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Abstract The intensity—time profile of Forbush decrease (FD) events observed by neutron
monitors (NMs) looks like that of a geomagnetic storm as defined by the Dst index. Oh,
Yi, and Kim (J. Geophys. Res. 113, A01103, 2008) and Oh and Yi (J. Geophys. Res. 114,
A11102, 2009) classified FD events based on the amount of overlap and simultaneity of
their main phase in Universal Time (UT). Oh and Yi define an FD event as simultaneous if
the main phases observed by NMs distributed evenly around the Earth overlap in UT, and
nonsimultaneous if they overlap only in the local time of some stations. They suggested that
the occurrence mechanisms of two types of FD events may be related to interplanetary (IP)
magnetic structures such as IP shocks and magnetic clouds. In their model, the simultane-
ity of FD events depends on the strength and propagation direction of magnetic structures
overtaking the Earth. Recently, the Solar Terrestrial Relations Observatory (STEREO) mis-
sion has been able to visualize the emergence and propagation direction of coronal mass
ejections (CMEs) in three dimensions in the heliosphere; thus, it is now possible to test the
suggested mechanisms. One simultaneous FD event observed on 18 February 2011 may
have been caused by a CME heading directly toward the Earth, which was observed on 15
February 2011 by the STEREO mission. Therefore, the simultaneity of FD events is proven
to be a useful analysis tool in understanding the geoeffectiveness of solar events such as
interplanetary CMEs and IP shocks.
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1. Introduction

A sudden decrease in the galactic cosmic ray (GCR) intensity observed by ground-based
detectors such as neutron monitors (NMs) and muon telescopes (MTs) is referred to as a
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Forbush decrease (FD) event. The intensity—time profile of FD events is similar to that of
geomagnetic storms as defined by the Dst index. It evolves from the main phase of a period
of decreasing intensity via a recovery phase to a steady-state level. The main phase lasts
for less than half a day, while the recovery phase usually lasts several days (Forbush, 1958;
Belov, 2008).

Studies of FD events such as nonperiodic GCR intensity variations enable us both to
understand the processes by which interplanetary space events perturb the interplanetary
magnetic field (IMF) and to explore the relevant magnetospheric and atmospheric phe-
nomena caused by IMF disturbances (Lockwood, 1971). FD events are currently con-
sidered to result from the exclusion of GCRs due to strengthened IMF structures of
the interplanetary (IP) shock sheath region and/or the magnetic clouds (MCs) follow-
ing IP shocks (Venkatesan et al., 1992; Ananth and Venkatesan, 1993; Badruddin, 2002;
Oh, 2008).

The global simultaneity of FD events was discussed and confirmed by Oh, Yi, and Kim
(2008) and Oh and Yi (2009, 2011). They classified FD events by their simultaneity using
the amount of overlap of the main phase in Universal Time (UT). Two FD events are si-
multaneous if they overlap in UT and nonsimultaneous if they only overlap in local time
(LT). Some studies (Ahluwalia, Zubieta, and Schreier, 1968; Hofer and Fliickiger, 2000)
have reported LT-dependent GCR intensity variations during FD events.

Oh, Yi, and Kim (2008) and Oh and Yi (2009) focused on the onset times of the over-
lap of the main phases at different NMs. Their statistical studies of the simultaneity of FD
events confirmed the existence of nonsimultaneous FD events. They also showed significant
differences in the onset time of the main phase in LT between simultaneous and nonsimulta-
neous FD events, and suggested that the occurrence of FD events may be related to magnetic
barriers such as IP shocks and MCs. The simultaneity of FD events in their model depends
on the strength and propagation direction of magnetic barriers overtaking the Earth. Thus,
here we identify the processes responsible for generating simultaneous FD events using ob-
servational data from the Solar Terrestrial Relations Observatory (STEREO) mission.

2. Data

STEREO is the third mission in NASA’s Solar Terrestrial Probes program (Rust, 1998;
Kaiser, 2005; Kaiser et al., 2008). This mission employs two nearly identical space-based
observatories — one in an orbit ahead of the Earth, the other trailing behind — to provide
the first ever stereoscopic measurements to study the Sun and the nature of its coronal
mass ejections (CMEs). The twin STEREO spacecraft were launched on 25 October 2006
(http://stereo.gsfc.nasa.gov/).

Of the four instrument packages mounted on each of the two STEREO spacecraft,
the Sun Earth Connection Coronal and Heliospheric Investigation (SECCHI; Howard et
al., 2008) package can show the three-dimensional evolution of CMEs from their birth
on the solar surface via the corona and the interplanetary medium to their eventual im-
pact on Earth. This package consists of four instruments: an Extreme Ultraviolet Imager
(EUVI), two white-light coronagraphs (COR1 and COR2), and a Heliospheric Imager (HI)
(http://secchi.nrl.navy.mil/). We used image data from COR1 and COR2 and IMF data ob-
served by the Advanced Composition Explorer (ACE; Smith et al., 1998). A preliminary
list of CMEs observed on 15 February 2011 with CORI (inner coronagraph) is given in
Table 1. The angular separation between the two spacecraft (Behind and Ahead) was 179.1
degrees. Five CMEs were observed, and the CME observed at 02:05 UT may have been
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Figure 2 Images of the solar corona, taken by the SECCHI inner coronagraph (COR1) on the STEREO
Behind and Ahead spacecraft on 15 February 2011 at 02:05 UT.

associated with a simultaneous FD event on 18 February 2011. It is also associated with an
X-class flare. We also compared our STEREO observations with the data observed by the
Solar and Heliospheric Observatory (SOHO)/Large Angle and Spectrometric Coronagraph
experiment (LASCO; Brueckner et al., 1995). To produce the time profiles of FD events,
we used hourly cosmic ray data from the Oulu, Magadan, and Inuvik NM stations based on
small geomagnetic cutoff rigidities at high latitude.

3. Results

Figure 1 shows the position of STEREO B and A on 15 February 2011 at 02:00 UT. Figure 2
shows an image of the solar corona taken by the SECCHI inner coronagraph (COR1) of the
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Behind

Figure 3 Images of the solar corona, taken by the SECCHI outer coronagraph (COR2) on the STEREO
Behind and Ahead spacecraft on 15 February 2011 (from top left to bottom right, Behind 02:39, Ahead
02:39, Behind 03:39, Ahead 03:39 UT).

Table 1 CORI preliminary CME list on 15 February 2011 (B—A angle separation: 179.1 degrees)

uT STEREO SECCHI COR1-B STEREO SECCHI COR1-A Earthward
direction
01:05 W, fast eruption (flare C2.7/S18W15, E, fast eruption Y
AR 11158, 00:38)
02:05 W, fast eruption (flare X4.8/S21W18, E, fast eruption Y
AR 11158, 01:56)
05:05 WNW, fast and narrow eruption ENE, fast and narrow eruption N
09:25 NW, faint and narrow eruption NE, faint and narrow eruption N
15:05 NW, narrow eruption (flare C4.8/S20W 15, NE, narrow eruption N

AR 11158, 14:44)
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2011/02/15 03:36

Figure 4 Images of the solar corona taken by LASCO C2 and C3 on the SOHO spacecraft on 15 February
2011 at 03:36 UT (left) and 03:42 UT (right).

Figure 5 Time variations of
GCR flux of an FD event on 18 2+(a)
February 2011 at the Oulu,
Magadan, and Inuvik NM
stations in (a) UT and (b) LT.
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STEREO Behind and Ahead spacecraft on 15 February 2011 at 02:05 UT. The Earth is
located west of Behind and east of Ahead. The CME erupted in the direction to the Earth
shown in Table 1.

Figure 3 shows images of the solar corona taken by the SECCHI outer coronagraph
(COR2) on 15 February 2011 at 02:09 and 03:39 UT. The symmetric CME eruption with
respect to the Earth appears in COR2. Figure 4 shows images of the solar corona taken by
the LASCO coronagraphs C2 and C3 on the SOHO satellite on 15 February 2011. The CME
in Figure 4 is the same as that in Figure 3. The LASCO images show halo CMEs. Although
they do not provide any information on their propagation with respect to the Earth, the
observations by STEREO and LASCO together can confirm the propagation to the Earth.

Almost three days after the CME eruption, an FD event was observed simultaneously on
18 February 2011. Figure 5 indicates the time variations of the GCR flux of the FD event on
18 February 2011 at the Oulu, Magadan, and Inuvik NM stations in both UT and LT. The
main phases at the three NM stations completely overlap in the UT profile of Figure 5a. The
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Figure 7 Schematic diagram
(not to scale) of globally
simultaneous FD event [redrawn
Figure 7 of Oh, Yi, and Kim
(2008)].

Sun

variation of the GCR intensity during the main phase is approximately 6 % compared with
the monthly averages.

Figure 6 shows IMF data observed by ACE/MAG during the period of 16—23 February
2011. The two dashed lines (L1 and L2) indicate the IP shock and MC, respectively. A strong
magnetic field enhancement (IP shock and MC) appeared on 18 February 2011. The erupted
magnetic field reached the Earth on 18 February 2011, causing a strong magnetic barrier to
overtake and surround the Earth. The FD event was recorded as a simultaneous signal at the
three NM stations.

4. Summary

We investigated the CME that occurred on 15 February 2011 as observed by the STEREO
spacecraft, which might have caused the FD event on 18 February 2011 that was recorded at
the Oulu, Magadan, and Inuvik NM stations. At 02:05 UT the CME erupted straight to the
Earth, and it is associated with an X-class solar flare. It propagated into interplanetary space
and reached the Earth on 18 February 2011; surely the central part of the interplanetary
CME passed through the Earth. The FD event was detected simultaneously at all three NM
stations.

Oh, Yi, and Kim (2008) suggested a model explaining a globally simultaneous strong FD
event. Figure 7 is a schematic diagram explaining the formation of a globally simultaneous
FD. A CME occurs at the Sun and propagates earthward. The magnetic barrier, consisting of
IP shock and MC, makes a strong shield against the GCR. The GCR particles are deflected,
and thus fewer GCRs can arrive at the Earth. When the central part of the magnetic barrier
with a strong IMF passes the Earth, then an FD can be simultaneously recorded at differ-
ent NMs. The three-dimensional visualization model of Oh, Yi, and Kim for simultaneous
FD events is confirmed by this CME event, which was observed by the STEREO mission.
The simultaneity of FD events has proven to be a useful analysis tool in understanding the
geoeffectiveness of solar events such as interplanetary CMEs and IP shocks.
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