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Abstract: We have a preliminary investigation of the cosmic ray decreases caused by magnetic clouds (MCs).
The cosmic ray density, separated from the anisotropy, was calculated using the 12 hours trailing moving average
of the best-fit parameters of the Global Muon Detector Network (GMDN) data. The properties of the Interplanetary
Magnetic Field (IMF) and the solar wind were compared with cosmic ray density and anisotropy vector during the
MCs structures from 2009 to 2011, in order to study the Forbush decrease, observed in cosmic ray data, caused by
these solar structures. We will describe the two events that had the biggest cosmic ray decrease detailed.
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1 Introduction
Interplanetary Coronal Mass Ejections (ICMEs) are solar
plasma structures ejected from the Sun, and can eventual-
ly hit the Earth, and cause geomagnetic storms. The geo-
magnetic storms are associated with MCs and sheath field
following interplanetary shocks, although they frequently
involve consecutive and complex ICME structures [1]. [2]
was first to observe a decrease of a few percent in the cos-
mic ray count rate during geomagnetic storms. Some years
latter [3] showed that the cosmic ray decreases are caused
by corotating high-speed streams: for recurrent decreases,
and for non-recurrent decreases, are caused by transien-
t solar wind structures associated with ICMEs. Many au-
thors have studied the relationship between cosmic rays and
ICME [10, 9, 14, 11, 13]. All those authors correlates the
ICMEs with neutron monitor data. In this paper we corre-
late ICMEs with cosmic ray muon data from the GMDN to
find the contribution of the magnetic cloud on the Forbush
decrease.

2 Data and Methodology
2.1 Ground Muon Detector Network (GMDN)

Data
The GMDN are a muon detector network composed by
three scintillators located in: Nagoya, Japan; Hobart, Aus-
tralia and São Martinho da Serra, Brazil and one hodoscope
installed in Kuwait City, Kuwait. These detectors can reg-
ister the cosmic ray count rate in 60 directional channels
simultaneously.

It is possible to derive the GCR density in the interplan-
etary medium separated from the anisotropy vector com-
ponents using the coupling coefficients [4] of the GCR
throughout the atmosphere. We fit the value of the percentu-
al variation of the hourly counting rate recorded by the j-

th channel of the i-th detector of the GMDN, Iobs
i, j , after re-

move the barometric effect. The best-fit equation is:
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where c1
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1i, j and c0
1i, j are the coupling coefficients de-

termined assuming a rigidity independent of the anisotropy
[4], t is the universal time, ω = π/12 , ti is the local time
of i-th detector. Ī0, ξ̄ GEO

x , ξ̄ GEO
y and ξ̄ GEO

z are the fitted
parameters calculated from the 12 hours trailing moving
average [5]. The anisotropy vector components are: ξ̄ GEO

x ,
ξ̄ GEO

y and ξ̄ GEO
z ; and the cosmic ray density is Ī0. The G-

MDN data were obtained from the Bartol Research Institute
(ftp://ftp.bartol.udel.edu/takao/muon_data/).

2.2 ICME Ace Data
MCs are a subset of the ICMEs, and can be identified
using three criteria: (1) large-scale smooth field rotation;
(2) enhanced magnetic field magnitude. and (3) low plasma
temperature and plasma beta [15, 16]. Solar wind data were
obtained from ACE satellite plasma and magnetic field
instruments (www.srl.caltech.edu/ACE/).

3 Results and Discussions
We chose solar MCs occurred between 2009 to 2011, when
the GMDN was in full operation. This period corresponds
to the rising phase of the solar cycle 24. During this period,
18 MCs were selected from the ICME list published in [12].
All structures analyzed are shown in Table 1.

Table 2 summarize parameter found the peak value of IMF
intensity |B|p(nT), the maximum Solar Wind speed Vp(km/s), and
the GMDN cosmic ray density decrease ∆I(%), from ACE satellite,
and GMDN data.

ftp://ftp.bartol.udel.edu/takao/muon_data/
www.srl.caltech.edu/ACE/
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Table 1: Magnetic clouds start and end times, identified by
[12].

Magnetic Cloud
Start End

08-MC1 Dec 17, 2008 - 0300h Dec 17, 2008 - 1400h
09-MC1 Feb 04, 2009 - 0000h Feb 04, 2009 - 1600h
09-MC2 Oct 29, 2009 - 0500h Oct 29, 2009 - 2300h
10-MC1 Feb 07, 2010 - 1800h Feb 08, 2010 - 2200h
10-MC2 Apr 05, 2010 - 1200h Apr 06, 2010 - 1400h
10-MC3 Apr 12, 2010 - 0100h Apr 12, 2010 - 1500h
10-MC4 May 28, 2010 - 1900h May 29, 2010 - 1700h
10-MC5 Aug 04, 2010 - 1000h Aug 05, 2010 - 0000h
10-MC6 Dec 28, 2010 - 0300h Dec 28, 2010 - 1500h
11-MC1 Feb 04, 2011 - 1300h Feb 04, 2011 - 2000h
11-MC2 Mar 29, 2011 - 2300h Mar 31, 2011 - 0400h
11-MC3 May 28, 2011 - 0500h May 28, 2011 - 2100h
11-MC4 Sep 10, 2011 - 0300h Sep 10, 2011 - 1500h
11-MC5 Sep 17, 2011 - 1400h Sep 18, 2011 - 0600h
11-MC6 Oct 06, 2011 - 1200h Oct 06, 2011 - 2300h
11-MC7 Oct 24, 2011 - 2200h Oct 25, 2011 - 1600h
11-MC8 Nov 07, 2011 - 1700h Nov 07, 2011 - 2300h
11-MC9 Nov 29, 2011- 0000h Nov 29, 2011- 0800h

We compared those MCs selected with the Cosmic ray density
(Ī0), and the anisotropy components vector (ξ̄ GEO

x , ξ̄ GEO
y and

ξ̄ GEO
z ), from the Equation (1). Figures 1 and 2, show two examples

of the analyzed structures. From top to bottom we have the IMF
intensity, the IMF components x and y, IMF z component, solar
wind speed, density, and temperature, plasma beta, GMDN cosmic
ray density, three components of the anisotropy, and the bubble
plot of pitch angle distribution, that can show same cosmic ray
precursor of geomagnetic storms [5].

Figure 3 shows the spectral coherence analysis, that is the cross
correlation mean [17], between the IMF intensity and GMDN
cosmic ray density and Figure 4 shows the same analysis between
the solar wind speed and cosmic ray density, during the period of
11-MC4.

The spectral coherence analysis between IMF intensity and
cosmic ray density (Figure 3) shows statistical coherence higher
than 95% just durind the MC occurence between doy 253 and
253.5. It corresponds a periodicity of 12 hours (0.25 times of the
total duration of the 48 hours). The black arrows indicate the angle
phase between those two time series that are in phase, because the
arrows have a zero angle to the horizontal and they are pointing
to the right [17]. The spectral coherence analysis between solar
wind speed and cosmic ray density (Figure 4) do not show any
statistical coherence within the 95% limit.

The spectral coherence analysis between IMF intensity and
cosmic ray density (Figure 5), and between solar wind speed
and cosmic ray density (Figure 6) shows statistical coherence
within the 95% limit between doy 297.5 and 298, coincident with
the turbulent region between the shock front. It corresponds a
periodicity between 6 and 12 hours (0.125 and 0.25 times of the
total duration of the 48 hours). In both cases the black arrows
indicates that the time series have a non-linear relation, because
the arrows have a non-zero angle to the horizontal [17].

4 Conclusions
During the analysed period, we do not have high intense structures,
the average of IMF intensity was |B̄|p = 14.7nT, and the Solar
Wind speed mean was V̄p = 491.5km/s, that is similar those during
quite periods. The average of the cosmic ray density decrease was

Table 2: Parameters obtained from ACE data, and GMDN
cosmic ray density. We have the peak value of IMF intensity
|B|p, the maximum solar wind speed Vp, and the cosmic ray
density decrease ∆I.

|B|p(nT) Vp(km/s) ∆I(%)
08-MC1 9.6 373.2 0.64
09-MC1 11.0 382.9 0.32
09-MC2 11.1 381.8 0.48
10-MC1 10.5 403.5 0.76
10-MC2 19.7 794.8 0.61
10-MC3 11.9 454.9 0.46
10-MC4 14.3 390.9 0.73
10-MC5 17.1 589.3 0.94
10-MC6 13.8 407.2 0.31
11-MC1 21.0 636.2 0.64
11-MC2 14.5 391.4 1.14
11-MC3 13.0 767.4 0.61
11-MC4 20.4 559.2 1.18
11-MC5 14.1 543.7 1.05
11-MC6 12.0 403.6 -
11-MC7 24.5 503.0 1.54
11-MC8 9.9 364.1 0.15
11-MC9 17.1 499.4 0.68

∆Ī = 0.73(%). In the 2011-MC6 we do not see any cosmic ray
decrease. The highest cosmic ray decrease was ∆I = 1.54(%) of
the 11-MC7. The Forbush decrease is coincidente with the MC
structure, that is identified by the vertical black lines in Figure 2.
The spectral coherence in the Figures 5 and 6, showed that the
highest statistical coherence coincides with the turbulent region
between the shock front and the MC. It means that in the turbulent
region, both IMF and solar wind speed are important to the cosmic
ray modulation.

The second highest cosmic ray decrease was ∆I = 1.18(%)
of the 11-MC4. The Forbush decrease is also coincidente with
the MC structure, between the vertical black lines in Figure 1.
The spectral coherence in the Figure 3 showed that the highest
statistical coherence coincides with the MC and the Figure 4 do not
show any important coherence. It means that the magnetic field is
more important to the cosmic ray modulation inside the magnetic
cloud, and the solar wind speed do not play any important role.

We need more data to make a better statistics between the IMF,
Solar Wind plasma parameters ans the cosmic ray density ans
anisotropy.
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Fig. 1: Magnetic cloud occurred in September 10, 2011.
From top to bottom we have the IMF intensity, the IMF
components x and y, IMF z component, solar wind speed,
density, and temperature, plasma beta, GMDN cosmic ray
density, three components of the anisotropy, and the bubble
plot of pitch angle distribution.
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Fig. 2: Magnetic cloud occurred in October 24, 2011. From
top to bottom we have the IMF intensity, the IMF compo-
nents x and y, IMF z component, solar wind speed, density,
and temperature, plasma beta, GMDN cosmic ray density,
three components of the anisotropy, and the bubble plot of
pitch angle distribution.

Fig. 3: Spectral coherence analysis (lower panel) between
IMF intensity (top panel) and cosmic ray density (middle
panel), for 11-MC4.
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Fig. 4: Spectral coherence analysis (lower panel) between
solar wind speed (top panel) and cosmic ray density (middle
panel), for 11-MC4.

Fig. 5: Spectral coherence analysis (lower panel) between
IMF intensity (top panel) and cosmic ray density (middle
panel), for 11-MC7.

Fig. 6: Spectral coherence analysis (lower panel) between
solar wind speed (top panel) and cosmic ray density (middle
panel), for 11-MC7.
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