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Comparison of space weather effects of two
major coronal mass ejections in late 2003
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Abstract; Two similar major coronal mass ejections (CMEs) occurring on October 28 and
November 18, 2003 were reported. Through the comparison of the two CMEs as well as their
interplanetary responses, two primary space weather effects of them, i. e., solar energetic
particle (SEP) events and large geomagnetic storms, were studied. The associated solar activities
of both CMEs involved at least one large flare, a preceding minor fast CME and an eruption of
filament. An extremely intense gradual SEP event was produced by the former CME, but no
major SEP event appeared after the latter. However, they both caused a great geomagnetic storm
and the storm created by the latter CME was slightly larger than the former. By analyzing
observations of the two CMEs, their associated activities and the corresponding interplanetary
magnetic clouds (MCs), the reasons why the two similar major CMEs caused different
consequences in the geo-space were discussed. The difference between the two CMEs with respect
to SEP events is due to the evident different release rate of energy, and the similarity and
difference in geomagnetic storms are related to the MC orientations and the paths along which the
Earth intersects the MCs.
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0 Introduction

Solar energetic particle ( SEP) events and
geomagnetic storms are two most Iimportant
phenomena, known as the popular term “space
weather effects”, in the geo-space. Coronal mass
ejections (CMEs) are the main sources of them.
However, not all of major solar CMEs can produce
a gradual SEP event or a large geomagnetic storm.

The process of particle acceleration is very
complicated. Shock wave acceleration is considered
a main mechanism for the formation of gradual
SEP events™"%.

important and substantial factor in energetic

Shock strength is the most

particle generations. Generally, interplanetary
shocks are driven by fast CMEs. Statistical studies
showed an evident association between CME
speeds and SEP™*!, Thus it is thought that a faster
CME is more likely to produce an SEP event.
However, there are still many other factors, such
as CME longitude, interactions between multiple
CMEs, background solar wind, seed populations,
and so on, that affect the intensities of SEP events
recorded near the Earth"°), Even with the
presence of these factors, fast CMEs are not
always able to produce an SEP event.

On the other hand,

geomagnetic

large non-recurrent

storms are usually caused by
interplanetary ejecta, especially magnetic clouds

(MCs ), and the shock sheaths

them™?!,  Fast solar

preceding
V),

southward component (B,) of magnetic fields and

winds strong

long duration of B, (Ar) are the most pivotal to

[13]

create large geomagnetic storms In terms of

the flux rope model of MCH*1%,

B, and At are dependent on the orientation of the

it is obvious that

flux rope axis for a magnetic cloud. Therefore, the
orientation of MCs is an important factor in
geomagnetic storms. According to the recent work
by Wang et al'®,

geomagnetic

an MC can easily cause a large
storm when its axis inclines
southwards.

In this paper, we report two similar major
coronal mass ejections occurring on October 28 and
November 18, 2003, respectively, compare them
as well as their associated activities and space
weather effects, and try to answer the question of
why they led to the similar and/or different
consequences with respect to SEP events and
geomagnetic storms. As will be represented in the
following sections, the two CMEs and their
associated activities are similar. Both the CMEs
are halo and fast. They were both preceded by a
minor CME. They were both accompanied with a
large X-ray flare and a filament eruption. The
interplanetary counterparts of both were clear
magnetic clouds (MCs), which caused large
geomagnetic storms. But one event produced a
very intense SEP event, while the other did not.
Thus, it is worth while to analyze the similarities
and differences between the two major events for
understanding of the solar-terrestrial physical
processes. The following two sections present the

observations of the two major CMEs as well as

their associated phenomena.

1  Observations of CMEs and their
associated solar activities

For convenience, the October 28 event is
referred as I, and the November 18 event as |[.

Event-] has already been described in our previous
paper"'”. The CME first appeared in the field of



% 8

Comparison of space weather effects of two major coronal mass ejections in late 2003 861

view (FOV) of LASCO/C2 at 11.:30 UT on
October 28, 2003. A bright Earth-directed full
halo CME was moving out at an extremely fast
speed of >2 000 km/s (the left lower panel of Fig.
1). Based on the observations from SOHO/EIT
(the middle panel of Fig. 1), it was found that the
CME was associated with a violent X-ray flare
(X17. 2) occurring at SI6E08 in AR 10486. The
flare began at 09:51 UT and lasted until 11:24 UT
with peak flux appearing at 11:; 10 UT.
Simultaneously, a giant filament erupted. The
main erupted part was in AR 10486 as marked by
From the H, and MDI

the white R
observations shown in the right panels of Fig. 1,

arrow.

approximately in
SOHO/MDI

observations show that the observed longitudinal

the erupted filament was
northeast-southwest  orientation.
magnetic field was negative at the upper side of the
filament channel and positive at the other side.
This indicates that the coronal arcades overlying
the filament directed from south-east to north-west
roughly. During the interval of 24 hours centered
on the occurrence of this CME, there was another
small semi-halo CME appearing in the south-east in
the FOV of LASCO at 10:54 UT (the left upper
panel of Fig. 1). Compared to the 11.30 UT CME,
this preceding CME was narrow (span angle was

about 124°) and faint though its speed was higher

Running difference images of LASCO/C2 (left panels), running
difference image of EIT195A of the major CME (middle panel) .

the corresponding H, image from Yunnan Astronomical

Observatory (right upper panel) and the photospheric magnetic
field observations of MDI (right lower panel). The white arrow
marks the giant filament, which is denoted by the thick
black line in the MDI image

Fig. 1 The solar observations of October 28 events

than 1000 km/s. This CME seemed to be also
related to the X17. 2 flare.

Fig. 2 Observations of the major solar

activities on November 18

The CME of event-]] first appeared in the
southwest in the FOV of LASCO/C2 at 08.50 UT
on November 18, and quickly extended over all
directions (the left lower panel of Fig. 2). The
estimated initial projected speed was ~1 660 km/
s, smaller than that of CME-]. This CME was
associated with an M3. 9 X-ray flare occurring at
NOOE18 in AR 10501 (as seen in the middle
panel) ., which began at 08:12 UT and lasted until
08:59 UT with peak flux appearing at 08:31 UT.
Before this CME, there was another small semi-
halo CME appearing at 0806 UT with an initial
projected speed of =1 000 km/s. It was related to
an M3. 2 flare from the same solar active region. In
addition to the small CME, there was a limb CME
occurring at 09:50 UT behind the southeast limb,
which should not be taken into account in event-] .
Similar to event-] , the CME was also accompanied
with a thick prominence eruption in the AR 10501
(as shown in the right panels of Fig. 2). The H,
image show that the main part of the erupted
filament was east-west orientation roughly. By
combining MDI observations, it was found that the
coronal arcades overlying the filament directed

from south to north.

2 Consequences in geo-space

The interplanetary counterpart of CME-]
passed the Earth from 11:00 UT on October 29 to
02:30 UT on October 30, which was recorded by
the ACE spacecraft as seen in Fig. 3. Inside that
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The last panel is plotted the geomagnetic index (Dst)

Fig. 3 The interplanetary observations of magnetic field strength (B) , the elevation (@) and azimuthal (¢) of field

direction, the southward component (B.) of magnetic field. solar wind speed (V,). proton density (N,). proton

temperature (T,) . and the ratio of proton thermal pressure to magnetic pressure (ff,) from the ACE spacecraft

interval, the magnetic field strength was more
intense than that in the ambient solar wind, the
vector of the magnetic field rotated largely and
smoothly, the proton temperature was relatively
wind

low, and the solar speed decreased

continuously. These signatures suggest that the
Ahead of
the cloud, a fast forward shock appeared at 06:00

ICME was a definite magnetic cloud™'®'.

UT, which was the strongest one in the late

October. Such fast shock implies a very fast

moving magnetic cloud in the interplanetary
medium. The average transit speed of the cloud
from the Sun to 1 AU is estimated as 1 770 km/s
approximately. Other halo or semi-halo CMEs
occurring during October 26~28 were not likely to
be the source of this cloud, because it is difficult
for them to drive such a strong and fast shock"",

Similarly, the interplanetary counterpart of
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The last panel shows the geomagnetic index (Dst)

Fig. 4 The interplanetary observations of magnetic field strength (B) ., the elevation (@) and azimuthal (¢) of field

direction, the southward component (B;) of magnetic field, solar wind speed (V,), proton density (N,), proton

temperature (T,) , the ratio of proton thermal pressure to magnetic pressure (§,) and the density ratio of H;*
to proton (N,/N,) from the ACE spacecraft

CME-]] passed the Earth from 10: 00 UT on
November 20 to 00:30 UT the following day (Fig.
4). Except CME-][ , there were no other halo or
semi-halo CME from November 18 to 19. Thus the
association between them is definite. This ejecta
was also a clear magnetic cloud: enhancement of
magnetic field strength, long and smooth magnetic

field vector, low proton temperature, low proton

B, continuously declining of solar wind speed and
relatively high density ratio of H, " to proton. The
average transit speed of the cloud was ~850 km/s,
much smaller than that of MC-] . This MC drove a
fast shock at 07:. 30 UT on November 20.
However, although the corresponding solar
activities of event-]| were relatively weaker than

those of event-] , magnetic field strength (56 nT)
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observed in MC-]| was intenser than that (49 nT)
of MC-T.

The GOES
extraordinary intense SEP event was produced by
The flux
enhancement of the protons with energy =>10 MeV
started at 11:48 UT on October 28, and the flux
reached up to the peak value of 29 500 pfu at 06:15
UT on the following day.

observations show that an

event-] (the left panel of Fig. 5).

On the contrary,
event-]] did not produce a major SEP event (the
right panel of Fig. 5). There was merely a small
enhancement of proton flux near the onset of
CME-][ , which did not exceed 1 pfu. The flux
peak at ~10.:00 UT was produced by another halo
CME at 08:06 on Nov. 20.

By investigating the geomagnetic index, Dst,
it was found that a great geomagnetic storm with
Dst minimum value of — 363 nT was caused by
event-] . It began on the morning of October 29
and lasted until October 30. The bottom panel of
Fig. 3 shows the Dst index of this storm. This
storm contained a double-peak structure, which
has been observed in previous work"*?*). The first
peak ( — 180 nT) appeared at 10: 00 UT on
October 29, caused by the shock sheath ahead of
the magnetic cloud. The southward component,
B,, of the magnetic field inside the sheath even
reached up to ~60 nT. Although the duration of

B, was short, extremely large values of B, played a

very important role in producing this Dst peak?",
The major Dst peak (—363 nT) appeared at 01:00
UT on October 30, produced by the long B,
intrinsic to the magnetic cloud. The magnitude of
B, was also large (30 nT), and the duration was
much longer (7 hours) than that of the B, inside
the shock sheath.

In spite of no major SEP event produced by
event-[[ , a great geomagnetic storm with Dst
minimum value of — 472 nT was caused (the
bottom panel of Fig. 4). The Dst index decreased
largely from the arrival of MC-]|-driven shock and
reached the minimum at 20:00 UT on November
20. It was produced by the large and long B,
interval inside the cloud. The long B, interval
lasted more than half a day with the B, peak value
of 53 nT. It should be noticed that the peak value
of B, nearly reached the total magnetic field strength,
i. e., the field almost directed southward totally,
which implies that this MC was in favor of causing
larger geomagnetic storms. The shock sheath did not
create a small Dst peak due to the presence of neither

extraordinary intense B, nor long duration of Bi.

3 Summary and discussion

Two important geo-space effects ( solar

energetic particle event and geomagnetic storm)
caused by the two large CMEs occurring in 2003
are analyzed. Although the two CMEs were similar
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to each other, their consequences in geo-space
were not similar. As a comparison, Tab. 1 clearly
lists the two CMEs, their associated solar activities
and their main interplanetary consequences. Both
events involved at least one large solar flare, two
CMEs (the major one was halo and large, and the
minor one was relatively narrow and weak), and
one evident filament eruption. The two CMEs in
each event were both frontside and separated by
nearly half an hour, indicating very that they were
close in time. Nevertheless, they did not form
multiple-magnetic-cloud structures?***) or complex
gjecta®’, as the data from the ACE spacecraft
suggests that there was only an isolated magnetic cloud
observed for both October 28 and November 18
events. We consider that the most possible fate for the
minor CMEs is that they had been pushed to a side and
even did not pass through the Earth. Such phenomena
could be termed “CME deflection-2%!,

Why did the
different SEP events in intensity though they were
the

observations described above, the main differences

two CMEs produce totally

so similar to each other? According to
between event-] and event-][ are as follows. (1)
Both the projected speeds and estimated transit
speeds indicate that CME-] was
faster than CME-]] , meaning that the shock driven

significantly

by CME-] was stronger; (][ ) flare-] was much
more intense than flare-]] though they both belong

to large flare. Moreover, the records of type [l

radio bursts (as listed in the 7th column of Tab. 1)
by Wind/Waves also suggest that CME-] drove a
very strong shock but CME-]] did not. These
differences all imply that the process of the energy
release of CME-] was much faster than that of
CME-]I. On the other hand, the two major CMEs
both originated from the vicinity of the solar center
meridian. The effect of the CME longitude on the
[4.5]

intensities of SEP events can be ignored. Thus

the most probable main explanation of why the two

CMEs did SEP

consequences is that CME-] released energy much

major not cause similar
more quickly than CME-[[. Such a rapid release of
energy made flare-] very large and CME-] driven
shock very strong.

Although CME-] released energy much more
quickly than CME-]] , it does not follow that the
amount of magnetic field fluxes ejected by CME-]
was larger than that by CME-]]. The two CMEs
both formed MCs and caused great geomagnetic
As the

orientation of MC’s axis influences the strength of

storms. mentioned in Introduction,

a geomagnetic storm. Wang et al''" have studied
the by

magnetic clouds associated with moderate

orientation effect analyzing 20 clear
to
intense geomagnetic storms during 1998~2003.
They suggested that large storms tend to occur
when the elevation angle 6 of a MC’s axis with

than zero,

The two MCs

respect to ecliptic plan is less

particularly when it is <(—45°,

Tab.1 Comparison of the two major events

Flares T MCs D SEP
st s
No. CMEs EPsh pe y s s
T < I Vi Buax  Bimax At /nT /pf
Time?/UT Class Loc - ptu
(Km+s™!) /nT /nT /h
appeared at 11: 30
UT, Vim2 450 km/ 0 ) SI6E08
I s, a preceding minor X17.2 es Strong 1770 49 30 =7 —363 29 500
) 11:10 -11:24 AR486
CME appeared 36
minutes before
appeared at 08: 50
il o :d1'6(‘50 km/ 08:12- 3.9 NOOELS S Weak 850 56 53 >12 —A472 <1
s, a preceding minor o "0 o . AR501 es ca 5 5

CME

minutes before

appeared 44

[Note)

waves. html; ¢ Transit speed of MCs from the Sun to 1 AU.

4 Begin Maximum End of flares;" Eruption of prominences;¢ Type [[ radio bursts from http://lep694. gsfc. nasa. gov/waves/
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represented here is included in their sample. By
using the force-free flux rope model**'*), the
observed MCs are fitted as indicated by the solid
curves in Fig. 6 and Fig. 7, and the fitted
parameters are listed in Tab. 2. The fitting results
suggest that the orientation (4, ¢) of the axis of
the MCs were (—12°, 246°) and (—70°, 90°),
respectively. They were in the range where a cloud
may create a moderate to large geomagnetic storm.

Particularly, according to Wang et al'®
results, MC-][ is more apt to cause a great storm,
as its axis directed to about —70° in §. This is a
reason why the storm caused by MC-]] was larger
than that by MC-I though CME-]] was slightly
weaker than CME-]. Besides, there is another
more important reason that, compared to MC-] ,
the observational path of the spacecraft for MC-]|

was closer to the axis of the cloud, where the

From 20031025 1o 20031030

»ﬁ?‘?'ﬂ "

2

e lniln
o

i

24
fime / h
Fig. 6 The fitting results of the October magnetic

cloud in GSM coordinates'®

magnetic field strength was relatively larger. The
distance between the observational path and the
axis of MC-T was estimated as ~0. 5R, and that of
MC-]] was ~0. 0, where R, denotes the radii of
the clouds. The fact that the width of the shock
sheath ahead of MC-][ was less than that ahead of
MC-] seems to support this point of view, as a
shock plane is farther away from its driver at the
flank than at the nose. Thus, the geoeffectiveness
of MC-]| is more significant than that of MC-] . In
addition, the above analysis implies that the effect
of the rate of energy release of CMEs on
geomagnetic storms is weak.
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Fig. 7 The fitting results of the November

magnetic cloud in GSM coordinates

Tab.2 The two magnetic clouds and fitted parameters

Observations

Fitted parameters

No. Date -
12 Vb ne B Bd Bs Hf 0 #h 1k R D&/R b /cc!
1 2003. 10. 29-30 11.4-26.1 1200 6.0 49 30 52.5 —1 —12 246 15 6.5 0. 508 0.038/0. 95
I 2003. 11. 20-21 10.1-24.4 589 13.4 56 53  50.0 1 —70 90 15 7.2 0.0 0. 064/0. 95

[Note] =Start and end of a magnetic clouds (hours) ;> Average speed of a magnetic clouds (in km/s) ;¢ Number density of solar

wind plasma within a magnetic cloud (in em™) ;¢ Maximum of southward component of magnetic field inside a magnetic

cloud (in nT) ;¢ Magnetic field magnitude at the axis of a flux ropes (in nT);! Sign of helicity of a flux rope, i. e. ,

handedness; ¢ Elevation angle of axial field (i. e. , axis) of a flux rope in GSM coordinates;" Azimuthal angle of axial

field (i. e. , axis) of a flux rope in GSM coordinates;' Center time at the closest approach to the cloud’s axis;i Radius of

a flux rope (in hours) ;& The closest distance to the axis of a flux rope (in hours) ;' Goodness-of-fit. RMS deviation/

correlation coefficient.
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