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The Decay of Negative Mesotrons in Matter
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' "N a recent experiment Conversi, Pancini, and
& - Piccioni' observed separately the behavior of
positive and negative mesotrons coming to rest
in iron or in graphite. They find that in iron the

. disintegration electrons are observed only for
positive mesotrons. This was indeed to be ex-
pected' because negative mesotrons after being
slowed down can approach the nuclei and dis-
appear by nuclear interactions. If, on the other
hand, graphite is used for stopping the meso-
trons, delayed disintegration electrons are ob-
served to be about equally abundant for positive
and negative mesotrons. This is in sharp dis-
agreement with current expectations and seems
to indicate that the interaction of mesotrons
with nucleons according to the conventional
schemes is many orders of magnitude weaker
than usually assumed. The disappearance of a
negative mesotron can be analyzed into a process
of approach of the mesotron to the nucleus and
the process of capture by short range interaction
of the mesotron and the nucleons.

The slowing down of mesotrons to an energy
of about 2000 ev takes place according to the
coriventional theory. In estimating the energy
loss for lower energies we have considered energy
exchange with electrons and radiation. We con-
sider the electrons as a degenerate gas with a
maximum velocity vo and assume that the
velocity U of the mesotron is small compared to
vo. Then the energy loss to the electrons per unit
time is of the order of magnitude e'm'T/(5'p).
Here m and p are the masses of the electrons and
the mesotrons, respectively, and T is the kinetic
energy of the mesotron. This formula allows
losses of energy even when the total energy is
negative (mesotron bound to an atom), and is

P+p =N+hv

X+p, =N+ Y.

(&)

(2)

Here P arid N stand for proton and neutron. , p
signifies the mass of the mesotron, hs is a light
quantum, and X and I stand for initial and
residual nuclei in the capture process. The first
calculation of these processes for a special .form
of mesotron interaction is due to Kobayasi and
Okayama, and Sakata and Tanikawa. 3 The re-
sults depend to some extent upon the spin of
the mesotron and the-form of the interaction
assumed. For example, in the case of pseudo-
scalar mesotrons with an interaction energy
given by Z, (5/pc) (47r)&gr; J'(P*oP) grad @; (P is
the wave function of the nucleons, p; of the meso-
trons, p, is the mesotron mass, the index i refers
to the charge, and r is the isotopic spin operator),
one obtains for the time of capture by process (t)
for a mesotron already captured in its lowest

valid as long as the mesotron moves outside the
E orbit, At closer distances the formula will be
somewhat modified and at the lowest energies
loss by radiation will predominate. The mesotron
reaches its lowest orbit around the nucleus in
most solids in not more than 10 "second. This
orbit is 200 times smaller than the radius for the
X shell, which is for carbon about 10 times the
nuclear radius and for iron about twice the nu-
clear radius. After reaching this orbit the meso-
tron can be found within the nucleus with a
probability of 1/1000 in the case of carbon and
a probability —,'0 in the case of iron.

According to the conventional mesotron theo-
ries, one will have to assume that the capture
now proceeds according to one of the following
schemes:
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orbit 10 "and 10 "second in carbon and iron,
respectively. Process (2) is likely to lead to 10
times shorter lives. This is negligible compared
to .the life of a negative mesotron of 2)(10—'
second.

The experimental result' leads to. the con-
clusion that the time of capture from the lowest
orbit of carbon is not less than the time of natural
decay, that is, about 10 second. This is in

disagreement with the previous estimate by a
factor of about 10". Changes in the spin of the
mesotron or the interaction form may reduce
this disagreement to 10".

If the experimental results are correct, they
would necessitate a very drastic change in the

forms of mesotron interactions. The result is
significant also for the production of single
mesotrons by artificial sources. Indeed the crea-
tion of a mesotron by x-rays or fast protons
is the reverse of processes (1) and (2). If the
interaction according to these two processes is
much weaker than expected, one would. conclude
the same for the reverse processes. Thus one
might be in doubt as to whether one can pro-
duce abundant numbers of artificial mesotrons
with bombardment-. energies only a little above
the threshold for single-mesotron production.
Predictions concerning the creation of mesotron
pairs by electromagnetic radiation are, of course,
not aR'ected by these arguments.
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'N 1939P. Auger and co-workers discovered the
- - large atmospheric showers of cosmic rays
which cause the coincidences in two Geiger-
Miiller counters separated by a distance of sev-
eral dozens of meters. They also obtained some
evidence that the double coincidences C2 can be
observed at much larger separations, as much as
300 meters (the coincidence rate due to showers,
being in this case, however, of the same order
as that of the random coincidences). '

As a result of numerous theoretical investiga-
tions of the Auger showers it was concluded that
the latter are of the usual cascade type but of
ultra-high energy. In particular Auger's curve
C2 f(D) seems on the whole to be in good accord
with the assumption of the cascade nature of the
showers and in agreement' with the predictions
of the cascade theory. However the point at
D =300 m apparently upsets somewhat this
harmony.

Auger's method could not yield reliable re-

' Auger, Maze, and Robley, Comptes rendus (Paris)
208, 1641 (1939).' D. V. Skobeltzyn, Comptes rendus USSR 3'7, 14 (1942).
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Fir, . 1. The arrangement of four counter trays (1, 2, 3, 4)
and the coincidence circuit.

suits for much larger distances. We applied a
diferent method of observation the essence of
which will be clear from Fig. 1. In this figure

1, 2, 3, 4 are four tray's of Geiger-Muller counters;
I and II are circuits which record the double co-
incidences (1, 2) and (3, 4); III is a circuit which

records coincident output pulses from I and II
and thus records fourfold coincidences (1, 2

+3, 4).
The effective area of each counter tray was

1840 cm'. The apparatus was placed in light
veneer cabins. The pulses were sent through high

frequency cables.
Auger recorded the simultaneous passage of

two particles while we registered two simul-

taneous pairs of particles. This considerably
decreased the number of random coincidences.


