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. INTRODUCTION

Or the non-mesic decays of hyvperfrapments (HEs), a large fraction is due
to the stimulated decay of 0 by o nucleon in the HE according to the
reaction:

At NexNiNTQ (1)

where N refers to o proton or a neatron and Q -0 176 MeV. A" 15 stimuli-
ted to decay by two nucleons, one mipht expect tiw emission of fast dedterons
or two fast nucleons according to the reaction:

ATNiIN NP N4N (2)
Even in events due to the decay of HEs according to (1), some * fast deuteron
events " and * two fast proton events ™ could still be accounted for by fina]
state interactions between the nucleons and collisions within the HE itself.
Secondary collision processes have refatively Lirper cross-sections in heavy

* Now at the I”hyﬂim Department, Panjub University, Chandigarh, India, on deputation
from the Tata lnstitute of Fundamental Research,
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204 D. P. BURTE AND OTHERS

HFs than in the lighter ones. Thus the study of events with two fast
charged particles as a function of the HF mass could be expected to yield
information concerning the stimulated decay of A ° by two nucleons in HFs.
With this in view we have analysed 1101 examples of non-mesic HFs
(NMHFs), produced in nuclear emulsion by negative pions of momentum
3-5GeV/c and 17-2 GeV/c and protons of momentum 23 GeV/c.

2. EXPERIMENTAL RESULTS

2.1. Selection of Events

The experimental details including the measurements on HFs used in
this investigation are given in Parts II and IV of this series of papers (Burte
et al., 1965 and 1966). From a sample of 1101 NMHFs, we have selected
all events that have two fast charged particles having residual ranges > 2 mm.

-associated with the decay vertex. Further assuming that both fast charged
particles are protons, the events were grouped in the following two ways:
() those with both fast particles having energy > 20 MeV, and () those
with both particles having energy > 30 MeV. These criteria were adopted
to eliminate, to a great extent, protons that are emitted in the evaporation
process. The frequency of emission of two fast protons (¢ and b types)
as a function of the range group of HFs is tabulated in Table I. In Table I}

TABLE 1
Frequency of occurrence of two fast proton type of HFs

Percentage of two

Range group of No. of fast proton HFs*
HFs (um) HFs
a b

R.<5 274 7-0 26
S<RLK10 209 5-8 1-4
I0<R_<20 154 5-2 1-3
R, < 20 464 3-9 1-1

Total .. ..o 1101 5-2 1-5

* (a) both protons have energies > 20 MeV.
(&) both protons have energies > 30 MeV.
T An important objective in giving our raw data in Table II is to facilitate other workers in

this field to add this-to their own data from future investigations. This would be of vital impor-
tance to draw meaningful conclusions based on good statistics.
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is summarised the data on all the individual events. The last column of
this table gives the space angle, ¢, between the two fast particles and it is
seen from this that they are preferentially emitted in opposite directions.

2.2. Mass Measurements by Conmstant Sagitta Method

In Section 2.1 it has been assumed that all fast particles are protons;
however, it would be advantageous to have information on their composi-
tion for better interpretation of the results. For this purpose mass measure-
ments were made on all tracks having residual ranges >> 2 mm. and which
subtended dip angles < 30° with respect to the plane of emulsion. Such
measurements were made using the constant sagitta method (Scheme P-0-7 um)
on 38 tracks associated with HFs of range < 20 um and 20 tracks associated
with HFs of range > 20 um. The distribution of second difference values,
after appropriate corrections for distortion, noise and dip angle obtained
for singly charged particles is shown in Figs. 1 (a) and 1 (5). The mass values
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in terms of proton mass are also shown there. Figure 1 (¢) represents the
same distribution obtained from measurements on well-identified protons
(identified by ionisation measurements); the residual range used here for
scattering measurements was ~4 mm. The continuous curve in Fig. 1
represents the Gaussian distribution fitted to the histogram; its mean and
standard deviation values are 0-7 and 0-1 um respectively. All histograms
in Fig. 1 are normalised to the same area for comparison purposes. From
Figs. (1 @) and (15) it is estimated that in about 60%, of the two fast track type
of events one of the fast track is due to a deuteron or triton; in about 15%,
of the events both the fast tracks are due to deuterons or tritons. Within
statistical uncertainties these values do not seem to change for different range
groups of HFs.

3. DISCUSSION OF THE RESULTS

It has been shown in Part II of this series that in the same sample of
1101 HFs analysed in the present investigation, ~ 30%, and ~ 70% of the
HFs in the range groups R << 5pm and 5 < R < 10 um respectively, have
masses A < 50; all HFs of range > 20 um have A < 15 (light HFs). In
what follows, we first assume that the two fast charged particles are due to
protons and discuss our results accordingly for light and heavy HFs. How-
ever, the contribution of deuterons and tritons will be taken into account
in the final interpretation of the results.

(@) Light HFs.—In order to be able to interpret events with two fast
charged particles emitted from light HFs, we will first show from an analysis
of =—capture in light nuclei that secondary collisions suffered by fast nucleons
in the capturing nucleus is negligibly small.

Negative pion absorptions in nuclei take place according to the reactions:
7 + (PN) —N + N + 140 MeV (3 a)
7~ -+ (PP) —P + N -+ 140 MeV (3 b)

Each of the two nucleons produced in reactions (3 4) and (3 b) will have an
energy ~ 70 MeV. Since in both reactions (1) and (3) two nucleons are
produced with about the same Q-value, there is good reason to justify a
comparison between the decay of NMHFs and «-absorption in nuclei;
relevant data on sw——capture is summarised in Table III. In the Diffusion
Chamber experiment (Ammirdju and Lederman, 1956) as well as the emulsion
experiment (Menon et al., 1950) no two fast proton event (E; > 20 MeV
and E, > 20 MeV) was observed, Ozaki et al. (1960) have determined
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lower limits on the ratio, R, = (= pn)/(= pp), of reaction (3 a) to that of
(3 &) for =-absorptions in carbon and aluminium targets; the values of R,
were 5-0 and 3-9 respectively. They have also obtained the values of R,
with poor statistics, for Li, S and Cu targets; these results were consistent
with those from carbon and aluminium targets. These observations indicate
a value of 20% for pp-pairs being found in carbon nuclei as compared to
pn-pairs. Investigations of Bortolani er a/. (1962) also indicate that
7 -absorption in helium takes place mostly by a pn-pair and only about 6%
of them occur, vig absorption by a pp-pair.

TaBrLe 111

Percentage of one fast proton events (> 30 MeV) produced by the absorption
at rest of negative pions in light and heavy nuclei

No. of Targets used Percentage of
Reference Technique used events for events with
observed absorption one fast proton

Ammiraju and Diffusion Chamber 944 C 8+1
Lederman (1956) 430 N 2+1
Menon e? al. (1950) Emulsion 990 C,N,O 4-24-1-3%

* In estimating these percentages, zero pronged capture stars have also been added to the
number of stars with N > 1 observed by the authors ‘

From the »— data presented above, the following conclusions may be
made: : a

)] The. results of Ozaki ef al. (1960) and Bortolani er al. (1962) show
that the ratio of captures by Pp 10 pn pairs is 5 10-20% in light nuclei; this

r_atio can explain the frequency of “ one fast proton ™ events observed in
light nuclei; and

(i}) T}le contribution of secondary charge exchange type of collisions
resulting in fast protons (> 20 MeV) in light nuclei is very small and can
be assumed to be negligible. Further from the results of Ammiraju and

Lederman (1956), it is estimated that the probability for the emission of two
fast charged particles is less than 1/100

-

. Conc1u§ion (i) strongly suggests that the * two fast proton” events,
which constitute about 4%, among light HFs (see Table I), cannot be due to
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secondary collisions of the nucleons produced in the stimulation process
in the parent nucleus. Further, it is estimated from the total sample of
identified helium hyperfragments, obtained from the present investigation,
that the contribution of two fast proton type of events is about 5%. There-
fore these * two fast proton > type of events could be attributed to the stimu-
lated decay of A ° by a pp-pair in the nucleus; if this is the case then it can
be seen that according to reaction (2), A° can be stimulated to decay by a
pn as well as a nn pair. Therefore in order to estimate the total fraction of
events stimulated by two nucleons, the value of 4-29%, attributed to stimulation
by a pp-pair has to be suitably corrected to take into account stimulation
by pn and nn pairs.  On the other hand, the appreciable number of deuterons
and tritons present among events with two fast charged particles (see Section
2.2) strongly suggests the existence and importance of final state interactions
in the decay of light hyperfragments. But since the contribution due to
final state interactions is also not known, it is not possible to estimate in a
reliable manner the fraction of events due to A °~multinucleon interaction
in decay of HFs. Thus on the basis of the present investigation it is only
possible to say that the A °-multinucleon interaction is not a dominant
process and its frequency is probably a few per cent only.

(b) Heavy HFs.—It has already been mentioned that secondary collision
processes have larger cross-sections in heavy HFs than in the lighter ones.-
An estimate for this cross-section has been made by Ganguli and Swami
(1965) from a calculation using kinematical considerations, where they assume
that the only process responsible for the decay of heavy non-mesic HFs is
the A °single nucleon stimulation process;, and that the emission of two
fast protons results from secondary collisions inside the nucleus. It is found
from this calculation that in order to éxplain the shape of the energy spectrum
of fast protons and their frequency of occurrence, the n/p stimulation ratio
should be ~ 5 for HFs with A = 50. Using this ratio, it has been deduced
that the emission frequency of two fast protons (both of E > 20 MeV) is
~s 3%. The experimentally observed emission frequency of two fast charged
particles from HFs of range < 10 um is 6-4%,; this value has to be corrected
for the scanning losses of HFs with Np = 0 and 1. Though this correction
factor is not known accurately, a reasonable estimate can be made from
~— interactions in heavy (Ag, Br) and light (C, N, O) nuclei (Menon et al.,
1950). From such a comparison it is estimated that ~ 50% of the short-
range HFs will decay with Np< 1. Applying this correction factor, one
obtains for the true frequency of events with two fast charged particles among
short-range NMHFs, a value of ~ 3:2%, which is not much different from
the calculated frequency of ~ 3% for secondary collisions mentioned above,
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Tt has been shown in Section 2.2 that the emission frequency of fast deuterons
and tritons among events with two fast charged particles is quite large and
therefore this would again suggest the existence of final state interactions
in the decay of heavy HFs. Since as in the case of light HFs, the contri-
bution of final state interactions is not known, it is only possible to say that
in case of heavy HFs also, if A -multinucleon interaction exists, it contributes
only about a few per cent of the events. Further calculations on final state
interactions and pick-up and stripping processes in the parent nucleus might
help us to draw more meaningful conclusions from these experiments.

4. (CONCLUSIONS

(i) There is strong evidence for the existence of final state interactions
in the decay of HFs, as is seen in the frequent emission of fast deuterons
and tritons from their decays.

(i) In stimulated decay of NMHFs, the frequency of A -multinucleon
interactions, if they exist, can only be a few per cent.
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