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INTRODUCTION

o
POEBRE A

_ The pion nucleon scattering cross-sections in the region below 300 MeV
(incident kinetic energy in laboratory) are known to an accuracy of 5-10% 1).
A unique phase-shift analysis of these data existsz). However,, new. accurate
experimental results should improve our knowledge of phase shifts and,
thereby ? ), of interesting physical quantltles such as plon—nuoleon coupling
. constant, pion-nucleon scattering lengths and the 7-7 interaction. Also,
our understanding of electromagnetic corrections and the‘validity of charge
independence would be tested. Meesurements of pion nucleon Scattering in
this energy region are thus being contlnued both at CERN(V@losohek group)

and elsewhere, and are yleldlno 1nterest1ng results.

The cross-section for the charge exchange reaction ™ + p » 7° + n is

in general known to a lesser accuracy then the cross-sections for the
| elastic reactions T + D +'ﬂ+ + p and T+ P->T 4 Pe. In fact below

300 MeV no direct measurements of the charge exchange soatterlng have been
performed. The measured quantlty ) is the angular dlstrlbutlon of ¥ rays
from the decay of the 7°'s. The knowledge of the differential cross-section
of the charge exchange‘scattering is fherefore indirect and sometimes open
to suspicion, as demonstrated by the dbmparison'with existing measurements
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of outgoing neutrons above 300 MeV /, TFigure 1 shows the measured
coefficients of an expansion of the charge exchange differential cross-
section’ in Legendre polynomials, together with the phase shift solution

of Ropers).

The most recent and detailed analysis of the photoproduction of pions
from nucleons is due to Donmnachie and his collaboratorss). The existing
experimental results are less copious and accurate than in the case of
pion nucleon scattering. In particular, apart from the Panotsky ratio
and one experimental point at 72 MeV, measured by Gatti et al.7) at CERN,
in 1961, no data on the reaction T +p->%+n exist to our knowledge.
The existing information on the inverse reaction ¥ + n » 7 + p as deduced
from experiments on deuterons®’/ is not very reliable because of three-
body complications. Table 1 summarizes the experimental knowledge on the
reaction 7 + p - Y + n. The corresponding theoretical prediotionse) are
also listed. Further experimental investigations of the radiative capture
of negative pions would improve our knowledge of the pion photoproduction
PI‘OCGSSGS3 . They should facilitate the determination of multipole
transition elements and test the calculations based on dispersion relations,
They should contribute towards a determination of the pmy coupling as well
as towards tests of the Watson theorem, the AT = 1 rule’’ and predictions
of Boac '*),

‘'The charge exchange and radiative capture of pions in nuclei may be
‘expressed in terms of the corresponding elementary procésses:and nuclear
form factors of various'kinds, The latter are of interest for nuclear
structure physics. Severalvtheoretical oalcuiations of thesebprocesses in

. '11,12513)
nuclel have been performed

» but existing experimental information
is scaroe14); We believe that techniques developed for the investigation
of charge exchange and radiative capture of pions in hydrogeﬁ will be

useful for nuclear studies as well.

For these reasonéﬁwe propose to initiate an experimental programme at the
SC, aimed &t: |
1)‘ remeasuring the charge exchange of negative pions below 300 MeV with

‘a different method and hopefully better accuracy than beforé;
2)‘ measufing the cross-section for the radiative capture of negative

pions in the same energy region;
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3) investigating both reactions on bound protons in nuclei.,

This Programme ﬁould be a natural extension of,the work‘by Waloschek
and collaborators on the elastic pion nﬁoleon scattering. It Would exploit
the exoellent charaoterlstlus of the MSS beam whloh for the time being,
place CERN in a favourable p051tlon for thlo kind of research as compared

to other laboratorleo,

EXPERIMENTAL METHOD

For a direct measurement of the charge exchange reaction as well as of
the radiative capture it is advantageous tc detect the outg01ng neutrons.
The klnematlcs of the reactions in the reglon of 1nterest and the propertles

of neutron detectors dlotate the experlmental metbod.

. In Fig. 2 we plot the laboratory kinetic energy of the neutron as a
funotion,of the laboratory neutron angle for both reactions and for two
different incident energies in the range of interest. Ve also indicate the
corresponding centre-of-mass angles of the‘wo and ¥, respectively., It is
seen that the neutron energies range from 0 to 200 MeV which sets high
demands on measurement techniques and precludes the use of a unique detector.
Furthermore, the knowledge of the neutron detector effioieﬁoy‘iéllikeiyvto
be one of the factors limiting the aoouraoy of tha Jf'esul*",s,{j For these
reaéons:we'propose to meaéﬁre at oer%ain fixed neutron'energies where the
detectors have been well calibrated, as a function of the incident pion |
energy. A similar strategy has been adopted and found advantageous by
Waloschek and collaborators in their measurement of the elastic 7

scattering.

A convenient, albeit somewhat arbitrary, classification of different

regions of neutron energies, is the following:

1) 4~1L MeV., Here Lhe two reaotlons are well separated in angle, for

' ‘a glven neutron energya The energy resolution obtained by tlme—of-fllght
measurements is good and the detectors can be well calibrated with a
neutron generator and neutrons from 7 + p -» n + Y at rest;. On the
other hand, the ooplous production of high energy neutrons at forward

angles may create background problems.

2) 14-80 MeV, In this region the tlme—of—fllght technlque is still

fea31b1e, but 1arger distances and thereforelarger detector areas are
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required. Also, the angular separation of the two reactions at given

neutron energy becomes smaller.

3)  80-200 MeV. Here the separation of the radiative capture from charge
exchange by time-of-flight would be very difficult. We believe that
in this region the radiative capture should.be identified by accurate
determination of the angles of both the neutron and y ray, presumably
by spark chamber techniques. However, to measure the charge exchange
reaction only, time-of-flight methods should in general still be

adequate,

- We propose to concentrate in the first stage of the experiment.on the
region of neutron energies from 4 to 14 MeV. This has the advantage that
several members of our group have experiencé in neutron spectroscopy in
this energy range and that the detectors can be tested and calibrated partly
at the University of Lausanne. Simultaneously with the first stage of the
exPerimént; we could perform tests with detectors needed to attack the other

two regions of neutron energies.

EXPERIMENTAL ARRANGEMENT

The experiment should be performed in the MSS beam, with a liquid

hydrogen target. The experimental arrangement is shown schematically in
F:'Lg. 3 -

The number of incident particles is counted by C1C2C3. The beam shape
is constantly monitored by proportional counter hodoscopes P4P2PsPs. The
beam composition is monitored by measuring the time-of-flight to C4 (over

a distance of about 7m) and the spectrum in the éerenkov oounter»é.

A neutral event is indicated by C4C2Csh,A2. The neutrons are detected
by plastic scintillators with a surface of about 20 cm x 20 cm and about
10 cm.fhiok. We shall use as many detectors as we can economically acquife
and place at appropriate angles around the target. If necessary, the
neutron detectors Wiil be surrounded by additional anti—coinoidénoe shields.
The positions_of the detectors will be slightly changed as a function of the
incident pion energy'so as to keep the central neutron enefgy at about

9 MeV.

‘The efficiency of neutron detectors between 4 and 14 MeV will be first

determined at the neutron generator of the University of Lausanne with
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neutrons from the reaction d + t. With the equipment in place the 9 MeV
neutrons from radiative capture of stopped 7 mesons in hydrogen will be
used for.additional calibration. Finally, if necessary, the detectors may
be calibrated by the scattering on hydrogen of neutrons from an internal
SC target- and: momentum determination of the recoil proton (using proton

detectors from the m s 2p experiment).

The predloted dlfferentlal cross—sectlons in the laboratory system for
the two reactions at several laboratory neutron energles are shown in Fig. 4
as functions of the incident energy. The charge exchange cross—sectlon has
been calculated on the basis of CERN phase shlfts Whlle for the radiative
capture the results of Ref. 6 have been applied. ‘Tt is seen that radiative
‘ capture is. much ‘less probable than charge exchange. Therefore, while the
determlnatlon of the' neutron time-of-flight should sufflce to 1dent1fy a
charge exchange event, coincident detection of the ¥ w111 most probably be
necessary to identify a capture event. For this purpose e tlan to use
Cerenkov counters or spark chambers (see Fig. Af whose efficiencies should
be easily determined once the charge exchange cross-section has been

measured,

We hope to cover a solid angle of about 0.1 steradian with
capture detectors and about 0,02 steradian with the charge exchange detector.
With detection efficiencies of the order of 20%, a 10 cm long hydrogen
target, and pion intensities of the order of 2 x 10° # " /sec we thus expect
countlng rates of the order of 100/hour for the radlatlve ‘capture "and
‘ several thousands/hour for the charge exchange.‘ e should like to aim at
a statistical accuracy of 1% for the charge exchange reaction and 3-10% for
the radiative capture, which Would requlre 1-2 data—taklng shifts of SC time

per incident energy value .

We plan to measure at about 10 different incident energies between
about 100 and 300 MeV and eventually investigate‘the possibility of* going
to lower energies. This would require around AO‘daté—faking shifts
and, with time for background measurements and calibration, as well
as the usual "overhead" time, would constitute an experiment about 100 shifts

long. TWe should like to have our first shifts in September and October 1968.
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