
32ND INTERNATIONAL COSMIC RAY CONFERENCE, BEIJING 2011

Measurement of the Atmospheric Muon Charge Ratio by Using a Cosmic Ray Telescope
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Abstract: The charge ratio of cosmic muons has important information in both ”the atmospheric neutrinos anomaly”
and ”the hadronic interactions”. We measured the muon charge ratio (Rμ = Nμ+/Nμ− ) in the cosmic rays flux at the
momenta range 0.76-1.60 GeV/c at Sharif University of Technology in Tehran (35◦43′N , 51◦20′E) and 1200 m above
sea level (890 gcm−2) by using a cosmic ray telescope. We used the delayed coincidence method based on reduced mean
life time of negative muon due to nuclear capture in matter. By finding Rμ in different time intervals, we indicated 3 week
time interval is proper to obtain Rμ and in this time interval, Rμ = 1.18±0.03. So we compared the experimental data to
predictions of CORSIKA simulations using high energy interaction model (QGSJET-II) and two low energy interaction
models (URQMD and GHEISHA) in the energy range from 1012 eV to 1016 eV for primary particles. We obtained
Rμ=1.04 with QGSJET-URQMD models and Rμ=1.06 with QGSJET-GHEISHA models. From the measurement of
muons flux in different zenithal and azimuthal angles, the muon angular distribution is obtained as I(θ) = I(0) cosn θ.
So the influence of the geomagnetic field leads to a dependence of the muon flux on the azimuth angle (East-West effect),
in particular for low energy muons.
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1 Introduction

The primary cosmic rays are mainly protons and heavier
ionized nuclei impinging earth’s atmosphere and induce a
cascade of secondary particles which is called extensive air
shower (EAS). Generally the first secondary particles are
unstable subatomic particles that decay into muons [1].

π± → μ± + νμ(νμ)

κ± → μ± + νμ(νμ)

Muons due to relativistic time dilation are present near sea
level and decay via the weak interaction according to

μ± → e± + νe(νe) + νμ(νμ).

Study of muon flux in different azimuthal angles shows an
asymmetry in muon angular distribution from east and west
directions that can be traced by the earth’s magnetic field
effect which deflects trajectories of charged secondary par-
ticles (East-West effect). Zenithal distribution of muon flux
is also as a power function of cos θ.
The muon charge ratio is a significant quantity which re-
flects important features of the hadronic meson production
in cosmic ray collisions and it provides useful information
for neutrino physics [2]. To study the muon angular dis-
tribution and determining of muon charge ratio, we car-
ried out series of experiments by cosmic ray telescope at

Sharif University of Technology in Tehran and simulated
extensive air showers with CORSIKA code to compare the
experimental results and predictions of CORSIKA simula-
tions.

2 Coincidence experiment arrangement and
data analysis

The cosmic ray telescope consists of 2 plastic scintillators
(30 × 10 × 1cm3) with spacing 1m from each other. This
telescope is a rotatable device around its vertical axis in dif-
ferent zenithal and azimuthal angles and is placed in the 4th

floor of Physics Department of Sharif University of Tech-
nology, under 80 cm concrete. To study the muon angular
distribution, we measured muons flux in azimuthal angles
of 0◦ (north), 90◦ (west), 180◦ (south) and 270◦ (east) and
in zenithal angles of 20◦ ± 17◦, 40◦ ± 17◦ and 60◦ ± 17◦.
The measurements were done in 24-h time intervals. The
operation of coincidence electronic circuit (Fig.1) is initi-
ated when an incident muon passes through the top scintil-
lator. In these experiments, the muons which pass through
both scintillators are considered. Thus the generated sig-
nal of top PMT is sent to the 8-channel fast discriminator
(CAEN N413A), with threshold of 23mV, after amplifying
by the fast amplifier (×10, CAEN N412). Then the output
of discriminator is connected to the ’start’ input of a Time
to Amplitude Converter (TAC, ORTEC 566) with a time
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Azimuth angle \ Zenith angle θ = 0◦ θ = 20◦ θ = 40◦ θ = 60◦

φ = 0◦ 219.28± 1.64 196.11± 1.56 128.32± 1.26 61.58± 0.87
φ = 90◦ 219.28± 1.64 195.27± 1.55 128.05± 1.26 61.24± 0.87
φ = 180◦ 219.28± 1.64 195.72± 1.55 128.47± 1.26 61.12± 0.87
φ = 270◦ 219.28± 1.64 186.09± 1.52 125.51± 1.24 60.65± 0.86

Table 1: Muon flux obtained in different directions.

Figure 1: Setup of coincidence experiment electronic cir-
cuit.

range 200 ns. In a similar way, generated signal of bot-
tom PMT is directed to ’stop’ input of TAC by a 10m delay
cable. Finally output of TAC is sent to a Multi-Channel
Analyzer (MCA) via an Analog to Digital Converter unit
(ADC). Table 1 shows the muon flux in different angles.
Since dependence of muon flux on zenith angle is as
I(θ) = I(0) cosn θ, we estimated ’n’ by fitting this func-
tion to experimental data. The values of ’n’ were obtained
n = 1.90 ± 0.16, n = 1.91 ± 0.15, n = 1.90 ± 0.14 and
n = 1.92 ± 0.27 for directions north, west, south and east
respectively.

3 Muon decay arrangement and data analy-
sis

To determine the muon charge ratio, we used delayed
coincidence method based on different interaction of
positive and negative muons with matter. Positive muons
can only decay, while negative muons trapped in atomic
orbit, are decayed or absorbed by atomic nuclei that cause
to reduce mean life time of negative muon. Probability of
negative muon capture by atomic nuclei is proportional to
Z4 that Z is atomic number of host atoms. Thus the life
time of negative muon decreases significantly according to
host material. Table 2 shows average life time and decay
probability of negative muon in some media [3]. Thus we
recorded muons decay with an arrangement like as Fig.2.
To ensure a muon which decays in the bottom scintillator is

Figure 2: Setup of muon decay experiment electronic cir-
cuit.

the same muon that has passed through the top scintillator,
we used a logic unit of AND (CAEN N405). Time range
of TAC was set to 10 μs.
Decay experiments were done 7 times and each of them
was operated in 1 week time interval. In all decay ex-
periments, telescope was located vertically. Total muons
decay distribution function in scintillator is including
superposition of several decays as follows [4]:

dN

dt
=

Nμ+

τμ+

e
(
−(t+τdelay)

τ+
)

+
Nμ−

τμ−
Pdecaye

(
−(t+τdelay)

τ−
)

+Cbge
(
−(t+τdelay)

τbg
)
+ εbg. (1)

Where first and second sentences are related to positive and
negative muons decay and third and fourth sentences are
related to background radiation. In eq.1, Pdecay indicates
probability of muon decay in scintillator, τdelay presents
delayed time in experiment circuit and τbg stands for time
constant of background radiation.
Before determining muon charge ratio, we should estimate
τbg . Although using the logic unit of AND in muon de-
cay experiments make us sure that a significant fraction
of the recorded events are related to the single-particle de-
cay, but there are recorded events that aren’t related to sin-
gle particle. These events are recorded as a decay back-
ground radiation in eq.1. To determine time constant of
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Medium Mean life time (ns) Decay probability (%)
V acuum 2197.03± 0.04 100
Carbon 2026.3± 1.5 92.15
Oxygen 1795.4± 2 81.57
Aluminium 864.0± 1 39.05
Lead 75.4± 1 2.75

Table 2: Average life time and decay probability of nega-
tive muon in some media.
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Figure 3: A sample of fitting eq.1 to muon decay spectrum.

background radiation (τbg), we carried out series of exper-
iments with one scintillator to records muon decays in all
zenithal angles. We determined τbg by fitting eq.1 to these
data. Average time constant (τbg) was calculated 284.8
ns. Then by fitting eq.1 to muon decay experiments data
in one week time intervals, we determine muon charge ra-
tio. Fig.3 shows an example of fitting eq.1 on muon decay
data. Finally the average muon charge ratio was obtained
1.15±0.03 in one week time intervals. To evaluate muon
charge ratio in different time intervals, we added decay ex-
periments data together and made data in 2 to 6-week time
intervals. The values of muon charge ratio in different time
intervals (Fig.4) show the fluctuations are very small and
for three-week time interval and more, the values of Rμ

tend to a fixed amount 1.18±0.03.

4 Simulating of EAS to find muon charge ra-
tio

In order to study the muon component, some detailed
Monte Carlo simulations of the EAS development have
been performed. We have simulated EAS events by COR-
SIKA (COsmic Ray Simulations for KAscade) code [5]
for proton and alpha particles as primary particles. En-
ergy range for primary particles was selected from 1 TeV
to 10 PeV. The values of geomagnetic field components for
Tehran (Bx = 27.99μT , BZ = 38.49μT ) were obtained
from U.S. Geomagnetic Data Center.
Zenith and azimuth angles of primary particles in the sim-

 

R
μ

1.1

1.12

1.14

1.16

1.18

1.2

1.22

Week
1 2 3 4 5 6

Figure 4: Muon charge ratio in different time intervals.

ulations are 0◦-60◦ and −180◦-180◦ respectively. About
1600 showers have been simulated. We selected sec-
ondary muons with momentum values between 0.76-1.60
GeV/c and zenith angles values θ ≤ 17◦ which are close
to energy range and zenith angle range of the telescope.
The muon charge ratio was obtained 1.06 in QGSJET-
GHEISHA models and 1.04 in QGSJET-URQMD models.

5 Concluding remarks

To determine the muon charge ratio in the cosmic rays
flux at the momenta range 0.76-1.60 GeV/c, we carried
out experiments at Sharif University of Technology in
Tehran (35◦43′N , 51◦20′E) and 1200 m above sea level
(890gcm−2) by using a cosmic ray telescope. Because
of background radiation as a noise in decay experiments,
we ran a series of experiments to record background radia-
tion and determine τbg in eq.1. Finally we estimated back-
ground radiation time constant, 284.8 ns and determined
Rμ = 1.15±0.03 in one week time interval. Obtained val-
ues for muon charge ratio in different time intervals show
that the fluctuations are very small and for three-week time
interval and more, Rμ tend to a fixed amount 1.18±0.03.
Meanwhile we simulated EASs with CORSIKA code and
obtained Rμ = 1.06 in QGSJET-GHEISHA models and
1.04 in QGSJET-URQMD models. The muons angular dis-
tribution shows the received flux in west is higher than east
direction and the muon flux is as I(θ) = I(0) cosn θ in
zenith angle θ, with n = 1.90 ± 0.16, n = 1.91 ± 0.15,
n = 1.90± 0.14 and n = 1.92± 0.27 for directions north,
west, south and east respectively.
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