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ABSTRACT

Encrgy spectra of fast protons (E 7 30 MceV) have been caleulated
for hyperfragments of mass A - 50, from A-proton and A-neutron
stimulation processes respectively. It has been concluded by comparing,
with experimental energy spectrum, that An/ A pstimulation rafio is ~ 58,
It has been estimated, from this ratio, that the emission frequencies of
two fast protons, from A -single nucleon stimulation, both with b 20
MeV and with E 7 30 MeV, are =:3-3%, and & 1-7%, respectively.

I, INTRODUCTION

NoN-MESIC decays of hyperfragments (HEs) are considered to be the result
of the stimulated decay of A -hyperon in the presence of nucleons, and it is
written as:

AN L pe~ruip
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Some information of this stimulated reaction can be obtained Hom the study
of fast protons of ¢nergy, E 30 MeV emitted in the decay of 1HEs of rmm;'
< 10 pm. Detailed studies of short range HI'Ss by Ganguli o7 ¢l and Burie
et al.*>* have led to the conclusion that = 304, of the HIEs in the FANEe group
0-5pm. and = 70%, of the HFs in the range group 5 [0 m. have mass
numbers A £ 50. Since the number of HEs in the above (wo groups is
nearly equal, it will be a good assumption that, on the average, the mass of
the short-range HFs (R< 10um.) is A ~50. A simple model is therefore

* Now at the Physies Department, Punjub University, Chandigarh., Indii, on deputation
from the Tata Institute of Fundamental Rescurch.
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proposed here for understanding the energy spectrum of fast prf)tons from
the decay of non-mesic short-range HFs (0-10 pm.) on the basis ,Of single
nucleon stimulation process as is described by .reactlon (1). This model
is similar to the ones proposed for understandmg fast proton spec.trum
from = and K- captures in nuclei by Tamort and Gilbert ef al.’ respectively.

2. MEeTHOD OF CALCULATION

The calculation has been made using non-relativistic kinematics. The
parameter which is needed for this calculation is the internal momenta
of nucleons inside a nucleus. It has been found that the Gaussian distri-
bution of the type:

2 2
%—; ago—?’ €Xp. ('~ Eﬁ)

where p, is 170 MeV/C, seems to fit the experimental data best; this has
been discussed in detail by Wilcox and Moyer.6 It is then assumed that
A inside a nucleus will also have the same momentum distribution. ¥ It is
further assumed that no momentum is transferred to the nucleus in the
stimulation process.

2.1. Energy spectrum of stimulated nucleons inside a nucleus.—The
energy spectrum of stimulated nucleons is calculated in the following way:

(@) If 0 is the angle between the two initial momentum vectors of
A and N, (N refers to a nucleon), the angular distribution dn/df between

A and N is taken to be isotropic. This system will be referred to as
L system.

(h) The stimulation process is then transferred to a system, which will
be referred to as C system, such that the total momentum of A and N in
it is zero. The two nucleons after the stimulation process then move with
equal and opposite momentum. The angular distribution of these nucleons

with respect to the direction of motion of the C system is also taken to be
isotropic.

(¢) The velocities of the two nucleons from the C system are then trans-
ferred back to the L system and the correlation between the energies of the

I Since the momentum distribution of A inside a nucleus is not known, the whole calcula-
tion was redone by taking the value of po as 50 MeV/C for A spectrum. No significant change
in the result was found; the reason is that the Q value in reaction (1), which is 176 MeV, is quite
high compared to the value which is ~ 10 MeV from Gaussian distribution.
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two nucleons is determined (a detailed caleulation is deseribed in the thesis
of S. N. Ganguli).? In this way the energy distribution of the two final
nycleons is known inside the nucleus.

In Fig. 1 is shown the energy distribution of one of the nucleons
after the stimulation process.
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Fra. 1, Energy spectrum of nucleon inside a nuclews of A -~ 50 {rom
A= N stimulation process,

2.2. Caleulation of collision probubilitics of nucleons after stimulation
process inside a nucelus.—~The number of collisions made by the two nucleons,
arising from stimulation process, with nucleons of the nucleus before reaching
the nuclear surface is calculated by assuming that:

(a) the stimulation process takes place randomly at any point inside
the nucleus;

(b) the two nucleons, after the stimulation process, move in opposite
direction;

(c) the final state interactions are negligible; and

(d) the collision mean free path inside the nucleus is 4 » 10 ' ony.
(Combe®); in order tosee the sensitivity of this parameter, its value was
varied from 3-7 to 4-3 X 10-1% ¢m., but no significant change in the resuli
was found,
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The results of this calculation are presented in Table I. . pr

, nu
2.3.  Laboratory energy spectrum of fast protons from stimulation process. | sy

—The two nucleons from the stimulation process can make collisions with
nucleons of the nucleus of A = 50 with the probabilities tabulated in Table I. .
This has been made as follows: 'ﬂ Iclo

TABLE I | re

Collision probability inside nucleus of A =50

J J Probability o

0-1669
0-1357
0-0836
0-0415
0-0173

0-1357
0-0836
0-0415
0-0173
0-0062

0-0836
0-0415
0-0173
0-0062
0-0019

0-0415
0-0173
0-0062
0-0019
0-0005

J T Y S-S < e = T ==

0-0173
0-0062
0-0019
0-0005
0-0001

AW ALUNAO]l PLWR=O | PO PwWo=Oo

I'=Number of collision by particle 1.
J = Number of collision by particle 2.

(a) The core nucleus of A =50 is assumed to have equal numbers of
protons and neutrons, therefore stimulated nucleons collide with equal
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probability with protons and neutrons of the core nuddeus, The nudeon-
nucleon collisions are taken to be isotropic in the centre of muomentum
system.

(®) If the stimulated nucleon is to make two or more collision, the
nucleon which carrics away the larger part of the enerpy in the preceding
collision is allowed to make the next collision and so o, The eflect of th,
restriction is megligible on the energy spectrum of fuast protons,

(¢) If after a collision, either of the two nudleons carries enerpy - 6
MeV, the collision is disallowed because of Pauli principle, and the inmal
nucleon is assumed to proceed with its original enerpy.  In this way the <y
energy spectrum of nucleons is known at the nuclear surface, g

Since we arc interested in the energy spectrum of protons outside the
nucleus, ie., laboratory cmergy spectrum, the minimum cencepy which o
proton needs to come out of a nucleus is to be estimated.  This ninimum
energy is the sum of the maximum Fermi energy and the binding enerpy of
a proton in a nucleus of A =~ 50; this turns out to be 35 MeV. Therefore,
after subtracting 35 MeV from the energy of protons at the nuclear surfice,
we get the laboratory encrgy spectrum of protons from the stimulation
process. These energy spectra of fast protons from stimulation of | with
neutron and that with proton are shown in Fig. 2 by solid and dotted curves
respectively.

The results from the above caleulation made on CDC 3.60%0 computer
of TIFR are summarised in Table I It is to be remarked, that as is seen o

A e v
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Details of calculation on A -nucleon stimulation process

pr e o g

- Probability of emivaon of | Averape
Probability of | two protons each ol energy | enerpy of

Stimulation process emission of b L tint
pmtﬂns of energy) E "> 20 MeV B - 3 MeV protans
=2 30 MceV m MeV
1 2 3 4 5
A-neutron l 0:19 0016 0007 12
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from columns 3 and 4 of Table II, this calculation predicts the emission of
two fast protoms from stimulation reaction of A with single nucleon.
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Fic. 2. Histogram represents observed energy spectrum of protons of E = 30 MeV from
HFs of range < 10um. Solid and dotted curves represent expected laboratory energy spectra
of protons from stimulation of A by neutron and proton, respectively, from a nucleus of A = 50.

3. THE RATIO OF A -NEUTRON TO A -PROTON STIMULATION

The ratio of neutron to proton stimulation can be obtained in two ways:
(@) by matching the experimental energy spectrum of fast protons with the
predicted spectra from proton and neutron stimulation reactions, and
(b) by reproducing the observed percentage of fast protons from the pre-
dicted values of proton and neutron stimulation processes. These two
methods are discussed below:

(a) The experimental energy histogram for fast protons (emergy = 30
MeV) from investigations of Ganguli ef al! and Burte eral.2:3 associated
with short-range HFs is shown in Fig. 2. The expected energy spectra of
protons from neutron and proton stimulations are also shown in the same
figure by the solid and dotted curves respectively. From this figure it is
quite evident that stimulation of A by neutron is the predominant one. It
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is estimated from this that the ratio of neutron to proton stimulation
18 > 4.

(b) The observed fraction of events with fast protons, with energy
E> 30 MeV among the 483 short-range HFs, is 0-36; however this value
has to be corrected for HFs with Ny =0 and 1 which were not noted in the
scanning. The fraction of HFs with Np <1 can be estimated from Ny
distribution of =~ capture stars in light (C, N, O) and heavy nuclei (Ag, Br).
From the work of Ammiraju and Lederman® and Menon et a2 it is known
that about 20%, and 709, of all =~ absorptions in light and heavy nuclei, res-
pectively, give rise to stars with N < 1. Since the average mass of short-
range HFs is A = 50, which lies between that for light and heavy nuclei
mentioned above for =~ capture stars, it will be assumed that ~ 509 of the
HFs with ranges < 10 um. give rise to stars with Ny, <C 1; further the number
of HFs with Np=0 and that with N, =1 will be taken to be equal as is
observed in =~ stars with Np=0 and 1. Now, the contribution of fast
proton events among HFs with Ny = 1 is estimated as follows: It is inferred
from the work of Azimov ef al.,! who studied »— absorptions in heavy nuclei
of emulsion, that the percentage of fast proton events remains constant
irrespective of the Ny of »— star. Details of fast protons from =~ star and
short range HFs are presented in Table III; it is seen from this that the

TaBLE III
Emission frequency of fast protons from =~ stars and decay of HFs
Number of fast protons, E > 30 MeV from
N
' w-stars !! Decay of HFs -3
1 2 3
1 (18-4 + 2-3)%,
2 (22-2 + 3:3)9, (38-2 + 3:8)9,
3 (10-7 + 4-0)% (35-1 + 3-49,
4 (26-3 +10-0)9% (33-7 + 4-9)9,
5 (27-8 +10-5)9,
6 (25-0 + 21-0)%
i
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percentage of fast proton events from HF decay is also independent of the
N;, of HF. So, we assume that as 36% of the HFs with Np=1 should
decay by emitting a fast proton. With this correction it is estimated that
~ 27%, of the short-range HFs decayed with the emission of a fast proton
of energy > 30 MeV. The expected emission frequencies of fast protons
with E>> 30 MeV from A -proton and A -neutron stimulation processes are
given in column 2 of Table II. From this it is estimated that the neutron
to proton stimulation is ~ 5-0.

t is thus concluded that the ratio of A -neutron to A -proton stimulation
is ~ 5. Lagnaux et a/}? also concluded high value for the stimulation from
their work om short-range HFs. This high value of A 7 to A [p] stimulation
ratio suggests, following Dalitz,'® that the A -neutron stimulation has a strong
spin dependence and it is weaker in the singlet configuration.

4. EmissioN FREQUENCY oF Two FAsT PROTONS

Since the two final nucleons from A -single nucleon stimulation process
undergo collisions with the nucleons of the nucleus before reaching the
puclear .surface, it is possible to observe the emission of two fast protons
from this type of mechanism. This has been calculated in Section 2 and
the results are given in columns 3 and 4 of Table II. In Section 3, it has
been estimgted that A n/A p stimulation is ~ 5 ; using this ratio and the results
preae;:zec'i m columns 3 and 4 of Table II, it is estimated that the emission
fr‘equenﬂczes of two fast protons both with E> 20 MeV and with E > 30
MeV. from decay of HFs with A =50, are expected to be ~ 3-3% and
~ 1-79; rtespectively. The experimentally observed frequencies of? two
fast prc:mns,“ after appropriate correction for HFs with Np=0 and 1
both \Yuh E > 20MeV and with E > 30 MeV are =~ 3-2% and =~ 1-‘5/’
respa;tzveiy; thus there is good agreement between the ca?culated ancz
experimental frequencies. Using this data it has been concluded by Burte

er al** that the contribution of A -multi .
-multinucleon interacti i ot
can only be a few per cent, ractions, if they exist,

5. CoNCLUSION

From calculations of A sti i ;

stimulation with a sin nsi
_z . gle nucleon ins SUS
of A =350. the following conclusions are drawn: ide a nucleus

E
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(i) The stimulation of A hyperon by a neutron seems to be the dominant
mode for non-mesic decay of short-range HFs; A -neutron to A -proton
stimulation ratio is ~ 5. '

(i1) The emission frequencies of two fast protons both with E > 20
MeV and with E > 30 MeV, from decay of short-range HFs, are expected
to be ~3-39 and =~ 1-7% respectively. These frequencies when com-
pared with experimentally observed values lead to the conclusion that
A -multinucleon interaction, if they exist, can only be a few per cent.
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