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Abstract: This paper presents the construction and the installation of a single channel muon detector in Riyadh
(lat. 24 43; long. 46 40; alt. 613 m, Rc=13 GeV), Saudi Arabia. The detector will be used to continuously measure
the intensity of the muon components of the cosmic rays, exploring its variations on different time scales and
possible correlations with environmental parameters. The technical aspects of this work will be briefly discussed.
Some experimental results from the detector will be presented. Future plans for developing this detection system
will be given. Finally, we will, discuss our plans for establishing a cosmic ray outreach program for high school
and university students using such type of detectors.
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1 Introduction
Solar variability modulates the cosmic ray (CR) flux on dif-
ferent timescales. The CR flux measured on Earth is anticor-
related with the variations in the solar activity on an 11-year
timescale. Shorter timescale variations are also observed
during the Forbush decreases. The modulation of cosmic
ray by solar activity results in changing the global electrical
properties of the atmosphere, which is in turn believed to
affect weather and climate which attracts interest scientists
from different field of research [1, 2, 3]. Cosmic rays are
important to space weather because they can be used as an
effective instrument for space weather monitoring and fore-
casting dangerous phenomena [4, 5, 6]. Extensive measure-
ments of CR variations in space and on the ground began
more than 70 years ago. These measurements have been
conducted by a variety of instruments that were sensitive to
various components of CRs and operated at different lati-
tudes, longitudes and altitudes [7, 8]. Ground-based cosmic
ray monitors considered as the most effective tools to study
cosmic ray variations and its link to different applications.
Therefore, monitoring cosmic ray variations on different
time scales is of a great importance. This paper presents
our efforts in building and installing a simple muon detec-
tor (Riyadh, Saudi Arabia) for CR modulation studies. The
basic of this detection system and some of its preliminarily
results will be discussed.

2 The Detection System
The design, the assembly, running, and calibration process
were made at National Center for Mathematics and Physics
(NCMP) lab in King Abdulaziz City for Science and Tech-
nology (KACST), Saudi Arabia. The lab is located at the
first floor of the lab area North-West of the KACST main
building with approximately 80 g/cm2 of concrete building
material above it. Simulations using MMC software [8] re-
vealed that the primary cosmic rays reaching the detector
have energies of approximately 10 to 20 GeV with a maxi-
mum occurring at 13 GeV.

Figure (1) is a schematic diagram that shows the setup
of the detection system. The detector consists of a 250 m-

Fig. 1: Schematic diagram of the muon detector and its
components.

m 250 mm 50 mm sheet of transparent plastic scintillator
viewed by a photomultiplier tube (PMT). The photomulti-
plier and the scintillator are contained in a light-tight enclo-
sure. The output signals are amplified using a commercial
preamplifier and amplifier. The amplified signals are dig-
itized by the A/D converter and then linked to a PC card.
Atmospheric pressure and lab temperatures were measured
by locally designed barometric and temperature sensors.

Each part of the detector has passed separate laboratory
tests, and then a complete tests for the detector were con-
ducted. These include testing the spectroscopy of the PMT,
checking the performances of the electronics and, setting
up the optimal high voltage and the threshold of the dis-
criminator. Procedures of these calibration process and their
results are detailed in [9].

3 Muon Detector Observations
3.1 Atmospheric Effect
The rate of muon detection depends on a number of meteo-
rological factors, such as atmospheric pressure and temper-
ature. Correction for local variations of these factors must
be made to determine the properties of the primary cosmic
rays. The effect of the atmospheric temperature is most im-
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Fig. 2: The time variation of the raw muon count data from
our muon detector and the corresponding variation of the
atmospheric pressure for the period between 6-1-2013 to
16-1-2013.

Fig. 3: Diurnal variation of the corrected cosmic ray muons
recorded by the KACST detector for the time period Dec
2012 Feb 2013.

portant in the upper atmosphere and it is small compared
to the atmospheric pressure effect. [10]. Muons lose ener-
gy and decay on the way from their production site in the
atmosphere to the detector, yielding a dependence of the
detected rate on the amount of material traversed above the
detector. Figure (2) shows an example of the effect of at-
mospheric pressure on the muon rate over a period of thir-
teen days (1-16 January 2013). It is evident from the figure
that the muon count rate is anticorrelated with atmospheric
pressure.

The barometric coefficients were determined using cor-
relation analysis for the muon data collected between De-
cember 2012 and February 2013. The analysis yield a cor-
rection parameters of d(Rate)/dp = (-0.21 0.03)% / hPa.
The data are in good agreement with these published in the
literature [10, 11].

3.2 Diurnal Variations
Daily variation in CR intensity is due to the daily rotation
of the earth, which allows the detector to view regions of
greater and lesser CR intensity. Diurnal variations can be
characterized by the amplitude (maximal value) and phase
(time of the maximal amplitude). Figure (3) shows the
diurnal variation of the muon component as observed by
the detector. The method of superimposed epochs was used
for the time period December 2012 and February 2013 . It
is visible in the detector data that the maximum intensity
occurs at 14 h UT, corresponding to 17 h local time. These
results are consistent with those reported previously (e.g.,
[12])

Fig. 4: Hourly pressure-corrected cosmic ray data from 14-
22 March 2013 showing the Forbush decrease observed by
our muon detector.

3.3 Forbush Decreases
Forbush decreases is a sharp, sudden reduction of cosmic
ray intensity followed by a gradual return to earlier levels
over a period of a few days. This decrease is due to transient
solar phenomena such as flares or coronal mass ejection.
The study of Forbush decreases have been the subject of
many papers (e.g. [13]). Fig (4) shows the first Forbush
decrease observed by our detector, which occurred on
18-March-2013. A reduction of about 10% is observed
response to this event. Detailed investigations of this event
by our detector and other cosmic ray monitors will be the
subject of future work.

4 Future plans and Studies
1. In the near future, we are planning to deploy cosmic

ray muon detectors, similar to the one described here,
at high schools and colleges as part of an outreach
and education effort.

2. Monitoring cosmic ray variations on different time
scales.

3. Studying the impact of severs meteorological param-
eters such as dust storms, which commonly found in
Saudi Arabia, on CR intensity.

4. Developing different types of cosmic ray detectors,
namely Cerenkov water detectors, GEM based detec-
tors and neutron monitors.

5 Conclusion
We have locally designed and operated a small single
channel muon detector for cosmic ray modulation studies.
Preliminarily observations from the detector were presented.
Future plans for developing this detection system and
building different type of detectors were given. Our plan for
establishing a cosmic ray outreach program for high school
and university students using such type of detectors was
discussed.
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