
LETTERS TO THE EDITOR 373 

Phys. JETP 8, 376 (this issue). 
4 N. Feather, Proc. Roy. Soc. (London) A141, 

194 (1933). 
5 J. T. McCarty, Phys. Rev. 53, 30 (1938); W. W. 

Eaton, Phys. Rev. 48, 921 (1935). 
6 P. Blackett and D. Lees, Proc. Roy. Soc. 

(London) A134, 658 (1932). 
7 Bohr, Boeggild, Brostroem, and Lauritsen, 

Phys. Rev. 58, 839 (1940). 
s Turkevich, Miller, Friedlander, et al., Pre

print, 1957. 
9 0. V. Lozhkin and N. A. Perfilov, J. Exptl. 

Theoret. Phys. (U.S.S.R.) 31, 913 (1956), Soviet 
Phys. JETP 4, 790 (1957). 

10 s. K. Allison and S.D. Warshaw, Revs. 
Modern Phys. 25, 779 (1953). 

Translated by I. Emin 
107 

ABSORPTION OF SLOW 1r- MESONS BY 
NUCLEI 

A. T. VARFOLOMEEV 

P. N. Lebedev Physics Institute, Academy of 
Sciences, U.S.S.R. 

Submitted to JETP editor May 21, 1958 

J. Exptl. Theoret. Phys. (U.S.S.R.) 35, 540-541 
(August, 1958) 

ExPERIMENTS on nuclear disintegrations in
duced by slow rr- mesons 1- 6 so far do not permit 
drawing final conclusions with respect to the pri
mary distribution of the rest energy of the rr
meson. In particular, the assumption that the 
meson rest energy is distributed primarily among 
a small group ( 2 to 4) of nucleons cannot be re
garded as experimentally proven. 

We have tried to explain the possible influence 
of collective interactions between nucleons in the 
nucleus on the above process. We have investi
gated nuclear disintegrations induced by the ab
sorption of slow rr- mesons by light emulsion 
nuclei. The data are being reduced and the results 
will be published in a forthcoming article. 

At present we shall limit ourselves to one spe
cific example of a disintegration in which collec
tive interactions are displayed especially promi
nently. The reaction in question is of the type 

(1) 

in which the absorption of a slow rr- meson by the 
nucleus A is accompanied by the production of a 
fast neutron and a residual nucleus in ground state 
(or a slightly excited state, leading to the release 
of a low-energy gamma ray). The attempt of find
ing a reaction of the above type was undertaken 
after a detailed study of disintegrations of a wider 
class. It was found that the absorption of a slow 
rr- meson by a nucleus leads often to a reaction 
of the type 

A+ 1r----+ B' + n, (2) 

in which the momentum of a fast ("' 80 to 100 Mev) 
neutron is compensated by an excited residual nu
cleus which disintegrates emitting several second
ary particles. Reaction (1) can be evidently con
sidered as a particular case of a more general 
reaction (2). After finding a considerable contri
bution due to disintegrations corresponding to re
actions (2) we tried, therefore, to find also disin
tegrations corresponding to reactions (1). Unfor
tunately, identification of disintegrations corre
sponding to reactions (1) is in general difficult. 
However, in the special case of rr- -meson cap
ture by the Be~ nucleus, the reaction 

Be9 + 7t- ->- Li 8 + n~ 
~-~ 

BeR'---+ 201: 
(3) 

can be easily detected in emulsion by means of 
characteristic "lithium hammers." Twelve stars 
corresponding to reaction (3) were found in nuclear 
emulsions NIKFI type 1a and NIKFI type K loaded 
with BeF2 and irradiated by slow rr- mesons in 
the meson beam from the synchrocyclotron of the 
Joint Institute of Nuclear Research. A typical ex-

Microphotograph of a star corresponding to the reaction 
Be• + 11- ... Li8 + ~. 

ample of such a star is shown in the figure. The 
range of Lis fragments was found to be equal to 
34~ in all cases, with a spread of ± 1~. The mean 
value of the Lis fragment energy amounts to 14.4 
± 0. 3 Mev.* The corresponding neutron energy, 
calculated from momentum conservation law, is 
108 ± 2 Mev (accounting for relativistic correc-
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tions ) . For the total energy free in the reaction 
(accounting the loss of 18.2 Mev for the binding 
energy) we have, therefore, the value 140.6 Mev, 
which corresponds very well to the 11'- -meson 
rest energy (139.6 Mev). Consequently, in our 
case, Lis fragments are produced either in ground 
state or with an excitation energy less than 2 Mev. 
This follows also from the fact that, for excitation 
energies larger than ~ 2 Mev, Lis should disinte
grate emitting a neutron. The yield of reaction 
(3), estimated under the assumption that the prob
ability of 11'- meson capture by any emulsion nu
cleus is proportional to the number of nuclei of a 
given type,7 amounts to ~ 0.2% of the total number 
of captures by beryllium. 

The character of the observed disintegrations 
is clearly in disagreement with the assumption 
that the rest energy of the 11'- meson is distrib
uted, in the primary act, among a group consisting 
of a small number of nucleons. If such a group 
consisted even of 4 nucleons, the excitation energy 
of Lis should have amounted to not less than ,...., 30 
Mev. Consequently, the fast neutron obtains its 
energy as the result of an interaction in which take 
part all nucleons of the residual Lis nucleus. 

The existence of disintegrations corresponding 
to reaction (3) indicates that collective interactions 
of nucleons in the nucleus can play an important 
role in the process of slow 11'- -meson absorption. 
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~ have found earlier1 that the asymmetry co
efficient a in 11'+- J.L+- e+ decays, taken over 
the whole positron spectrum in propane filling a 
bubble chamber, is -0.19 ± 0.03. 

Recently we studied the asymmetry coefficient 
a' for various parts of the positron energy spec
trum. Positron energies were measured by mul
tiple scattering. 

The distribution function for positron decays, 
according to the four-component theory taking ac-

A study of a wider class of stars confirms this 
conclusion. 

The author thanks the supervisor of the work, 
Prof. V. I. Veksler, for constant interest and val
uable discussion, to V. G. Larionova for help in 
planning the experiments, as well as to S.M. 
Kornechenko and V. J. Zinov for help in work 
with the meson 'beam. 

*Energy of the Li8 fragments was determined from an exper
imental range-energy relation obtained by V. N. Maikov in a 
study of photonuclear reactions, llpHoopLI H TeXHHKa 
aKcnepHMeHTa (Instrum. & Instrum. Engg.) (in press). 
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count of nonconservation of parity, has the form2 

dN ( e, 6) = A { 3 (I -e) -t- 2p ( ~ e - I) 
-~cos 6 [<I-s)+ 2a(-}s -1 )]} e2 dsdD, 

where € = E/Emax is the positron energy as a 
fraction of the maximum energy; p, g and o are 
parameters of the theory which depend on the coup
ling constant. In the two-component theory p = 
0.75; -1 <; < +1; 0 = 0.75.3 

The existing experimental data mainly concern 
the determination of the constant p: p = 0.68 ± 

0.02;4 ; = 0.8 ± 0.15.5 Data on the deterlnination 
of the parameter o are few up to the present. 6 

The difference in the values of the quantity ab, 
calculated from the two-component theory (i.e., 
where o = 0.75) and the quantity a]:y, calculated 
from the four-component theory (where o > 0. 75 ) 
relative to the value a!J (i.e., the quantity 
I ah- a!vl /ab) is much smaller in the high
energy part of the spectrum than in the low-energy 
part. 


