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Abstract: After an extended solar minimum, a significant increase in the solar activity starting late in 2009 has provided
several Solar Energetic Particle (SEP) events observable from spacecraft widely separated in longitude. We analyze the
August 18, 2010 SEP event, originating from active region 11099, near the west solar limb. Electrons and ions accelerated
during this event were clearly observed by both STEREO spacecraft, separated by more than 152 degrees, as well as by
near-Earth spacecraft. The large intensity increase permits the study of time profiles and anisotropies measured at three
different locations with good statistical accuracy. We combine multi-spacecraft in-situ and remote-sensing observations
with a three-dimensional particle propagation model in order to clarify the physical processes responsible for the large
angular spread of the energetic particles.
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1 Introduction

A broad angular distribution of energetic particles is
sometimes observed during Solar Energetic Particle (SEP)
events. Acceleration by an extended source (coro-
nal/interplanetary shock, [1, 3]), perpendicular diffusion in
the interplanetary medium [4, 5], or quickly diverging open
magnetic field lines above the source Active Region (AR)
[6] have been proposed to explain these observations. The
beginning of the STEREO mission at the end of 2006 coin-
cided with an extremely quiet solar minimum and only a
few SEP events were observed during 2007-2009. A signif-
icant increase in the SEP activity starting late in 2009 pro-
duced several events which were detected simultaneously
by two or more spacecraft widely separated in longitude.
Multi-spacecraft observations during these SEP events are
a valuable tool in order to clarify the physical processes re-
sponsible for the large angular spread of the energetic par-
ticles. In this paper we analyze the August 18, 2010 SEP
event, originating slightly behind the west solar limb (as
seen from the Earth) and clearly observed by both STEREO
and near-Earth spacecraft (SOHO, ACE, Wind).

2 Observations

2.1 Associated solar activity

On August 18, 2010 a long duration X-ray C4.5 flare oc-
curred in AR 11099 between 04:45 and 06:51 UT. This re-
gion was located ∼10 degrees behind the west solar limb
from the Earth’s point of view. The soft X-ray flux maxi-
mum was measured by GOES on 05:48 UT although the
temporal profile shows a smaller maximum about 30 min-
utes earlier (Figure 1, top panel). The double-peak struc-
ture of the flare was also observed in hard X-rays below
25 keV by Fermi GBM. No type III radio-bursts were
observed by ground-based stations, probably due to oc-
cultation behind the limb. The SWAVES instrument on-
board both STEREO spacecraft observed a weak type III
radio-burst starting at 05:01 at 10 MHz. A second, much
stronger group of type III bursts was observed by both
STEREO/SWAVES and Wind/WAVES, starting at 05:33
UT (Figure 1, bottom panel). A type II radio-burst was
observed by Learmonth and San Vito radio stations be-
tween 05:51 and 05:55 at 25-55 MHz (not shown). At
lower frequencies (<20 MHz) an intermittent type II radio-
burst was observed by STEREO-A and Wind (slowly two-
lane drifting structure starting at 06:03 UT at 13 MHz on
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Figure 1: Top: X-ray flux measured by GOES-15. Bottom:
Dynamic radio spectrum measured by Wind/WAVES.

Figure 1, bottom panel). The STEREO-B/SWAVES dy-
namic spectrum shows weak signatures of this type II burst.
The flare was accompanied by a fast halo CME which ap-
peared in the STEREO-A/COR1 field of view at 05:45
and on STEREO-B/COR1 at 06:06. It was observed as
partial-halo by SOHO/LASCO, appearing in the C2 field
of view at 05:48 UT at 3.22 solar radii from the Sun cen-
ter. According to the LASCO CME catalog, the CME
speed was 1471 km/s and the lift-off time was between
05:29 and 05:32 UT. The high CME speed and the type
II radio-burst suggest the presence of a shock propagating
in the corona shortly after the X-ray flare maximum. Fi-
nally, STEREO-A/EUVI running-difference images show
a weak EUV wave propagating mainly in southward direc-
tion. STEREO-B/EUVI running difference images show
no evidence of the EUV wave observed by STEREO-A.

2.2 SEP event summary

In association with these activity phenomena, the two
STEREO, separated by 152 degrees, observed a SEP event.
The event was also observed by near-Earth spacecraft
(ACE, SOHO, Wind) and showed electron acceleration
above 1MeV and proton acceleration up to at least 40MeV.
The SOHO/EPHIN instrument measured a 4He to proton
ratio of (1.4 ± 0.1) · 10−3 at 5-15 MeV/n and no signifi-
cant 3He enhancement above the instrumental background
in the same energy interval. Lack of 3He enrichment and
low 4He/proton ratios are typical signatures of gradual SEP
events [1].

The 65-105 keV electrons measured by the Solar Elec-
tron and Proton Telescope (SEPT, [2]) started to increase
at 06:09 UT at the STEREO-A location, 0.96 AU far from
the Sun and at 6:51 on STEREO-B, at 1.07 AU. The onset
of ∼100 keV electrons observed by Wind/3DP is simulta-
neous to STEREO-A within 3 minutes uncertainty. At the
time of the event onset, the three spacecraft were embedded
in the slow solar wind (below 400 km/s). During the second
half of August 19, STEREO-B entered in a fast solar wind
stream and STEREO-B observed an in-situ CIR-related re-
verse shock on August 20, 10:28 UT. ACE remained in the
slow solar wind during the entire event, while STEREO-
A observed an interplanetary forward shock on August 20,
16:13 UT, driven by an Interplanetary Coronal Mass Ejec-
tion (ICME) [7].

2.3 Spacecraft location and magnetic connection

Figure 2 shows the spacecraft locations in the ecliptic plane
and the nominal Parker spirals corresponding to the solar
wind speed measured at the beginning of the electron in-
crease. A ballistic backmapping has been used to calcu-
late the Carrington coordinates of the nominal footpoints
of each spacecraft, which are listed in Table 1 together with
the AR coordinates. The longitudinal separation with re-
spect to the AR were 91, 35 and 43 degrees for STEREO-
B, ACE and STEREO-A respectively. The circular sketch
above the Parker spirals in Figure 2 shows a top view of the
magnetic field lines below the source surface which con-
nect to the ecliptic plane, provided by a Potential Field
Source Surface (PFSS) model by the Global Oscillation
Network Group (GONG). The AR was located in an area
of negative polarity while STEREO-B and ACE footpoints
were on positive polarity areas. STEREO-A footpoint was
close to the current sheet, but in-situ magnetic field data
and electron pitch-angle distributions measured by SEPT
and SWEA indicate that the rising phase of the event oc-
curs during a period of positive polarity. Using the PFSS
package included in Solarsoft library, the open magnetic
field lines from the AR show negative polarity and a con-
siderable divergence (in both, latitude and longitude, not
shown in the figure). This divergence could contribute to
approach the lines from the flaring region to STEREO-
A and ACE footpoints, but they are still very far from
the STEREO-B footpoint. PFSS results should be taken
with care because the region was occulted behind the limb
and consequently magnetograph data used as input by the
model was not up to date. The lack of EUV wave in the
STEREO-B/EUVI running difference images suggests that
the wave observed by STEREO-A/EUVI did not reach the
STEREO-B magnetic footpoint.

2.4 Injection times and anisotropies

The energetic protons show clear velocity dispersion for
the three spacecraft, while nearly-relativistic electron velo-
city dispersion is poorly seen or absent. The application
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Figure 2: Spacecraft locations during the August 18, 2010 SEP event. Parker spirals through each spacecraft correspond
to the solar wind speed measured at the onset time. The dashed line shows an ideal Parker spiral from the AR for a solar
wind speed of 370 km/s (which is the speed measured by ACE during the event onset). The insert shows the ecliptic plane
view of the magnetic field from GONG PFSS model.

of the onset time versus c/v method (combining electron
and proton data) provides release times of 05:50±6 min
for SOHO, 05:48±4 min for STEREO-A and 06:17±4 min
for STEREO-B. These solar release times include an +8
minutes time shift in order to allow direct comparison with
the electromagnetic observations at 1 AU. STEREO-A and
SOHO release times are simultaneous within uncertainties.
They are delayed with respect to the starting of the type
III radio emission and the CME lift-off, and in good co-
incidence with the soft X-ray maximum. Since the un-
certainty time window includes the starting of the type II
radio-burst and given the questionable validity of the onset
time vs c/v technique [8, 9, 10], shock acceleration cannot
be discarded. Velocity dispersion plots (not shown) sug-
gest that protons and relativistic electrons were accelerated
simultaneously.
STEREO-A and ACE observed clear electron anisotropies
during the rising phase of the event, with pitch-angle dis-
tributions similar to those found during well connected
events. STEREO-B electron anisotropy is smaller, but not
negligible, and remains after the peak flux. Times to max-
ima for omnidirectional 10-minute averaged intensities of
65-105 keV electrons are 195 minutes for STEREO-A and
225 minutes for STEREO-B. At ACE, 62-103 keV elec-
trons reached the maximum 135 minutes after the onset.

Long Lat
AR11099 347 17.0
STEREO-B footpoint 256 -0.7
Earth footpoint 312 6.8
STEREO-A footpoint 30 3.7

Table 1: Carrington coordinates of the flare and the space-
craft footpoints.

3 Modeling

We used a three-dimensional transport model [5] to sim-
ulate the particle propagation from the Sun to the three
spacecraft. The model assumed a solar wind speed of 400
km/s and 1 AU heliocentric distance for both STEREO and
ACE. The electrons were injected at the AR coordinates
(Carrington longitude 347 deg and heliographic latitude 17
deg North) with a power law spectrum with spectral index
-3. The parallel mean free path was set to 0.5 AU. The ratio
between the perpendicular and parallel mean free paths is
given by (see [5] for details):

λ⊥(μ) = α · λ‖ ·
( r

1 AU

)2

cos(ψ) ·
√
1− μ2 AU (1)

where μ is the particle’s pitch-angle, ψ is the angle between
the radial direction and the magnetic field and the coeffi-
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cient α was set to 0.05. Figure 3 shows observations of 65-
105 keV electrons compared with the model results assum-
ing a delta injection. Both plots correspond to a time in-
terval of 15 hours. ACE intensities are divided by an inter-
calibration factor obtained from observations during early
2007 when both STEREO were close to the Earth. The
model is able to reproduce the scaling of the intensities as
well as the onset delays. The shorter time scales of the sim-
ulation results compared to the observations suggest longer
time injections at the source rather than a delta injection.
The model predicts strong anisotropies at the ACE location
and less pronounced for STEREO-A. At STEREO-B the
anisotropy predicted by the model is very weak. Further
model runs and comparison with the observed anisotropies
are in preparation.

4 Summary and conclusions

On August 18, 2010, a solar energetic particle event was
observed by both STEREO spacecraft separated by 152 de-
grees, as well as by near-Earth spacecraft. The event was
associated with a long duration X-ray flare and a fast CME
originating from AR 11099, slightly behind the west so-
lar limb. STEREO-A and the Earth were relatively well
connected to the AR and showed simultaneous electron on-
set and clear anisotropies. STEREO-B footpoint was sepa-
rated from the AR by 90 degrees, showing more than half
an hour onset delay, longer time to maximum and weaker
anisotropies. The divergence of the magnetic field lines
below the source surface could play some role in the mag-
netic connection for STEREO-A and the Earth, but is not
able to explain the particle increase observed at STEREO-
B. Preliminary simulation of the interplanetary propagation
of nearly relativistic electrons taking into account perpen-
dicular diffusion is able to explain the onset delay as well
as the intensity distribution with respect to the angular sep-
aration from the flare. However, the delta injection at a
point-like source is not able to reproduce the long rise and
decay times. A contribution from shock acceleration can-
not be ruled out from the observations. Further simulations
using extended spatial/temporal injection will help to clar-
ify the relative importance of flare and shock acceleration
during this event.
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Figure 3: Top panel: observations of nearly relativistic
electrons by STEREO-A, STEREO-B and ACE. Bottom
panel: simulation results obtained assuming a delta injec-
tion and a point-like source located at the AR.
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[5] Dröge, W. et al, ApJ, 2010,709: 912
[6] Klein, K.L. et al, A&A, 2008, 486: 589
[7] IMPACT/PLASTIC level 3 event list http://www-
ssc.igpp.ucla.edu/forms/stereo/stereo level 3.html

[8] Lintunen, J. and Vainio,R. A&A, 2004,420: 343
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