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Abstract: Jovian electrons in Earth orbit can be regarded as probes of the inner heliosphere. They readily 

penetrate into the inner heliosphere in periods of the optimum magnetic connection between Earth and Jupiter. 

Such a penetration is also occasionally observed at seemingly unfavourable Earth–Jupiter dispositions. This 

phenomenon can be explained by the occurrence of long-living magnetic traps extending from the Sun to 

Jupiter and rotating along with the Sun. 
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1   Introduction   
The first detection of Jovian electrons took place in 1973 

by Pioneer-10 near Jupiter [1]. [2] noted as confirmed by 

further investigations aboard IMP-8 [3,4] that under quiet 

Sun Jupiter is the main origin of MeV electrons near the 

Earth. Jovian electrons also were registered in 1973-74 at 

the Mars-7 [5] and Prognoz-3 [6]. It was discovered that 

Jupiter is the source of lower energy electrons (above 40 

keV) as well. 

   The interest to Jovian electrons resumed after the 

extremely quiet minimum of solar activity in 2007-2008 

when electrons were observed near the Earth for 14 

successive solar rotations. It became clear that the 

existing models of propagation of Jovian electrons to the 

Earth fail to explain many peculiarities of their fluxes.  

This initiated us to suggest another propagation model. 

   Between 2007 and 2009, the Sun was characterized by 

an extremely quiet weather that affected the state of 

interplanetary space, at least in the inner heliosphere (<5 

AU). Solar activity was very low and practically only a 

low background of ions was observed whereas Jovian 

electrons were well defined. 

    

2  Observations 

Standard previous models assume that the Jovian 

electrons reach the Earth along interplanetary magnetic 

field lines mainly in the period of direct connection 

between Earth and Jupiter [2, 8]. Figure 1a shows the 

time profile of electrons (0.7–3 MeV; SOHO COSTEP 

data) for 14 solar rotations from September 2007 to 

October 2008 together with the solar wind speed  (from 

(OMNIWeb Data Explorer). The solar wind speed 

profiles were almost invariably repeating during each 

solar rotation, which indicates that the regions of the Sun 

responsible for solar wind generation did not undergo any 

significant changes over that period. Low solar activity 

did not overshadow the continuous electron flows from 

Jupiter characterized by a quasi stationary structure with 

a period near the Sun–Earth synodic period (~27 days). 

We assume that Jupiter is a continuous point-like source 

of electrons occupying a region not exceeding 1 AU 

(<12
o
), that is, the time of connecting Earth and Jupiter 

by a magnetic line of force is less than one day and much 

shorter than the time of solar rotation (27 days). 

Fig. 1a. Fluxes of energetic Jovian electrons (SOHO, 

dark blue line) and solar wind speed (magenta). Vertical 

lines help compare electron and solar wind profiles. 

 
Fig. 1b. 0.7-3 MeV electron fluxes at SOHO in 1996-97. 

 

For comparison, Jovian electrons during the preceding  

1996-97 minimum (Fig. 1b) were clearly different: the 

individual enhancements were less similar and distinct. A 

wavelet analysis reveals that the periodicities are also 

significantly different. The two panels of Figure 2 

account for the electron flux variation in the two 

subsequent minima, respectively. The estimated periods 

from the analysis are (27.1 ± 0.5) days for 1996-97, and 

(25.4 ± 0.4) days for 2007-08, respectively. The positions 

 



of peaks in the periodograms and of the centers in 

spectral density in the wavelet frequency plots are 

significantly different. A similar analysis was carried out 

using the HET telescope data of the IMPACT instrument 

on STEREO A and B during the 2007-08 minimum. The 

periods for 0.7-1.4 MeV electrons are similar but even 

shorter: 25.6 days for STEREO A, and 24.6 days for the 

B spacecraft. 

 
Fig. 2 Wavelet spectral density (WSD), Morlet, of daily 

means E1 for interval starting 342/1995 (400 days, upper 

panel). Lower panel: WSD with same method for interval 

starting 230/2007 (400 days). 8 color scale from 0 to 

maximum in the segment. The contours correspond to 

highest level and 4th level of WSD in segment. Days on 

x axis, on y frequency in 1/d.  

 

3  Magnetic trap model 

3.1 Main characteristics of the trap  

The suggested trap model rotating with the Sun is 

schematically shown in Figure 3 where the magnetic field 

lines for slow (300 km/s) and fast (600 km/s) solar wind 

are presented; these are fitted in a way to intersect 

beyond the Jupiter orbit, forming a corotating interaction 

region (CIR). 

   To observe trapped Jovian electrons in the vicinity of 

the Earth such a trap must satisfy a few essential 

conditions. These are a large extent and long-term 

stability. In addition, beyond the Jupiter orbit the trap 

must have a magnetic mirror to prevent free escape of 

electrons, and hence ensure a long existence of Jovian 

electrons in the trap. The interior of the trap is expected 

to have enhanced magnetic field as demonstrated in 

Figure 3. 

   Figure 4 displays such a trap with enhanced magnetic 

field: maxima of Jovian electron fluxes coincide with 

minima of galactic protons, when their entrance to the 

central part of the trap is inhibited by the magnetic field. 

Blue arrows correspond to the J-electron minima, pink 

ones: maxima, indicating a clear anti-correlation.   

 

Fig. 3 Schematic magnetic trap, filled up with electrons 

under every passage by the Jupiter. The possible electron 

time profile at the Earth orbit is shown. 

 

 
Fig. 4. Jovian electrons and galactic protons during the 

first half of 2008 (SOHO COSTEP). 

 

3.2 Magnetic traps and solar wind structure 

The 27-day periodicity of nearly constant structures of 

solar wind suggests the existence of a long-lasting trap 

filled by electrons during its passage by Jupiter at every 

solar rotation and subsequently detected at the Earth.  

 
Fig. 5 Jovian electrons and solar wind speed during 2007, 

vertical dashed lines and arrows mark illusive electron 

maxima, separated by 26-27 days. 

 

   When the structure of the solar wind is disturbed, the 

trap becomes unstable or is not formed at all, and J-

electrons near the Earth are not observed (see Fig. 5, a 

similar situation is seen in Fig. 1b between February and 

June 1997). Here before DOY 80 and after DOY 260 of 

2007 a steady structure of solar wind speed was observed 

which caused the formation of the trap and registration of 

 

 

 



Jovian electrons near the Earth. In the middle of 2007 the 

SW speed profile is not regular and Jovian electrons are 

absent even under nearly optimum magnetic connection. 

Thus one can conclude that in two first rotations the flux 

tubes were filled by electrons, while the next 9 were 

empty followed by another 14 increases of J-electrons. 

   What is the difference between 2007 and 2008? 

Optimum Earth-Jupiter magnetic connection under SW 

speed 450 km/s were on Jan 15 and Feb 15, respectively. 

After optimal connection in 2007 J-electrons were 

observed only during one solar rotation while in 2008 in 

6 to 7 rotations. The geometry is the same but SW speeds 

dramatically differ, and the situation with electrons is 

also radically different. 

   Another confirmation of the existence of the trap is the 

opposite effect: the appearance of an unexpected Jovian 

electron super-flux during the worst magnetic connection 

between Jupiter and Earth in the solar minimum of 1996 

[7]. (By the way they were indeterminately contaminated 

by solar electrons because risings of MeV protons were 

observed that time as well).  

 
Fig. 6 “Unexpected” electron increases during bad 

magnetic connection between Jupiter and Earth. 

 

These unexpected electron risings could be easily 

explained by the formation of additional short living trap. 

Similar situation was observed in 2009 during period 

DOYs 150-250 without protons that arguments in favor 

of their Jovian origin (Figure 6). 

   We analyzed the time shift of Jovian electron profiles at 

STEREO A and B, spaced by nearly 60о, which should 

result in a 4.5-day delay at STEREO-A relative to 

STEREO-B. Unfortunately, the HET instrument has a 

high background level, often comparable with Jovian 

electron fluxes, requiring considerable averaging (12 

hours) and essentially impedes definition of useful time 

parameters. Except that the trap may be slightly variable 

during its transference from STEREO-B to STEREO-A, 

that also can conceal waiting effect. However some shifts 

between STEREO-B, EPHIN and STEREO-A can be 

observed (about 1.5 and 2 days correspondingly). 

 

4 Simulation 

Corotating interaction regions are interfaces between 

high and slow solar wind plasma formed as a result of the 

tilted solar magnetic dipole and solar rotation. 27-day 

waves in galactic cosmic ray flux is interpreted as due to 

quasi-periodic variations in the solar wind speed and 

IMF. [9] found that the CR flux peaks where the solar 

wind is slow. Based on STEREO data [10] did not get 
any clear correlation with CIR structures. 

   The numerical model presented here is similar to that of 

[11]. Jupiter is a moving source in the co-rotating frame 

and perfect co-rotation is assumed. The values of solar 

wind speed and magnetic field are specified near the Sun. 

By solving the Parker equation in the corotating frame, a 

combined effect of the CIR and magnetic connection is 

obtained. The solar wind profile was not fitted to 

reproduce precise observations. The 26-day periodicity 

obtained is close the period observed for the 2007-08 

minimum. 

   Figures 7 and 8 display the solar wind parameters and 

the resulting electron fluxes as a function of 

heliolongitude. This can be understood as during 

preferable phase of the CIR with respect to Jupiter, the 

stronger magnetic field behind the planet prevents the 

electrons from escaping the region. [9] had a similar 

observation for galactic cosmic rays, i.e. that high GCR 

fluxes appear during high plasma density – and B, fully 

correlating with it. 

 

 

Fig. 7 Left panels: top - solar wind speed (green) and 

density (blue) at 1 and 5 AU (solid and dashed lines). 

Bottom: electron fluxes averaged over Jupiter’s position 

at 0.5-1-2-5-10 AU. Right: plasma densities at 0-6 AU. 

 

Fig. 8 Contour plots of electron fluxes of Jovian electrons 

obtained for 4 different phases of the CIR model. The 

position of Jupiter is at 3 hr. 

 

 

 



5 Discussion 

In the existing models, in the absence of direct Earth–

Jupiter connection (occurring every 13 months – synodic 

period of Earth-Jupiter), the appearance of Jovian 

electrons near Earth and their 27-day variation during the 

following 5–6 months were explained by perpendicular 

electron diffusion near Jupiter, and by co-rotating 

interaction regions (CIRs) limiting their angular spread 

[12, 13]. On the other hand, during good connection, no 

elevated fluxes are expected when an obstacle (CIR) is in 

between. 

   Our explanation of the long-term occurrence of 

electrons near the Earth is the possible formation of 

magnetic traps in the interplanetary medium filled by 

electrons when they pass by Jupiter and then detected 

when passing near Earth. According to the proposed 

model, Jovian electrons can be observed in any period 

irrespective of the phase of the Earth–Jupiter connection, 

whereas the 27-day variation of these electron fluxes is 

explained by the rotation of traps along with the Sun. The 

time lag between the time needed for a trap to be filled by 

electrons near Jupiter and the identification of these 

electrons near Earth is 0–27 days, indicative of long life 

of traps and their trapped electrons (>27 days).  

   Magnetic traps filled with the Jovian electrons observed 

over 14 solar rotations in 2007–2008 requires their 

existence for the entire indicated period. The creation of 

magnetic traps depends on the solar wind speed, as 

shown along with Jovian electrons in Fig. 1. It can be 

seen that the time profile of the solar wind speed remains 

almost unchanged over the course of the solar rotations, 

and the magnetic traps that form are stable as well. The 

two peaks of the solar wind speed are observed on the 1st 

through the 5th and the 18th through the 24th days of 

each Bartels rotation. The indicated longitudes were then 

occupied by two vast coronal holes that were recorded as 

early as 2006–2007 and existed until May 2009. 

(http://www.solen.info/solar/coronal_holes.html). These 

holes were the most likely sources of high speed solar 

wind. 

   It should be noted that beginning with DOY 326,  2007, 

beside the main increases in Jovian electron fluxes, 

additional intermediate increases of lower amplitude 

(only 10) appeared at the same periodicity, likely due to 

an additional trap formed by the second coronal hole. 

   We also note that analogous long term variations in 

Jovian electron fluxes were also observed during earlier 

solar activity minima (1974–1976, 1985–1986, and 

1996–1997), when the solar wind structure remained 

quasi stationary not destroyed by frequent disturbances 

and active processes at the Sun while creating magnetic 

traps [14]. During the 1996–1997 minimum the period is 

longer than in 2007-08 which requires further 

investigation. 

 

6  Conclusions 

We propose that magnetic traps co-rotating with the Sun 

are formed in the interplanetary medium, which are filled 

by electrons at its passage by Jupiter. These electrons are 

detected later at the Earth. In this model, Jovian electrons 

may be observed incessantly independent of the Earth-

Jupiter connection. 27-day variations of electron fluxes 

naturally appear. Long period of electron variations is 

connected with the similar duration of stability of solar 

wind structures. 

   “Unexpected” risings of Jovian electrons during bad 

magnetic connection may be explained by appearance of 

short living traps during those periods. The temporal shift 

of the profiles between STEREO A and B is also in 

accordance with the rotation of the trap from B to A. 
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