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Abstract: We analyze impulsive electron events in the energy range of a few tens to a few hundred keV which were
observed during the rising phase of solar cycle 24 onboard the two STEREO spacecraft as well as on spacecraft located
near the Earth. A sequence of events in May 2007 when all spacecraft were still close together is used for an inter-
calibration of electron fluxes measured by the STEREO Solar Electron and Proton Telescope (SEPT) with instruments
covering similar energy ranges on Wind/ACE/SOHO. We also present a method which allows, under some restrictions,
to reconstruct the angular distributions of electrons from the four viewing directions provided by the SEPT instrument.
For a number of electron events observed from May 2009 to 2011 during which the longitudinal separation of the two
STEREO spacecraft increased from 120 to 180 degrees time profiles, onset times, anisotropies and spectra observed by
the different spacecraft are compared, and their dependencies with the angular separation (in both, longitude and latitude)
of the spacecraft footpoints with respect to the source active region are discussed. Evidence for lateral transport in the
solar corona or in the interplanetary magnetic field is investigated.
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1 Introduction

Solar energetic particles (SEP) carry fundamental in-
formation on the source region and their acceleration
and propagation processes. Their intensity-time pro-
files, anisotropies, energy spectra, and elemental and ionic
charge composition are determined by the combined effects
of acceleration at the sun and in interplanetary space, in-
jection time profile, and coronal and interplanetary propa-
gation. However, by the time the energetic particles have
reached Earth, the effects of acceleration, release and trans-
port generally cannot be uniquely unfolded when observed
with only one spacecraft. It is therefore one of the prime
objectives of the dual-spacecraft STEREO mission to ad-
dress the mechanisms and site of energetic particle accel-
eration in the low corona and interplanetary medium (e.g.,
[1]).
The multipoint measurements with the twin spacecraft
STEREO-A and STEREO-B with almost identical instru-
mentation, and their separation in solar longitude increas-
ing by ∼ 44◦ per year provide a novel tool for studying
acceleration and propagation processes of SEPs. In fact,
when combined with measurements near Earth (e.g. by
ACE, SOHO, or Wind), intensity-time and anisotropy-time
profiles for electrons and ions are becoming available with

at least 3 spacecraft, with a separation of up to ∼ 22◦ be-
tween STEREO-A and ACE and ACE and STEREO-B, re-
spectively, during the first year of STEREO operation.
In this paper we study the intensity-time profiles and
anisotropies of electrons with the SEPT instrument [2]
of the IMPACT suite [3] onboard STEREO and with the
EPAM instrument onboard ACE [4]. For an intercalibra-
tion of the electron telescopes onboard STEREOwith those
on ACE we here consider first a series of events during the
time period 2007 May 19 to 23 when the spacecraft were
still relatively close together.

2 Instrumentation

The Solar Electron and Proton Telescope (SEPT), one of
four instruments of the Solar Energetic Particle (SEP) suite
for the IMPACT investigation aboard STEREO, is designed
to provide the three-dimensional distribution of energetic
electrons and protons with good energy and time resolu-
tion. This knowledge is essential for characterizing the
dynamic behaviour of CME associated and solar flare as-
sociated events. SEPT consists of two dual double-ended
magnet/foil particle telescopes which cleanly separate and
measure electrons in the energy range from 30 - 400 keV
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Figure 1: SEPT sensor schematics.

and protons from 60 keV to 7 MeV. The dual set-up refers
to two adjacent sensor apertures for each of the four view
directions: one for protons, one for electrons. The double-
ended set-up refers to the detector stack with view cones in
two opposite directions: one side (electron side) is covered
by a thin foil, the other side (proton side) is surrounded by
a magnet. Each double-ended telescope has two solid state
detectors (SSDs) which are operated in anti-coincidence.
One SSD looks through an absorption foil and its partner
through the air gap of a magnet system. The foil leaves the
electron spectrum essentially unchanged but stops protons
of energy up to the energy of electrons (∼ 400 keV) which
penetrate the SSD. The magnet is designed to sweep away
electrons below 400 keV, but leaves ions unaffected. In the
absence of > 400 keV ions, the foil SSD only detects elec-
trons, and the magnet SSD only detects ions. Ions from 400
keV to 7 MeV will stop in the magnet SSD and their fluxes
will be cleanly measured. The contribution of > 400 keV
ions to the foil SSD can then be computed and subtracted
to obtain the electron fluxes. Each SSD is equipped with
its own guard ring for background reduction. The SEPT
sensor schematics are shown in Figure 1.
Anisotropy information on a non-spinning spacecraft is ac-
quired in four look directions: SEPT-E observes in the
ecliptic plane along the nominal Parker spiral magnetic
field in both the Sun- and Anti-Sun direction, SEPT-N/S
observes out of the ecliptic plane perpendicular to the mag-
netic field both North and South. To warrant unobstructed
fields of view, the full angle of the viewing cones is lim-
ited to 52 degrees and SEPT-N/S is mounted on its own
mounting bracket. The geometrical factor for each of the
four magnet telescopes is 0.17 cm2 sr and for each of the
four foil telescopes 0.13 cm2 sr. The SEPT field of view is
shown in Figure 2.
The EPAM instrument [4] is designed to make measure-
ments of ions and electrons over a broad range of energy
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Figure 2: SEPT field of view.

and intensity with five separate solid-state detector tele-
scopes that provide nearly full coverage of the unit sphere.
In this study we use high-resolution electron data obtained
by the LEFS60 telescope which contains four electron
channels between 45 and 312 keV and samples an annu-
lus centered at 60◦ (± 25◦) to the ACE spin axis with eight
45◦ sectors.

3 Observations

From 19 to 23 May 2007 three interplanetary electron
events with energies above 100 keV occurred in near-Earth
interplanetary space and where observed simultaneously by
ACE, STEREO-A, and STEREO-B. During the above time
period STEREO-A was located ∼ 6◦ ahead of the Earth,
while STEREO-B trailed the Earth by ∼ 3◦. ACE is in a
halo orbit around the L1 point, and was therefore between
STEREO-A and STEREO-B (see Fig. 3). The electron
events probably originated in active region AR10956 which
was at longitude W06 on 19 May and had rotated to W60
by May 23. The 19 May event was associated with a B9.5
class flare with an X-ray peak around 13:00 UT, the 23May
2007 event was related to a small (B6) GOES X-ray flare

Figure 3: Positions of ACE, STEREO-A and STEREO-B
around 2007 May 20 in projection on the XYHEE plane
(in units of AU).
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Figure 4: ACE and STEREO-A/B electron and plasma data for the period 2007 May 19 – 23.

at approximately N05 W55, starting around 07:30UT. Dur-
ing the above period also two low energy solar ion events
where observed, and ions from a corotating interaction re-
gion might have been present as well [5]. The passage of
one or more interplanetary coronal mass ejections (ICMEs)
past the near-Earth environment on 22 and 23 May [6]
might have lead to considerable distortions in the interplan-
etary magnetic field between the Sun and the Earth. This
could have caused significantly different magnetic field line
connections back to the Sun and thus different particle-time
profiles on the three spacecraft.

Figure 4 gives an overview on sector-averaged electron
fluxes in the energy range of ∼ 60 - 105 keV, magnetic
field and plasma data observed on ACE and STEREO from
19 - 23 May 2007. The absolute intensities on STEREO-A
and B are in good agreement for most of the first three days
shown, the deviation in the flux profile on STEREO-B dur-
ing the rise phase of the 23 May event is probably caused
by a magnetic cloud/ICME. To match the STEREO inten-
sity profiles during the events we have divided the ACE
intensities by a factor of 2. Even taking into account the
apparently higher background/noise rates of the EPAM de-
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Figure 5: STEREO-A SEPT electron pitch angle distribu-
tion.

tector, this rather large discrepancy in nominally similar
energy ranges is somewhat puzzling. One reason for the
discrepancy could be due to the fact that the 8 EPAM sec-
tors provide a better angular coverage than the 4 SEPT sec-
tors. This could explain the larger fluxes on ACE in the
early phases of the events when the electron distributions
are anisotropic but not some time after the maximum when
they have become more or less isotropic. Another possi-
bility which we are currently investigating is a systematic
error in the calibration of the energy channels on SEPT.
To extract more information about the injection of electrons
at the Sun and the propagation conditions in the interplane-
tary medium we have made an attempt to reconstruct pitch
angle distributions and resulting omnidirectional intensities
and anisotropies during the rise phase of the events from the
4 viewing directions of the SEPT telescopes. For a nomi-
nal Parker magnetic field at 1 AU, SEPT-E makes observa-
tions centered at pitch angles of 45◦ and 135◦, respectively,
while both SEPT-N/S telescopes observe at 90◦. However,
slight deviations from the nominal magnetic field direction
will lead to 4 independent viewing directions. Figure 5
shows 65 - 105 keV electron intensities from the 4 SEPT
telescopes on STEREO-A during the rising phase of the 23
May 2007 event as a function of their respective pitch an-
gle cosine μ = cosϑ. Time profiles of the omnidirectional
intensity and the first-order anisotropy parallel to the mean
magnetic field which were obtained from polynomial fits to
the data points are shown in Figure 6. In the rise phase the
magnetic field direction and the resulting pitch angle cover-
age was quite favorable. During other time intervals the fit
did not give reasonable results , leading to the spikes seen
in the intensity and large fluctuations in the anisotropy. We
are working on an algorithm which should decide when a
polynomial fit, a nonlinear exponential fit or just the sector
average with the anisotropy set to 0 will provide the most
reliable reconstruction of the electron flux for the pitch an-
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Figure 6: Omnidirectional electron intensity and first-order
anisotropy, reconstructed from polynomial fits to the four
STEREO-A SEPT electron sector intensities.

gle coverage during a given time interval. In general, the
shape of the event is quite similar to that observed on ACE.
It is characterized by a fast rise and a large anisotropy in
the beginning, indicating a large scattering mean free path
between the Sun and ∼ 1 AU. The maximum itself is not
very sharp, and the decay after the maximum is very slow
for electrons of this energy, indicating a rather small mean
free path. As mentioned above, it is quite possible that the
scattering conditions in the broader environs of the Earth
are distinctly different from those in the inner Heliosphere
for this event, and even between the 3 spacecraft which are
all within 10◦ heliospheric longitude.
We plan to show an improved and more comprehensive
analysis of the May 2007 event at the time of the confer-
ence, as well as observations for events with a large space-
craft separation.
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