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Abstract

Large gradual solar energetic particle events (LGSEPEs,
≥10pfu in the >10MeV channel as measured by GOES)
are closely associated with coronal mass ejections (CMEs).
The intensity-time profile of a LGSEPE reveals important
information on the moving directions of a CME or an in-
terplanetary CME (ICME). This paper analyzes the moving
directions of ICMEs, using the intensity-time profiles of 3
typical solar energetic particle events, and the statistical re-
sults are presented.
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1 Introduction

Of the solar activities’ impacts on space weather, CMEs are
undoubtedly the most important element affecting space
weather. For example, all LGSEPEs are always go along
with CMEs (e.g., Reameas 1999; Gopalswamy et al. 2002,
2004; Kahler 2001, 2005; Tylka et al., 2005). Both so-
lar flares and CME-driven shocks may accelerate the so-
lar energetic particles at the early phase (Miroshnichenko,
2001; Cane et al. 2003; Kallenrode 2003; Cane et al. 2006;
Miroshnichenko et al. 2008). Li and Zank (2005) devel-
oped a model depicting particles accelerated by both so-
lar flares and CME-driven shocks. Their model can get
different intensity-time profiles for different kinds of so-
lar energetic particle events. ICME-driven shock was the
only acceleration source of solar energetic particles after
the eruption of solar flare and CME. The acceleration of
solar energetic particles by ICME-driven shock has been
extensively studied (e.g. Zank et al. 2007 and reference
therein). Large gradual solar energetic particle events al-
ways come along with CMEs. CMEs are large scale so-
lar activities. In this context, solar energetic particles ac-

celerated by CME-driven or ICME-driven shocks can be
observed over an extensive longitude scope. However, the
peak flux and intensity-time profile of a solar energetic par-
ticle event is not only affected by the CMEs properties (e.g.,
Kahler 2001; Kahler and Vourlidas, 2005) but also affected
by the relative position between an observation point and
the site where a CME occurred (Cane et al. 1988; Reames,
1999; Kahler, 2005).
Various methods have been developed to predict the ge-
omagnetic storm index Dst by using solar wind data ob-
served at L1 point (e.g. Xie et al. 2008 and reference
therein). These methods use solar wind data observed by
satellites located at L1 point to predict the Dst index and
have one hour in advance for the occurrence of the ge-
omagnetic storm. Moon et al. (2005) proposed an ap-
proach to determine the moving direction of a CME. This
approach has to work with the observational data collected
by SOHO/LASCO. Besides CME image data and the solar
wind plasma data can be used to predict the geomagnetic
storm, solar low and high energy particles’ data can also be
used to predict the geomagnetic storm. Simth and Murtagh
(2004) suggested that an energetic ion enhancement (EIE)
observed at L1 point can be used to predict the geomag-
netic storms. Their method depends on the WIND or ACE
satellite energetic ion data. Considering the factor that the
number of EIE events was much more than that of intense
geomagnetic storms, the additional phenomena (e.g. solar
sources, shock and shock driver’s properties) should be in-
vestigated to improve the prediction precision. Valton et al.
(2005) studied energetic particle signatures of geoeffective
CMEs. Protons in the range 1-110 MeV from the ERNE
experiment onboard SOHO are used in their analysis. Con-
sidering the fact that SOHO, WIND and ACE satellite have
been working for more than one solar cycle, these satel-
lites may cease to work in the near future. The solar wind
plasma data and energetic particles’ data observed by satel-
lites located at L1 point may not available. How can we
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predict the geomagnetic storms by using the SEP data ob-
served by other satellites data?
The moving direction and initial speed of CMEs are two
key parameters for measuring the geoeffectiveness (Moon
et al. 2005; Gopalswamy et al. 2007). The halo CME near
the solar disk center presents a fine geotropism. Taking
into account the fact that the SEPs are accelerated by CME
or ICME-driven shock and can be observed by satellites,
and the fact that an enhanced acceleration occurs near the
central nose of a shock, where the shock is strongest and the
speed is likely to be the highest, and decline on both flanks
(Reames et al. 1999), it is possible that we can measure
the moving direction of an ICME using the observational
data of solar energetic particles, making it a useful tool for
predicting geomagnetic storms.
In this paper, the intensity-time profiles of 3 LGSEPEs are
cited to show three types of intensity-time profile for the
LGSEPEs and which kind of geomagnetic activity will fol-
low the LGSEPEs, which is very important in predicting
the occurrence of geomagnetic storms. Data analysis is
made in section 2. Summary and discussion are given in
the final part of the paper.

2 Data analysis

Type 1: An X2.7 solar flare occurred at 08:09 UT, 6 May
1998 over an active region on S12W29, accompanied by
a CME with an initial speed 1099km/s. After the eruption
of both the flare and CME, GOES 10 observed an LGSEPE
shown in the penultimate panel of Fig. 1.The time-intensity
of the LGSEPE had only one peak 210 pfu occurred at
09:45UT, 6 May 1998. The source location of the CME
is S11W65. When the CME became an ICME, the SEPs
observed by GOES10 were accelerated the ICME-driven
shock. If the ICME-driven shock reached the magneto-
sphere, the flux of SEPs should have been seen a sudden
increase by GOES satellite. However, there was not a sud-
den increase in particles flux after the occurrence of the first
peak. There was also no interplanetary shock and ICME
observed by satellite ACE or SOHO during 7-8, May 1998.
This implied that the ICME-driven shock and the ICME did
not reach the magnetosphere, which can be seen in Fig. 1.
The CME initial speed was 1099km/s, so if the CME can
finally reach the magnetosphere, it should be seen by ACE
satellite during 7-8, May 1998. However, no ICME was
observed by the ACE satellite during the period. This re-
vealed that the CME finally didn’t reach the magnetosphere
and the CME hasnt geoeffectiveness.
Type 2: Solar active region 8210 produced a X1.1 solar
flare at 1342 UT, May 2 1998 and a CME associated the
flare was observed. The greater than 10 MeV proton flux
increased and reached the first peak of 150 pfu at 1650
UT, 2 May 1998. Then the flux decreased gradually and
reached the second peak when ICME-driven shock reached
the magnetosphere. The second peak is lower than the first
peak. A great geomagnetic storm occurred after the IP

Figure 1: From top to bottom are the solar x-ray flare, solar
wind speed, proton density, magnetic field, z-component of
IMF, Tp/Tex ratio, proton , He/p ratio, log Fp (E>10MeV)
, SYM-H index

shock passed the earth. The geomagnetic storm was only
caused by the sheath. The ICME made no contribution to
the main phase of the geomagnetic storm. The solar flare,
the greater than 10 MeV proton flux, solar wind data and
geomagnetic index are shown in Fig.2.
Type 3: solar active region 10486 produced an X17.0 so-
lar flare at 1110UT, 28 October 2003. An extremely fast
(2459km/s), earthward directed halo CME was observed
on SOHO/LASCO imagery. The greater than 10 MeV pro-
ton flux increased sustain and reached its peak value when
shock reached the magnetosphere. A super geomagnetic
occurred after the shock and the ICME reached the mag-
netosphere. The solar flare, the flux for solar proton with
energy greater than 10 MeV observed by GOES satellite
and interplanetary magnetic field (IMF) are shown in Fig.
3. We can see form Fig. 3 that the main phase of the geo-
magnetic storm was caused by the sheath and the magnetic
cloud with magnetic cloud making crucial contribution.

3 Summary and discussions

Each LGSEPE occurred during solar cycle 23 has been
checked. The statistical results are: If the intensity-time
profile of a LGSEPE has only one peak, which occurs no
longer after the relative solar flare and the eruption of the
associated CME, and declined quickly then the ICM-driven
shock and the ICME will not intercept the earth, or only
the edge of the ICME will intercept the earth. In this case,
there will be no geomagnetic storm or minor storm will
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Figure 2: From top to bottom are the solar x-ray flare, solar
wind speed, proton density, magnetic field, z-component of
IMF, Tp/Tex ratio, proton , He/p ratio, log Fp (E>10MeV)
, SYM-H index.

occur. Only a few cases would be moderate storms. If
the intensity-time profile of a LGSEPE has two peaks with
the SEP flux decreasing after the first peak and the sec-
ond peak lower than the first peak, then the ICME-driven
shock, the sheath will reach the magnetosphere. The edge
of the ICME will hit the magnetosphere in some situation.
The shock, sheath and the main body of the ICME may
reach the magnetosphere in other situation. This kind of
a LGSEPE may be followed by an intense geomagnetic
storm or even super geomagnetic storm. If the intensity-
time profile of a LGSEPE increased with sustained manner
and the solar proton flux peak time basically coincided with
the IP sock time, or a LGSEPE has two peaks with the sec-
ond peak higher than the first one, then the ICME-driven
shock, the sheath and the main body of the ICME may
reach the magnetosphere. An intense geomagnetic storm,
even a super geomagnetic storm will follow the LGSEPE.
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Figure 3: From top to bottom are solar x-ray flux and the
IMF, z-component of the IMF,the flux of solar proton with
energy greater than 10 MeV and Dst index, observed by
GOES satellite.
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