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Pressure and temperature effect corrections of atmospheric
muon data in the Belgrade cosmic ray station
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We present results of continuous monitoring of the cosmic ray muon intensity at the ground and shallow underground level at the Belgrade cosmic ray station. The cosmic ray muon
measurements have been performed since 2002, by means of plastic scintillation detectors. The scintillator counts are corrected for atmospheric pressure for the whole period of
measurements and, as well, for vertical temperature profile for the period of last six years. The results are compared with other correction methods available. One-hour time series of the
cosmic ray muon intensity at the ground level are checked for correlation with European neutron monitors, with emphasis on occasional extreme solar events, e.g. Forbush decreases.

The Belgrade cosmic ray station.

The Belgrade cosmic ray station, situated in Laboratory for Nuclear Physics at Institute
of Physics, Belgrade, have been continuously measuring the cosmic ray intensity since
2002. The near-sea level station is located at the altitude of 78 m a.s.l.; its geomagnetic
latitude is 39° 32' N and geomagnetic vertical cut-off rigidity is 5.3 GV. It has the ground
level lab (GLL) and the underground lab (UL) dug at the 12-meter shallow depth
(equivalent to 25 m.w.e). At this depth practically only the muonic component is present.
The cosmic ray muon measurements are performed by means of plastic scintillation
detectors, a pair of which is, along with instrumentation modules for data acquisition,
placed in both the GLL and the UL. The set-up is quiet flexible, as the scintillators could
be arranged in different ways, which allows conducting of different experiments. The
measurement analyses yielded some results on variations of the cosmic ray muon
intensity and on precise values of the integral muon flux at the ground level and at the
depth of 25 m.w.e.

The cosmic ray intensity data are automatically processed, using web-based “robot”
developed for this purpose, and published online at http://cosmic.ipb.ac.rs/muon_ station.
The data available online are raw scintillator counts in time series with resolution of 5
min or 1 h. Also, time series are corrected for pressure for the whole data taking period
and for temperature effect for 6-year period.

Efficiency corrections.

The first data corrections are related to detector assembly efficiency. The major
correction is related to the cut of the cosmic ray electromagnetic component of resulting
detector spectrum. It is done by means of constant fraction discriminator (CFD) function.
The electromagnetic component varied significantly, changing the initial spectrum, and
with use of the CFD cut the spectrum fluctuations decreased significantly. The CFD is
based on cut on chosen height as a percentage of peak height where the spectrum is cut.
The simulation tells us that ~6% of muon events is also cut. In addition, fine correction
of fluctuations of spectrum due to fluctuation in amplification is applied, too.
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Constant fraction discriminator (CFD) applied in efficiency corrections.
The obtained truncated spectrum is used for calculating time series.

Multi Variate Analysis (MVA) corrections.

Pressure and temperature effect corrections.

The most important correction of the measured cosmic ray intensity is related to
atmospheric pressure. The corrections are done in a rather simple way by finding the linear
regression coefficient, using only International Quiet Days for creation of distribution of
scintillator counts vs. atmospheric pressure. Part of the variation of muon intensity can be
attributed to variation of atmospheric temperature - temperature effect. It is two-fold, as it
affects pion decay as well as muon ionization losses and possible decay origin. To correct
for this effect integral correction methods were applied (L. Dorman, Yanke et al.).
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Latest activity in our laboratory in connection with cosmic ray intensity corrections is a test of Multi Variate Analysis (MVA) corrections. We are trying to improve the sensitivity of
our cosmic ray intensity time series measurements by applying corrections obtained by analysis of cosmic ray data during International Quiet Days. With that knowledge, difference
between predicted and measured cosmic ray time series for specific time periods, like FD and GLE events, can be obtained. Our goal is also to select the best MVA method which will
give the best performance. The test of MVA methods usage seems to work very good on specific period data, but there is a space to make more efficiency corrections, in order to be
sure that our whole period of existing time series for all data taking periods are good and can be used for MVA corrections. In some specific time periods, like during the FD in march
2012, we showed that our muon measurement system has sensitivity comparable to European neutron monitors in this period, but still not as efficient as NM with better geographical

position (at high altitude), e.g. Jungfraujoch in the Swiss Alps.
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Comparison of sensitivities for our raw, P and PT corrected data
with various MVA corrected data and NM data.
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Comparison of sensitivities for our raw and PT corrected data with
MVA (BDTG) corrected data and NM data during FD in March 2012.
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