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TssLE I. Essential data involved in the measurements.

Series
Type of

meas.

4 5 6 7 8 9
Absorb.
A+8 g/cm~ g/cm~ g/cm~ g/cm~
g/cm& Pb in P Fe in F1 Fe in Fa Fe in Z cos 8

10

E total
ev

E mean
ev

Zns in
air

20 CP 20' 00' 140 358 404 404 404 1085 5.25 X 109
4.97X 109 18.6

20' 00' 140 0 404 404 404 1085 4.70 X 10'

43 SI 43' 52' 140 0 404 404

43 CI' 43' 52' 140 358 404 404 0 1415 5.26 X 10'

0 1415 4.72 X 10'
4.99X 10' 27.2

54' 16' 140

54 CE 54' 16' 140 358 0 404 1745 5.26 X 10'

0 404 1745 4.72 X 10'
4.99X ao~ 36.2

60 C2' 60' 32' 140 358

60 M' 60' 32' 140

0 2075 5.29X10'

0 2075 4.74X 10'
5.01X 109 45.4

value of r/pc' for mesons belonging to the same
energy band but which have traveled over
widely varying path lengths.

With the counter telescope illustrated in Fig. 1
we have registered the difference D = 'r Q—
between triple (r=A+8+C) and quadruple
(Q=A. +JJ+C+D) coincidences. The counters
in groups A. , B, C had brass walls f. mm thick
and had an eRective area 4.3X30 cm'. They were
filled with argon and alcohol. The tubes of
group D were similar to those of A, 8, C but had
an area 4.3X45 cm'. The solid angle of the
telescope was 8'X27'. As shown in Fig. 1 lead
and iron absorbers could be placed between and
in front of the counters. The absorbers (of Pb,
140 g/cm') around the counters J3 and C were
present in all measurements and served to
protect the system in large part from the eRect
of lateral showers and to eliminate the electronic
component in the absence of the other absorbers.

The counters and absorbers were mounted on a
mobile support which could turn on a horizontal
axis to give to the telescope different zenith
inclinations.

All measurements were carried out at the
Physical Institute of the University of Milan
(average barometric pressure 1020 g/cm') before
a large window which left the solid angle of the
telescope completely unobstructed in all positions
used in the experiments.

The conditions of the series of measurements

are given in Table I. In column 9 is shown the
path length to the top of the atmosphere (meas-
ured in g/cm'). We assume that the mesons are
not generated at the top of the atmosphere but
only after the primary cosmic radiation which
generates them has passed through a distance s
in air about equal to 100 g/cm'. We shall see
later the importance of taking for the path
length of the meson the value (1020/cos e—s).
In column 10 are given the values of the energy
which a meson must have to traverse the ab-
sorbing materials given in columns 4—9 and thus
reach counters D. These values of meson energy
are taken from the charts given by Wick. ' Wick's
calculations were made under the assumption
that pc' for the meson is 10' ev but even assuming
a variation of &20 percent in the mass of the
meson the values of the energy would not be
seriously altered.

The first series of measurements was carried
out in early 1942. The positions of absorbers and
telescope were changed each day. A daily check
was made of the operation of the counters and
coincidence equipment. At each position of tele-
scope and for each disposition of absorbers the
diR'erence between the triple and quadruple
coincidence frequency was measured. The re-
sults are given in Table II.

The diRerence of' the frequency diRerences
20 CP —20 SP is proportional to the frequency
with which mesons in the energy range 4.70 to

5 G. C. Wick, Nuovo Cimento 1, 302 (1943).
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Txm, E II. Di8'erences between triple and quadruple coincidence,

I Series

T—Q
min.

II Series

T-Q
min.

min.

20 CP

=0.105~0.0019
3283

54 CP

=0.0481&0.0016
885

=0.0519~0.0012
2624

20 SP

=0.0361+0.0016
512

54 SP

0.0132&0.0015
71

=0.0236+0.0016
231

43 CP

=0.0746 ~0.0014
2825

60 CP

7=0.0295~0.0012
627

=0.0359&0.0008
1901

=0.0248 +0.0014
344

60 SP

=0.0128+0.0013
106

=0.0209+0.0017
147

5.25 X 10' ev (average energy 4.97 X 10' ev) reach
the telescope within its effective solid angle
around its. inclination to the zenith. Similarly
for the difference 43 CP —43 SP except that the
energy range is from 4.72 to 5.26 X 10'ev (average
energy 4.99X10' ev). Aside, therefore, from the
completely negligible energy difference and as-
suming the space isotropy of cosmic radiation
the ratio

43 CP —43 SP

20 CP —20 SP
gives the relative probabilities that mesons of
average energy 4.98)&10' ev will reach sea level
with the above inclinations.

As already stated the lead absorbers around
counters 8 and C largely eliminated the effect of
lateral showers. The residual effect of these have
been observed by moving two counters out of
alignment. It was found that their effect besides
being small was equal in all dispositions of the
telescope and absorbers used. They are therefore
eliminated in taking differences CP —SP.

In column 12 of Table I are given the path
lengths l of the trajectories of the mesons at
the various inclinations to the zenith. In the
calculation it is assumed that the mesons are
generated after passing through a stratum of air
of 100 g/cm'. The values of 1 are calculated from
the relation

17.0
l= km (isothermal atmosphere

cos 8 cos 8 at —20'C) .
From the first series of measurements the value
of r/pc' can be calculated for mesons which
have traversed in the mean about 23 km.

In the second series similar measurements were
made at 54'16' and 60'32' inclination to the
zenith. Here again the average energy of the

0.0498
Rg=

0.0689

0.0167

=0.724&0.039,

R2 —— ——0.479a0.054,
0.0349

0.0150

0.0343
=0.439&0.062.

mesons stopped in P is practically the same as
in the first series (5 X 10' ev). The lateral showers
were also constant for all arrangements. From
the ratio

60 CP —60 SP

54 CP —54 SP
the value of r/pc' may be computed for mesons
which have traversed not 23 km but 42 km.

Comparison of the values for r/pc' from Ri
and R2 will therefore show whether or not this
quantity varies with the path length. It is to be
noted that by this method we are measuring
the values of r/pc' for mesons of the same energy
and energy spread and therefore the results are
independent of any assumption of the shape of
the primary spectrum. This is one of the prin-
cipal causes of differences between measurements
carried out by different experimenters under
different conditions.

The only uncertain quantity introduced in
our calculations is the value of s, the mean path
length in air (in g/cm') for the creation of mesons
by the primary cosmic radiation. It will be seen,
however, that our conclusions are not critically
sensitive to the value assumed for s.

The second series of measurements was re-
peated twice, once during the spring of 1942 and
once during the winter of 1943.

From Table II
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the differential equation

dII—(p, W, 8, s) yc' po II(p, W, 8, s)

dp r c8 pWcos 8

We may calculate the energy 8' of the meson
at the point where the pressure is p in terms of
its energy TVO at the point where it is created by
assuming that it loses a quantity n of energy
for each unit of mass/cm' crossed.

W= Wo —a(p/cos 8—s),

(W,+as) cos 8—ap

cos 8

Z cos 8 —ap
7

cos 8

where 8= Wo+as is the virtual energy of the
meson at the top of the a,tmosphere (the values
listed in column 11 of Table I). Substituting and
integrating we get

Frc. 2. Calculated relation between R and r/~' to-
gether with the three measured values of R and their sta-
tistical errors.

If 7 is the mean lifetime of the meson, p its
mass, the probability that it will disintegrate in

a vertical distance Cz is

pc dZ—dII =
v.clVcos 8

where 8' is the meson energy and 8 is the inclina-
tion of the path of the meson to the zenith. This
formula. takes account of relativistic corrections
and is a suf6ciently close approximation for
values of 8'& j.o' ev.

In terms of pressure change

dp = (p/po)«,

where 8 is the density of normal air at pa. Sub-
stitution gives

pc po dp—dII =
r ch pWcos 8

If we designate by II(p, W, 8, s) the probability
that a meson generated by a primary cosmic
ray after passing through a stratum s of air will

reach a level in the atmosphere of pressure p
with energy W' and inclination 8, II will satisfy

log II(p, E, 8, s)

p,c
=A

1 (ap —E cos 8q
log

~
)+const.

icos 8 & ap )
where A =Po/cb Assuming . 1I= 1 for P =s gives

-(Z cos 8 —ap)s ~ «»~
1I(p, E, 8, s) =

(E as)p—
In calculating II we assume p0=1033 g/cm',

8=1.40X10 ' g/cm', ~ c=3X10'0 cm/sec. From
Wick's charts it is reasonable to assume that, for
&=5XIG' ev, a=2.2X10' ev cm'/g.

We have calculated in this way the value of
II (1020, Z, 8, s) for the various values of 8 in
Table I as a function of r/yc' and for three values
of s (s= 50, 100, 200 g/cm'). For each value of s
we have obtained two curves which give as a
function of r/pc' the values of the ratios

II(1020; 4.98 X10'; 45'52', s)
RI =—

II(1020; 4.98 X109; 20'00'; s)

II(1020; 5 X 10', 60'32', s)
R2=

II(1020; 5 X 109; 54'16', s)
~ Mean temperature of air 20'C. It is to be noted that

generally authors have assumed an isothermal atmosphere
at O'C. All the values of mean lifetime calculated on this
basis are about 8 percent too low.
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The six curves are shown in Fig. 2 together
with the three experimental values and their
statistical errors. An examination of the curves
shows that the different values of s do not
seriously acct the theoretical values of R1
and R~. Since s almost certainly lies between 50
and 200 g/cm', it seems reasonable to conclude
that the assumption s = 100 g/cm' will not
cause an error in r/gc' greater than 10 percent.
Since we are here primarily interested in relative
values this uncertainty mill not appear.

With s=100 g/cm' we get for the first series
of measurements

r/pc' = (2.8+0.5) X 10 '4 sec. /ev.

For the second series the two values

r/pc'= (2.6&0.4) X 10 "
(2.3&0.4) X 10 "sec./ev.

We therefore conclude that the value of r/pc'
does not increase when the path traversed is
increased from 23 to 43 km. (If anything there is
a slight decrease. ) We believe, therefore, that
these measurements confirm what we have
already stated' that r/pc' is independent of
path traversed, at least within the experimental
errors of the measurements to date.

The three measurements together give a mean
value for r/IJc' of (2.6&0.3) X 10 '4 sec./ev. This
value agrees within experimental errors with
that given by Bernardini' from an extensive
analysis of all measurements to date. It also
agrees with the recent careful direct measure-
ments of M. Conversi and O. Piccioni which

gave r = (2.30&7 percent) X 10 ' sec.

~ G. Bernardini, Zeits. f. Physik 120, 413 (1943).
M. Conversi and O. Piccioni, Nuovo Cimento 11, 71

(1944)
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On the Mean Life of Slow Mesons

M. CONVERSI AND O. PICCIONI*

Institute of Physics, University of Rome, Rome, Italy

(Received February 10, 1945)~*

A new investigation on the spontaneous decay of mesons is performed by counting delayed
coincidences between the impinging low energy mesons and the decay electrons. Four points of
the decay curve of mesons are obtained for relative delay times ranging between. —0.91 and
2.43 psec. The results give an exponential curve which is evidence of the decay process. For the
mean life we find v =2.33 @sec.&6.5 percent. The eEect disappears completely by inverting the
sign of the delay.

1. INTRODUCTION

CCORDING to current ideas, the particles
which make up the hard component of

cosmic rays have properties very similar to those
of the particles first postulated by Yukawa' to
explain the nuclear forces. This particle (meson,
positive, or negative) having a mass of about 200

~At the present Visiting Research Associate at Mass-
achusetts Institute of Technology.

*~The manuscript of the present paper was prepared in
1944. At that time no information was available in Italy
on the experiment on the disintegration of mesons carried
out by N. Nereson and B.Rossi (Phys. Rev. 64, 199 (1943)).
On account of wartime conditions the manuscript did not
reach the Editor of The 2'hyskal Review until February
10, 1945.' Yukawa, Proc. Phys. Math. Soc. Japan 20, 319 (1938).

electron masses, undergoes spontaneous disinte-
gration producing —according to the scheme
generally accepted —one electron and one neu-
trino. The instability of mesons was assumed in
order to explain the anomalous absorption of the
hard component, upon which are based all the
measurements performed up to now of the ratio
r/pc' of the mean life r to the rest energy pc' of
mesons. ' '4

' Johnson and Pomerantz, Phys. Rev. 55, 104 (1940).' Rossi, Hilberry, and Hoag, Phys. Rev. ST, 461 (1940).
Ageno, Bernardini, Cacclapuoti, Ferretti, and Wick,

Phys. Rev. 5'7, 945 (1940).
~ Pomerantz, Phys. Rev. 5'7, 2 (1940).
s Cocconi, Ricerca Scient. 11, 50 (1940).
7 Rossi and Hall, Phys. Rev. 59, 223 (1941).


