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Abstract. Solar disturbances modulate primary cosmic rays on different time scales. Studying cosmic ray
variation is an important subject that attracts scientists from different disciplines. We have constructed and
installed (in Riyadh, Saudi Arabia, Rc=14.4 GV) a three-layer small (20 × 20 cm2 ) MultiWire Chamber
(MWC) telescope to study cosmic ray variations and investigate their influence on various atmospheric and
environmental processes. Preliminary results obtained from the developed detector are given. The influence
of both atmospheric pressure and temperature was studied. Both the temperature and pressure coefficients
were calculated and were consistent with those previously obtained. Short-term cosmic ray periodicities, such
as the 27-day period, and its two harmonics, have been identified. Sporadic variations caused by some solar
activity processes have been inspected. The obtained results from this detector have been compared to the
existing 1 m2 scintillator detector, as well as to some of the neutron monitors, showing comparable results.
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1. Introduction
Cosmic ray studies are linked to many branches of
physics and astrophysics. Cosmic ray experiments
allow high-energy physics researchers to extend their
interaction models to super-accelerator energies, leading to the discovery of many elementary particles.
Cosmic ray observations provide information for astrophysicists about the interstellar medium, magnetic fields
and the nature of their sources. Cosmic ray studies have
been found to be a valuable tool to search for large disturbed phenomena in the heliosphere (Dorman 2004;
Kudela et al. 2000; Kudela & Storini 2009). Additionally, recent studies have shown that cosmic rays,
due to their capacity to cause ionization, influence various physio-chemical processes, which in turn affect
the global weather and climate (Haigh 1996; Marsh
& Svensmark 2003; Perry 2007; Alania et al. 2008;
Usoskin & Kovaltsov 2008).
Due to the solar disturbances that affect interplanetary space and the heliosphere, primary cosmic rays
are modulated (periodic and sporadic) at different time
scales (Dorman 2006). Sporadic variations, such as

Forbush decreases, are mainly caused by solar transient
events such as solar flares and coronal mass ejections.
Periodic modulation with short durations, such as 1.7
years (El-Borie et al. 2011) and 27 days (Kudela et al.
2000), and long durations, such as 11 years and 22
years, have been identified and studied (Cane et al.
1999; Kozyarivsky et al. 2005; Alania et al. 2008).
Cosmic ray variations have been studied using different instruments and techniques to detect various components with different energies of CRs. These detectors,
such as neutron monitors, muon telescopes, and charge
particle detectors of different types, have been operated at different latitudes, including instruments carried by balloons (Braun et al. 2005; Barbashina
et al. 2006; Stoker 2009; Maghrabi et al. 2011).
As part of the King Abulaziz City for Science
and Technology (KACST) space research program
and radiation detector laboratory activities, we have
constructed and operated a three layer small (20 ×
20 cm2 ) MWPC telescope. The prototype telescope,
installed in Riyadh, Saudi Arabia (Rc = 14.4 GV),
aims to monitor cosmic rays at different time scales
and study their effects on various atmospheric and
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environmental processes. In this paper, preliminary
results obtained from the developed detector will be
given and discussed.

over 15 minutes. The detector has been run during
different periods of time and in different laboratory
conditions, showing stable performance.

2. Detection system

3. Results and discussion

The designed telescope is composed of three layers of
20 × 20 MWC (Sauli 1977) stacked together and powered by a high-voltage supplier (Fig. 1). Each layer
consists of an array of 16 anodes and 16 field wires
(ground potential). MT-10 tracking boards were used
to determine the ionization position inside the detector.
The output signals from the detector are pre-amplified
and selected against the background noise using a
discriminator unit. A Data Acquisition Card (MtRD
Board) receives signals from both the preamplifier and
discriminator chips and from the tracking boards, and
sends them to a Raspberry Pi computer card (Varga
et al. 2013; Oláh et al. 2013). The construction, calibration procedures, and all technical issues have been
described in Maghrabi et al. (2016). A gas mixture of
Ar : CO2 is used at a ratio of 80 : 20. Atmospheric
pressure and laboratory temperatures were measured
by a KACST weather station installed at the roof of the
lab building.
The telescope was designed to operate in a coincidence mode in which the DAC was set to record a
particle that triggers the three layers simultaneously.
This allows us to remove the low-energy background
noise from the electrons and to detect high-energy
muons with adequate accuracy. A dedicated software
was developed to interface with the electronics; storing
the data and recording every 1 ms. The data are then
averaged over a one-minute interval, then averaged

3.1 Atmospheric corrections
To study any variation of cosmic rays correctly, it is
important to correct the recorded muons for local variations of pressure and temperature. The atmospheric
pressure represents the amount of material traversed by
the muons before reaching the detector, whereas the
variations in atmospheric temperature cause changes in
atmospheric density (Yanke et al. 2011; DeMendonça
et al. 2013; Maghrabi et al. 2015a).
The pressure and temperature effect upon the cosmic
ray muons can be expressed as (Duperier 1949; Baker
et al. 1993; Maghrabi et al. 2015b):
I − I0
= α(P − P0 ) + β(T − T0 ).
I0

(1)

Here I0 , P0 , and T0 are the mean values of intensity,
pressure and screen level temperature, for the considered period. α and β are the pressure and temperature
coefficients, respectively, which can be determined
experimentally using a simple linear regression. The
pressure and temperature effect can be treated by two
methods. In the first, the temperature and barometric
coefficients can be obtained by conducting multiple
regressions between the muon rate and both parameters.
In the second method, the barometric coefficient is
obtained, first, by correlating the muon rate with

Figure 1. Schematic diagram of the developed MWC muon telescope.
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the atmospheric pressure; then the pressure-corrected
muon rate is correlated with the temperatures to obtain
the temperature coefficient. In this study, we use the
latter method. Figure 2 shows the muon rate versus
the atmospheric pressure for the MWC telescope and
the 1 m2 detector (Maghrabi et al. 2011) for the period
between September to December 2015. As it was
expected, it can be seen that for both detectors the muon

1

rate is negatively correlated with the atmospheric pressure. A least squares fit between the two variables was
performed. The slope of the linear fit (α) produces
a correction of d(RateMWC )/dp = (−0.18 ± 0.014)%/mb
for the MWC and d(Rate1m2 )/dp = (−0.15 ± 0.019)%/
mb for the 1 m2 detector. These values do not differ
significantly from those obtained previously (Maghrabi
et al. 2016; Maghrabi et al. 2015a).
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Figure 2. Scatter plot between the muon rate from (a) the MWC telescope and (b) the 1 m2 detectors versus the atmospheric
pressure.
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The effect of the atmospheric temperature on cosmic
ray muons is rather complicated and several methods have been elaborated to consider it. Some investigators have used the temperature at screen levels
(DeMendonça et al. 2013; Maghrabi et al. 2015a),
others have used the weighted temperature, which is
a measure of temperature over the whole atmospheric
profile (Maghrabi et al. 2015c), while others have used
the temperature at the pion production level (Duperier
1949; Maghrabi & Almutayri 2016). In this study we
have used the first method. This is due to scarcity of

the atmospheric temperature measurements at certain
atmospheric levels or for the whole atmospheric profile
during the study period.
Figure 3 shows the relationship between screen temperature and the pressure-corrected muon rate for the
MWC telescope and the 1 m2 detector for the period
between September to December 2015. The temperature coefficient was obtained in the same manner in
which the pressure-corrected muon rate linearly fitted
with the screen temperature. The temperature coefficients (βs) from the MWC and scintillator detectors
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Figure 3. Scatter plot between the pressure-corrected muon rate from (a) the MWC telescope and (b) the 1 m2 detector
versus the screen temperature.
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are d(RateMWC )/dT = (+0.070 ± 0.0023)%/T and
d(Rate1m2 )/dT (+0.040 ± 0.0056)%/T respectively. It
is evident that the muon rates increase as the temperature increases (a positive correlation). While this
positive relationship supports our previously found
results (Maghrabi et al. 2015a), it contradicts other
experimental results reported by several researchers.
Detailed investigations on this issue will be necessary
in future.

3.2 Short-term quasi periodicities in CR muons
By applying the atmospheric corrections to the muon
data, cosmic ray modulation can be inferred from
the recorded measurements. Several types of periodic
variations on CR intensities have been reported in
the literature (e.g. Dorman 2006; Cane et al. 1999;
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Kozyarivsky et al. 2005; Alania et al. 2008). Diurnal
variations are considered as the shortest periodic variation caused by the rotation of the Earth around the
Sun, which result in recording cosmic rays with different intensities. The characteristics of the diurnal
variations, such as the amplitude and the phase, have
been heavily investigated by different researchers during different solar phases (Kudela et al. 2003; Mailyan
& Chilingarian 2010).
Figure 4 shows the diurnal variation of the muon
component as observed by (a) the MWC telescope and
(b) the 1 m2 scintillator detector during the period
September 2015–January 2016. It is evident that the
maximum intensity for both detectors occurs around 12 h
UT, corresponding to 15 h LT. Mailyan and Chilingarian
(2010) showed that the muon daily variation is more
complicated than the neutron monitors; hence the
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B=1.07
Ψ1=14.7
Ψ2=-3.5
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A=0.45
B=0.30
Ψ1=14.8
Ψ2=-3.4
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Figure 4. Diurnal variation of the pressure-corrected muon data observed by (a) the MWC telescope and (b) the 1 m2
scintillator detector during the period September 2015–January 2016. The line represents the sum of harmonic function fits
(see text). The time is local time and the units of ’s are hours.
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single harmonic fit is not suitable in this case. Instead,
they suggested that a sum of harmonic functions in the
form of equation (2) is more appropriate.




2π t
2π t
+ψ1 +B ·cos
+ψ2
f(t)=A·cos
24
12

(2)

Here A and B are the amplitude of the 24 h and 12 h
period variations, respectively. ψ1 and ψ2 are the

100

phases of the 24 h and 12 h variations, respectively.
The constants of the best fit of this equation for both
detectors are shown in Figures 4(a) and (b). The correlation coefficient for both detectors was 0.991 and
the root mean square errors (RMSE) for the best fits
were 0.031 and 0.023 for the MWC telescope and 1 m2
detector, respectively. It can be seen that the two harmonics function is better fitting the daily variations of
the cosmic ray muons observed by the two detection
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Figure 5. (Continued).
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Figure 5. Power spectral density for the cosmic ray muons recorded by the MWC telescope for (a) the whole frequencies;
(b) for frequency windows 1.0 × 10−3 − 2.1 × 10−3 and 2 × 10−3 − 3 × 10−3 , and (c) 3.1 × 10−2 − 1.1 × 10−1 . The frequency
unit is (1/h).

systems. For instance, the amplitude of the variation
for the MWC is about 1.1% and the first phase (ψ1 ) is
3.9 radians, which corresponds to 11:24 UT or 14:24
LT. Similarly the 1 m2 detector has an amplitude of
about 0.45 and ψ1 occurs at 14:33 LT. On the other
hand, the minimum variations for both detectors happen around 3:30 LT. These results are within the range
of the values reported previously by several investigators (Kudela et al. 2003; Kozyarivsky et al. 2005;
Mailyan & Chilingarian 2010).
Power spectral analyses have been carried out to
explore short-term periodicities in the muon data
collected by the MWC telescope. Figure 5(a) is a
periodogram showing significant peaks of varying
amplitudes across all the frequencies. The common
periodicities are displayed in the figure. These are 9.5
days, 4.4 days, 6.6 days, 1 day and 0.5 day. We expect
that more significant peaks existed in the data, but due
to the strength of the significant peaks, the others will
disappear. Therefore, cosmic ray intensity oscillation
at other frequencies has been studied by separating the
spectrum into different (windows) frequency intervals.
This cut will not affect the identification of the
peaks; their position, but only their relative amplitude.

Figures 5(b)–(d) show the power spectral density for
the windows (i) 3.1 × 10−3 –4.1 × 10−3 (ii) 2 × 10−3 –
3 × 10−3 and (iii) 3.1 × 10−2 –1.1 × 10−1 1/h. Some
common periods such as 25.5 days, 13 days and 7 days
have been identified (Gil et al. 2005; El-Borie et al.
2011).

3.3 The 6th–7th November 2015 Forbush decrease
In addition to those regular variations, there are some
short-term variations in cosmic ray intensities that have
been reported. Forbush decrease (Forbush 1957) is one
of these transient variations and can be defined as a
sharp, sudden reduction of cosmic ray intensity followed by a gradual recovery over a period of a few days
(Alania et al. 2008; Usoskin et al. 2008). Because of
the association between the intensity of a cosmic ray
and low-energy particles, FD is usually studied using
data from neutron monitors. However, higher energy
(GeV range) observations of FDs can be quantitatively studied and correlated with neutron monitor data
using data from muon telescopes (Hippler et al. 2007;
Barbashina et al. 2006; Braun et al. 2005) such as the
KACST muon detector (Maghrabi et al. 2011).
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Figure 6. Hourly pressure-corrected cosmic ray data from 5th–15th November 2015 showing the Forbush decreases
observed by the MWC telescope.

On the 6th–7th November 2015, a small (about 4%)
FD was observed by several cosmic ray monitors;
the detectability of this event by the developed MWC
telescope was investigated.
Figure 6 shows data taken by the MWC telescope for
the period between 5th–15th November 2015. Around
15:00 on the 6th, the muon rate started to decrease,
from 3.9% and reached −0.5 at 00:00 on the 7th of
November. Then the muon intensity recovered quickly
to the pre-decrease level at 07:00 on the 7th. This Forbush decrease has an unusual recovery phase of several
hours instead of several days. At 08:00, on the same
day, the muon rate was 3.6%, and reduced to 1.2% at
09:00. Around 18:00 the rate was 3.4% and reached
0.14% at 22:00 the same day. A sharp increase from
1.9% to 5% on the 8th between 07:00 to 09:00 was
recorded. The muon rate remained around 1%, when
it then decreased to 3% at 20:00. For the rest of the
period, the muon rate observed by the MWC telescope
resumed its daily variation.
The behavior of the 1 m2 scintillator detector, which
is located at the same site, and some cosmic ray

monitors during the 5th–15th November 2015 is shown
in Fig. 7. These stations are located at different latitudes
and have different cutoff rigidities. Generally speaking, the detectability of the 6th–7th Forbush decrease
by our newly designed MWC is consistent with the
1 m2 detector and with those from other cosmic ray
stations. However, during the considered period there
were some times when the cosmic ray intensity variation profile observed by MWC telescope and the 1 m2
detector are different from each other. The difference
in the field-of-view, the effective area, and the energy
response to the primaries of both detectors are all
possible explanations for this inconsistency.

4. Conclusions
The modulations of primary cosmic rays caused by
solar disturbances have become an important subject
for several research activities due to recent studies that
connect the influence of the cosmic rays with atmospheric
physical-chemical processes. Different instrumentations
and techniques have been elaborated to study cosmic
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Figure 7. Hourly-pressure-corrected cosmic ray data from 5th–15th November 2015 from (a) 1 m2 KACST scintillator
detector (Maghrabi et al. 2011), (b) climax, (c) Olou, and (d) Rome monitors. Data were obtained from http://www.nmdb.eu/.

ray variations. In response to this demand and to
advance our space research activity program, we have
built and operated a three-layer small (20 × 20 cm2 )
MWC telescope. The prototype telescope, installed
in Riyadh, Saudi Arabia complements the previously
installed 1 m2 muon detector. The aim of this detector is to study cosmic ray variations at different time
scales and to study the relationship between cosmic rays and various atmospheric processes. Data
from the MWC and the 1 m2 scintillator will allow
researchers to explore the cosmic ray variations beyond
the energy ranges of extant cosmic ray detectors. Preliminary results obtained from the developed detector
showed that, although small, the detector is capable
of recording various types of cosmic ray variations
to a comparable performance as the 1 m2 detector, as well as other cosmic ray detectors around the
world.
Short- and long-term variations in cosmic ray muons
can be studied, in detail, in the future by running the
MWC detector for longer periods. Transit cosmic ray
modulations can also be studied using data from the
MWC telescope. The relationship between cosmic rays
and atmospheric phenomena can also be investigated
using the data from the MWC.
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data including LominskyŜtit, in: Proceedings of 21st
ECRS.
Kudela, K., Storini, M. 2009, Adv. Space Res., 37, 1443.
Kudela, K., Storini, M., Hofer, M. Y., Belov, A. V. 2000,
Space Sci. Rev., 93(1–2), 153.
Maghrabi, A. H., Al Harbi, H., Al-Mostafa, Z. A., Kordi,
M. N., Al-Shehri, S. M. 2011, Adv. Space Res., 50(6), 700.
Maghrabi, A., Al Oataibi, R., Almotery, M., Garawi, M.
2015a, Adv. Astronomy, doi: 10.1155/2015/939146.
Maghrabi, A., Al Oataibi, R., Almotery, M., Garawi, M.
2015b, The temperature effect on cosmic-ray intensity as
observed at mid latitude city, in: 24th ECRS September
1–5 Christian-Albrechts-Universitaet zu Kiel, Germany,
number: S2–549.
Maghrabi, A., Almutayri, M., AlHarbi, H., Baig, M. 2015c,
Atmospheric-weighted temperature and its influence on
cosmic ray muons, in: 34rd International Cosmic Ray
Conference-ICRC2015, The Hague, The Netherlands (30
July 5–August 2015).
Maghrabi, A. H., Almutayri, M. 2016, Atmospheric Effect
on Cosmic Ray muons at High Cutoff Rigidity Station,
Advances in Astronomy, doi: 10.1155/2016/9620189.

Page 11 of 11

1

Maghrabi, A., Al Enizy, M., Aldosari, A., Almuteri, M.
2016, A small multi-wire telescope for high energy cosmic
ray muon detection; Progressing Report, KACST-IRU 305.
Mailyan, M., Chilingarian, A. 2010, Adv. Space Res., 45,
1380.
Marsh, N., Svensmark, H. 2003, Space Sci. Rev., 107, 317.
Oláh, L., Barnaföldi, G., Hamar, G., Melegh, H., Surányi, G.,
Varga, D. 2013, Cosmic Muon Detection for Geophysical
Applications Advances in High Energy Physics, 2013,
Article ID 560192, 7.
Perry, C. 2007, Adv. Space Res., 40, 353.
Sauli, F. 1977, Principles of operation of multiwire proportional and drift chambers, CERN-77-09.
Stoker, P. H. 2009, Adv. Space Res., 44, 1081.
Usoskin, I. G., Braun, I., Gladysheva, O. G., Horandel, J. R.
et al. 2008, J. Geophys. Res., 113(A07102), 1.
Usoskin, I. G., Kovaltsov, G. A. 2008, Geoscience, 340, 441.
Varga, D., Kiss, G., Hamar, G., Bencédi, G. 2013, Nuclear
Instruments and Methods in Physics Research A, 698, 11.
Yanke, V. et al. 2011, Temperature effect of general component seen by cosmic ray detectors, in: Proceedings of 32nd
International Cosmic Ray Conference, vol. 11, pp. 377–380.

