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ABSTRACT

Aims. We study the near-relativistic (NR; >30 keV) electron event observed on 2000 February 18 by near-Earth spacecraft. Previous
works have explained this event by assuming that the propagation of NR electrons is essentially “scatter-free” at heliocentric radial
distances r < 1 AU, and that beyond 1 AU particles are “back-scattered” by magnetic field irregularities.
Methods. Our aim is to re-visit this interplanetary propagation scenario and infer the injection profile at the Sun by fitting the electron
directional intensities observed by the Advanced Composition Explorer.
Results. We use a Monte Carlo transport model to explore this approach. We assume that the interplanetary magnetic field is an
Archimedean spiral and that the interplanetary transport of NR electrons is characterized by a large radial mean free path (λr > 0.5 AU)
and anisotropic pitch-angle scattering for r < 1 AU, and a small radial mean free path (λr < 0.5 AU) and isotropic scattering in the
back-scatter region.
Conclusions. The event cannot be explained without assuming a back-scatter region beyond 1 AU. The best fit is obtained by assuming
λr = 3.2 AU in the inner heliosphere and a back-scatter region characterized by a small mean free path λr = 0.2 AU located beyond
1.2 AU.
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1. Introduction

Pitch-angle distributions (PADs) highly collimated along the in-
terplanetary magnetic field (IMF) during the rising phase of
solar energetic particle (SEP) events have usually been inter-
preted as evidence that the propagation of SEPs in the helio-
sphere can be under some circumstances nearly “scatter-free”.
The Advanced Composition Explorer (ACE) and the Wind space-
craft have observed these “beam-like” PADs during solar near-
relativistic (NR; >30 keV) electron events, and many studies
have used them to extract information about the duration of the
solar particle injection, and hence got insights into the mech-
anisms of electron acceleration close to the Sun (e.g. Krucker
et al. 1999; Haggerty & Roelof 2002; Simnett et al. 2002; Kahler
et al. 2007).

We here re-visit the 2000 February 18 NR electron event ob-
served by ACE. Highly collimated PADs were observed at the
onset of this electron event (Haggerty & Roelof 2002; Simnett
et al. 2002). Two previous works have inferred the solar in-
jection function from observations at 1 AU by assuming that
either NR electrons were reflected from beyond 1 AU or that
the interplanetary scattering strength increased with radial dis-
tance (Roelof 2008; Dröge & Kartavykh 2009). One approach
assumed that particles propagate “scatter-free” along the IMF
line connecting the coronal injection region to the observer,
but further out particles are “back-scattered” inward from be-
yond 1 AU by magnetic field compressions and irregularities

(Roelof 2008). Thus the propagation was assumed not to be
scatter-free beyond 1 AU. This approximation allowed the infer-
ence of the injection history of the first-crossing solar electrons
(directly from the data, without any propagation modeling) by
utilizing unidirectional intensities from two preferred directions
(sunward and anti-sunward) and taking into account that the par-
ticle pitch-angle cosines are inter-related by the conservation of
the magnetic moment (Roelof 2008).

The second approach involved numerically solving the fo-
cused transport equation and a visual fit of the solution to the
observations, allowing an estimation of the solar injection func-
tion as well as the interplanetary transport parameters (Dröge
& Kartavykh 2009). Dröge & Kartavykh (2009) modeled the
intensity- and first-order anisotropy-time profiles of 107 keV
electrons observed by Wind and obtained a good fit by assuming
a constant parallel mean-free path of λ‖ = 1.2 AU. The assump-
tion of a constant parallel mean free path leads to efficient back-
scattering when the focusing length becomes more extended
than λ‖, i.e. with increasing heliocentric radial distance.

Agueda et al. (2010) explored the first approach by us-
ing Monte Carlo simulations of the particle transport along
an Archimedean interplanetary magnetic field. Their goal was
to fit the 2000 February 18 electron event observed by the
LEFS60 telescope of the EPAM experiment on board ACE (Gold
et al. 1998) making use of observational sectored intensities.
This ensures that the directional information contained in the
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data is used in full to explain the event. Agueda et al. (2010)
concluded that the electron directional intensities observed on
2000 February 18 could not be explained without the assump-
tion of a back-scatter region beyond 1 AU. But scatter-free prop-
agation inside 1 AU predicted PADs more collimated than the
observed ones.

Our goal is to use the same Monte Carlo transport model
to consider a new transport scenario that allows some de-
gree of scattering inside 1 AU. We assume that the IMF is
an Archimedean spiral and that the interplanetary transport of
NR electrons is characterized by a large radial mean free path
(λr > 0.5 AU) and anisotropic scattering in the inner heliosphere
(heliocentric radial distances r < 1 AU). We assume a small ra-
dial mean free path (λr < 0.5 AU) and isotropic scattering in the
back-scatter region beyond 1 AU.

We review the transport model and the fitting technique in
Sect. 2. The results of deconvolving the directional intensities
observed during the 2000 February 18 NR electron event are
given in Sect. 3. We discuss the results in Sect. 4 and summarize
this work in Sect. 5.

2. Transport and injection modeling

2.1. Interplanetary transport model

We simulate the interplanetary transport of SEPs injected at
the root of an Archimedean spiral magnetic field line using the
Monte Carlo technique (Agueda et al. 2008). The model includes
particle streaming along the magnetic field lines, pitch-angle fo-
cusing by the diverging IMF, pitch-angle scattering by magnetic
fluctuations, adiabatic deceleration resulting from the interplay
of scattering and focusing, and solar wind convection (Kocharov
et al. 1998; Vainio et al. 2000). The model provides us with the
directional distribution of particles at 1 AU as a function of time
and the energy range of interest (see Agueda et al. 2008, for
details).

Electrons are assumed to be injected instantaneously at two
solar radii from the center of the Sun. Therefore, the results of
the simulation are expressed in terms of Green’s functions of
particle transport. We describe the energy spectrum of the solar
source by a power law (dN/dE ∝ E−γs ) with the spectral index
γs, which we estimate from the observations.

The pitch-angle diffusion coefficient can be expressed as
Dμμ = ν(1 − μ2)/2 in the solar wind frame, where ν is the scat-
tering frequency and μ is the particle pitch-angle cosine. We as-
sume

ν(μ) = ν0

( |μ|
1 + |μ| + ε

)
, (1)

where ε is the parameter that allows us to simulate differ-
ent scattering conditions from quasi-isotropic (ε ≥ 1) to fully
anisotropic (ε = 0). The relation of the scattering rate, ν0, to the
mean free path parallel to the field λ||, or the radial mean free
path λr, is given by

λr

cos2 ψ
= λ|| =

3υ
4

∫ +1

−1

1 − μ2

ν(μ)
dμ, (2)

where υ is the particle speed and ψ is the angle between the mag-
netic field and the radial direction (Hasselmann & Wibberenz
1968). Following the procedure adopted in previous works,
we assume the radial mean free path to be constant, indepen-
dent of the radial distance and energy (Kallenrode et al. 1992;
Dröge 2003). We neglect particle transport perpendicular to the
magnetic field.

Fig. 1. Scattering frequency ratio between the μ-dependent scattering
model with ε = 0.01 and the isotropic scattering model.

For isotropic scattering, the scattering frequency is constant
(ν = ν0) and λ|| = υ/ν0. For a μ-dependent scattering model, the
parallel mean free path can be expressed in terms of ν0 and ε, as

λ‖ =
υ

ν0
φ(ε) (3)

where φ(ε) is given in an analytical form (see Appendix A in
Agueda et al. 2008). For ε � 1

φ(ε) =
3
2

ln
1
ε

(4)

and the scattering frequency is given by

ν(μ) =
υ

λ‖

( |μ|
1 + |μ| + ε

)
3
2

ln
1
ε
· (5)

Figure 1 shows the scattering frequency ratio between the
isotropic and a μ-dependent scattering model. If we assume
ε = 0.01, then ν(μ = 1) = 3.5υ/λ‖, which means that the scatter-
ing frequency at μ = 1 is 3.5 times larger than the scattering fre-
quency for isotropic scattering. Equivalently, it means that elec-
trons with μ = 1 undergo pitch-angle scattering with the same
frequency as a particle with a mean free path 3.5 times smaller
for isotropic pitch-angle scattering.

The model is adapted to be able to differentiate between two
different transport regimes. We assume that in the inner helio-
sphere (at heliospheric distances r < 1 AU) the scattering is
μ-dependent with ε = 0.01 and λr = λ1. For ε = 0.01, the form
of the pitch-angle diffusion coefficient features reduced but fi-
nite scattering through μ = 0, as predicted by current models of
particle scattering (Dröge 2000). The back-scatter region is as-
sumed to be located beyond rbs (where rbs > 1 AU). We assume
isotropic scattering and λr = λ2 in the back-scatter region.

2.2. Fitting technique

We infer the interplanetary transport conditions and the injection
time profile at the Sun from a set of in-situ measured sectored
intensities by using the inversion technique presented in Agueda
et al. (2008) and Agueda et al. (2009b). By taking the angular
response of the sectors scanned by the LEFS60 telescope into
account, it is possible to transform the simulated PADs into sec-
tored intensities measured by the telescope (Agueda et al. 2008).

Page 2 of 7

http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/200913963&pdf_id=1


N. Agueda et al.: Back-scatter region beyond 1 AU on 2000 February 18

The modeled sectored intensities in sector s, Ms(t; λ1, λ2, rbs),
are given by

Ms(t; λ1, λ2, rbs) =
∫ T2

T1

dt′gs(t, t′; λ1, λ2, rbs) q(t′), (6)

where q(t) denotes the electron injection function and
gs(t, t′; λ1, λ2, rbs) is the contribution of an impulsive injection
to the modeled intensities for a given sector s at a given time t,
when the injection of NR electrons took place at time t′.

Let b be the background intensity and Is(t) be the intensity
measured at time t by sector s in a given energy channel. The
best-fit injection function can be determined by comparing the
modeled intensities with the observations, taking all sectors of
the telescope into account.

The inversion problem is to derive the injection m-vector q
that minimizes the length of the n-vector J − M, where Js(t) =
Is(t)−b. This means minimizing the value of ||J−M|| ≡ ||J−g·q||,
subject to the constraint that q(t) ≥ 0. We use the non-negative
least-squares method (Lawson & Hanson 1974) to solve the in-
version problem for a given set of transport parameters (i.e. λ1,
λ2 and rbs), and obtain the best-fit injection profile. This method
always converges to a solution. Therefore there is a mathemati-
cally preferred injection profile for each set of transport param-
eters that can be obtained from the data. Note however that in
some cases this fit reproduces the observations rather poorly (see
Sect. 3). Thus the goodness of the fit needs to be determined with
an estimator that can quantitatively compare the results from the
different transport scenarios.

We explored a wide range of transport parameters (λ1, λ2
and rbs). We found the one that best fits the observations by min-
imizing a goodness-of-fit estimator ζ =

∑
i(log Ii− log(Mi+b))2,

which computes the sum of the squared logarithmic differences
between the observational Ii and the modeled Mi sectored inten-
sities in each energy channel. The calculation of the goodness of
the fit is restricted to the time interval selected. The goodness-of-
fit estimator of the whole fit was obtained by adding the values
for each energy channel. It is important to note that ζ allows
us to identify the set of parameters that can better explain the
data with an automated, quantitative, and reproducible method,
which is more objective than an eye-ball fit.

3. Results

We used electron intensities measured by the LEFS60 telescope
of the EPAM experiment on the ACE spacecraft in three energy
channels: E’2 (62–102 keV), E’3 (102–175 keV) and E’4 (175–
312 keV) (Gold et al. 1998). The LEFS60 telescope utilizes the
spin of the spacecraft to define eight sectors (Gold et al. 1998), so
that particle flux anisotropy can be studied by comparing count-
ing rates from each sector.

We studied the NR electron event observed on 2000 February
18 by LEFS60 from 09:30 UT to 11:15 UT. During this pe-
riod there was a data gap in the solar wind observations of the
plasma instrument SWEPAM on board ACE (McComas et al.
1998). The solar wind speed observed by Wind ranged from 370
to 390 km s−1. To model the event we assumed that the space-
craft was embedded in a 380 km s−1 solar wind stream, with the
nominal magnetic footpoint at the Sun located at W63. The IMF
vector at ACE was very stable throughout the selected time inter-
val and each sector scanned roughly the same pitch-angle cosine
range. The LEFS60 telescope scanned ∼82% of the total pitch-
angle cosine range. This can be considered a very high sample of

Table 1. Best-fit parameters for different transport scenarios (see text
for details).

Scenario Inner heliosphere Back-scatter region ζ
λ1 (AU) rbs (AU) λ2 (AU)

A 1.0 no back-scatter region 152
B scatter-free 1.1 0.02 298
C 3.2 1.2 0.2 27

pitch-angle cosines and makes the event adequate for simulation
(Agueda et al. 2009a).

The first NR electrons were detected above the pre-event
background at 09:32 UT in the E’4 channel. The onset of the
event was observed during the decay phase of a smaller event on
the previous day and the background had a residual anisotropy
at the beginning of the event. We took this into account by al-
lowing the background b (see previous section) to depend on
the sector. During the event, highly collimated PADs were ob-
served (Haggerty & Roelof 2002; Simnett et al. 2002; Dröge &
Kartavykh 2009), i.e. the peak intensity observed in the sector
scanning particles propagating from the Sun along the IMF di-
rection was more than one order of magnitude higher than the
peak intensity measured by the sector which mainly scanned
electrons propagating sunward (see Fig. 1 in Simnett et al. 2002).
The maximum intensity was observed at 09:45/09:47/09:52 UT
in the E’4/E’3/E’2 energy channels, respectively. The spec-
tral index of the maximum spin-averaged differential intensities
was 2.2.

The event was associated with a C1.1 X-ray solar flare ob-
served in the NOAA active region #8867 at approximately S16
W78 (Maia & Pick 2004). The soft X-ray emission (1−8 Å)
was observed from 09:21 to 09:38 UT, peaking at 09:27 UT.
The WAVES experiment on the Wind spacecraft (Bougeret et al.
1995) observed a type III radio burst starting at 09:23 UT at
14 MHz (Maia & Pick 2004). The solar radio event included
a series of type II radio bursts, first seen at 70 MHz around
09:24 UT and lasting for more than 20 min (Maia & Pick 2004).
A CME was also associated with this event, first seen in a
LASCO/C2 image at 09:54 UT, when its leading edge was at
4.15 R
 from the center of the Sun.

The SOHO/LASCO CME Catalog (Yashiro et al. 2004) esti-
mates the plane-of-sky speed of the CME to be 890 km s−1 from
a linear fit to all data points. A second-order fit to the same data
points indicates some deceleration (–9.6 m s−2) of the CME be-
low 4 R
. Maia & Pick (2004) provided further evidence of the
CME deceleration in the low corona from the analysis of EIT
data.

We considered three different propagation scenarios in the
simulations. In scenario A we assume that there is no back-
scatter region (i.e. it can be considered to be located at rbs → ∞)
and consider six values of λ1 logarithmically spaced between 0.5
and 1.5 AU. In scenario B we assume scatter-free propagation
in the inner heliosphere (λ1 → ∞) and consider six values of
λ2 logarithmically spaced between 0.01 and 0.5 AU, and six ra-
dial positions of the back-scatter region rbs ∈ [1.1, 1.6] AU with
step intervals of 0.1 AU. In scenario C we assume six values
of λ1 logarithmically spaced between 2.2 and 4.2 AU, the back-
scatter region is assumed to be located at rbs ∈ [1.1, 1.6] AU and
λ2 ∈ [0.01, 0.5] AU.

The best-fit transport parameters for each transport scenario
(i.e., those minimizing ζ) are listed in Table 1. Figures 2–4 show
the observations along with the simulation results for scenar-
ios A, B, and C, respectively. These figures display the electron
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Fig. 2. Near-relativistic electron event on 2000 February 18 as observed by five of the sectors of the LEFS60 telescope. Electron sectored intensities
E’4 175−312 keV, E’3 102−175 keV (×10), and E’2 62−102 keV (×100). The sectors are labeled from 1 to 5. The curves show the modeled sector
intensities for scenario A and dots show the observational data. Low panels show the pitch-angle cosine of the midpoint clock-angle zenith direction
of the sector (curve) and the scanned pitch-angle cosine range (gray area) as a function of time. The last panel shows the omnidirectional intensities
and the mean pitch-angle cosine deduced from the simulation. The gray area shows the pitch-angle cosine range scanned by the telescope.

Fig. 3. Same as in Fig. 2 for scenario B.

Fig. 4. Same as in Fig. 2 for scenario C.

intensities for five of the eight sectors, which are representative
of the directional information contained in the data owing to the
stability of the IMF vector and the symmetry of the system.

It can be seen from Fig. 2 that the observed sectored inten-
sities cannot be explained by assuming an Archimedean IMF

and no back-scatter region beyond 1 AU (scenario A) because
the observations from the sectors that scan particles propagating
mainly sunward cannot be reproduced (sectors 1 and 2). If we
assume scatter-free propagation in the inner heliosphere and a
back-scatter region beyond 1 AU (scenario B), the best possible
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Fig. 5. Electron injection profiles derived for the three modeled scenar-
ios in the E’3 energy range (injection times are shifted by 500 s to ac-
count for the light travel time). In addition to the fit result (histogram),
smoothed curves obtained by four-point moving averaging are shown.
The soft X-ray flux observed by GOES and the time-height plot of the
CME leading edge (right axis) are given, as are the linear fit (dashed)
and the second-order fit (dotted) to the CME height-time data. The ra-
dio flux observed by Wind and local electron plasma frequency at the
height of the CME leading edge is shown by the dotted curve.

fit does not succeed either in reproducing the directional inten-
sities (see Fig. 3). In this case, the PADs predicted by the model
at 1 AU are too collimated along the IMF vector to explain the
intensities observed by those sectors scanning mainly particles
with 0 ≤ μ < 1 (sectors 3 and 4 in Fig. 3). The best-fit scenario
corresponds to scenario C, which assumes weak scattering in the
inner heliosphere and a back-scatter region beyond 1 AU. The
lowest value of ζ is obtained for λ1 = 3.2 AU, rbs = 1.2 AU and
λ2 = 0.2 AU. In this case, the fit succeeds in reproducing most of
the features of the sectored intensity profiles (see Fig. 4). Some
discrepancy however remains between the observations and the
electron intensities predicted by the model for μ ≤ 0 (sectors 1
and 2).

The three top panels of Fig. 5 display the best-fit injection
profiles inferred for each scenario in the E’3 energy channel.
The injection profile appears patchy, but the fit would practi-
cally not differ from the best fit if we assumed a smoothed injec-
tion profile (smoothed curves in Fig. 5, calculated with a 4-point
moving average). The injection profiles inferred for scenarios A,
B, and C last at least 1.5 h and peak at 09:30/09:40/09:36 UT,
respectively. Scenarios B and C predict very similar injection

profiles, i.e., peak intensities differing by a factor of 3 and oc-
curring within 4 min of each other.

The two lower panels in Fig. 5 compare the timing of the
electron injection with the timing of the solar event electromag-
netic emissions. The first panel shows the soft X-ray flux ob-
served by the GOES satellite in the 1–8 Å band together with
the CME height-time plot together with the linear and second-
order fit to the SOHO/LASCO observations, as reported in the
CME Catalog (Yashiro et al. 2004). The bottom panel shows
the 14 MHz–20 kHz radio emission observed by Wind/WAVES
together with the frequency of emission of the plasma at the
height of the CME leading-edge if the density model of Vrsnak
et al. (2004) is used (dotted curve).

The best-fit injection profile inferred for scenario C begins
at ∼09:26 UT and lasts at least 1.5 h. We observe a 2–3 min
delay between the beginning of the injection and the timing of
the metric and decametric radio bursts. Previous works have re-
ported delays between the metric type III bursts and the elec-
tron release times of up to 30 min (Krucker et al. 1999), with
a median delay of 13 min (Haggerty et al. 2003). For the 2000
February 18 event, the ∼3 min delay that we observe could also
be related to high background intensities.

Simnett et al. (2002) compared the release time of 47 NR
electron events with the launch time of the associated CMEs,
and found that at the time of electron injection the height of the
CME was most of the times between 1.5 and 3.5 R
. The po-
sition of the CME leading-edge observed by SOHO/LASCO on
2000 February 18 is uncertain at the time of the beginning of
the injection. The CME leading-edge was at 2.6 R
 if the CME
propagated radially with constant speed, or at 2 R
 if the CME
decelerated in the low corona. Simnett et al. (2002) suggested
that most NR electrons are accelerated by the shock driven by
a coronal transient and are released at a radial distance around
2−3 R
. The long duration of the injection profile inferred for the
2000 February 18 event and the estimated height of the CME
leading-edge at the beginning of the injection support this hy-
pothesis.

4. Discussion

We find a good agreement between the modeled and observed
electron intensities if we assume a μ-dependent scattering model
with ε = 0.01 for the propagation of 62–312 keV electrons in
the inner heliosphere. This kind of scattering model ensures sup-
pressed scattering of electrons with μ = 0 and reduced diffusion
between the two μ hemispheres. The large value of the inferred
radial mean free path (λr = 3.2 AU) implies that electrons with
μ ∼ 0 propagated under scatter-free conditions, whereas elec-
trons with μ = 1 propagated with an effective isotropic radial
mean free path of ∼0.9 AU.

Dröge & Kartavykh (2009) found an excellent fit to both
107 keV electron intensity and first-order anisotropy-time pro-
files by assuming λ‖ = 1.2 AU and no back-scatter region be-
yond 1 AU. However, when they compared the PAD of 107 keV
electrons observed around the time of maximum intensity with
the model predictions, they found that the observed distribu-
tion was stronger peaked toward μ = 1. We attribute this dis-
agreement to the interplanetary transport scenario. Dröge &
Kartavykh (2009) assumed a constant parallel mean free path in
order to resemble the increasing scattering strength with radial
distance, but it seems that the scattering conditions increased
much more drastically beyond 1 AU.

We examined the IMF and solar wind measurements previ-
ous to the NR electron event to find out whether the presence of
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Fig. 6. IMF and solar wind speed, density and temperature 1-h measure-
ments by ACE (black) and Wind (red) for a 6-day interval beginning on
February 13. The gray shaded intervals show the shock downstream re-
gion and the duration of the NR electron event, respectively.

a nearby back-scatter region during the 2000 February 18 event
can be inferred from the observations. Figure 6 shows the mag-
netic field and solar wind parameters (from top to bottom mag-
netic field magnitude, proton solar wind speed, density and tem-
perature) over a 6-day interval beginning on February 13. The
data were obtained from the OMNI Web Plus browser1,2 with
1-h time resolution. There was a data gap in the ACE solar wind
observations during the period under study, but measurements
from the Wind spacecraft were available. The NR electron event
period analyzed in this paper is indicated on the plot by the thin
gray bar.

An interplanetary shock was observed at 1 AU on 2000
February 14 at 07:31 UT (Cane & Richardson 2003). The down-
stream region observed immediately after the shock passage
was characterized by high plasma temperature and density (see
Fig. 6). According to Cane & Richardson (2003), the interplan-
etary counterpart of a CME (ICME) was observed from 2000
February 14 at 12:00 UT to 2000 February 16 at 08:00 UT;
but the boundary times of the ICME were indicated to be
somehow “ill-defined”. As pointed out by several authors (e.g.
Hundhausen 1972), the presence of an ICME in interplanetary

1 http://ftpbrowser.gsfc.nasa.gov/mag_iwa.html
2 http://ftpbrowser.gsfc.nasa.gov/pla_iwa.html

space modifies the IMF topology, because field lines get draped
around the traveling interplanetary structure. Enhanced mag-
netic fluctuations and a non-Archimedean field configuration are
expected throughout the ICME, which may affect the transport
of solar energetic particles.

At the measured solar wind speed of 380 km s−1, the trail-
ing edge of the ICME would have been convected to a radial
distance of about 0.4 AU beyond the Earth’s orbit by the begin-
ning of the NR electron event. From the fitting of the directional
intensities observed by ACE at 1 AU, we inferred that substan-
tial pitch-angle scattering was taking place beyond 1.2 AU. The
inferred position of the back-scattering region agrees with the
trailing edge position of the ICME inferred from the solar wind
and IMF observations, if we take into account the uncertainties
in the estimation of the boundary times of the ICMEs, and the
single-point nature of the IMF and solar wind observations.

Previous observational studies (e.g. Anderson et al. 1995;
Roelof et al. 1992; Bieber et al. 2002; Tan et al. 2009) have
provided evidence of the presence of discrete solar wind-
interplanetary magnetic field structures beyond 1 AU, which are
able to reflect SEPs back to the inner heliosphere. The present
study provides another example in which the electron propaga-
tion is influenced by a similar structure. It also provides further
support for the idea that the evolving global configuration of the
heliosphere, as it is disturbed by the transit of ICMEs, can shape
the characteristic of the SEP events observed at 1 AU.

5. Summary

We simulated the 2000 February 18 NR electron event observed
by the ACE spacecraft and discussed the hypothesis that the
propagation of the solar NR electrons was influenced by a back-
scatter region located beyond 1 AU. We used a Monte Carlo
transport model to explore this approach by simulating two
transport regimes along an Archimedean IMF: 1) anisotropic
scattering in the inner heliosphere and large radial mean free
path (λr > 0.5 AU) of the electrons; and 2) isotropic scatter-
ing in the back-scatter region and a small radial mean free path
(λr < 0.5 AU) of the electrons.

We found evidence in the directional intensities observed
during this event of a back-scatter region beyond 1 AU. The best
fit is obtained by assuming μ-dependent scattering conditions in
the inner heliosphere with λr = 3.2 AU and a back-scatter region
beyond 1.2 AU with λr = 0.2 AU. The inferred solar injection
profile lasts more than 1.5 h.

The IMF and solar wind measurements prior to the NR elec-
tron event provide evidence of an ICME that convected beyond
1 AU by the time of the beginning of the NR electron event ob-
served by ACE.

In future work we plan to explore other transport scenarios.
Because we observe some discrepancy in the sectors with μ ≤ 0,
it would be interesting to further explore the μ-dependence of
the pitch-angle scattering frequency. We also plan to investigate
a propagation scenario where the interplanetary magnetic field
beyond 1 AU is not an Archimedean spiral.
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