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Recently Kimura and Nagashima0 (here
after referred to as KN) have discussed 
the (3, 3) resonance effect inside the nu
cleus using Chew and Low's theory. 2) 

They considered a "quasi" static model in 
which the target nucleons are on the aver
age at rest. The Pauli exclusion principle, 
applied to the intermediate nucleon states, 
accounts for the nuclear many body effect. 
Their calculations show a drastic change 
in the scattering amplitude of the (3, 3) 
resonance inside the nucleus. (The peak 
of the resonance is greatly reduced and 
shifts from 180 MeV, in the free state, to 
480 MeV, with corresponding half-widths 
(r) of 120 and 240 MeV.) 

Assuming that the total pion-nucleon 
interaction (the sum of the scattering and 
absorption cross-section) in the nucleus is 
equal to that in the free state, one must 
conclude that the absorption cross-section 
for pions in the region 0<E.<500 MeV 
is large. ' 

To check this we have studied the ab
sorption of pions with energy less than 
800 MeV in nuclear matter. Pions, with 
a definite energy spectrum, were produced 
by the annihilation of anti-protons at rest. 

The following assumptions were made 
concerning the annihilation process : the 
anti-protons coming to rest in nuclear matter 
annihilate, with equal probability, on pro
tons or neutrons, giving identical pion 
e~ergy sp~ctra (conservation of charge was 
alsp cons1dered) ; the annihilation takes 
place at the surface of the nucleus (in 
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accordance with the results of Chamberlain 
et al_3)). 

The results of the present work (400 
annihilation stars) combined with published 
results, 3l.4),s),G) constituted the experimental 
data. From a comparison of the .observed 
charged pion energy spectra resulting from 
anti-proton annihilation on protons with 
that in nuclear emulsions, it was found 
that =25% of the charged pions are ab
sorbed in anti-proton annihilation on heavy 
nuclei; the charged pion absorption spec
trum also shows a maximum at E.=140 
MeV (measured outside the nucleus). 

Since the absorption of pions cannot 
take place on single nucleons, the most 
likely mechanism is the one suggested by 
F raenkel, 7l 

n+N~N* (isobar), 

N*+N~2N. 

The probability for de-excitation of the 
isobar by collision, corresponding to a pion 
absorption, is influenced by the Pauli ex
clusion principle. 

We have made a Monte Carlo calcula
tion, similar to that of Metropolis et al. sl 

to study pion interaction in nuclear matter. 
A nuclear model using a square-well po
tential with spherical symmetry was used. 
Taking account of the composition of the 
nuclear emulsion, and applying the various 
assumptions stated previously, we stimu
lated anti-proton annihilation. Two cases 
were considered in these calculations: 1) 

The pion-nucleon scattering cross-section 
was made to fit the cross-sections calculated 
by KN, and 2) a fixed fraction (0.17) of 
the total cross-section was assumed to be · 
absorptive. 

Figure 1 shows a log-log plot of the 
experimental and calculated pion energy 
spectra in nuclear emulsion. The KN dis
tribution shows too much pion absorption 
(=34%). The 0.17 absorption fraction 
(FAB) gives the right pion absorption, but 
yields too many low energy pions. 

Figure 2 shows the experimental and 
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calculated proton energy spectra; -Due to 
a high pion absorption rate, the KN proton 
spectrum has far too many high energy 
protons, whereas the FAB=0.17 distribution, 
gives a reasonably good fit to the experi
mental results. 
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Fig. 1. The number of charged pions/Mev/star 
(N(E)) as a function of energy (E.±). 
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Fig. 2. The number of protons/Mev/star(N(E)) 
as a function of energy (Ep). 

The large disagreement between the ex
perimental results and those obtained using 
KN's cross-section is most likely a direct 
result of the model chosen by them. In 
their model the nudeons are on the aver
age at rest, whereas if one considers the 

nucleus as a 'Fermi gas at temperature 
T=O, the average energy equals 3/5 the 
maximum energy; by ignoring this energy, 
KN have made the effect of the Pauli ex
clusion principle much too severe. 

Considering the case where F.&B=0.17, 
one can conclude that Fraenkel's assump
tion, applied very crudely, still gives very 
reasonable results. It is our feeling that 
a more sophisticated function for F.&B could 
yield even better results. 
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