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Introduction 

It was pointed out by Jakeman (1956) that 
the sea level flux of muons of energy above 
-400 Gev at zenith angles approaching 90° 
should be considerably greater than the ver­
tical flux of such particles. This is because 
.at large zenith angles the atmosphere is more 
tenuous where interactions of the primary 
cosmic rays take place than in the vertical 
-direction, with the result that there is an 
increased probability of rr·fJ. decay rather than 
-interaction. Thus if one wishes to study high 
energy muon interactions it would appear to 
be better to use muons arriving at large zenith 
.angles. 

A further point of interest is that infor­
mation can also be obtained on the produc­
tion of particles other pions in high energy 
-collisions ( > 100 Gev) produced by the pri­
mary cosmic ray particles near the top of 
the atmosphere from a knowledge of the 
-vertical spectrum at sea-level and the spec­
trum at a large zenith angle. Such an analy­
sis has been carried out by Pak et al (1960) 
.and Allen and Apastolakis (1961) who find 
that in the range of muon energies at sea­
level of 1 Gev to 100 Gev the results are 
not inconsistent with a pion origin of the 
:Sea-level muons. 
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Experimental Arrangement 

The apparatus (Fig. 1) consists of 3 trays 
of geiger counters A, Band Cat the detect­
ing levels, and a solid iron magnet. The 
magnet is that described by O'Connor and 
W olfendale (1960). Each tray contains 8 
counters of sensitive length 60 em. Using 3 
fold coincidence circuits the rate of events 
At. B1, C1 (8 channels), At. Bt. C2 (7 chan­
nels), At. Bt. Cs (6 channels) and At. Bt. c. 
(5 channels) were measured separately for 
both directions of the magnetic induction 
(14 K-gauss in the iron). Particles are accepted 
with zenith angles between 81 °48' and 78°28', 
the axis of the apparatus pointing in a direc­
tion 55°36' east of north. The opening an­
gle of the telescopes in this plane is ± 14°30'. 

Extensive air showers which triggered the 
apparatus were rejected by requiring that 
only one counter in each of the trays, A, B 
and C was discharged for an event to be ac­
cepted. This also rejects a small percentage 
of muons which produce knock-on electrons 
in the iron and hence give rise to two par­
ticles traversing tray C. 

Results 

The observed rates of events have been 
converted into an approximate differential 
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Fig. 1. 

* This paper was combined with III- 5- 21 and presented by A.W. Wolfendale. 
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Fig. 2. 

momentum spectrum and the points are plot­
ted in Fig. 2. The vertical spectrum mea­
sured by Ashton et at (1960) is also plotted 
for comparison, together with the theoretical 
spectrum of Apostolakis and Allen (1961) cor­
responding to the range of angles of accep­
tance (mean zenith angle of 80°). The reduc­
tion in flux of low energy muons at the large 
zenith angle is very marked. 

Conclusion 

Fig. 2 shows that there is quite good agree­
ment between the (approximate) experimental 
points and the calculated spectrum, showing 
that the interpretation of the mechanism of 
propagation of the particles through the 
atmosphere is essentially correct. 

More accurate computations of the experi­
mental spectrum are being made and the 
momentum resolution of the apparatus is be­
ing improved by using 4 trays of neon flash 
tubes which will give a maximum detectable 
momentum approaching 1,000 Gev/c. 
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