let us remark that today apprecieble proton polari-
sation can be achieved only in a few substances, doped
with paramagnetic centers, using dynamic polarisation
methods. Such methods require the target sample to be
maintained at temperature around 0.5° K in a magnetic
field of 25 kbGauss and irradiated with a high intensity
micro-wave field of 70 GHz. Under the above conditions

one get approximately 70 % proton polarisation in butanol

[C4H9DH) samples.



The experiment we considered to perform at the Im-
proved SC is to measure the up-down asymmetry in scattering
a pion beam of a butanol polarised proten target. A Ber-
keley Group 3) having already done such a measurement at
228 MeV in ﬂ_p elastic scattering, a first step of our pro-
posed experiment will be to remake this measurement in order
to have a gocd check of our set-up. The second stage of this
experiment will extend this measurement at 100, 150 and 200
MeV for both T p and Tr+p elastic scattering. Both scattered
pions and recoil protons shall be detected in coincidence
to define the elastic scattering from the free protons in
the target. On the pion-lep we will use scintillation-counters
hodoscopes covering the scattering angle from 30° to 170%; the
energy of the recoiling protons will be determined by total
absorbtion in a plastic scintallator, If the beam contamination
is estimated too high, Cerenkov counters will be placed on the
incoming beam line. For the data acquisition we want to use a

FPOP-11 on line computer.

The counting times have been evaluvated to give a sta-
tistical accuracy of 1/10 of the spread in the polarisation
predicted by the various phase shifts of Roper et al. pre-
viously mentioned. The conditions chosen are 1,7 gr/cmz of
butanol and a beam intensity of 107 ﬂ+/sec, using counter
solid angle of 8 millisteradians (AB=x 1.5%), At 80° scattering
angle for 200 MeV the counting rate will be 7 events/sec with
-an asymmetry of 0.15. In order to achieve a statistical accu-
racy in polarisation of + 0.01, counting time of 100 minutes
- are required. For ﬂ_p - F_p, the count rate will be reduced
by 100 from the ﬂ+p experiment since both the beam intensity
and the ﬂ_p scattering cross section are down by a factor of
10 each. A measurement at 6 = 100° lab. with a count rate of
3 events/min and an asymmetry of 0.12 will require 200 bhours
to measure the polarisation to + 0.01. This caounting rate

could be increased by a factor 10 by increasing the thickness



of the polarised target and the energy acceptance of the
pion inceming beam. So a rough estimate of running time

needed, will be approximately 120 shifts.

As a last point we have to mention that our beam
requirements are more or less dependant of the pion-beams
available after the SC Improvement program. Nevertheless,
it seems clear that it must be a high flux pion-beam pro-
duced from an external target. Its optical caracteristics
must fulfil the achromatism conditions with a resolution

a

of about 1 % and momentum acceptance of 10 %.
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