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In a recent paper, Euler and Heisenberg! have
thoroughly discussed the hypothesis that the hard
component of the cosmie rays consists of ‘mesotrons’
produced in the upper layers of the atmosphere by
primary electrons or photons and then disintegrating,
a8 predicted by Yukawa’s theory of nuclear forces,
with a life-time 7 of the order of 10-° see. (T is relative
to a system in which the particle is at rest ; whilst
in & system in which the particle is moving with a
velocity v =fic the life-time becomes?® 1 = t/(v/1—f?).)

In practice, the particles may disintegrate before
they are brought to rest by ordinary loss of energy
only in a gas, since in a liquid or solid absorber a
‘megotron’ of a given velocity B¢ is stopped within a
timg which is very small in comparison with
t/(v/1—P%). By traversing a gas absorber, the in-
tensity of the hard component would therefore be
more reduced than by traversing a liquid or a solid
absorber of the same stopping power.

It has been pointed out that this theoretical result
is confirmed by Ehmert’s experiments, which give a
difference of the kind expected between the absorption
curves of cosmic rays in air and water3,

In connexion with this, it is perhaps worth while to
direct attention to some similar results previously
obtained by De Benedetti and myself in Eritrea (geom.
lat. 11° 30’ N., 2,370 m. above sea-level)s. In these
experiments the absorption of the cosmic particles
was measured : (a) in lead, by interposing lead
screens between two counters placed one above the
other ; (b) in air, by inclining the counter system.
. thus increasing the thickness of the air layer traversed
by the particles. In a first experiment, each counter
was surrounded by a cylindrical lead shield of 17 em.
thickness. Full absorption curves were taken ; the
lead curve begins with a steep decline (owing to the
absorption of the soft component, which is not com-
pletely cut off by the lead eylinders) but it then be-
comes nearly horizontal. The air curve, on the
contrary, descends smoothly, cutting the lead curve
at about 120 gm./cm.2

In a further experiment, 4 cm. of lead was placed
permanently between the counters (in addition to the
lead cylinders) in order to avoid the disturbing effect
of the soft component. One point only of each absorp-
tion curve was measured, namely, at 136 gm./em.?
(12 em.) lead and at 121 gm./cm.? air (counter system
inclined by 30°). The results were as follows:

coine./min.

Counter system vertical, lead eylinders + 4 cm. lead : 0626 £0-009
4 - 5 ” & + 4-+12cm. lead : 0-5754-0-009
inclined, ., »» -+ 4 cm. lead : 0-51640-008

2] ”

Both experiments show very definitely that the
hard component is much more reduced by air than
by lead. The difference would have been still greater
in absence of the earth’s magnetic field, which acts
in the sense of diminishing the observed air absorption,
as the counter system was inclined in a westerly
direction. We may correct for the magnetic influence
approximately by taking the average of the intensities
in the western and in the eastern direction, which
differ, under the actual experimental eonditions, by
a factor of about 1-2. We shall use, therefore, instead
of the measured value 0:516, the corrected value
i—_% x 0-516 = 0-473 for the frequency of the co-
incidences at 30°.

The difference between the air and the lead
absorption, for which no satisfactory explanation
had been found at that time, can now easily be
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accounted for on the disintegration hypothesis. The
inclined rays have, of course, to travel a greater
distance than the vertical ones before they reach
the ecounters.

We assume that all the observed ‘mesotrons’ are
produced at a given depth R below the top of the
atmosphere, where R, as pointed out by Blackett®,
has to be measured in the actual direction of the
incoming particles. The difference Al between the
paths of the particles, which, at an altitude of & km.
above sea-level, are observed at a zenithal angle ¢
and in the vertical direction respectively, is then
given by the formula :
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Putting h = 2-37, ¢ = 30° and taking for R the value
corresponding to the maximum of the Regener-
Pfotzer curve, namely, 100 gm./cm.?, we get
Al ~4 % 10% em.

On the other hand, since the loss of energy by
ionization is about the same in 121 gm./em.? of air
and in 136 gm./cm.? of lead, we may assume that the
relative number An/n of mesotrons which disintegrate
by travelling the distance Al is given by

Amo 0-575 — 0-473
o8 = e = 01185,
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This result enables us to caleulate the life-time of
the mesotrons. If we suppose, for reasons of sim-
plicity, that they all have the same cnergy, say,
€ times the rest energy pc?, with ¢ ~ 40, we have :
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We obtain, therefore, a life-time just of the order
of magnitude previously given. Chiefly owing to the
uncertainty in the value to be introduced for ¢, the
above estimate may be too low or too high by a
factor 2.
Bruno Rossi.
Universitetets Institut for teoretisk Fysik,
Kebenhavn.
Nov. 4.
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Range of Nuclear Forces in Yukawa's Theory

Four years ago, Yukawa, in an attempt to develop
a relativistic theory of the interaction of heavy
particles in nuclei, was led to predict the existence
of charged particles of mass intermediate between
those of the electron and the proton!.

In view of the great interest and hope raised by
the striking discovery in cosmic rays of particles
having just the desired mass, which one is naturally
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