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The rate of the detected cosmic ray muons depends on the atmospheric mass, height of pion production level, and temperature.
Corrections for the changes in these parameters are importance to know the properties of the primary cosmic rays. In this paper,
the effect of atmospheric mass, represented here by the atmospheric pressure, on the cosmic ray was studied using data from the
KACSTmuon detector during the 2002–2012 period.The analysis was conducted by calculating the barometric coefficient (𝛼) using
regression analysis between the two parameters. The variation of 𝛼 over different time scales was investigated. The results revealed
a seasonal cycle of 𝛼 with a maximum in September and a minimum in March. Data from Adelaide muon detector were used, and
different monthly variation was found. The barometric coefficient displays considerable variability at the interannual scale. Study
of the annual variations of 𝛼 indicated cyclic variation with maximums between 2008 and 2009 and minimums between 2002 and
2003. This variable tendency is found to be anticorrelated with the solar activity, represented by the sunspot number. This finding
was compared with the annual trend of 𝛼 for the Adelaide muon detector for the same period of time, and a similar trend was
found.

1. Introduction

The rate of the detected cosmic ray muons depends on a
number of meteorological factors, mainly the barometric
effect, height of pion production level, and the temperature
effect [1–4]. Correction for local variation in these factors has
to be performed to determine the properties of the primary
cosmic rays [5, 6]. While the temperature effect is generally
determined by the overall profile of the atmosphere from the
level of origin to the detection level, the barometric effect
is determined only by the pressure at sea level. The rate of
the detected cosmic ray depends on the amount of material
traversed above the detector, and the barometric pressure is
taken as a measure of this mass [7–11].

It is very important to derive a certain appropriate bar-
ometer coefficient (𝛼) to make a reliable correction of the
counting rate for the atmospheric pressure.

Several studies have revealed that the value of the baro-
metric coefficient (𝛼) depends on a number of factors, such
as the nature of the secondary component being detected and
the geomagnetic latitude of the location [12–16].

In this paper, cosmic ray data from the KACST muon
detector over a period of eleven years were used to derive and
study the distribution in the barometer coefficient (𝛼) over
different time scales.

2. Instrumentation and Methods

Cosmic ray measurements were obtained from a KACST
muon detector installed at Riyadh (lat. 24 43; long. 46 40;
alt. 613m; Rc = 13GeV) Saudi Arabia for the period between
2002 and 2012.The detailed descriptions for this detector and
calibration procedures are given in [17–20].

The detector consists of 1000mm × 1000mm × 50mm of
plastic scintillator viewed by a photomultiplier tube (PMT).
The outputs from the photomultiplier are amplified and
digitized by analogue to digital converter, which is linked to
a PC card. Atmospheric pressure and lab temperatures were
instantaneously measured by locally designed sensors.

Due to the difficulty of maintaining yearlong measure-
ments, there have been some downtimes in the operation
of the detector causing data loss for some times during
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Figure 1: Scatter plot between the pressure and the muon count rate for different days; the straight line is the best fit line in which the slope
is the barometric coefficient found in (2).

the period of measurements. We have linearly interpolated
up to 5 consecutive missing data points for a certain day.
Larger gaps were not considered, and the days that have such
large amounts of missing data are excluded from the analysis.
Data for barometric coefficient calculation is selected at time
periods when there were no large solar flares, magnetic
storms, or Forbush decreases.

The intensity of the secondary cosmic ray varies with the
change in the atmospheric pressure as [15, 21]

𝑑𝐼

𝐼

= 𝛼𝑑𝑃, (1)

where 𝐼 is the cosmic ray rate at pressure 𝑃 and 𝛼 is the
barometric coefficient. For the 𝑖th hour reading of intensity
𝐼
𝑖
and pressure 𝑃

𝑖
, the relationship can be written as
𝐼
𝑖
− 𝐼0
𝐼0
= 𝛼 (𝑃

𝑖
−𝑃0) . (2)

𝐼
0
and 𝑃
0
are the mean values of intensity and pressure for the

time period being considered. A least squares fit between the
hourly values of muon intensities and atmospheric pressure
for each day was performed, and the daily value of 𝛼 was
obtained (Figure 1). To understand the distribution of the
barometric coefficient by month, daily 𝛼 values were binned
into 12 categories. To investigate the seasonal variations, data
were divided into four seasonal groups. Annual variations
were studied by taking the twelve-month mean of daily 𝛼
values.

3. Results and Discussion

3.1. The Distribution. Figure 2 indicates the frequency distri-
bution of the calculated daily values of 𝛼 for 2717 days. The
skewness and the kurtosis for this distribution were −0.632
and 2.12, respectively. 𝛼 ranges between −0.61%/hPa and
−0.001%/hPa with a mean value of −0.18 ± 0.001%/hPa. This
wide range of variability can be attributed to several factors.
For example, local, regional, and large scale changes in the
atmospheric conditions can severely change the atmospheric
mass above the detector. Moreover, some extraterrestrial
factors affecting either the muon observations or the atmo-
spheric pressure cannot be excluded [22]. It is obvious that
the broad range of barometric coefficients supports the idea
that the determination of 𝛼 over longer periods is of great
importance for any cosmic ray detecting experiment and
modulation study [16, 21, 23–25].

Figure 3 demonstrates the diversity of using different
values of 𝛼 to correct the effect of the atmospheric pressure
on the muon rate. It presents data collected over a period
of one month. The three 𝛼 values used were the eleven
years value (𝛼

11
), the value obtained for that month (𝛼Jan),

and twice the eleven years value (𝛼0.33). It can be seen that
the phases of the corrected data obtained from the three
coefficients agreed for all the times. However, differences in
the observed rate of approximately 1.7% and 2.4% between
𝛼0.33-𝛼11 and 𝛼0.33-𝛼Jan, respectively, were found during some
times. In some situations, above one percent is considered
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Figure 2: The frequency distribution of the calculated daily values of the barometric coefficients, 𝛼, for 2717 days.
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Figure 3: The effect of using different values of 𝛼 to correct the effect of the atmospheric pressure on the detected cosmic ray muon for the
whole month of January 2003. The 𝛼 values used were 𝛼11 (eleven years average value), 𝛼Jan (obtained for this specific month), and 𝛼0.33.

to be a large change, particularly in studying certain cosmic
ray variations such as the diurnal variations and Forbush
decreases [25, 26]. The above results evidently indicated that
one should carefully choose the suitable pressure correction
prior to any cosmic raymodulation studies [27]. Based on the
above results, we suggest that the𝛼

11
is themost suitable value

for any pressure correction in Riyadh.

3.2. Monthly Variations. The monthly variations of 𝛼 during
the study period are presented in Figure 4. The barometric
coefficient exhibits a slight increase of approximately 4% from
March until May. Then, it increases dramatically to reach
its maximum in September when it then starts to decrease
again. The maximum increase was approximately 30% from
the monthly mean value. It is noticeable that the mean
monthly 𝛼 variation follows the mean monthly variation of
air temperature in some months but not all of them.

November andDecember exhibited a deviation (from the
mean value of eleven years, 𝛼

11
) of less than 2%. February,

April, and August deviated by approximately 10%. In March,
May, and July, the deviations were −6.374%, −8.477%, and
5.289%, respectively. Whereas June exhibited the minimum
deviation of −0.072%, September exhibited a deviation of
approximately 15%.

Cosmic ray data from Adelaide muon detector for the
period 2003–2012 were used for comparison purposes [4].
Least squares fit between the monthly cosmic rays intensities
and atmospheric pressure was performed to obtain the baro-
metric coefficients. Monthly variations of 𝛼 from this site are
presented in Figure 5. It is apparent that, although the Ade-
laide detector has almost the same technical specifications as
our detector, its monthly variation was opposite to ours. The
barometric coefficient reaches its maximum value in winter
(southern hemisphere) and its minimum value in summer.



4 Advances in Astronomy

−0.22

−0.21

−0.2

−0.19

−0.18

−0.17

−0.16

−0.15

1 3 5 7 9 11
Month

𝛼
(%

/h
Pa

)

Figure 4: The monthly variations of 𝛼 [%/hPa] over Riyadh for the whole study period.
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Figure 5: It is the same as Figure 4 but for Adelaide muon detector.

These monthly differences between two stations having the
same detection system cannot be solely contributed to the
temperature variations. This fact indicates that other factors,
such as othermeteorological and atmospheric causes, need to
be considered.

3.3. Seasonal Variations. Table 1 presents the mean, maxi-
mum, andminimum values of 𝛼 for the four seasons. In addi-
tion, the mean, minimum, and maximum calculated devi-
ations of 𝛼 from the 𝛼

11
are presented.

Inspection of the data indicates that the lowestmean value
of 𝛼 was in winter followed by summer. Both fall and spring
have nearly the same mean values, for which their deviations
from the 𝛼

11
were the minimum. The maximum obtained

value was in fall (−0.605) followed by spring (−0.559), while
the minimum 𝛼was in summer and spring. It is clear that the
deviations of these values from the 𝛼

11
were extremely high.

Figure 6 presents the seasonal (interannual) variations in
𝛼. Apart from an unexplained decrease in 2004, the general
trend during this period for all the seasons is a gradual
decrease in 𝛼 from 2002, reaching the minimum in 2008.
Then, it starts to increase at different levels from one season
to another.

It is beyond the scope of the present study to investi-
gate the mechanisms responsible for this variability because

detailed information and different types of data sources are
needed.

3.4. Annual Variations. Figure 7(a) shows the twelve-month
running mean of the 𝛼 (annual values). The main observed
trend during this period is a gradual decrease in the baromet-
ric coefficient that started in 2002 (−0.22) and stayed around
theminimum in 2009 (−0.13).Then, it starts to increase again.

The variable tendency of the annual 𝛼 values can be
investigated in association with the solar activity as noted
by several others (e.g., [26], and others). In this regard,
the mean monthly sunspot numbers (SSN) were used as an
indicator for the solar activity.These data were obtained from
Solar Geophysical Data (SGD) of the National Oceanic and
Atmospheric Administration (NOAA) and theNational Geo-
physical Data Center (NGDC) of the USA. The relationship
between the two parameters is displayed in Figure 7(a). It
demonstrates that there is a close association between the
two parameters in which 𝛼 is in inverse relationship with
the SSN. Figure 7(b) shows the same relationship between
the annual variations of 𝛼 and the SSN, but for Adelaide
muon detector. Nevertheless, previous studies [28] showed
that there is a positive relationship between the barometric
coefficients obtained from neutron monitors and the SSN.
The agreement between the twomuon detectors found in this
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Table 1: Summarization of the mean, maximum, andminimum values of 𝛼 for the four seasons.The last three columns are mean, minimum,
and maximum deviations of 𝛼 from the 𝛼

11
.

Season Mean
[%/hPa]

Max.
[%/hPa]

Min.
[%/hPa]

Mean dev.
%

Max. dev.
%

Min. dev.
%

Fall −0.1841 −0.605 −0.008 0.636 230.601 −95.628
Spring −0.1869 −0.559 −0.003 2.140 205.464 −98.360
Summer −0.1651 −0.517 −0.001 −9.753 182.513 −99.453
Winter −0.158 −0.480 −0.011 −13.261 162.295 −93.989
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Figure 6: Time series of interannual variation of 𝛼 [%/hPa] for the four seasons.
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Figure 7: (a) The annual values of the barometric coefficient 𝛼 for Riyadh and the sunspot number (SSN) for the period 2002 to 2012. (b) is
the same as (a) but for Adelaide muon detector for the period 2003 to 2012.

study (inverse relationship between 𝛼 and the SSN) may be
somehow related to the temperature effect on the cosmic ray
muons. This issue is the topic of ongoing research.

4. Conclusion

The atmospheric corrections for muon detectors are assum-
ing pressure, height of pion production level, and tem-
perature. This paper provides first step in the atmospheric

correction, namely, the correction to the total mass (repre-
sented by the atmospheric pressure) above the detector. The
barometric coefficient (𝛼) was calculated using regression
analysis between atmospheric pressure and cosmic ray data
obtained from KACST muon detector for the period 2002–
2012. It was found that that barometric coefficients exhibit a
wide range of values. This result proves that the appropriate
barometric coefficient needs to be determined by long-term
monitoring of the atmospheric pressure and cosmic ray
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flux. The variation of 𝛼 over different time scale was inves-
tigated. The results revealed a seasonal cycle of 𝛼, which,
to some extent, follows the mean monthly variation of
air temperature. Data from Adelaide muon detector (same
as our detector but located in the southern hemisphere)
showed that 𝛼 reached its maximum value in winter and its
minimumvalue in summer. Yet, no clear explanations for this
discrepancy between the two sites can be reached.

The barometric coefficient displays considerable vari-
ability at the interannual scale. No clear conclusion can
be reached; however, the interannual variations in air-mass
frequency over the study region may be a possible cause.
Study of the annual variations of 𝛼 indicated cyclic variation
with maximums between 2008 and 2009 and minimums
between 2002 and 2003. This variable tendency of 𝛼 is found
anticorrelated with solar activity, represented by the sunspot
number. This finding was in agreement with data obtained
from the Adelaide muon detector.

The effect of atmospheric temperatures and the height of
the pion production level on the cosmic ray muons is the
subject of ongoing research activity.
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