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The pion production spectrum derived by different authors from the sea level
muon spectrum has been fairly reviewed in our earlier works (Bhattacharyya
1972, 1974). 1In these calculations the contribution of kaons in the muon flux
was neglocied. The TIntorsecting Storage Ring experiments of CERN Group
(Antinueci ef al 1973) have found that the production of kaons in pp collision is
uot neglgible. The avorage charged pion and kaon multiplicities produced in
o pp collision obey the following relations

<n,4+> = 1.71In543.7a-05—4.3 .o (D)
<ngt> = 0.241n 54-1.567°5—-1.02 . (2)

where s 18 the square of the total conter of mass enorgy. The kaon-pion ratio,
<ngt>[<n,4> caleulated from relations (1) and (2) has been plotted in the
figure 1 as a function of the squarc of conter of mass energy Tt 1 found that
the incroase of K/m ratio 1s very slow.

Recently Thompson & Whalley (1975) have studied the data of Ayre et al
(1975) on 2 x 10% particles above 20 GeV muon energy which have provided impetus
to us to consider K /m vatio from the ISR data for the production of muons due to
deecay of kaons as woll as pions. We have fitted the 1SR data on the K/ ratio
in the converntional diffusion model of Bull et al (1965) and have calculated the
spectral shape of the sea level muons in the encrgy range 5-650 GeV.

Theoretical model after Bull et al (1965)

The diffusion equation for pions in the atmosphere has been studied by
Bull et al (1965) For equal absorption length of protons and interaction length

of pions the sea levol muon spectrum can be calculated from the following ex-
pression
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where the energy degradation factors are r, = 0757, 7 = 0.52; tho critical
onergies for pion and kaon decays arc B, = 121 GeV, B, = 450 GoV; AE, is
the muon energy loss from production to ground level and is takon {from the fol-
lowing relation

AE, = 2.333GeV+0.0026E, v (4
The muon survival probability is calculatod from the expression
P, =[0.097E,/(2.33+1.0026 /)] 08/(2583+1:003 £, ) ... ()

and tho kaon-pion ratio at production has been taken from the figure 1. Tt is
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Mg, 1, Kaon pion ratio cstimated from the CERN Tnteresting Storage Ring datn has heen
plotted as a function of the square of total centor of mass energy,

assumed that the cxponent of the pion and kaon spoctra are similar to that of
tho measured primary proton spectrum of Ryan et al (1972) which is y = 2.75.

The calealated sea level muon spectrum has been fitted to the moasured data
of Allkofer ef al (1971) and Ayre et al (1975) in the spectral range 5-650 GeV.
Figure 2 shows tho derived sea lovel muon spectrvm with the fitting parameters
A =0202 and y = 2.75 along with the experimental data of Kiel and Durham
Groups. Tho theoretical rosults and experimental data of Allkofor et al
(1971) and Ayre e al (1975) have beon used in a x* test to find the
best values of y and A. The analysis show that for 4 = 0.202 and
¥ = 2.75 the calculated spectrum is in accord with the measured values
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The y* value for 25 degrees of freedom has been calculsted and was found to be
16.63 which corresponds to significance Jevels of 0.88 for the muon energy range

5-650 GeV.
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Fig, 2, Tho caloulated sea level muon spectrum for A = 0-202 and y
data: O Allkofer et al (1971); @ Ayre et al (1975),

= 2.75, Experimonial

The present study indicates that a single energy exponent (y = 2.75) can
oxplain the entire spectral ghapo of the encrgy spectrum of muons derived from
the diffusion model of Bull et al {1965).
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