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~ 12 GV). We present four different methods for atmospheric temperature correction of the recorded flux. 
While one of these is an integral method, the other three are empirical methods. We compare the resulting cosmic ray 
flux using these different corrections, in different timescales from seasonal time variations up to the timescale related 
to the solar activity cycle. 

1 Introduction

A seasonal cosmic ray intensity variation is widely 
observed by muon detectors. The Figure 1 shows this 
variation through cosmic ray data detected by the 
CARPET detector which is located in the southern
hemisphere. In this figure it is easy to identify periods of 
minimum count rate close to January and periods of 
maximum count rate close to July (black line, top panel) 
This variation is well correlated with ground temperature 
changes observed at the CARPET location (black line, 
bottom panel). Also, there is an anti-correlation between 
the cosmic ray intensity observed by the Nagoya Multi-
Directional Muon Detector (grey curve, top panel) 
located in the northern hemisphere and that observed by 
the CARPET detector. 
The cosmic ray intensity seasonal variation presents its 
maximum in the winter and its minimum in the summer. 
The temperature effect on the cosmic ray intensity is the 
main responsible for this variation which presents two 
components: a negative and a positive effect [1]. The 
negative effect corresponds to the decrease of the muon 
intensity at ground level, which occurs because more 
muons decay due to the increase of their propagation 
path during the heating and the expansion of the 
atmosphere from winter to summer [2]. The positive 
effect is related to the muon generation through decay of 
charged pions. [3,4]

Figure 1. Top panel: the seasonal variation detected by 
the N12 channel of the CARPET (black continuous 
curve) and by the vertical channel of the Nagoya Multi-
Directional Muon Detector (grey dotted curve). Bottom 
panel: the atmospheric pressure (dashed line) and the 
surface temperature (continuous black line) observed at 
the CARPET location.

Generally the temperature effect on cosmic ray intensity 
is analyzed empirically and it is characterized by one or 
more terms of the following equation:
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where (�I/I)T is the normalized deviation of the cosmic 
ray intensity due the temperature effect, �T(hg) is the 
ground temperature deviation, ����M) and ����M

There is also a theoretical approach to describe the 
temperature effect, as shown by the following relation: 

) are 
respectively the height and the temperature deviations 
where the production of secondary particles is maximum 
(where the atmospheric pressure is ~100 hPa).
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where (�I/I)T

In this work we compare four different ways to describe 
the temperature effect: (I) considering the ground 
temperature variations, e.g. the first term in Eq. (1); (II) 
considering the temperature variations at the altitude of 
maximum secondary cosmic ray production, e.g. the 
third term in Eq. (1); (III) considering the first and the 
third terms in Eq. (1); and (IV) considering Eq. (2).

is the deviation of the cosmic ray intensity 
due the temperature effect observed at an atmospheric 
pressure p, �T(x) is the temperature deviation at a given 
atmospheric pressure x, �(x) is the temperature 
coefficient in this pressure x [5].

2 Instrumentation 

For this study we have used the cosmic ray intensity data
obtained by the CARPET detector shown in the Figure 2, 
the surface temperature data measured by a local
meteorological station, and the atmospheric temperature 
in the altitude range 14-150 km measured by the SABER
(Sounding of the Atmosphere Using Broadband Emission 
Radiometry) instrument on NASA’s TIMED
(Thermosphere, Ionosphere, Mesosphere, Energetics and
Dynamics) mission. 

Figure 2. The CARPET detector

The CARPET instrument consists of 24 blocks of        
gas-discharge cylindrical STS-6 Geiger counters, located 
on a platform of ~1.5×1.5 m in size. Each counter has a 
diameter of 1.9 cm and length of 9.8 cm; the thickness of 
its steel walls corresponds to 0.05 g cm–2. Each block 
consists of five upper and five lower counters, separated 
by an aluminum absorber with a thickness of 7 mm (2 g 
cm–2

The energy detection thresholds in channels N1 and N2 
are E > 200 keV for electrons, E > 5 MeV for protons, 
and E > 20 keV for photons (with an efficiency of a less 
than 1%). The N12 channel detects electrons with 
energies E > 5 MeV, protons with E > 30 MeV, and 
muons with E > 20 MeV. Then, at ground surface levels,
secondary muons are the main contribution to the N12 
channel, while the N1 and N2 channels detect mainly the 
electron–photon component of secondary cosmic rays. 

). The electronics of the instrument allows the 
recording with a time resolution in the range from 250 
ms to 10 s. In the present paper we use an integration 
time of 500 ms and three observing channels: (I) N1 
(total count of the 120 upper counters), (II) N2 (total

count of 120 lower counters), and (III) N12 (total count 
recorded in coincidence between lower and upper tubes). 

The CARPET detector was installed in April 2006 at 
CASLEO (Complejo Astronomico El Leoncito), San 
Juan, Argentina, (31ºS, 69ºW, Rc

The ground temperature data is provided by a 
meteorological station installed near the CARPET 
detector. The temperature profiles are obtained by the 
SABER instrument onboard the TIMED spacecraft          
(http://saber.gats-inc.com). We have selected the 
temperature height profiles above CASLEO’s location 
(area within 20ºS - 40ºS, 60ºW - 80ºW).  These data are 
processed such as to get a daily mean temperature profile
(between 14 and 111 km of altitude) with a resolution of 
0.5 km. 

11.8 GV, 2550 m of 
altitude). CARPET was designed and developed by the 
Lebedev Physical Institute (LPI, Moscow, Russia) within 
an international scientific cooperation between the LPI,
the CRAAM (Centro de Radio Astronomia e Astrofisica 
Mackenzie, São Paulo, Brazil) and CASLEO. 

3 Analysis and Results

The database used in this work is composed of the
cosmic ray intensities and temperatures measured
between April 2006 and August 2010. The data were 
processed as to get �I/I, i.e. the variation of the cosmic 
ray intensity relative to its mean value calculated during
the same period, and the temperature deviations at a 
given altitude. 
Comparing �I/I and the ground temperature deviations, it 
is possible to see a clear anti-correlation. On the other 
hand, when comparing �I/I and the temperature 
deviations at 16,5 km (~ the altitude of the maximum 
production of secondary cosmic rays), it is possible to 
see a clear correlation. 
The ground temperature coefficient (KG) for the three 
CARPET’s channels obtained from the anti-correlation 
between �I/I and �T(hG) are: -0.35 ± 0.01, -0.23 ± 0.05
and -0.40 ± 0.02 %/ºC for N1, N2 and N12 respectively. 
The temperature coefficient (KM) obtained from the 
correlation between �I/I and �T(hM) are: 0.40 ± 0.05, 
0.34 ± 0.03 and 0.67 ± 0.09 %/ºC for N1, N2 and N12 
respectively. The positive values of KM indicate that the 
temperature effect at the altitude of maximum production
of secondary particles is related to the temperature 
influence on pion decay (a positive effect). By contrast,
the negative values of KG indicate that the temperature 
effect on the ground is more related to the expansion of 
the atmosphere (a negative effect).  
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The cosmic ray intensity is corrected for the temperature 
effect using KG values for the first method and using KM
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values for the second method as the following equation:

(3)

where (�I/I)C is the normalized deviation of the cosmic 
ray intensity corrected for temperature effects, (�I/I) is 
normalized deviation of the cosmic ray intensity 
measured by the CARPET detector and (�I/I)T

The corrected data using the first method presents a 
reduction of ~75% on the amplitude of the seasonal 
variation, while when using the second method the 
reduction is of ~15%. Practically, there are not many 
differences between the cosmic ray intensity corrected by 
the second method and the cosmic ray observed. 
However, there is a significant difference between the 
data corrected by the first method and the measured data.  

is the 
normalized deviation of the cosmic ray intensity due the 
temperature effect and calculated as explained above. 

When the third method is applied, in order to avoid an 
over correction of the cosmic ray data, first the data is 
corrected using the values of KM already shown, after
new values of the ground temperature coefficients (KG2)
are calculated trough the correlation between               
KM-corrected �I/I and �T(hG). Finally, the data is 
corrected again using the values of KG2

The analysis of the temperature effect on the cosmic ray 
intensity through the fourth method is made using Eq. (4)
below:

. The corrected 
data by this method practically do not present a seasonal 
variation. 
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where (�I/I)T is the deviation  of the cosmic ray intensity,
�T(h) is the temperature deviation at a given atmospheric 
altitude h, �(h) is the temperature coefficient for this 
altitude, hI is the altitude where the atmospheric depth is 
close to zero (hI = 111.0 km), hF equals to 14.0 km, 
�T(hG) is the ground temperature deviation (hG

We obtained a value of �(h) for each 0.5 km due to the
resolution of the temperature profiles. These coefficients 
are calculated for channels N1, N2 and N12 as follows: 
�(111km) is first computed by comparing �I/I and 
�T(111km), and, once the cosmic ray data are corrected 
they are used to estimate �(110.5km). This procedure is 
repeated in an iterative way until to get �(14.0km). 
Finally, �	 is calculated comparing the final corrected 
cosmic ray data and �T(h

= 2.5 
km) and � is the temperature coefficient on the ground. 

G

As it is possible to see in Figure 4, the seasonal variation 
which was very pronounced in the uncorrected data has 
been practically removed  and do not appear in the final 
data corrected using the fourth method. 

). Figure 3 shows the values of 
� obtained for the N12 channel. The obtained � was 
equal - 0.09 ± 0.02 %/ºC.

Figure 3. The grey continuous curve represents the ���

values obtained and the black dashed curve represents 
the general trend of these coefficients.

Figure 4. The uncorrected cosmic ray intensity detected 
by the N12 channel (top panel) and the corrected data 
using the 4th method. 

On longer timescale variations related to the solar 
activity cycle, it is possible to observe significant 
differences between the initial uncorrected data and those 
corrected using each method described above. For this 
analysis we have used a 13 months running mean on the 
cosmic ray data. In Figure 5 we show the cosmic ray 
intensity corrected using the first method (grey curve 
with diamonds), the second method (grey curve with 
triangles), the third method (grey curve with squares), the 
fourth method (black curve with crosses), the 
uncorrected data (dashed black curve). For comparison 
we have included the Moscow neutron monitor data
(diamonds) observed during the same period between 
2006 and 2010. 
In this Figure we note that the uncorrected data presents 
a very flat intensity maximum (between 2007/12 and
2008/12), while the corrected data tend to present a more 
defined peak during the last months of 2008. In particular 
the curve representing the data corrected by the fourth 
method presents the best defined peak, peak which is 
very similar to that observed in the data of the Moscow 
neutrons monitor. The maximum value of the cosmic ray 
count corrected by the fourth method is observed near the
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period of the last solar minimum (end of 2008). The peak 
shape of the corrected cosmic ray data time evolution 
between 2006 and 2001 is expected because of the 
relation between the 22 years solar magnetic cycle and 
the cosmic ray intensity.

44 Conclusions

In this work four different methods to describe and 
correct the temperature effect on the cosmic ray intensity 
observed by the CARPET detector were shown and 
analyzed. It was observed an anti-correlation between the 
relative variations of the cosmic ray intensity and the 
surface temperatures (negative temperature effect). A
clear correlation was found between relative variations of 
the cosmic ray intensity and the temperatures at the 
altitude of maximum production of secondary particles 
(positive temperature effect).  
The cosmic ray data corrected by the ground temperature 
presented a reduction of ~75% of the seasonal variation 
amplitude, while the data corrected by the temperature at 
the altitude of maximum secondary particle production 
presented a reduction of ~15%. We believe that the 
temperature correction using the integral method showed
the best results by almost totally removing the seasonal 
variation. 
Contrary to the uncorrected data, the cosmic ray 
intensities corrected by the integral method showed a 
peak-shaped maximum intensity in late 2008 which is a
well known feature associated to the solar magnetic and 
activity cycles. Also we have shown that the time history

of the data corrected by the integral method is very 
similar to that observed by the Moscow neutron monitor.
Thus, among the four temperature correction methods 
analyzed in this work, the integral method showed the 
best results.    
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Figure 5. The uncorrected N12 channel data (dashed black curve), the Moscow neutrons monitor data (diamonds), and 
the corrected data using: 1st method – ground temperature correction (grey curve with ), 2nd method – 16.5 km 
temperature correction (grey curve with triangles), 3rd method – the combination of the first and second methods (grey 
curve with squares), and 4th method – the integral method (black curve with crosses). All the data shown have been 
smoothed using a 13-months running-mean.
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