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Abstract: A review of measurements of the high muon energy spectra for altitudes close to the sea
level and different directions performed with devices placed at various geomagnetic latitudes is pre-
sented. The muon spectra and the muon charge ratio, defined as the ratio of positive to negative muon

fluxes, are discussed.

Introduction

Cosmic-ray muons originate from the decay of
pions and kaons produced by the interactions of
high-energy primary nuclei, A, with atmospheric
ones, A,

A, +A,, — 5, K K.

T (63% K) — u'+v,
w—=e"+v.+v,
T (63% K) = u+v,
W —e +V.+ V,

Much experimental work has been done to meas-
ure muon intensities at the sea level. The zenith
angular dependence of muon fluxes have been
measured from the vertical direction to near-
horizontal in the momentum region 5-10* GeV/c.

A considerable volume of work by different au-
thors has been reported to review the existing
experimental information. The aim of the present
work is to explore all old and new high energy
muon data and to give as far as possible a coher-
ent view of the present knowledge.
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The absolute differential muon fluxes
for zenithal angles between 0 and 75
degree

The absolute differential muon fluxes are pre-
sented in Figures 1 up to 6 [1-34]. All data are
fitted by the function (1):

_ ) 1 p3
7 )= pl-E-25.
]( _u) p u pZ‘COS@‘Eu +1 p4‘COS@'E”
115 850

where muons’ energies are in GeV.

Formula 1 has a theoretical origin, Gaisser [35],
from the numerical integration of the analytical
cascade equations.

The coefficients p1, p2, p3 and p4 are listed in the
Table 1.

Parameter Near vertical @=0°
pl 8.961 0107
p2 1.
p3 0.05
p4 1.

Table 1: The values of the coefficients pl up to
p4, used in the Equation (1) for near vertical
muons.
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Parameter pl is proportional to the energy spec-
trum of the primary nucleons. Parameters p2 and
p4 are related to the spectrum of secondary parti-
cles (pions and kaons) produced in the high en-
ergy interactions in the air and to the slope of the
primary nucleon spectra.

Parameter p3 gives the muons contribution from
the decay of the mainly charged kaons.

The formula proposed (with parameters listed in
the Table 1) fits very well the experimental high
energy muons data for different azimuthal angles.
For the ®=75" highest muon data are also well
fitted by functions suggested.

The muon charge ratio

Measurements of the muon spectra at different
geomagnetic latitudes aim at studies of the influ-
ence of the Earth’s magnetic field on cosmic rays.
The majority of reported results of the muon
charge ratio R(u*/uw”) 1is in good agreement for
muon energies higher than 5 GeV.

The measured charge ratio (1.27+0.07) seems to
be well established. But the new L3 + C data
shows for muons with energy higher than 20 GeV
up to 3000 GeV value R is 1.285+0.022.

Inside one o both results agree very well.

Conclusions

In the present paper the analysis of atmospheric
differential muon spectra for various angles from
0 to 75 degree in the Earth’s atmosphere and near
the sea level has been presented.

The results of the fitting procedure by the formula
which has the theoretical origin have been pre-
sented for different angles. All data, ald and new,
are in very good agreement with the formula (1).
For E, > 200 GeV the formula still is working
pretty well, also for 75 degrees.

THE SEA LEVEL DIFFERENTIAL MUON SPECTRUM AT Q°

s sr(GeV/c)

E Data from

Nandi and Sinhg 1972 [N
Tsuji et al. 1998

Rossi point

Green et al. 1979

Gardener et al. 1962
Kremer et ol. 1999
Ayre et al. 197
Botemon et al. 1971

Muon intensity cm
s, 2
e

Hayman and Wolfendale 1962
Allkofer et al. 1971

Rostin 1984

Alikofer et al. 1968 — Knoblich 1968
Ashton et al. 1972

Thomson et al. 1977

De Pascal et al. 1993

Khalchukov et al. 1985

llying et al. 1995

COFPO*O«4r RO >N ¥0

5]
T

)
T

T

—14F

Ty

0 v v v et N
-1 2 3 4 &
10 1 10 10 10 10 10

Muon momentum GeV/c

Figure 1: The sea level differential muon intensi-
ties versus muon momentum at O degrees
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Figure 2: The sea level differential muon intensi-
ties versus muon momentum at 0 degrees — the
New Data
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THE SEA LEVEL DIFFERENTIAL MUON SPECTRUM AT 30°
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Figure 3: Differential muon intensities versus

muon momentum at 30 degrees.
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Figure 4: Differential muon intensities versus
muon momentum at 45 degrees.
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THE SEA LEVEL DIFFERENTIAL MUON SPECTRUM AT 60°
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Figure 5: Differential muon intensities
muon momentum at 60 degrees.

THE SEA LEVEL DIFFERENTIAL MUON SPECTRUM AT 75°
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Figure 6: Differential muon intensities
muon momentum at 75 degrees.
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