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The energy spectra of secondary singly-charged particles produced as a result of absorption 
of slowed down 1r- mesons by carbon also the distributions of angles between the prongs in 
1r-meson stars were obtained with a 4-liter propane bubble chamber. Estimates based on the 
energy spectra show that the maximum contribution of 1r-meson absorption by a complex con
sisting of several nucleons ( =:: 4) does not exceed 20%. An analysis of over 200 interactions 
carried out on an electronic computer by the Monte Carlo method shows that the experimental 
data are in agreement with the two-nucleon mechanism and, in accordance with preliminary 
results [7], the probability for 71'-meson absorption by a pair of different nucleons ( np) is two 
or three times greater than that for absorption by a pair of identical nucleons ( pp). 

1. In recent years there has been continuous inter
est in the absorption of pions of both polarities by 
complicated nuclei. . This interest is due both to 
the fact that the material accumulated in this field 
is contradictory, and also to the opportunities af
forded by pions for the study of nuclear struc
ture[!]. 

Many investigations with bubble chambers, per
formed during the last five years[ 2,sJ, were de
voted to the absorption of pions of both polarities 
with energies from ~ 30 to ~ 300 MeV. On the 
basis of the obtained data, the authors of [ 2,3] 

reached the conclusion that the predominant 
mechanism for the capture of the pion by the 
nucleus is the two-nucleon mechanism, and 
according to the estimates 60-70% of the pions 
are absorbed in the nucleus by np nucleon pairs. 
However, the analysis of the experimental data 
was made in these investigations by direct com
parison with the results expected in accordance 
with the two-nucleon model, and no other possible 
mechanisms were checked. Yet many facts, for 
example the observation[ 4J of a large background 
( 30%) of protons with energies less than 15 MeV, 
with isotropic distribution in space relative to the 
direction of motion of the primary meson, indi
cates the need for such a check, since such a back
ground could result from the absorption of pions by 
larger nucleon complexes or by the nucleus as a 
whole. 

Wang et al.[4], who investigated the absorption 
of positive pions by carbon in the energy interval 
270 ± 10 MeV, used in the analysis of their experi
mental data the "explosion" absorption model, 

according to which the total energy of the absorbed 
meson is instantaneously distributed over all the 
nucleons in the nucleus. The authors concluded 
that the experimental results agreed with the 
model employed. Finally, in our recent paper[7] 
we determined the probabilities of the absorption 
of pions of both signs in carbon by np and pp nu
cleon pairs at energies from 40 to 70 MeV. The 
analysis of the results in that paper was also 
based on the assumption of 100% two-nucleon cap
ture of the pion, and it was concluded that the ex
perimental data agreed with such an assumption 
within the limits of experimental accuracy. 

The conclusions reached in several investiga
tions in which photographic emulsions were 
used[B-1t] turned out to be different. These in
vestigations were devoted to the absorption of 
stopped negative pions by light nuclei ( C, N, 0) 
in the emulsion. On the basis of the investigation 
of the angular and momentum distributions, prin
cipally of the heavy secondary particles (alpha 
particles and fragments), the authors concluded 
that at least in 60% of the reactions the absorption 
can be attributed to a "single-nucleon" mecha
nism, in which the pion is captured by one nucleon 
which interacts strongly with the remaining nu
cleus. However, not all the possible reactions 
accompanying the absorption of pions were studied 
in these investigations, owing to the specific nature 
of the emulsion method. In addition, one of the 
main facts on which the deductions of these inves
tigations are based, namely the observation of a 
group of recoil nuclei with momenta equivalent to 
the momentum of one fast nucleon, admits of an 
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FIG. 1. Energy spectrum of secondary particles in one
prong stars. 

ambivalent interpretation. 
2. By virtue of the foregoing, certain interest 

attaches to the investigation of the absorption of 
stopped negative pions in a propane bubble chamber. 
Such an experiment has several obvious advantages. 
First, unlike the emulsion technique, in view of the 
reliably established fact of "interception" of the 
negative pions from the mesic-proton orbits by the 
near-nuclear Bohr orbits in hydrogen-containing 
substances, the nucleus with which the interaction 
occurs is established for propane ( C3H8 ). Second, 
the selection of the stopped pions gives with good 
accuracy the momentum of the interaction, whereas 
the previously performed experiments with bubble 
chambers were carried out over wide energy 
intervals. 

We have processed photographs of slowing-down 
pions obtained with the aid of a 4-liter propane 
bubble chamber[ 12J and used previously to inves
tigate the scattering of low-energy pions [l3]. In 
the processing we selected pion tracks with an 
ionization density that increases towards the end 
of the range and with an increasing multiple
scattering angle, terminating in a characteristic 
star with one or more prongs. Previously made 
estimates[ 13] show that the admixture of stars 
produced by the pions ''in flight'' does not exceed 
2%. 

Among the secondary particles we observed 
none that stood out distinctly with respect to ioni
zation density. This gives grounds for assuming 
that the secondary particles in the stars are ex-
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FIG. 2. Energy spectrum of secondary particles in two
prong stars. 
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FIG. 3. Energy spectrum of secondary particles in three
prong stars. 

elusively singly-charged particles. Such a deduc
tion is indirectly confirmed also by the results of 
Ammiraju and Lederman[14J, from which it follows 
that in the reaction where the stopped pion is ab
sorbed by carbon the alpha particles have an aver
age energy of only 7.5 MeV; alpha particles with 
such energies have too small a range to be regis
tered in a propane bubble chamber. 

The selected interactions pertained to the ab
sorption of the stopped pion by the carbon nucleus, 
and were used to plot the distribution over the 
angles between the fastest particle and the re
maining particles, for stars with 2:: 2 prongs, and 
also the energy spectra of the secondary particles 
(Figs. 1-6 ). The energy of the secondary particles 
was determined from the total range under the as
sumption that these particles were exclusively 
protons. In addition, we plotted the distribution 
of single-prong stars relative to the projections 
of the angles between the direction of motion of 
the primary meson and this single prong ( Fig. 7). 
The latter distribution is symmetrical with respect 
to 90°, and the ratio of the number of secondary 
particles emitted in the forward hemisphere 
(relative to the chosen direction) to the number 
of particles moving in the backward hemisphere 
is equal to unity (the "up-down" ratio is also 
equal to unity). This offers evidence in favor of 
the assumption that the momentum of the absorbed 
meson is actually equal to zero. 

The distribution of stars with 2:: 2 prongs over 
the angle between the fastest particle and the re
maining particles has a characteristic peak in the 

FIG. 4. Distribution with respect to the angle 8 between 
prongs in two-prong stars. 
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FIG. 5. Distribution with respect to the angle () between 
the fastest and remaining particles in three-prong stars. 

region of obtuse angles, with a tendency towards 
becoming smoother with increasing number of 
prongs in the star; the anisotropy remains, how
ever. Such a character of the angular distributions 
makes it possible to state that the secondary parti
cles are not the products of the evaporation of 
residual nuclei. Simple calculations based on the 
fact that the greater part of the secondary particles 
has ranges corresponding to proton energies from 
20 to 8 MeV, and carried out under the assumption 
that these particles can be protons, deuterons, and 
tritons, show that for two-prong stars, if the evap
oration mechanism is suitable, the maximum degree 
of anisotropy (the ratio of the number of second
ary particles moving forward relative to the chosen 
direction to the number of particles moving back
ward) cannot exceed 1.5, whereas in experiment 
the degree of anisotropy reaches 4. 7. 

Of interest from the point of view of clarifica
tion of the pion absorption mechanism are the 
energy spectra of the secondary particles. For 
one-, two-, and three-prong stars these distribu
tions (Figs. 1-3) have the following common fea
tures: first, the greater part of the secondary 
particles have short ranges (proton energies 
smaller than 20 MeV); second, the upper energy 
boundary of these distributions lies in the proton 
energy region 60-70 MeV. Qualitatively these 
facts, and also the already indicated character of 
the angular distributions, offer evidence in favor 
of the two-nucleon mechanism for the absorption 
of a pion by a nucleus, according to which the nu
cleons from the pair that has absorbed the pion 
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FIG. 6. Distribution with respect to the angle ()between 
the fastest and remaining particles for four-prong stars. 
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FIG. 7. Distribution with respect to the projection of the 
angle <p between the prong and the direction of motion of the 
primary pion for single-prong stars. 

are scattered in opposite directions, each carrying 
away half the rest energy of the meson ( ~ 7 0 MeV). 

In the case when the many-nucleon capture 
mechanism would play an important role, if the 
meson is absorbed by groups of four and more 
nucleons, it would be expected that the upper 
boundary of the energy spectra would lie in the 
region ~ 110 MeV (this follows from the energy 
conservation law). Not a single star out of about 
1000 was observed with a secondary-proton energy, 
larger than 75 MeV. This circumstance, however, 
can also be attributed to the decrease in the 
chamber registration efficiency for long-range 
particles, owing to purely geometrical considera
tions ("transmission power"). On the basis of 
the experimentally verified distribution of the pions 
entering the chamber through its cross section 
area, it becomes possible to calculate the coeffi
cient of correction for the emissions due to the 
geometry of the chamber. It turned out that the 
emissions began for ranges corresponding to 
proton energy 30 MeV, and reached 50% for 60 
MeV. 

With allowance for the geometrical correction, 
we have estimated the possible contribution made 
to the pion absorption by the many-nucleon 
mechanism. We have used here the following 
assumptions: The distribution density in the 
energy spectra is the same for the 60-70 and 
70-100 MeV intervals; the fast nucleon from the 
complex that has absorbed the meson experiences 
not more than one collision in the nucleus. (The 
latter assumption is confirmed essentially by our 
preliminary dataCtJ, and also by subsequent calcu
lations by the Monte Carlo method.) The calcula
tion made under these assumptions shows that the 
many-nucleon mechanism can cause not more than 
20% of all the pion absorptions. 

This conclusion is not influenced at all by the 
fact that among the secondary singly-charged 
particles there may be deuterons or tritons, since 
it is made on the basis of the high-energy part of 
the experimental spectra, where the appearance of 
such particles is excluded by the conservation laws. 

3. We have analyzed with the aid of a computer 
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Table I. Spectrum of secondary 
particles for single-prong 

stars. Wcalc-calculation by 
the Monte Carlo method. 

Energy interval, Wexp We ale MeV 

10-20 0.36 0.43 
20-30 0,31 0.18 

>30 0,33 0,39 

2584 cases of pion absorption by the carbon nu
cleus, using the Monte Carlo method; we have 
assumed here that the pions are absorbed only 
by pairs of nuclear nucleons. The nucleus was 
regarded as a Fermi gas at zero temperature in a 
rectangular potential well 33 MeV deep. In the cal
culation of the intra-nuclear cascade, the nucleon 
collision was regarded as a collision between free 
particles with the only limitation imposed by the 
Pauli principle. This assumption is justified by 
the satisfactory agreement between the calcula
tions and the experiment in the investigation of the 
interaction between neutrons and complex 
nuclei [15-17]. The possible reflection and refrac
tion of the nucleon on the nuclear boundary was 
neglected. The energy distributions were calcu
lated for one- and two-prong stars, and also the 
angular distribution over the angles between the 
prongs for the two-prong stars. The results are 
listed in Tables I-III. It is seen from the tables 
that the experimental data are in satisfactory 
agreement with the calculation in which the prob
ability of absorption by an np pair of nucleons 
was assumed to be 70%. The calculation showed 
also that owing to the ''entangling'' of one of the 
primary nucleons which have captured pions in the 
nucleus, approximately 10% of the absorption cases 
can imitate "single-nucleon" capture, in which the 
meson is absorbed by a single nucleon which inter
acts strongly with the remaining nucleus. 

Thus, from the experimental data obtained in 
the present work it follows that the absorption of 
the stopped pions in carbon proceeds predomi-

Table II. Spectrum of second
ary particles for two-prong 

stars. 

Energy interval, I 
MeV 

Wexp l Wcalc 

10-20 0,56 0,43 
20-30 0,22 0,28 
>30 0,22 0,29 

nantly via two-nucleon capture. The possible 
fraction of the many-nucleon mechanism does not 
exceed 10-20%. 

Calculation by the Monte-Carlo method con
firms the previously obtained quantitative result[ 7J. 

In conclusion the authors express their grati
tude to Professor A. I. Alikhanyan and L. P. 
Kotenko, whose efforts made possible the per
formance of this experiment, and also V. P. 
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of the work. 

We are grateful to E. A. Savina and M. G. 
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