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ABSTRACT. In this work we present an analysis on the correction efficiency of atmospheric effects on cosmic ray So Martinho da Serra's muon telescope and Newark's
neutron monitor data. We use a Multitaper spectral analysis of cosmic rays time series to show the main periodicities present in the corrected and uncorrected data for
the atmospheric effects. This kind of correction is very important when intends to study cosmic rays variations of extra-terrestrial origin.
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RESUMO. Neste trabalho apresentamos a eficiéncia da corregdo dos efeitos atmosféricos nos dados de raios césmicos do telescdpio de muons de Sdo Martinho da
Serra e do monitor de néutrons de Newark. Utilizamos a analise espectral Multitaper das séries temporais dos raios c6smicos, para mostrar as principais periodicidades

presentes nos dados corrigidos e ndo corrigidos dos efeitos atmosféricos. Este tipo de corregdo é de extrema importancia quando se pretende estudar as variagdes de
raios cosmicos de origem extraterrestre.

Palavras-chave: andlise espectral multitaper, raios cosmicos, efeitos atmosféricos, corregdo da pressdo e temperatura.
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INTRODUCTION

Muons and neutrons are high energy particles originated from
the interaction between a primary high-energy proton and at-
mosphere’s components. Their creation and propagation inside
the atmosphere depend on the atmospheric effects, such as pres-
sure and temperature. According to Pomerantz & Duggal (1971)
the principal component of daily variations of the cosmic rays are
atmospheric changes. After removing the atmospheric changes,
another small daily variation remains, related to a local anisotropy
of cosmic ray fluxes and the Earth rotation (Mursula & Usoskin,
2003). At high energies, the cosmic ray variations are probably
due to processes occurring outside the interplanetary medium, re-
sulting in a sidereal diurnal variation. However, at low energies,
the fluctuating component of the interplanetary magnetic field ap-
pears to have a significant effect, causing an apparent co-rotation
of cosmic rays with the Sun (in a first approximation) and hence
producing a diurnal variation of the intensity with phase and am-
plitude which are in good agreement with observations (Axford,
1965).

Pressure and temperature effects constitute interferences in
the study of true primary cosmic rays intensity variations. Since
the absorption mean free path of the primary interaction is of the
order of 150 g/cm?, it is clear that changes of air mass produce
changes in the cosmic ray flux entering the detectors (Simpson et
al., 1953; Dorman & Yanke, 1975). Because of this effect, cos-
mic ray data must be corrected for the atmospheric effects due to
pressure and temperature variations (Kurguzova & Charakhchian,
1979). To remove the barometric and temperature effects the fol-
lowing equation is used

ATl
2L pap +/a<h>AT(h>dh, (1)

where Ap is the atmospheric pressure variation, and AT is the
atmospheric temperature variation as a function of the altitude 4.
The first term in the right-hand side of the equation represents
the barometric effect, where 8 is the barometric coefficient. The
second term on the right-hand side represents the temperature ef-
fect, where « is the temperature coefficient, which depends on the
altitude (Bercovitch, 1967). In order to verify whether the correc-
tion of the atmospheric effects is being made satisfactorily, a Mul-
titaper spectral analysis on muon and neutron time series (correc-
ted and non-corrected) was performed. Data from Sdo Martinho
da Serra (29.3°S, 53.5°W, Brazil) muon telescope and Newark
(39.7°N, 75.7°W, United States) neutron monitor were used in
this analysis.

MULTITAPER SPECTRAL ANALYSIS

Usually, in spectral time series analysis, a time series is multiplied
by window before performing the Fourier transform in order to re-
duce the spectral leaking. Without windowing, the higher part of
high frequency of the spectrum may be biased by spectral leaking
(Park et al., 1987). However, every time when a single window is
used, the statistical variance of the spectral estimate will increase,
because this single window generally unevenly weighting of data
points. There will be a balance between spectral leaking resistance
and the spectral estimate variance (Park et al., 1987).

Thomson (1982) introduced the multitaper spectral analysis
technique that has been applied widely to signal analysis (Jeffrey
gtal., 1987). Inmultitaper analysis the data are multiplied by seve-
ral leakage-resistant tapers. The statistical information discarded
by the first window is partially recovered by the second one. The
information discarded by the first two tapers is partially retrieved
by the third taper and so on.

So, the multitaper estimative is not limited by the balance
between leaking and variance, as occurs in the estimation by a
single window. The Multitaper method uses orthogonal tapers in
order to obtain approximately independent estimation and then to
combine them into a global estimate. This estimate shows more
degrees of freedom and allows an easier qualification of bias and
variance trade-off, when compared to the conventional Fourier
analysis. The Multitaper method is able to detect small ampli-
tude oscillations in a short-time series without the use of signal
filtering.

OBSERVATIONS AND RESULTS

We have used data from neutron monitor installed at Newark, De-
laware (39.7°N, 75.7°W, magnetic rigidity approximately 10 GV
operating since 1978, with a sampling observation time of 1 hour),
available in the Bartol Research Institute website, in a file ASCII
containing corrected and uncorrected data. This neutron monitor
data were compared to muon scintillator telescope data installed
at the Southern Space Observatory — SSO/CRSPE/INPE-MCT —
in Sdo Martinho da Serra, Brazil (29.3°S, 53.5°W, magnetic rigi-
dity approximately 14 GV, operating since 2001, with a sampling
observation time of 1 hour). A detailed description of this muon
telescope may be found in Da Silva et al. (2004). Muon and neu-
tron are complementary in term of energy. Neutron energy range
extends from 3 to 50 GeV while muon energy range extends from
10 to above 1000 GeV. We used a time series from October 2001
to October 2002, since in this period there are no gaps in the data
series and they are long enough to show important periodicities.
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Figure 1 — Time series analyzed. Top panels show the non-corrected and corrected neutron data, and in the bottom the non-corrected and corrected muon

data, from October 2001 to October 2002.

Figure 1 shows the neutron (top panels) and muon (bottom
panels) cosmic ray time series used in this work, and we compare
the corrected (right column) and uncorrected (left column) data.

In this figure we can see how the atmospheric effects correc-
tion is important, due to the great difference between uncorrected
and corrected time series.

Figure 2 is organized similarly as Figure 1 for the Multitaper
analysis. We can see in the neutron analysis, that the power spec-
trum of uncorrected data shows peaks around 8, 12 and 24 hours,
which are most likely caused by atmospheric variations and the
Earth’s rotation; the peak at 15 and 29 days, that are related to half
and complete solar rotation, respectively. On the power spectrum
of corrected neutron data it is clear that the 8 and 12-hours peaks
disappear completely.

In the muon analysis (bottom of Figure 2) we can see approxi-
mately the same effects that are observed in the neutron analysis.
For instance, the 8 hours peak disappears completely. However,
the 12 hours peak remains in the spectrum, but with a smaller
power than the power spectrum of non-corrected data. This oc-
curs most likely because the correction of the temperature effect
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(the second term of right-hand side of equation 1) on muon data
was not performed. We could not perform this correction because
both the temperature and the temperature coefficient are varying
with the altitude and a vertical profile for these parameters would
be needed. In this way, only the pressure effects were removed
from the muon data.

The 24 hours peak is still present in the corrected spectra. Its
power was reduced for neutron data but was more or less the same
for muon data. This means that this periodicity in cosmic ray data
is not only due to atmospheric effects, but it has an extra-terrestrial
component, which seems to be associated with the earth’s rotation
the sidereal variation (Axford, 1965).

CONCLUSION

In this work we have used Multitaper spectral analysis on the cos-
mic ray Newark's neutron monitor and Sdo Martinho da Serra’s
muon telescope data, and we could verify the efficiency of the at-
mospheric effects correction. The periodicities of 8 and 12 hours
due to the atmospheric effects were totally removed from neutron
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Figure 2 — Power spectrum by Multitaper analysis of neutron and muon data. The top panels show non-corrected and corrected neutron spectrum. The bottom

panels contain non-corrected and corrected muon spectrum.

data using the correction procedure. On the other hand, for muon
data only the 8-hours periodicity was completely removed. The
12-hours periodicity remains even in the corrected data, however,
with a smaller power than in the non-corrected serie. This occurs
because the temperature effect on muon data was not corrected.
The effect of the temperature on cosmic ray data becomes impor-
tant in cases where the sampling rate is relatively high, as occur in
the muon Telescope at the Southern Space Observatory. For this
instrument, the sampling time is 1 hour, and then the temperature
effect does not affect severely the data.

The removal of the atmospheric effects of cosmic rays data
observed in the terrestrial surface allows the study of cosmic rays
variations of extraterrestrial origin, with this, correction done in
the Sdo Martinho da Serra’s muon telescope data is satisfactory,
making possible the deepened study of the interplanetary or in-
terstellar affects of the cosmic rays.
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