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Abstract: According to the Australian muon detectors, using data from muon telescopes of the Adelaide
University and Buckland Park, located 40 kilometers north of Adelaide, atmospheric variations were studied. After
exclusion of the barometric effect from the telescopes primary data, temperature coefficients were calculated, and
data for the whole period of observation were corrected for the temperature effect.
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1 Introduction
A world wide network of muon detectors of cosmic rays
(CR) [1], except four supertelescopes, includes more than
ten telescopes of smaller area, some square meters. They
supplement a basic network, especially, if are located in
the southern hemisphere where the number of CR detectors
is traditionally less. The case of scintillation telescopes
in Adelaide and Buckland Park is especially interesting
since they are located in one point but function absolutely
independently. It is possible to expect that temperature
effects of these two detectors are also close. Available data
from meteorological effects will allow one to carry out
comparison of variations at various detectors, to estimate
the quality of operation of detectors and their long-term
stability. Detector data are operatively published in the
Internet [1] that is important for practical work.

2 Characteristics of detectors
The Adelaide telescope (34.93◦S,138.58◦E, altitude 50 m,
H0 = 1013mb) ran from 2003 and operates up to present. It
is of 1 m2 square, without lead, and records only vertical
incident muons with the energy threshold close to 1 GeV,
since it located on the second floor of six-floor building.
The Buckland Park telescope (35.00◦S,140.00◦E, altitude
of 50 m, H0 = 1013mb) is of 4 m2 area and except of
vertical component also record muons from 4 azimuthal
directions. It was run also in 2003, but was stopped in 2009
for modernization. The main characteristics of telescopes at
Adelaide and Buckland Park [2] are presented in Table 1.

N, s−1 Eth, GV Rc,GV Rm,GV β%/mb
ADv 40 1 3.10 52.6 -0.13
BPv 140 0.4 3.10 52.5 -0.17
BPn 2.5 0.52 3.40 68.3 -0.21
BPs 2.9 0.52 2.90 67.9 -0.22
BPe 3.9 0.52 4.90 68.8 -0.20
BPw 3.8 0.52 2.80 67.9 -0.20

Table 1: Main characteristics of the telescopes Adelaide
and Buckland Park.

3 Experimental data of the muon telescopes
Count rate of Adelaide telescope,corrected for barometric
effect for vertical CR component is shown in figure 1 over
the whole period of observation. There is a continuous
drift though the expected seasonal wave is well visible.
Neither atmospheric pressure (which it is also shown in
figure 1), nor the local temperature (figure 5) can cause
such continuous drift. It also can’t be explained with drift of
characteristics of electronics to which such regularity isn’t
so characteristic. Such continuous drift could be caused only
by falling of efficiency of the scintillation detector. However,
there is a question - why it isn’t observed for Buckland
Park telescope? The second reason may be radioactivity of
the building materials for Adelaide. Over the entire period

Fig. 1: Count rate of the Adelaida detector (vertical), cor-
rected for pressure with the standard value of 1013 mb. Dif-
ferent years marked by grey and black colours. Blue curve
is the atmospheric pressure at Adelaide from 2004 to 2012.

of observations the count rate fell by approximately 25%.
More detailed analysis showed that at Adelaide telescope
drift is about 2.73% per year. The variations corrected on
such drift, are given in figure 2 and compared to similar
variations of a telescope of Nagoya (vertical). The variations
are given for the reference period 2009. As detectors are
located in different hemispheres the seasonal waves go in
opposite phases. For this analysis, corrected on the drift,
Adelaide telescope data (vertical) were used further for the
analysis. In figure 3 the count rates of a vertical telescope of
Buckland Park (the top panel), and its variations relatively
2009 (the bottom panel) are presented and compared to
the variations of a telescope of Adelaide corrected for
drift. The good agreement when comparing variations of
telescopes of Adelaide and Buckland Park testifies, first,
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Fig. 2: Comparison of the variations of count rates at Nagoy-
a, vertical (red curve) and Adelaide, vertical (black color,
corrected for a drift). The primary data from telescope Ade-
laide (grey curve). Reference period - 2009 year.

that the amendment on drift of a telescope of Adelaide
is executed correctly and that the telescope of Buckland
Park works steadily in the long-term plan. As a whole, the
count rate variations at Buckland are a little higher than at
Adelaide. That may be caused with lower threshold energy
of the Buckland Park detector. Besides, for the reference
period, 2009 data from Buckland Park are not complete,
and it was impossible to find basic values correctly, as well
as an assessment of variations of a telescope Buckland Park.

Fig. 3: Count rate for the Buckland Park detector, vertical
(upper curve) and its variations relatively 2009 (bottom
black curve) which is compared with observable CR varia-
tions corrected for a drift at Adelaida station (red curve).

4 Experimental data: atmospheric pressure,
ground level outside temperature, and
data of high altitude distribution of the
atmospheric temperature.

As well as in other works [2, 3, 4, 5, 6, 7] we used data of
temperature modeling of Global Forecast System (GFS)[8].
The output data of model is temperature at 17 isobaric lev-
els: level of observation, 1000, 925, 850, 700, 500, 400,
300, 250, 200, 150, 100, 70, 50, 30, 20, 10 hPa for four
timepoints of 00, 06, 12 and 18 hours daily. For data ac-
quisition with hourly sampling we carried out interpola-
tion by a cubic spline on nine nodal points. The GFS mod-
el allows receiving both retrospective, and predictive da-
ta. Also for an assessment of accuracy and applicability
of used model in this work for some timepoints data of
direct sounding of the atmosphere at the Adelaide airport
were attracted. Radio sounding is carried out twice per day
therefore for obtaining hour data of a temperature profile
of the atmosphere interpolating also was carried out. In
figure 4 for winter and summer seasons the vertical pro-
files of temperature received from model of the atmosphere
and direct sounding of distribution of temperature in the
atmospheres are compared. The error of the temperature

Fig. 4: Atmosphere temperature profile in Winter (July 17,
2007) and Summer (January 15, 2007) for Adelaide. The
GFS model data (lines) are compared with direct sounding
in the Adelaide airport (black points- at 00UT, red ones at
12 UT), (code meteostation 94672).

defined by model is of some degrees, but can increase n-
ear Earth surface. Therefore for surface temperature it is
desirable to use data from meteorological stations or own
measurements of outside temperature. Such results are giv-
en in figure 5. Experimentally taken temperature of T2 in

Fig. 5: Comparison of temperature on the sea level: the
model data (black), and directly measured near detector
(the height of 2 m) in Adelaide (red curve) and Buckland
Park (blue curve). Data for 2008 are obtained by sounding.

Adelaide and Buckland Park rather well coincide during the
summer periods, but considerably differ during the winter
periods. Besides, the measured ground temperature of T2
for the entire period is above model temperature or received
in probe measurements for a sea level. It is probably con-
nected with a technique of measurement T2, because, in
2007 after some break in measurements the T2 in Buckland
Park became very close to the model temperature. Perhaps,
the conditions for temperature registration were changed.
In this case for the near Earth layer it is preferable to use
the model temperature. Thus, the greatest question causes
continuous drift of the count rate of the Adelaide telescope,
but we managed to make amendments for this, though the
exact reason of such a drift isn’t established yet.

5 Technique of amendment of muon
component data for temperature effect

The temperature effect of the muon component is caused
by the competition of decay and interaction with air nu-
clei of pions and muons. When heating and, respectively,
atmosphere expansion the flux of muons decreases (nega-
tive temperature effect), and increases because of additional
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decay of pions (positive temperature effect). At the ener-
gies recorded by the ground level detectors (tens GV) the
negative temperature effect dominates, and at underground
registration (>100 GV) the positive temperature effect pre-
vails as probability of muon decay under such big energies
is small. The universal integrated method suitable for all
types of detectors [9],[10] was developed for the accounting
of temperature effect. Introduction of the function W µ

T (h)
which mean ”density of temperature coefficient” [11], al-
lows us to define the variations caused by atmospheric tem-
perature effect, as:

δN
N
|Temp =

∫ h0

0
W µ

T (h)∗δT (h)∗dh (1)

Where δN/N - the variations caused by temperature effect
in cosmic rays, δT (h) - the variations of temperature
distribution in the atmosphere which is defined as the
change of the current temperature distribution from the
distribution in the reference period B: δT (h) = T (h)−
TB(h) Densities of temperature coefficients W µ

T have a
dimension %/◦K ∗atm , and for different detectors, and for
various depths and incident angles for measured particles
are defined by calculating way. The integrated method
allows us to account for the temperature effect of muon
component with very good accuracy determined, first of
all, by accuracy of density of temperature coefficients W µ

T .
Expression 1 can be written down as:

δNµ

Nµ

|Temp =
∫ h0

0
W µ

T δT (h)dh =

= αT ∗
∫ h0

0 W µ

T (h)δT (h)dh
αT

= αT ∗δTe f f (2)

Here designations for temperature coefficient are entered:

αT = k
∫ h

0
W µ

T (h)dh (3)

with dimension of %/◦K, and effective temperature

Te f f = 1/αT ∗
∫ h

0
W µ

T (h)T (h)dh (4)

Having determined thus the effective temperature Te f f (4),
we can experimentally define temperature coefficient αT
from correlation dependence 3.

Fig. 6: Density of temperature coefficient at sea level for
telescopes Adelaide (0◦) and Buckland Park.(0◦and49◦).

To estimate the temperature effect the calculated density
of temperature coefficient (figure 6) for detectors with stan-
dard parameters were used. Actually, each detector has its
own features, (e.g., features of geometry, threshold energy
depending on thickness of substance above a detector, con-
trol of a path of the amplifier discriminator). These features
in any approach can be considered, having assumed that the
form of a curve is set, and features are regulated by coeffi-
cient of k close to unit, i.e. k ∗W µ

T (h) Effective temperature
Te f f accordingly to 4 is defined only by form of W µ

T (h) .
Comparing experimental temperature coefficient αT with
calculated k ∗

∫ h0
0 W µ

T (h)dh, we define coefficient k which
allows us to account the properties of each detector. Further
the corrected function of density of temperature coefficient
is applied to calculation of temperature effect of muon com-
ponent of concrete detector.

6 Discussion of the results
For experimental determination of temperature coefficient
αT the correlation analysis, according to (2) is carried out,
and correlation dependences between measured variation-
s of count rate of muon component and deviations of ef-
fective temperature from average annual temperature are
found. Correlation curves for 2009 for vertical telescopes
of Adelaide and Buckland Park are given in figures 7 and 8.

Fig. 7: Correlation between variations of CR intensity and
effective temperature in the atmosphere for vertical tele-
scope at Adelaide and Buckland Park.

Experimentally found temperature coefficients in sepa-
rate years can differ rather strongly, and it is connected, ap-
parently, with quality of experimental data which we used
without verification. If to exclude extreme values, the tem-
perature coefficient for a vertical telescope of Adelaide e-
quals (0.40 ± 0.02) %/◦C, for Buckland Park (0.69 ±
0.03) %/◦C. A bigger temperature coefficient for Buckland
Park is caused, apparently, by significantly lower threshold
for Buckland Park telescope, in comparison with 1 GeV a
threshold for Adelaide telescope. The temperature coeffi-
cient for the inclined directions for Buckland Park equals
(0.42 ± 0.04) %/◦C. Results for the entire period of obser-
vation is provided in tables 2-3 (Base period 2009).

Final results for Adelaide (top) and Buckland Park (bot-
tom) telescopes are presented in figure 8 where the CR
variations are plotted together with effective temperature
at these stations for 2009. There is clearly seen a well pro-
nounced seasonal wave in the observed variations, which
is in anti phase with effective temperature and count rate
freed from the temperature effects (gray curve).

From the analysis of seasonal variations (figure 8 for
2009) we see that in the summer the count rate of about
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N, Hz ρ αE ,%/◦K Te f f ,
◦K

2004 45.8 -0.74 -0.407 251.6
2005 44.4 -0.51 -0.250 252.0
2006 44.0 -0.76 -0.379 251.8
2007 43.0 -0.73 -0.393 252.0
2008 42.1 -0.77 -0.396 251.2
2009 41.1 -0.73 -0.387 251.9
2010 39.9 -0.46 -0.244 251.7
2011 38.4 -0.58 -0.267 251.9
2012 37.1 -0.71 -0.400 251.6

Table 2: Results of analysis of temperature effect for Ade-
laide telescope, vertical

N, Hz ρ αE ,%/◦K Te f f ,
◦K

2004 144.4 -0.77 -0.523 251.6
2005 145.3 -0.80 -0.509 252.0
2006 147.9 -0.93 -0.556 251.8
2007 148.3 -0.89 -0.890 252.1
2008 147.3 -0.91 -0.721 251.2
2009 147.7 -0.88 -0.701 251.9
n1 3.14 -0.88 -0.220 250.5
s1 2.63 -0.24 -0.543 250.5
e1 4.07 -0.91 -0.510 250.5
w1 3.88 -0.90 -0.387 250.5

Table 3: Results of analysis of temperature effect for Buck-
land telescope, vertical and inclined

Fig. 8: Comparison of variations for Adelaide and Buckland
Park vertical telescope (black curve, left scale)) and vari-
ations of effective temperatures dT/T eff (red curve, right
scale). Black bold curve is corrected for temperature effect
count rate variations.

5% smaller relative to the winter. And finally in figure 9 we
compare the corrected for the effects of weather variations
(the base period of 2009), the counting rate of the telescope
Adelaide and Nagoya. It can be concluded that, after correc-
tion for drift, long-term changes are in satisfactory agree-
ment with the data of the telescope Nagoya, even against
the background of a small statistical accuracy of the tele-
scope data available Adelaide and instrumental variations.

Fig. 9: Corrected for meteorological effects count rate vari-
ations for telescopes of Adelaide (black curve) and Nagoya
(red curve) stations. The reference period for calculation of
CR variation is 2009.

7 Summary and conclusion.
Initial data of a telescope of Adelaide contain continuous
drift in 2.73 %/year which isn’t explainable yet. Data are
used after correction for this drift. Comparison of the
count rate variations of telescopes of Adelaide amended for
temperature effect and data from Nagoya muon telescope
showed efficiency of an applied method, and after correction
for drift, long-term changes at Adelaide are in quite good
agreement with Nagoya telescope data. The temperature
coefficient for vertical muon telescope Adelaide is found to
be (0.40 ± 0.023) %/◦C, and for Buckland Park (0.69 ±
0.03) %/◦C. A bigger temperature coefficient for Buckland
Park is caused apparently by its essentially lower threshold
for incident particles as compared with the threshold for
Adelaide (∼ 1 GeV). Temperature coefficient for inclined
components at Buckland Park is equal to (0.42 ± 0.04)
%/◦C.
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