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The spectral distribution of the positive excess in the hard component was measured in 
the (0.3 -17) X 109 ev/c momentum range. The measurements were performed on the large 
spectrograph of the Alagez Laboratory at an altitude of 3.25 km. 

T HE purpose of the present work is to continue 
into a region of significantly greater momenta, up 

to 1.7 x 10 10 ev/c, the measurements of the momen· 
tum spectrum and positive component which were 
carried out in He£. 1 in the region {0.1 - 2.5) x 
109 ev /c. At the present time interest in this prob­
lem has increased in connection with the fact that 
the study of the production of K-mesons in cosmic 
rays and especially in accelerators has disclosed a 
sharp asymmetry in the number of positively and 
negatively charged mesons produced. l3y this same 
fact, the proton character of the primary cosmic 
rays has ceased to be the only possible explana· 
tion of the positive component. Measurements were 

carried out in 1952 in the large magnetic spectrom· 
eter of the Alagez Laboratory at a magnetic field of 
magnitude 13,700 oe. At such a field the probable 
error in the measurement of a momentum of l. 7 x 
1010 ev/c is close to 50%. The construction of the 
magnetic spectrometer and the methods of treating 
the data have been described briefly 2 •3 , and we 
will limit ourselves here to introducing only a sec­
tional drawing of the distribution of the counters in 
the telescope and of the absorbers (Fig. 1). 

A layer of lead of 7 em thickness was placed 
over the entire apparatus. The total thickness of all 
the lead absorbers over the rows of counters VI - X 
was equal to 5.8 em. Under the row of counters X 

TABLE Distribution of the particles of the hard component by momentum intervals. 

Momentum 
interval 

in units of 3-5 5-G f.-8 8-10 10-15 

l!f ev/c 

'l " oo. II+ 83 140 382 436 898 1.1? II 

{i k=n+Jn_ 
88 114 261 318 {)67 

0,9~+0,14 1 ,23±0, 14 1 ,46±0,09 1,37±0,08 I ,35±0,07 

~ l n, 
- 32 99 152 4\JO 

oo. n_ 30 101 123 :{95 
~ k=n+fn_ 1 ,07±0,25 1, 12±0, 10 1 ,24±0,08 

(continuation of the table) 

t:J-20 

I 
20-30 I 30-fJO I 50-UO I ~0-170 >170 3-170 

!ill 880 765 582 309 211 5082 
/131 t:H!i 546 411:l 220 :{669 

1 ,42±0,08 1 ,!13±0,07 1 ,40±0,07 1 ,39±0,08 1 ,47±0,09 1 ,39±0,02 
371 588 551 422 224 141 2!l2H 
288 424 405 329 176 2271 

1 ,29±0,09 1 ,39±0,08 1 ,:36±0,08 1,28±0,08 1 ,27±0,12 1 ,2!1±0,03 
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FIG. l. Distribution of the counters in the 
telescope and of the absorbers. 

was located a layer of lead of 14 ern thickness, 
under which was placeq the row of counters XI. 
Particles which passed through all the rows of 
counters up to the tenth inclusively, and did not 
undergo multiplication, as determined by coordi­
nated counters, were considered to belong to the 
hard component. The path of these particles was 
greater than 5.8 ern of lead. The path of those 
particles of the hard component which also passed 

through the row of counters XI was greater than 

19.8 ern of lead. 
The Table gives the experimental results- the 

number of positively and negatively charged parti­
cles (n+ and n_) the momenta of which lie within 
the indicated intervals (the tabulated numbers being 
given without correction for the magnetic aperture 

ratio of the apparatus). These data were obtained as 
a result of measurements of the momenta of 8966 
particles. They give the momentum spectrum and 
the distribution of the positive component in this 
spectrum. The last column of the table gives the 
values of the positive excess for the entire mo­
mentum interval investigated, this excess is 
k = 508213666 = 1.39 ± 0.08 for the particles with 
path length R > 5.8 ern of lead. In order to explain 

how an excess of this magnitude is concerned with 
mesons, let us consider the average value of the 
excess for particles with a path greater than 19.8 
ern of lead. Because of ionization braking, pro-
tons of momentum less than 1.05 x 109 ev I c do not 
occur among these particles. Protons of greater 
momenta must be strongly absorbed in the supple­
mentary 14 ern block of lead, the thickness of which 
is equivalent to a single "geometrical" nuclear ab­
sorption path. The positive excess for particles 
with a path greater than 19.8 ern of lead is given 
by k = 292912271 = 1.29 ± 0.03. 

The spectrum of the positive excess was meas­
ured in Ref. 1 up to 2.5 x Hf ev I c. It is of inter­
est to obtain the value of the positive excess for 
larger momenta. From the data of the table it fol­
lows that for momenta greater than 3 x 10 9 ev / c 
the positive component is equal to: 
k = 165611174 = 1.41 ± 0.05 for particles with path 
R > 5.8 ern; k = 11971910 = 1.31 ± 0.5 for par­
ticles with path R > 19.8 ern. 

These results, in agreement with Ref. 1, indicate 
that in each measured spectrum as well as i.n the 
region of larger momenta a significant part of the 
positive excess is produced by p. mesons. Since a 
part of the protons of high energy produces pene­
trating particles in the lead and thus "passes" into 
the hard component, it follows from the results intro­
duced that the positive excess arising from the mes­
on component itself is, in any event, less than 1.30. 

The spectral dis-tribution of the positive excess 
is shown in the table and in Fig. 2. In these results 
it is to he noted that the positive excess in the re­
gion of small momenta, where protons are known to 
be absent (momenta less than 0.6 x 109 and 1.0 x 

109 ev / c for mesons with paths greater than 5.8 
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and 19.8 em of lead, respectively), is near unity. 

This fact, which appears as a consequence of the 
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local generation of slow mesons by the neutron 
component, is well known at the present time 4 ,s. 
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FIG. 2. o- positive excess for particles with R > 5.8 em Ph; o-the 

same with R > 19.8 em Ph. Momenta in units Bev/c are plotted as abscissa. 

The separation of the positive excess into a pro­
ton part and a meson part which has been carried 
out in this and the preceding work 1 allows the pos­
sibility of determining the vertical intensity of the 
proton component under the conditions of our experi­
ment, that is, under a layer of lead of 7 em thick­
ness. Subtracting the spectrum of the negative par­
ticles, increased by the magnitude of the mesonic 
positive excess, from that of the positive particles, 
and carrying out a summation over the momentum 
intervals, we obtain the number of protons with mo­
menta of interest to us. The results obtained above 
show that the upper limit of the positive excess for 
mesons is near 1.30. On the other hand, measure­
ments at sea level, where the intensity of the pro­
ton component is of a smaller order than at a 
height of 3250 m, show that the positive excess of 
the mesonic part of the spectrum, k , in our momen­
tum interval, measured with high st~tistical accu­
racy6, is near 1.25. Just such a value of k iJ. was ob­
tained in Ref. l for the mesonic part of the spec­
trum in the momentum region (2.4 - 7. 7) x 108 ev I c 
at a height of 3250 m. Taking k = 1.25, therefore, 
we find the intensity of the proion share of the hard 
component by the formula 

Np = ~(n~ -1,25n!J j ~(n!r + n!_). 
I I 

The summation in the numerator is carried out be­
ginning with the fifth momentum interval (p > 109 

evlc), while that in the denominator is carried out 
over all the tabulated momentum intervals. Thus, 
from the intensity of the total hard component reg­
istered by the apparatus, we obtain N P = 4.8 ± 
0.05%. 

In conclusion we note that in the region of mo­
menta greater than 5 x 109 ev I c the integral p. 
meson spectrum, constructed according to the table 
for paths greater than 19.8 em of lead, is satisfac­
torily described by a power function "- p-'Y with ex­
ponent y = 2.45 ± 0.05. 
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