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Abstract: The electron intensities in the energy range from a few hundred keV to a few tens of MeV in the inner
heliosphere are determined by the intensities of Jovian and galactic cosmic ray electrons, with sporadic intensity
increases of solar origin. In contrast to galactic cosmic rays, Jovian electrons are emitted from a point source
(on the considered scale). Thus the magnetic connection of the planet to an observer close to the Earth as well
as parallel and perpendicular diffusion of these electrons is of major importance to understand the measured
intensity variations. Here we discuss these variations by analysing the electron intensity near Earth measured by
SOHO/EPHIN as a function of the Earths position with respect to Jupiter. Electron spectra for time series in which
Jovian electrons can reach the Earth by perpendicular diffusion only and mainly by parallel diffusion are presented.
By comparing these different spectra we can estimate an upper limit for the galactic cosmic ray electron spectrum
in the energy range from a few hundred keV to about 10 MeV.
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1 Introduction
The heliosphere is filled by several particle populations,
between which one commonly discriminates based on the
particle species and origin. For electrons with energies in
the range from a few hundred keV to a few tens of MeV
most of the particles are 1) part of galactic cosmic rays, 2)
of solar origin or 3) accelerated in Jovians magnetosphere.
The latter are also called Jovian electrons and have been
known since the early ’70s [12, 13]. Apart from any sudden
increases of electrons of solar origin on short timescales
due to solar events, these Jovian electrons are the dominant
species for MeV electrons in the heliosphere and based
on the transport processes of the electrons from Jupiter
to an observer, their intensity can be significantly higher
than that of the galactic component. In addition, despite its
spatial extent, Jupiter’s magnetosphere can be considered as
a point source on heliospheric scales [10]. Both the easily
measurable intensity compared to the galactic background
and the point source character of the Jovian electrons give
unique opportunities to investigate heliospheric transport
processes. For instance, the effect of local changes in the
plasma parameters due to the presence of a Co-Rotating
Interaction Region (CIR) on basic transport properties can
be studied.
In this work, the spectra of MeV electrons of galactic
and Jovian origin are compared using measurements from
SOHO/EPHIN [9]. Furthermore, the influence of disturbed
transport properties due to a CIR on Jovian electron spectra
is investigated.

2 Co-Rotating Interaction Regions
The constant plasma outflow of the Sun is called solar wind
and is commonly categorized in a slow (400 km/s) and a

fast (700 km/s) mode. Due to the rotation of the Sun, the
solar wind as well as the magnetic field frozen into the
plasma form the so-called Parker spirals. As the curvature
of them also depends on the solar wind speed, a fast solar
wind originating at a coronal hole extending into the eclip-
tic plane can run into an preceding slow solar wind stream.
Although the solar wind has an average density in the order
of only several particles per cm3 near Earth, they cannot
simply cross each other due to the embedded magnetic field.
The resulting interaction region is co-rotating with the Sun
and is therefore called Co-rotating Interaction Region (CIR,
for a comprehensive review see [11]).
Typical features of CIRs are local changes in plasma pa-
rameters as indicated in Fig. 1. Of major importance con-
cerning transport properties are the increase in solar wind
speed due to the crossing from a slow to a fast solar wind
stream as well as local maxima in particle and magnetic
field density in the compression region as these variations
influence convection, diffusion, and drift processes. In addi-
tion, two shocks — a forward and a reverse shock — are
created typcially 2-3 AU away from the Sun, influencing
the particle propagation in the heliosphere as well.
In general, a CIR can be considered as local barrier for ener-
getic particles, preventing them from or at least modulating
them while crossing the CIR based on the particles proper-
ties such as energy or rigidity. Therefore, an observer near
Earth measures a decrease in galactic cosmic ray intensity
after the crossing of a CIR as the CIR is shielding the ob-
server from cosmic rays. Due to the isotropic distribution
of cosmic rays, this recurrent cosmic ray decrease only de-
pends on local transport properties and on the position of
the CIR with respect to the observer.
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Fig. 1: Scheme of a CIR structure in the ecpliptic inlcuding
the forward and the reverse shocks. In addition, typical
changes in plasma parameters during the crossing of a CIR
are indicated (taken from [11])

3 Jovian Electrons
Concerning Jovian electrons, one has to take into account
the point source-like nature of Jupiter’s magnetosphere
leading to a depence of the depression effect on the position
of Jupiter with respect to the observer. Since the parallel
diffusion is much more efficient than the perpendicular one
[4, 15], electrons accelerated in Jupiter’s magnetosphere
tend to propagate preferably along the magnetic field lines.
As the most probable propagation time for Jovian electrons
reaching the Earth is small compared to the solar roation
period [5], this magnetic connection between an observer
and Jupiter (e.g. a Parker spiral connecting them) does
heavily influence the measured intensity. Based on the
synodic period of Jupiter with respect to the Earth this
results in the well-known 13-months variation of MeV-
electrons measured near Earth [7]. However, one has to keep
in mind that the magnetic connection between Jupiter and
an observer also depends on the curvature of the nominal
Parker spiral and thus on the prevailing solar wind speed.
When a CIR crosses an observer near Earth, the two

effects - the change in transport properties due to the CIR
as well as the change in magnetic connection during the
time - are superimposed as shown in Fig. 2. In the upper
panel, the solar wind speed measured by SOHO/CELIAS
[6] is shown, while in the lower panel the intensity of 2-6
MeV electrons measured by SOHO/EPHIN [9] is plotted.
In the solar wind speed data, one can identify two high-
speed structures repeating themselves with a period of
approximately one solar rotation. In agreement with Fig. 1,
these structures can be identified as CIRs. The changes
in electron intensity on the same time-scale are caused
by the change in propagation conditions as well as due
the disturbances of the nominal Parker spiral, resulting in
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Fig. 2: Measured solar wind speed (SOHO/CELIAS [9])
and intensity of 2-6 MeV electrons (SOHO/EPHIN [6])
for several months during a time period with a stable CIR
structure.

different magnetic connection between the spacecraft and
Jupiter. In addition, a phaseshift between the fast solar wind
speed structures and the modulation in electron intensity can
be found, which can be explained by the change of Jupiter’s
position with respect to the Earth during these five months,
resulting in different magnetic connection conditions.

4 Propagation Conditions
To analyse both effects separately one has to distinguish
between different propagation conditions. For this purpose,
it is beneficial to change into a polar coordinate system
co-rotating with Jupiter. The neglect of any latitudinal ef-
fects results in a simplified 2-D system as shown in Fig. 3.
Besides the Sun (in the center), Jupiter (on the right-hand
side) and the orbit of the Earth (inner dashed circle), Parker
spirals connecting the Sun and Jupiter with 300km/s and
800km/s are plotted. In addition, radial lines indicate the
intersection angle between the Earth’s orbit and Parker spi-
rals with different velocities connected to Jupiter. There-
fore, these lines mark longitudinal positions of the Earth
with respect to Jupiter being magnetically well-connected
to Jupiter for the given solar wind speeds. Regarding the
high efficiency of parallel transport (in comparison to the
perpendicular one) and assuming nominal Parker spirals, a
higher flux of Jovian electrons near Earth is expected when-
ever the intersection angle based on the current solar wind
speed and the actual position of the Earth with respect to
Jupiter are in agreement. However, the presence of a CIR
may result in a decrease in intensity as 1) the Parker spiral
cannot be considered to be nominal anymore and as 2) the
transport conditions are changed due to variations in the
local plasma as discussed above.
As typical values for the solar wind speed are in the range
between 300 km/s and 800 km/s (compare Fig. 2), one can
distinguish between two different situations based on Fig. 3.
In contrast to 1) positions of the Earth in the non-shaded
area, where a magnetic connection between the Earth and
Jupiter can be established using the observed solar wind
speed, 2) a magnetic connection is not possible in the shad-
ed area. Thus, Jovian electrons can enter the shaded area
by perpendicular diffusion only. Considering once again
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Fig. 3: Polar coordinate system co-rotating with Jupiter.
Besides the orbits of the Earth and Jupiter, two Parker spirals
of different velocity connecting the Sun with Jupiter are
plotted. In addition, radial lines indicate the intersection of
Parker spirals of different velocities with the Earth’s orbit.
The region where Jovian electrons can reach the Earth by
perpendicular diffusion only is shaded.

the higher efficiency of parallel transport compared to the
perpendicular one, a higher flux of Jovian electrons and
therefore a higher intensity in general is expected as long
as the Earth’s position with respect to Jupiter is in the non-
shaded area.
Furthermore, the small flux of electrons of Jovian origin

in the shaded area allows to detemine an upper limit of the
cosmic ray component of electrons near Earth.
Taking CIRs into account, one can distinguish between
three different propagation conditions indicated in fig. 4:
1) the Earth is in a region where magnetic connection to
Jupiter can be established via the observed solar wind speed
during the absence of CIRs resulting in high fluxes of Jo-
vian electrons near Earth (red), 2) although the Earth can be
connected magnetically via nominal Parker spirals, a CIR
disturbes the magnetic field lines and changes the transport
conditions such that the flux of Jovian electrons near Earth
is depressed (blue) and 3) the Earth is in a region, where
a magnetic connection cannot be established via nominal
Parker spiral causing a lower MeV electron flux due to the
small efficiency of perpendicular diffusion (green).
In addition, Fig. 4 includes the intensity of 2-6 MeV elec-
trons measured by SOHO/EPHIN during a 13 month period
from June, 2007 to July, 2008 starting at Jupiter’s position
in a counterclockwise direction. The data are ordered such
that radial component indicates the measured intensity in
units of (cm sr s MeV)−1 while the angular component is
determined by the spacecraft’s longitudinal position with
respect to Jupiter.
As expected, several time periods of high intensity can be
observed in regions where a good magnetic connection can
be established. Since the intensity in this regions shows
some variation on the timescale of approximately 28 days,
one can conclude that the depressions in intensity during
this time are caused by CIR structures. This conclusion can
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Fig. 4: Plot based on Fig. 3 including the intensity of 2-6
MeV electrons measured by SOHO/EPHIN (radial compo-
nent) in units of (cm sr s MeV)−1 as a function of the space-
craft’s position with respect to Jupiter (angular component).
In addition, the different propagation conditions are marked
by colored dots.

be confirmed by the solar wind speed data shown in Fig. 2.
During the time periods without a magnetic connection be-
tween the Earth and Jupiter (shaded area), no significan-
t increases in particle flux can be observed. This obser-
vation is also in good agreement with the theoretical pre-
examinations concerning the low efficiency of perpendicu-
lar diffusion compared to the parallel one.

5 Electron Spectra
Based on numerical simulations of the EPHIN instrument
[9], one can calculate particle spectra for each particle
species using the provided pulse height analysis (PHA) data
for given time periods.
This method was used for the dates marked by dots in
Fig. 4 based on two hours of PHA data for each date. Using
the seperation between different propagation conditions
indicated by the different colors in the sketch, average
spectra for each situation were calculated. The resulting
spectra are plotted in Fig. 5.
Possibly the most prominent feature of the spectra is the
fact that all three of them can be easily approximated by
simple power laws

I = I0 ·
(

E
E0

)γ

,

a soft one in the energy range from 0.2 MeV up to 0.5 MeV
(low) and a harder one between 0.5 MeV and 4 MeV (high).
The spectral indices γ resulting from the fits are also given
in the figure.
Considering the spectral slope, the overall intensities are in
good agreement with those measured by [8] for energies
above 5 MeV. Furthermore, [8] has shown an energy de-
pendency of the spectral slope resulting in an increase from



Spectrum of galactic and Jovian electrons
33ND INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013

0.2 0.3 0.4 0.5 0.7 1.0 2.0 3.0 4.0 5.0
E / MeV

10-3

10-2

10-1

100

In
te

ns
ity

 / 
(c

m
2

 s
 s

r M
eV

)−
1

I=I0 ·
(

E

E0

)
γ

γlow  = -3.61 ± 0.11
γlow  = -4.24 ± 0.14
γlow  = -3.98 ± 0.09

γhigh  = -1.14 ± 0.07
γhigh  = -0.90 ± 0.07
γhigh  = -1.01 ± 0.09

Fig. 5: Average electron spectra for the different propaga-
tion conditions, namely 1) spectra of undisturbed transport
of Jovian electrons by parallel diffusion (red), 2) spectra
during disturbances caused by the presence of CIR struc-
tures (blue), and 3) spectra during times when Jovian elec-
trons can reach the Earth by perpendicular diffusion only
(green). Power law fits for the spectra (dashed lines) as well
as the resulting spectral indices are also shown.

γ ≈ 1.5 up to γ ≈ 6 in the energy range from 5 to 30 MeV.
Regarding this energy dependency, the spectral slope γ ≈ 1
in the energy range from 0.5 up to 4 MeV derived here is
not contradicted to the one found by [8].
The spectral break featured by all three spectra at 0.5 MeV
has to be explained by either instrumental effects or by the
propagation of the electrons through the heliosphere, as the
electron spectrum near Jupiter does not feature any spectral
break in the given energy range [1, 5]. A possible explana-
tion could be the change of the electons mean free path at
just this energy observed by [2].
As expected from Fig. 4, time periods during which the

Earth is magnetically connected to Jupiter (red) show high-
er intensities in general than during time with bad magnet-
ic connection. Comparison of the spectral slopes and their
uncertainty also indicates that this propagation condition
results in a harder spectrum at lower energies. A possible
explanation could be an energy dependency of the ratio of
the diffusion coefficients κ⊥/κ‖ (perpendicular and parallel
to the magnetic field). Although the other two spectra (blue
and green) mark different propagation conditions, they are
consistent with each other. Since κ⊥ is less efficient than
κ‖ it would imply either that these particles have sufficient
time to propagate by perpendicular transport, e.g., by being
trapped in the inner heliosphere (reservoir effect) [3, 14] or
the two spectra are consistent with the galactic cosmic ray
electron spectrum near the Earth.

6 Conclusions
In this work, transport of MeV electrons of Jovian and
galactic origin in the inner heliosphere was investigated.

In agreement to the much higher efficiency of parallel
diffusion compared to the perpendicular one [4, 15], signifi-
cant intensity increases are only observed near Earth while
the Earth is magnetically connected with Jupiter. Due to the
geometry of Parker spirals with realistic solar wind veloci-

ties, a region in which a magnetic connection between the
Earth and Jupiter is not possible could be identified. This
explains the well known 13-months period of Jovian elec-
tron increases near the Earth [7].
Considering disturbed propagation conditions due to the
presence of a Co-rotating Interaction Region (CIR), one can
identify three different propagation conditions for Jovian
electrons, 1) good magnetic connection to Jupiter, 2) dis-
turbed propagation conditions due to CIRs and 3) no possi-
ble magnetic connection to Jupiter. In order to analyze this
propagation conditions, we have averaged energy spectra
in the energy range form 0.2 MeV to 4.0 MeV using data
from SOHO/EPHIN [9]. We conclude that

• all spectra can be approximated using two power
laws, a soft one below and a harder one above 0.5
MeV

• all spectra are in agreement to the spectra at higher
energies given by [8]

• the spectral break at 0.5 MeV needs further investiga-
tion, because it can be caused by either instrumental
or transport effects (e.g. an energy dependence of the
electrons mean free path seen by [2])

• the spectrum during good magnetic connection does
not only feature a higher intensity in general, but also
a softer spectrum below 0.5 MeV compared to the
other propagation conditions. A possible explanation
could be an energy dependency of the ratio of the
different diffusion coefficient κ⊥/κ‖

• the spectra during plasma disturbances caused by a
CIR and during periods without a magnetic connec-
tion to Jupiter are consistent with each other. Consid-
ering diffusion efficiency, these spectra either include
particles, that have enough time to propagate perpen-
dicular to the magnetic field or are consistent with
the galactic cosmic ray spectrum near Earth.
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