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Abstract. Based on the solar energetic particle (SEP) data from ACE and GOES satellites, the
acceleration of SEP by CME-driven shock in interplanetary space was investigated. The results
showed that the acceleration process of SEP by the Bastille CME-driven shock ran through
the whole space from the sun to the magnetosphere. The highest energy of SEP accelerated by
the shock was greater than 100MeV. A magnetic bottle associated with the CME captured a
lot of high energy particles with some of them having energy greater than 100MeV. Based on
magnetic field data of solar wind observed by ACE data, we found that the the magnetic bottle
associated with the Bastille CME was the sheath caused by the CME in fact.
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1. Introduction

Reames (1999) introduced SEP events’ properties in great detail. He think that there
are two kinds of SEP events, impulsive type related to flare and gradual type related to
fast shock driven by a CME. An important point of view of Reames(1999,2002) is that
large SEP events are only related to CME-driven shock. Gopalswamy’s (2002) view of
point is that the interaction between two CMEs’ came from the same region within 24h
play an important role for large SEP events. All these work mainly emphasize CME’s
role and dismissed flare’s function. Recently Richardson (2003) argued that the CME
interaction may be not important for accelerating major solar energetic events. Some
results (Cohen et al., 1999; Mazur et al., 1999) showed that flare may provide some seed
particles for CME-driven shock. Torsti et al. (2001) pointed out that the SEP event
on 1999 May 9 was a hybrid event, the flare first accelerated particles and then CME
accelerated the particles produced by the flare. Mewaldt et al. (2003) pointed out that
remnant of interplanetary material from earlier impulsive can’t provide sufficient Fe in
hybrid events, which also implied that flare may provide seed particles for CME-driven
shock. Kallenrode (2003) suggested SEP events should consist of flare accelerate particles
(FAPs) and CME-driven shock accelerate particles (CSAPs), with the only FAPs or only
CSAPs being the limiting case.

The solar active region AR9077 produced a X5.7 flare and a intensive coronal mass
ejection(CME) causing very strong disturbance in Sun-earth connection space on 2000
July 14. This day was called Bastille day and the solar event on that day was called
Bastille Day Event, CME on 2000 July 14 was called Bastille CME in this paper. The
event has been paid attention greatly in the world. Many paper have been devoted to
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the event study. Reames et al. (2001) analyzed the heavy ion abundance and spectra of
the event. Bieber et al. (2002) investigated the intensity-time and anisotropy-time pro-
files and pitch-angle distributions of energetic protons near Earth; Tylka et al. (2001)
explained the energy spectra of Fe by shock acceleration from solar wind suprathermals
and small (∼5%) admixture of remnants flare particles. Maia et al (2001) study the en-
ergetic electron on Bastille Day Event by analyzing the radio data observed by Nancay
radio heliograph. Le et al (2004) ever studied the moving direction of the Bastille CME
by using galactic cosmic ray data. MÄKELÄ et al. (2001) analyzed the time variation
of 2.7-3.3MeV nucl−1 and 10-13MeV nucl−1 protons and some heavy ions at energy 8.5-
15MeV. They thought that the magnetic tubes were filled with flare-related particles.
Tang et al. (2003) suggested that the Bastille Day event was a hybrid event. Very re-
cently Tang (2004 Sep.) found that the protons were firstly accelerated by electric field
in the magnetic reconnection region by analyzing the data of gama ray and EIT/SOHO.
So it seems that the event is still not completely understood.

Here we report that the data of high energy protons with energy greater than 10MeV
and 30MeV in interplanetary space observed by Advanced Composition Explorer (ACE).
We also analyze the energetic particles with energy greater than 10MeV, 30MeV, 50MeV
and 100Mev observed by Goes satellite. We study the CME-driven shock’s role in accel-
eration of Bastille Day SEP Event. Finally we investigate which part associated with the
Bastille CME captured a lot of higher energy particles with some of them having energy
greater than 100MeV.

2. Data Analysis

Because only CME or flare may produce or accelerate solar energetic particle, so we
firstly present the flare and CME’s information related to Bastille Day SEP event. On
2000 July 14, a big flare flare X5.7 began at 10:03UT, peaked at 10:24UT and ended
at 10:43, shown in Fig.1. There were no other important flare except the X5.7 during
14-16, July 2000. Based on the flare classification given by Pallavicini et al. (1977), the
flare X5.7 was a gradual flare. While the whole duration of the flare is shorter than 1
hour, so the flare belonged to impulsive flare based on the definition of a flare by its time
structure.

Figure 1. solar flare during 14-16, Jul 2000

The CMEs’ came from the AR9077 on 2000 July 13 and Bastille day are listed below
(copy from Gopalswamy’s (2002) paper ). CME1’s onset was 14hour and 24m earlier
than CME2’s onset.

The data from the SIS instrument on ACE during 14∼15, July 2000 are shown in
Fig.2. From Fig.2 we can see that the proton flux with energy greater than 10MeV
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Table 1. 2000 Jul. 13 and 14’s CME information

Date CME Onset time Width Speed(km/s)

2000 Jul 13 CME1 20:30UT 62 839

2000 Jul 14 CME2 10:54UT 360 1674

Figure 2. the SEP data observed by ACE Figure 3. the SEP data observed by GOES 8

and 30 MeV reached saturation no long after the onset of the SEP event. At about
2000 July 14 18:00UT, the proton flux with energy greater than 10MeV and 30 MeV
decreased which means that the shock driven by the CME2 accelerated particles very
intense during 11:00UT∼18:00UT, July 14, 2000. With the deceleration of the CME2 as
it traveling outward, the ability of CME2-driven shock acceleration of SEP decreased. So
the enhancement of SEP flux from t1 to shock time must not be caused by shock driven
by the Bastille CME. Because there was no important flare around the 24:00UT and
also no CME around that time, so the enhancement must be caused by the CME itself.
The SEP flux observed by GOES satellite increased also from t1 for four energy channels
including the channel of greater than 100MeV shown in Fig.3. After shock passed ACE,
the SEP flux was still high during the period from shock time to t3 shown in Fig. 2, so
there were large number of energetic particles captured by the magnetic bottle. Based
on the ACE data, the location of the magnetic bottle relative to the CME-driven shock
and CME itself was shown in Fig.4.

3. Summary and Discussion

The Bastille Day CME-driven shock had been accelerating SEP with energy greater
than 100MeV during the period from the onset time to the moment that shock reached
the the magnetosphere. The magnetic bottle associated the Bastille CME captured a lot
of high energy particles with some of them having energy greater than 100MeV. The
location of the magnetic bottle associated with the Bastille CME was behind the shock
but in front of the magnetic cloud.

In fact the magnetic bottle associated with Bastille CME was the sheath caused by
the CME. The Bastille CME-driven shock accelerated SEP very intensively causing the
SIS SEP instrument saturation during the period from the onset time of SEP to about
18:00UT, 2000 July 14. After that the SEP flux observed by ACE decreased for a while
shown in Fig.2. The SEP flux with energy greater than 10MeV, 30MeV and 50MeV
observed by GOES satellite didn’t decline obviously around 18:00UT, 2000 July 14. This
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Figure 4. The location of magnetic bottle associate the Bastille CME

means that the charged particles with energy greater than 10MeV, 30MeV and 50MeV
can stay in geosynchronous orbit for some time. There was big difference between the
SEP data in geosynchronous orbit observed by GOES satellite and the SEP data in
interplanetary space observed by ACE satellite for the particles with energy greater than
10MeV and 30MeV.
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