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Abstract: According to the Baksan underground muon telescope (BUST) for the period 2009-2010 it was established 
a correlation between variations of the muon flux of the energy > 220 GeV at the observation level and variations of 
the atmosphere temperature profile. The obtained temperature coefficients were compared with the results from other 
authors. For the analysis, the vertical temperature profile of the atmosphere obtained according to the atmosphere 
model was used. The temperature effect was excluded from the hourly BUST data for 2009-2010.  
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1 Temperature effect 
 
For many decades it was very difficult and sometimes 
impossible to allow for the temperature effect of the 
muon cosmic ray component. The main problem was to 
get the temperature vertical profile of the atmosphere. 
Until recently aerological sounding was the main source 
of such data. But there were problems, such as regularity 
of soundings. And in the case of out-of-the-way detector 
it was simply impossible to measure the temperature 
profile. The situation was cardinally changed at the end 
of the 20th century with the development of global at-
mospheric models allowing getting the temperature ver-
tical profiles in any place and at any time. These models 
give us an opportunity to make the most out of the richest 
data collected by the world network of muon detectors. 
It is known that the temperature effect of the muon com-
ponent is caused by a competition between decay of π /κ  
and μ and their interaction with the atmospheric nuclei 
due to the change of geometric atmosphere dimensions. 
With atmosphere heating and its consequent expansion 
the number of π /k decays is increasing and this results in 
positive temperature effect. Simultaneously with the 
atmosphere expansion the μ path to the detector is in-
creasing what results in the negative temperature effect 
as μ decay becomes more possible. 
The positive temperature effect of cosmic rays measuring 
by the underground detectors was first observed by 
M.Forro in 1947 [1]. After the π-meson discovering 
Miyazima supposed that the positive temperature effect 

originated due to the competition between decay of new 
particles and their absorption by nuclear interactions [2]. 
Later on P.Barret et al. in 1952 wrote about the tempera-
ture effect in [3]. In this paper the authors introduced the 
concept of the “effective temperature” as the temperature 
of some conventional isothermal atmosphere that the 
muon intensity in passing through such atmosphere was 
the same as in passing through the real atmosphere with 
the temperature distribution Т (h). By using the effective 
temperature the temperature effect was calculated and 
defined as “a relative change of the muon intensity per 1 
degree temperature change”. 
The goal of this work is to exclude the temperature effect 
from the data of the BUST muon telescope for 2009-
2010 using the model temperature data and to determine 
temperature coefficients for this period. 

2 The methods of accounting the 
temperature effect 

 
In 1956 L.Dorman and E.Feinberg in [4] brought in a 
function W(h) meaning “a temperature coefficient densi-
ty” and cosmic ray variations due to the atmospheric 
temperature effect are determined as:. 
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where NN /�  - variations due to the temperature effect, 
)(hT�  - temperature variations of the atmosphere de-

termined as a divergence of the running temperature 
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profile and the temperature profile in the base period B: 
)()()( hThThT B��� . Densities of the temperature 

coefficients )(hWT
�  have a dimension of 

atmK ��

%  and 

they are calculated for different depths and angles. The 
integral method (1) makes it possible to calculate the 
temperature effect with high accuracy determining most-
ly by a precision of the temperature coefficient densities 

)(hWT
� . The full description of this method one can find 

in [5]. The formula (1) can be written as: 
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Along with the temperature coefficient T�  the dimen-

sionless temperature coefficient T�̂  is often used and it 

can be expressed as effT TT
����̂ . It is seen from (2) 

that the dimensionless T�̂  is a regression coefficient 
between the intensity variations and the temperature 
variations. The effective temperature doesn’t simplify 
calculations in comparison with the integral method but 
it allows to determine T�  by experiment. This method 
was developed by Barrett et al. [3] in 1952 and it is an 
analog of the integral method (1) as in the both methods 
the contributions of all atmosphere levels are allowed for 
with the proper weights. The main contribution to the μ 
intensity is provided by muons originated from the π 
decay. But for μ of high energies >100 GeV registering 
by the underground detectors the full muon intensity 
depends on both π  and κ  decay [6]. The κ  contribution 
can exceed 20%, and the more measuring energies the 
more it is. In this work the calculations have been done 
on the assumption that muons registering by the BUST 
are originated from π  (80%) and k (20%). decay  
Together with the classic integral method in order to 
allow for the muon temperature effect some approximate 
methods are also used: the method of effective level of 
generation [7], the method of mass-average temperature 
[8]. These methods are based on some essential assump-
tions limiting their application.  
So, the method of effective level of generation, as it is 
seen from its name, is based on the assumption that μ are 
generally generated at the isobaric level usually taking 
for 100 mb, and its height is changing with the change of 
atmosphere temperature: THI THT ����� 	� , where 

H� (%/km) - is so-called decay factor, negative effect 
and T�  (%/C)- positive temperature coefficient.  

The method of mass-average temperature is based on the 
assumption that the temperature coefficient density is 
changed in a small way with the atmosphere depth h (just 
for the ground-based detectors), that allows us to carry 

out the average T�  behind the integral sign and to trans-

form (1) into
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mT  - mass-average temperature. 

3 Temperature data 
 
In this work the data of the Global Forecast System (GFS) 
temperature model representing by the National Centers 
for Environmental Prediction — NCEP (USA) has been 
made use of [9]. GFS model makes it possible to obtain 
both retrospective and prognostic data. The model output 
data are temperature at the 17 isobaric levels: observation 
level, 1000, 925, 850, 700, 500, 400, 300, 250, 200, 150, 
100, 70, 50, 30, 20, 10 hPa for four times 00, 06, 12 and 
18 hours every day. The data are interpolated on the grid 
of 1°×1° resolution. To obtain hourly data the interpola-
tion by the cubic spline function [10] on six nodal points 
(four points for a running day plus at one point left and 
right) is carried out. The accuracy of this model is about 
one degree for all isobaric levels and little more for the 
ground level [11]. 

4 BUST 
 
Last years for the purpose of neutrino oscillations study 
and search for dark matter particles the projects with 
underground detectors registering high energy particles 
are developed. Seasonal variations observing at the most 
of underground detectors are studied in many papers, for 
example [12-16]. In figure 1 from [12] there are experi-
mental points of temperature coefficients (dimensionless) 
for some underground detectors, and there are also 
curves obtaining by the Monte-Carlo method for differ-
ent models of μ generation. The experimental point for 
the BUST is from [13]. The square in figure 1 is our 
result.  
 

 
Figure 1. Theretical α T  - solid curve, α Tπ  - top curve, 
α Tκ  – bottom curve. Square – our result. 
 
The Baksan Underground Scintillation Telescope of the 
Institute for Nuclear Research RAS is located in the 
Caucasus Mountains (43.28o N and 42.69o E) inside the  
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Figure 2. The BUST 

 
mine of 24×24×16 m3 under the Andyrchy mountain. 
There is 350 m of rock vertical depth (850 mwe) over the 
telescope. The BUST is parallelepiped of 
16.7×16.7×11.1 m3 consisting of 8 planes (4 inner and 4 
outer) of detectors (each of 70×70×30 с m3) with liquid 
scintillator (Fig. 2). The range of measuring energies is 
0.5-500 GeV. The μ threshold energy is 220 GeV. The 
observatory level is 1700 m above sea level, average 
pressure is 820 mb [17]. 

5 Data analysis 
 
The original BUST 15-minute data were transformed into 
hourly data. The barometric effect for the BUST is neg-
ligible, so the data weren’t corrected for the pressure. It 
should be noted that the original data have some gaps. 
Before the data processing small gaps (hours) were filled 
in by smoothing, and big gaps were left unaltered. The 
BUST has seasonal variations and it is seen from the 
series of daily data for 2007-2010 years in figure 3. 
 

 
Figure 3. Average daily data for the BUST (2007-2010). 
There is also hourly data for 2010. 
 
In this paper the temperature effect was determined by 
the method of the effective temperature. To calculate the 
effective temperature by (3) the densities of temperature 
coefficients )(hWT

�  for the BUST energies (>220 GeV) 
were used [6]. These WT for high energies accounting for 
decay of π  (80%) and k (20%) [6] are represented and 
compared with approximation from [3] in figure 4. 
In figure 5 the calculated effective temperature for 2009 
is compared with the temperature profile at isobaric le-
vels of 10, 20, 30 and 50 mb. Lower levels aren’t 

represented though in our calculations the whole vertical 
profile was taken into account. 

In figure 6 there are observed 
by the BUST muon rate (black 
curve), calculated effective 
temperature Teff  (right scale) 
and free from temperature 
effect muon rate (grey curve) 
for 2009-2010 years. It is clear-
ly seen from figure 6 that the 
annual wave was removed after 
excluding the temperature 
effect. 
For the quantitative estimation 
of calculated effective tempera-

ture Teff and experimental temperature coefficient α T the 
correlations between observed muon rate variations and 
effective temperature deviations from the average annual 
effective temperature were built. The correlation pictures 
for 2009 (left) and for 2010 (right) are in figure 7. After 
the correlation analysis we get correlation coefficient ρ  
and temperature coefficients α T for 2009 and 2010 years 
(Table 1). The calculated values (especially for 2009) are 
in good agreement with the earlier values get for the 
BUST [13]: ρ  = 0.97±0.02 and α T = 0.372±0.038 % / 
К  
 

 
Figure 5. Temperature profile at the standard isobaric 
levels (10, 20, 30 and 50 mb) and effective temperature 
for the BUST (2009) 
 
Correlations between observed and calculated BUST 
temperature variations is in figure 8. Obtained values are 
close to the line with a regression coefficient equal 1. 
It is clear that free from temperature variations muon rate 
must have a normal distribution. To check the used me-
thod a histogram of BUST muon rate was built: before 
and after the temperature effect excluding (figure 9). 
After the processing the distribution is close to Gauss and 
the half-width of the distribution 

NA 
2
2

1 �  is about 1 %. 

All obtained results for the BUST (2009-2010) are 
represented in Table 1. There are average muon rates free 
from temperature effect N, root- mean-square deviations 
of the normal rate distribution σ , correlation coefficients 
ρ , temperature coefficients α T and T�̂  and base effec-

tive temperatures effT . 
 

                                                                                                        

 N, Hz σ, Hz ρ αT,% / ºК effT ,ºК T�̂  
2009 12.468 0.070 0.97 0.32±0.02 221.11 0.71±0.04 

 
Figure 4. WT(h) [6] 
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2010 12.458 0.062 0.91 0.30±0.02 220.07 0.66±0.04 
Table 1. Calculated BUST parameters for 2009-2010 

 

 
Figure 6. Comparison of stratosphere time series and muon rate for the BUST (2009-2010). 

 

 
Figure 7. Temperature coefficient for the BUST. 

 
Figure 8. Correlation between observed and calculated 
temperature variations for the BUST 

 
Figure 9. Distribution before (blue) and after (red) ex-
cluding the temperature effect and Gauss. 
 
Coefficients T�̂  obtained in this work are in good 
agreement with experimental and calculated values for 
the BUST from [12] in figure 1. 

6 Conclusions 
 
1) The model data of the vertical temperature profile and 
used method of the temperature variations determination 

(the effective temperature method) make it possible to 
exclude the temperature effect with proper accuracy. 
2) There is a good positive correlation between muon 
rate variations and effective temperature change that 
makes it possible to obtain the value of the temperature 
coefficient. The average temperature coefficients for 
2009-2010 are α T=(0.31±0.04) %/ºK and  T�̂ =0. 69 
±0,04. 
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