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Abstract

We have measured the atmospheric muon fluxes at sea level using the

Okayama telescope. In 2001, that was improved the larger acceptance and higher
momentum resolution than previous one. One of the characteristic of Okayama

telescope is able to measure the muon fluxes in any directions. Our aim is to
examine the geomagnetic effects for atmospheric muon fluxes. We report the

muon fluxes 8 azimuthal directions at zenith angle 20◦.

1. Introduction

Atmospheric muons are produced by π/K decay at the top of atmosphere

and pass through the atmosphere or decay. They have a close relation to the
atmospheric neutrino, because neutrino is produced when the muon is produced

and decayed. The atmospheric neutrino flux calculations[1,3,5] are considered the
terrestrial magnetism and environment of atmosphere. Therefore, Information of

propagation the atmosphere of secondary cosmic ray is necessary. The terrestrial
magnetism affects the muon because of muon have a charge. Coming from the

east a positive muon has a long path, positive muon fluxes thus decrease in this
direction by geomagnetic effect and vice versa. We have measured the azimuthal

angular dependence of atmospheric muon fluxes using the Okayama telescope. It
is able to move by a servomotor mechanism allowing any azimuthal and zenith

angle and measure the incoming directions, the momentum and charge sign of

incident muon.
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2. Experiment

• The Okayama telescope
The Okayama telescope( 34◦ 40’ N latitude, 133◦ 56’ E longitude, 28m

above sea level) is installed in the building of Okayama university in Japan.
Rigidity cutoff is about 12GV. That is more detail described as [6].

• Measurement

The periods are from 2002 to 2003. In 8 azimuthal at zenith angle 20◦

measurement, open angle is ±9◦ for the azimuthal and ±5◦ for the zenith,

observation time is a week and number of events are about 50,000 for one
azimuthal.

3. Results

We have analyzed the muon fluxes in 8 azimuthal directions at the zenith
angle 20◦ in momentum range 1 ∼ 10 GeV/c. Fig .1,2 shows the muon fluxes

in momentum range 1 ∼ 2GeV/c, 3 ∼ 10GeV/c respectively. The results are
presented in tabulated from in Table 1. The azimuth dependences of the positive

excess(2 × µ+−µ−
µ++µ− ) are shown in Fig. 3 in momentum range 1 ∼ 2GeV/c, 3 ∼

10GeV/c respectively. Positive Excess is used to investigate the geomagnetic

effect for atmospheric muon fluxes. Subtracting negative muon flux from positive

muon flux, Geomagnetic effect for primary cosmic ray don’t affects that[2,4].

Table 1. The results of the muon fluxes at zenith angle 20◦ in momentum range
1 ∼ 10 GeV/c.

µ+ average flux (cm−2sr−1s−1) West/East fraction (%)

1 ∼ 2 GeV/c 5.84 × 10−4 ± 0.7% −24 ± 3

3 ∼ 10 GeV/c 1.09 × 10−3 ± 0.4% −13 ± 2

µ− average flux (cm−2sr−1s−1) West/East fraction (%)

1 ∼ 2 GeV/c 5.13 × 10−4 ± 0.7% −9 ± 4

3 ∼ 10 GeV/c 8.85 × 10−4 ± 0.5% −7 ± 2

4. Conclusion

The Okayama telescope was improved the large acceptance and high mo-
mentum resolution than previous one in 2001. We have measured the atmospheric

muon fluxes at sea level in 8 azimuthal directions at zenith angle 20◦ in momen-

tum range 1 ∼ 10 GeV/c. Muon measurements in west and east at zenith angle
20◦ showed the tendency of geomagnetic effect. Coming from the east a positive
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Fig. 1. The muon fluxes in 8 azimuthal directions at zenith angle 20◦ in momentum
range 1 ∼ 2 GeV/c.
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Fig. 2. The muon fluxes in 8 azimuthal directions at zenith angle 20◦ in momentum
range 3 ∼ 10 GeV/c.



1178

0

0.05

0.1

0.15

0.2

0.25

0.3

South East North West

P
os

iti
ve

 E
xc

es
s 

(2
×µ+

−µ
−

µ+
+

µ−
)

0

0.05

0.1

0.15

0.2

0.25

0.3

South East North West

P
os

iti
ve

 E
xc

es
s 

(2
×µ+

−µ
−

µ+
+

µ−
)

Fig. 3. The azimuthal angular dependence of the positive excess in 8 azimuthal di-
rections at zenith angle 20◦ in momentum range 1 ∼ 2 GeV/c(left) and 3 ∼ 10
GeV/c(right).

muon fluxes decrease and a negative muon fluxes increase by the geomagnetic ef-

fect and vice versa. Our results showed that amplitude of positive excess increase

in momentum region 1 ∼ 2 GeV/c than 3 ∼ 10 GeV/c as shown Fig. 3. Varia-
tion of the atmospheric muon fluxes affects the atmospheric neutrino fluxes that

are produced by the muon decay. Thus, calculations of propagating of secondary
cosmic ray should be taken into account the geomagnetic effect.
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