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INTRODUCTION

The absorption of pions in nuclei has received considerable experimental
and theoretical interest for many years because of its potential for obtaining

*
nuclear structure ainfermation °.

Twa kinds of experiments on pion absorption with particle emission have
been carried out with 1 at rest and ni in flight with energies bhelow 200 MeV
preferentially in light nuclei . Experiments with nuclear emulsien and with
bubbile chambers hae yielded information about the emission of charged particles
into a solid angle of 4w, but obviously nothing can be learnt about the emission
of nmeutrons. ., Counter experiments have produced information about neutrons
as well as charged particles but are limited to certain geometries which prejudice
the infarmation to be gairmed. Most experiments of the latter kind have been
concerned with the {n, 2ZN) process, the more recent ones being the (n+, 2p)
measurements of Favier et al.z) on a large number of nuclei, the 6Li (n+, 2p)
measurement of Burman and Nurdberga), the {n~, 2n) experiments of Calligaris

4
et al. ], Davis et al.S) and Cheshire and SDthtkas)

and the {7 ,2n) and

(n~, np) measurements of Nordberg et al.T) on several nuclei. These measurements
have yielded information about the excitatien spectra of the residual nuclei

(the best energy resolution has been E = 6 MeV)},about the angular correlation

between the emitted nucleon pairs, about the recoil momenta and the single

*) A detailed review of this subject has been given recently by Koltunl).
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nucleon energy spectra. This information, however, has been of limited value: for
lack of statistical accuracy the datas have been presented as a funection of one
variabls only, integrating over the others in a geometry-dependent way. When
integrating possible existing structure may be smeared out and the results will

be different for each individual set-up.

This could explain some apparent discrepancies in some data, like: a
factor of 750 between the 12E(n+,2p) cross-section as measured in a counter
Bxperimantzl| and in a bubble chambere), different excitation spectra in the
same residual nuclei produced by {(n ,2n) ) and (u+,2p) reactionsz), and
different single-nucleon spectrag (observed in coincidence measurements) for
the same nucleus. There is also little or no information about (n ,np) 7,9)
and (n+,np) reactions and scanty information about angular correlation of nn
pairsT). The ratio W(n ,2n} / W{n ,np) is uncertaing). Little is known about

. - - 10
processas like (n ,nd) and {x ,nt)g’ ).

There are several theoretical approaches to describe the ahsorption of
pions in nuclei but due to inherent conceptual  difficulties the results from

various calculations differ considerably.

The microscepic treatment12) of the pion absorption on two nucleons
requires the knowledge of the following parts of the calculation: wavefunctioen
of a pion in the nucleus, pion-nucleon interaction, rescattering, wave function
of the nucleons including short-range behaviour, final-state interactions
between the emitted nucleons and the interaction of these nuclecns with the

residual nucleus.

An alternate, semiphenumenolngical.approa:h1) avoids the introduction of
a short-range correlation function and reduces the uncertainties of using the
(m,N} Hamiltonian in such a complicated process. It assumes the capture to
proceed through the glementary reaction m + 2N = N + N for which experimental

1)

information exitks

. ' . 13
Hesides the absorption by a nucleon pair, the absorption by an o cluster )

has been studied theoretically, but has not yet been tested in detail,

From a survey of the present experimental and theoretical situation we
conclude that further experiments with greatly impraved statistics, better
energy resolution and reliable particle identification are certainly needed

in order to provide better data and to stimulate further theoretical invest-
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igations. Such experiments are feasible with the improved SC.

PROPOSED EXPERIME NT

16

We propose to study the absorption of n  at rest in 0, i.e. to measure

- 16
the (r ,nx} reactions where x can be n, p, d or t, 0 was selected hecause

a number of theoretical predictions on pien absorption exist for this nucleus.

T

at rest was chosen to avoid additional experimental and theoretical

complications connected with the pions in flight,

The {n ,nx) reactions will depend on 3 kinematical variables only,

namely 1K1|, |K2| and 9. K K_ are the momenta of the outgoing particles,

17 2

and 8 their relative angle. We intend to study:

1)

2)

The excitation-energy spectrum of the {(n ,2n) reaction for various ranges of

the recoil momenlom Br = -(E1 + 22). These spectra should give information

about two=hole states in the residual nucleus e.g. their position, decay

width, spreading and relative strength. They will be compared with some
12,14)

theoretical predictions , and with experimental data on other knock-

out or direct particle-transfer reactions like (p,2p}, {(p,dp), (d,x) etc.

The distribution of recoil momenta for relevant parts (peaks) in the

excitativn-energy spectrum. This is related to the momentum sum of the absorbing

rnucleon pairs before the absorption, and can be compared with theoretical

19,16
predictions ~’ ).

The energy sharing between the neutrons of a pair for fixed values of

. . . C 16,17,18} . . .
excitation energy. Theoretical predictiaons 17,18) indicate trat ile
distribution of the energy shared is sensitive to the short-range correlations

and to final-state interactions of the nucleon pair.

A repetition of 1) to 3) for the reaction (" ,np). In addition, the
ratio Wit ,2n)/W(t ,np) will be determined. The resulis will be compared
- . . . 12,17,18,19)
with a series of theoretical calculations .
The energy specltra of deuterons and tritons in ceingidence with neutrons,
the nd- and nt-angular correlations and the ratio W(n-,np)/W(ﬁ_,ﬂd}/W(ﬁ-,Ht).
These measurements are of particular interest in view of the mechanism of

. . : . 13
n absorption on a o cluster and the existing thecretical calculations ).
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&) Information about single-nucleon emission {x ,n), (n ,p) would be cbtained

by studying the high-energy end of the non-coincident particle spectra.

EXPERIMENTAL SET-UF

For a complete kinematical determination of a two-particle-emitting
process i.,e. for the measurement of |K1], IKzl and 9 we put down the

following specificiations:

1) determination uf';lK and ‘Kzl with 1% resoclutien,

i

2) determination of 8§ within 2%,

. -2
3) solid angle subtended by the counters 10 sr.
4) efficiency of the neutron counter about 10%.

5) reliable particle identification.

For practical reasons we shall perform the experiment in two parts, In
the first set-up (Fig. 1) only neutron pairs will be detected. We intend to
use the 70-MeV 7~ beam of the CERN SC, The n  beam, incident on the D2D target,
will be monitored in conventional way by the counter telescope: C1, (2, C3, C4,
A start signal for the TOF system is obtained from C3. In order toc discriminate
against meutrons which are produced in C3, a thin (5x1D_2 g/cmz} counter C3
will he placed in front of the target. When using a thick target an additional
thin counter, C6,will be inserted in the target in order to define the depth of
the interaction point within icm. The two nmeutron counters will have the total .
dimensicns 120 x 72 x 8 cm3 each, The required momentum resolution aof the
neutrons will be achieved with a TOF system of 0.6 ns resolution and a flight
path of 6m between the target and each neutron counter. To obtain this timing
resolution the counters will be divided into subunits of the dimensions 120 x 6 x 2 cma,
consisting of Pilot M plastic scintillator. Light from their ends is brought
to fast bialkali photomultipliers via adiabatic light pipes. B subunits have
one multiplier on each side. The localization of a neutron within one subunit
is achieved by a time difference measurement between the two ends. To
distinguish among different subunits inexpensive photomultipliersare coupled

to indiwidual subunits,
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All counters will be connected with a2 Nuclear Data 30/50 system which
includes a PDP 8/L and a magnetic-tape unit. A D20 target will be used for the
measursments, thus providing a permanent calibration and test of the counters
by the D(n ,nn} reaction. The efficiency of the neutron counters will be

measured at the Karlsruhe Iscchronous Cyclotron.

The couincidence rate for the set-up of Fig. 1 will be about 1 per

3 x 1D6 stopped pions,

For the study of (n ,np), {n ,nd) and (17,nt) reactions the set-up is

shown in Fig., 2.

The neutrons will he detected by the two neutron counters described
above, but placed on the same side with respect to the target. On the opposite
side a range teleacoﬁe will be used,It consists of 40 plastic scintillators
{40 cm x 40 cm area), viewed by 40 inexpensive XP 1110 photomultipliers. The
varying thickness of the scintillateors is chosen in such a marner as to keep a
constant ~ 2 MeV energy resclution in the range frem 20 te 100 MeV protons.
The first of these scintillators gives alsoc the TOF of the particles. A
system of 3 wire proportional caunters1u) in fromt of the range telescope
yields AE/Ax information. The charged particles will be identified by a
combined information about range, a TOF and a AE/Ax . A vacuum pipe {(not
shown in the figure} will be inserted between the target and this davice

in order to reduce energy losses in airz.

To determine the ratio W{n ,nn)/W(n ,np) within a definite energy
range the range telescope will be used to detect neutrons as well. The neutron
energy will be measured by a TOF system. for this purpose all plastic

scintillators are viewed by fast photomultipliers.,

Fig.s 1 and 2 show the arrangements for 8 around 180°. By moving one

counter we can measure the full angular distribution,

The experiment is intended to be dene after the SC improvement. The

approximate required number of shifts will be 100,

We ask for about 20 parasitic shifts at the 70-MeV channel, before the
5C shut-down, for preliminary testing of various components. This is

essentigl for the design of the final system.
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