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Abstract 

The main goal of this paper is to demonstrate the 
multifractal behavior of the ionospheric plasma 
signals recorded by the ISL instrument installed in 
the Demeter satellite before the L’Aquila earthquake. 
Multifractal analysis is performed using the so-called 
the Wavelet Transform Modulus Maxima lines 
(WTMM) method. Signals to be analyzed are: the 
electrons and ions densities, electrons temperature 
and the plasma potential. WTMM analysis of the data 
recorded during the 04th of April 2009 which 
recognizes many ionospheric disturbances before the 
L’Aquila earthquake clearly shows the multifractal 
behavior of the ionosphere plasma physical response. 
Keywords: Multifractal, WTMM, ISL, Demeter, 
L’Aquila earthquake. 
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Abstract 

The induced planetary magnetosphere is 

the result of the interaction between the 

streaming solar wind plasma and an 

unmagnetized planetary body with an 

ionosphere acting as an obstacle. The 

structure of the induced magnetosphere 

highly depends on the upstream solar wind 

parameters including the direction and 

magnitude of the Interplanetary Magnetic 

Field (IMF). (e.g. Zhang et al., 2009; 

Masunaga et al., 2011). 

Not only the upstream conditions but also 

temporal variations of the upstream 

conditions are expected to cause changes in 

the structure of induced magnetospheres.  

For example, Niedner and Brandt [1978] 

reported that the cometary ion tail was lost 

due to reconnection after an IMF sector 

boundary crossing. Edberg et al. [2011] 

studied the effects of Interplanetary Coronal 

Mass Ejections (ICME) and Co-rotating 

Interaction Regions (CIR) at Venus. They 

suggested that the change in the magnetic 

field polarity during IMF sector boundary 

crossings contribute to an increased ion 

outflow. In addition, they speculated that 

this might be due to dayside magnetic 

reconnection. 

In this study we aim to understand the 

effects of the varying upstream conditions 

on the Venusian induced magnetosphere. 

Using the entire Venus Express/ASPERA-4 

and MAG datasets, we first produce the 

spatial distribution of ions in the plasma 

environment of Venus during ICME and 

CIR passages together with that during the 

average condition. In addition to ICME/CIR 

passages, we focus on the Heliospheric 

Current Sheet (HCS) crossings, which can 

also change the polarity of the induced 

magnetosphere. By comparing HCS events 

and ICME/CIR events, we may be able to 

distinguish the contribution of IMF polarity 

change on the Venusian induced 

magnetosphere, because the solar wind is 

less disturbed during HCS events.  

We will compare the signatures 

associated with the sector boundary 

crossings found at the magnetotail of Venus 

with that is previously reported from comet 

studies. 
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Abstract 

Both Venus and Mars have ionospheres, but no 

strong intrinsic magnetospheres, only Mars has some 

inhomogeneously distributed crustal field. The solar 

wind interaction with the ionosphere of these 

unmagnetized planets is highly important in defining 

the planets’ plasma environment. The properties of 

their induced magnetospheres depend strongly on the 

solar input arriving at the planet. In order to study 

this interaction of the solar wind and the planetary 

plasma environment, ideally we would need 

measurements both in the solar wind and in this 

induced magnetosphere the same time. When there is 

only one spacecraft around the planet, it cannot 

perform such simultaneous observations, thus the 

prediction of solar wind properties and solar events 

to the different planetary objects becomes important. 

These predictions can be validated by in situ 

measurements onboard the planetary spacecraft such 

as Mars Express and Venus Express while these are 

located in the solar wind. The solar predictions are 

based on solar spacecraft observations such as 

SOHO, ACE, WIND, STEREO A and B, which are 

at different distances from the investigated planets. 

We show how the prediction accuracy depends on 

the spatial separation of the solar and the planetary 

spacecraft. 
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Abstract

HPEM   is  a  model  designed  in  order  to  provide
time-series  of  energetic  electron  differential  or
integral  energy-flux  spectra  for  Jupiter's
magnetosphere  which  can  be  used  as  input  for
internal  charging  studies  of  the  JUICE  spacecraft.
The  model  describes  the  electron  distribution
function between 150 keV keV up to ~50 MeV. It is
designed  to  be  applicable  between  the  orbit  of
Europa (9.5 Rj) up to 30 Rj, which is near Callisto’s
orbit, and in a latitude range of 40 degrees from the
planetary equatorial plane, but it can be extended to
larger  distances  and  latitudes.  The  model  is
constructed  with  a  goal  to  describe  the  time
variability that a spacecraft can encounter in Jupiter's
energetic electron environment.  This variability can
have  two  components:  the  first  comes  from  the
motion  of  the  spacecraft  within  a  spatially-varying
jovian magnetosphere.  For this purpose  an average
radiation  belt  model  for  the  differential  electron
energy-flux   spectra  was  constructed  based  on
Galileo EPD/LEMMS observations, dependent on  L,
magnetospheric local time and equatorial pitch angle.
The  second  component  includes  an  empirical
description  of  magnetospheric  transients  that  result
from  dynamics  in  the  magnetosphere.  For  this
purpose,  the  probability  for  a  given  spectrum  to
deviate from the average one (at a given location) has
been modeled with log-normal distributions and such
probabilities  are  obtained  with  a  Monte-Carlo
approach. Temporal  changes in the electron spectra
are constrained by the L- or time gradients observed
with Galileo's EPD/LEMMS detector so as to prevent
extreme and unrealistic changes between sequential
spectra of the model's output. The model is able to

reproduce  both  the  statistical  scatter  of  energetic
electron fluxes observed with Galileo/EPD, as well
as  the  lifetimes/time  scales  and  the  occurence
probability of extreme flux enhancements (temporal
radiation  belts)  that  Galileo  encountered.  An
application to the JUICE mission is also shown.
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Abstract 
Statistics of Mars Express (MEX) ion mass analyser 
(IMA) data shows that ion production from 
exospheric hydrogen depends more on the Sun-Mars 
distance than the solar cycle phase or winter-summer 
hemispheric difference.  This indicates that the EUV 
is not the only driver of the production of cold, 
exospheric-origin ions, and that the extension of the 
exosphere is strongly influenced by total irradiance 
that carries the majority of the solar energy to the 
Martian atmosphere   

1. Introduction 
Mars Express (MEX) has operated for more than 10 
years in the environment of Mars, providing solar 
wind ion observations by the Analyzer of Space 
Plasmas and Energetic Atoms (ASPERA-3) 
experiment's ion mass analyzer (IMA).  In the region 
just outside the bow shock of Mars, IMA frequently 
observes ring-like distributed ions that include both 
pick-up ions of exospheric origin and reflected solar 
wind by the bow shock [1].  These observations have 
limitations on the detected angular distribution due to 
the limited field-of-view (FOV), on the low-energy 
proton detection due to sensor capability, and on the 
lack of the upstream magnetic field knowledge due to 
the absence of a magnetometer.   

2. Analyses 
Despite the lack of magnetic field data, the length 
and quality of the IMA data (nearly no degradation of 
the sensor efficiency) is sufficient to statistically 
diagnose the seasonal (defined by the Sun-Mars 
distance, and we call "summer" when the Mars is at 
perihelion) and solar cycle variation of the pick-up 

ions of exospheric origin.  Two methods are 
employed for such statistical analyses: the automated 
method [2] and manual (eye-identified) method [3].  
The automated method is used to obtain the general 
distribution whereas the manual method is used to 
obtain fine (2-months resolution) temporal variation, 
as shown in Figure 1.  Both methods are applied to 
eight years of MEX/IMA data during 2005-2012.   

3. Results 
The statistics revealed that the occurrence rate of the 
pick-up ions varies with Sun-Mars distance, i.e., 
sharply increases during the Martian summer (Mars 
perihelion).  This seasonal variation is dominant over 
the solar cycle variation that has a much longer time 
scale, and the occurrence probability is different for 
the same level of EUV flux, e.g., between the 
summer of the solar minimum and winter of solar 
maximum, results in different probabilities.  The 
automated method further revealed that the variation 
is mainly driven by the Sun-Mars distance rather than 
the season of the (southern) hemisphere that 
possesses large magnetic anomalies.  The temporal 
variation obtained by manual method also revealed 
that the peak occurrence rate is recorded slightly (1-2 
month) after the perihelion.   

4. Conclusion 
The result indicates that the EUV is not the only 
driver of the production of cold, exospheric-origin 
ions, and that the extension of the exosphere is 
controlled more by the Sun-Mars distance than the 
EUV.  One possibility is that the atmospheric 
condition (e.g., temperature or existence of dust) 
might strongly influence the exosphere. 
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Figure 1: Temporal variation of (a) observation rate of the pick-up ions determined using the manual method, 
and (b) the estimated EUV flux at Mars from the measured value at the Earth by TIMED/SEE instrument [4].  
There are about 7500 inbound or outbound traversals during 2005-2012 with the medium mass-resolution mode.  
Note that the total number of hours under a specific mass-resolution mode of IMA varies from time to time, and 
MEX is sometimes completely downstream of the bow shock for about one month.  Therefore, taking monthly 
average is not appropriate.  However, data becomes rather smooth if two months time intervals are integrated.  
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Abstract 

The small scale structure of TLE’s is discussed in the 

context of the  filamentation processes. The 

discussion is focused around  3 mechanisms –pinch 

instability, filamentation of kinetic Alfven’s waves 

and ionization instability.  

 

1. Introduction 

 

     Plasma turbulence is one of the most significant 

features of the space plasma. Alfven, lower hybrid, 

electron and ion cyclotron waves and higher 

frequency waves at Langmuir and upper hybrid 

frequencies are always observed in the ionospheres, 

magnetospheres, solar wind. 

     Another general feature of a magnetized plasma is 

a tendency to create filamentary structures in the 

field aligned currents [1]. This filamentation can be 

seen by optical and X-ray observations of the solar 

chromosphere and corona, in the cometary’s tails and 

on the Earth in the aurora. Magnetospheric plasma 

indicates also a tendency to form subtle structures in 

the current flowing along magnetic field line. 

     Prognoz-8, Magion-4, Interball Tail Probe and 

CLUSTER registered crossings of many small scale 

structures in different  magnetospheric plasma 

domains. Examples of observation of these types of 

structures which we assumed are plasma filaments in 

the polar, magnetospheric cusp [2] are shown in 

Figures 1 and 2. The observed subtle structure of the 

TLE’s indicate subtle structure which can be also 

identified  with the plasma filaments.  

 

 

 

 

Figure 1: Wavelet spectra from Interball 1taken  in 

the polar cusp. The variability of the wave intensity 

indicate crossing small scale structures within cusp. 

Figure 2: Filament of the electric current in the 

polar cusp registered by Interball 1 [2]. 
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2. Transient Luminous Events 

(TLE’s) 

Transient Luminous Events (TLE)  are upper 

atmospheric optical phenomena associated with 

thunderstorms. First suggestion on the existence of 

such phenomena was given by Scottish physicists 

C.T.R. Wilson in 1920’s, but only 70 years later 

these phenomena were registered. The experimental 

discovery of these events was done accidentally in 

1989 by Robert Franz . These first registrations were 

related to phenomenon which now is called red sprite 

[3],[4].  

Since then thousands of observations of different 

types of   TLEs have been done from the aircrafts, 

space shuttle, space station and satellites. The 

observations up to now are mainly related to optical 

phenomena. There are some different types of TLE- 

red sprites, blue jets, elves, halos and trolls. All of 

them are of the electromagnetic nature and are 

triggered by a rapid significant change in electric 

filed above the cloud level reaching to the 

ionosphere. The first proof that the electromagnetic 

effects observed in the mesosphere are generated by 

sprites  and can be registered in the ionosphere has 

been done by DEMETER satellite observations [5] . 

These events are associated with the intense energy 

transfer between the atmospheric layers and have a 

strong influence on the ionosphere. Figure 3 presents 

the variety of the Transient Luminous Events. 

 

Figure 3: The view of the different phenomena called 

Transient Luminous Events 

 

Sprites are associated with giant storm clouds with 

dimensions over 1000km producing strong electric 

field in the  mesosphere. Sprites are massive but 

weak luminous flashes, appearing at altitudes 40-90 

km. 
Sprites are predominantly red. The brightest region 

lies in the altitude range 65-75 km, above which 

there is often a faint red glow structure that extends 

to about 90 km. Below the bright red region, blue 

tendril-like filamentary structures often extend 

downward to 40 km. Sprites rarely appear alone, they 

usually occur in groups - two, three or more 

The duration of sprites is of the order of ms. Currents 

associated with sprites have intensity  above 1 kA. 

Blue jets are another high altitude optical 

phenomena, observed above strong thunderstorms. 

Blue jets are seen as an  optical ejections from the top 

of the electrically most active regions of 

thunderstorms. Following their emergence from the 

top of the thundercloud, they typically propagate 

upward in narrow structure in form of cones of about 

15 degrees full width at vertical speeds of roughly 

100 km/s (Mach 300), fanning out and disappearing 

at heights of about 40-50 km. The giant blue jets can 

reach the ionospheric altitude . Their intensities are 

on the order of 800 kR near the base, decreasing to 

about 10 kR near the upper edge. These correspond 

to an estimated optical energy of about 4 kJ, a total 

energy of about 30 MJ, and an energy density on the 

order of a few mJ/m
3
. Blue jets are rather rare events. 

Their appearance is much lower than sprites. Blue 

jets are not aligned with the local magnetic field. 

The described above events are strongly 

electromagnetic events and its activity has direct 

influence on the conditions in the ionosphere.  

 

3. Filamentary Structure of TLE’s 

Filamentary structures are found in the many cases of 

space plasmas, all of them are observed or are likely 

to be associated with electric currents: In the aurora 

filaments parallel to the magnetic field are often 

observed. These can have dimensions down to 100m; 

inverted V events (10
5
 -10

6
 A) and in situ 

measurements of the electric currents in the 

magnetosphere demonstrate the existence of the 

filamentary structures; in the ionosphere of Venus 

„flux ropes” or „magnetic ropes”, whose filamentary 

diameter are typically 20km, are observed; on the 

Sun, prominences (10
11

A), specula’s, coronal 

streamers, polar plumes etc. show filamentary 

structure whose dimensions are in order 10
7
-10

8
m; 

the cometary tails often have a pronounced 



 

Figure 4: Subtle structure of the sprite [6] 

filamentary structure, sprites and blue jets show the 

subtle structure along the current with spatial scales 

of the order tens to hundreds  meters . Figure 4 shows 

the subtle structure of the sprite [6].  

4. Physical Mechanisms of 

Filamentation 

There are two fundamental physical mechanisms 

trying to explain a creation of the filamentary 

structure in the space plasmas. Both are associated 

with currents and ambient magnetic field. 

1.Pinch instability of the field aligned electric current 

[7]. Galperin et al. suggested this mechanism as a 

source of the subtle structure of the aurora. Current 

layer is decomposed into small scale magnetic 

islands by this instability. The size of these islands is 

given by:  

 

 

 

The characteristic time of formation of these 

structures is given by: 

 

 

2.Filament instability of the dispersive Alfven waves 

[8], [9], [10]. Magnetohydrodynamic description of 

the plasmas concentrates on length scales that are 

much longer than ion inertial length         and 

time scales much longer than inverse ion 

gyrofrequency          . 

The solution of these equations are dispersive Alfven 

waves. These waves are circular polarized and 

propagate along the magnetic field. Shukla and 

Stenflo find that transverse perturbation of these 

waves leads to formation of the paralell to the 

magnetic field alongated structures (filaments) due to 

so called filametation instability. The numerical 

simulation of the disturbances of the MHD Hall’s 

equations done by Laveder et al. [8] fully confirm 

this result. The scheme of the physical mechanism of 

this instability is shown in Figure 5.  The scale of 

generated structures can be determine by the local 

density as: 

 

 

 

 

 

Figure 5: Physical mechanism of the filamentation 

instability. 
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5. Summary and Conclusions 

The characteristic time scales of the fine structures  

in TLE correspond to characteristic time scales of 

TLE’s and can be up to tens of miliseconds and the 

spatial scales are in order of tens to hundreds meters. 

The structures observed in the aurora have similar 

size ([7]and references given there).  

The non-linear analysis of the kinetic Alfven waves 

shows the possibility of the filamentation of these 

waves with a minimum characteristic scale 

corresponding to characteristic scales of Alfven 

soliton [11]. The characteristic scale is of the order of 

the Alfven wave length. Its minimum value can be 

expressed by the local electron density:  λa ≥ 2.2 x10 
8
 /n

1/2
[m] if the plasma density n is measured in m

-3
.  

Another non-linear mechanism which can lead to the 

filamentation is pinching of the field aligned electric 

current [7]. This mechanism can generate structures 

with a smallest size given by L>c/ωp  (c is the light 

velocity and ωp the plasma frequency). It can be also 

expressed by the electron local density as 10
7
/n

1/2
 [m]. 

Both characteristic scales depend strongly on the 

altitude. Assuming that proton density at the altitudes 

where TLE’s appear 10
9
-10

10 
m

-3
 what corresponds to 

Alfven wavelengths of 2.2-7 km and pinch generated 

structures of 100- 300 m. The application of these 

mechanisms to TLE’s needs a further studies and we 

are currently doing that.  

Another mechanism which is well known in 

laboratory plasmas and has been applied for 

explanation of the small scale irregularities of the 

electron concentration in the ionospheric electrojets 

(equatorial and auroral)- the ionization instability 

[12] can be also discussed as a source of subtle 

structure of TLE and we will discussed it in our 

further work. 
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Abstract 

The Na exosphere of Mercury is being studied since 

its discovery in mid ’80s from Earth-based telescopes, 

and it has revealed a high dynamics and variability. 

Although the processes and their relationships 

characterising the Hermean exosphere generation and 

dynamics are still not exhaustively understood, there 

are no doubts on a tight interconnection among the 

planet's surface, exosphere, intrinsic magnetic field, 

the Solar Wind and the Interplanetary Magnetic Field 

(IMF). Here we analyse an extended dataset of 

images of the exospheric Na emission, collected from 

2009 to 2013, by means of the THEMIS ground-

based telescope, and perform a comprehensive 

statistical study of the recurrent Na emission patterns, 

and also their potential relationship with the IMF 

variability. For this purpose, we take advantage of a 

subset (years 2011-2013) of contemporary in situ 

measurements of the IMF obtained by the MAG 

instrument on-board the MESSENGER spacecraft.  

 

1. THEMIS data:recurrent patterns 

A wide database of 644 images obtained from yearly 

observations of Mercury by the THEMIS solar 

telescope in Tenerife is analyzed to identify the 

recurrent Na emission patterns for years 2009-2013. 

They can be mainly divided into two categories: 

single peak centered on the sub-solar point, or two 

symmetric peaks at high/mid latitude position along  

noon meridian. Inside each of the two categories, we 

can further divide the different morphologies into 8 

different types (see Figure 1). Final unbiased 

statistical analysis of the 377 ‘good’ images are 

summarized in Table 1 where the images are also 

divided according to the geometry of observation 

(East or West longitude). Table 1 shows that the 

symmetrical (with respect to equator) single peak 

pattern EP (9.3%) and unsymmetrical single peak 

patterns EPN (6.9%) and EPS (6.1%) occur in 84 

cases (22.3%). The WP is about twice as frequent as 

EP (16.4%). The remaining 61.3% of cases belongs 

to double peaks patterns: 45 cases of 2P (11.9%), 45 

of 2PC (11.9%), 80 cases of 2PN (21.2%) and 61 of 

2PS (16.2%). These data confirms that, on the long 

term, the double peak emission is the most frequent 

Na exospheric configuration. On the other hand, the 

most frequent exospheric Na emission pattern is a 

different one each year, that is: 2P in 2009, 2PS in 

2010, 2PN in 2012 and in 2013. The 2011 only 

shows a predominance of the single peak patterns 

(EP and WP).  

 

 
 

Figure 1: The 8 recurrent Na emission patterns. 
 

Table 1: List of the 8 different exospheric patterns. 
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2. THEMIS data: full-disk analysis 

In addition, we use a subset of images (79) taken 

when most of the illuminated disk was in view (≥ 

90%) to account for the possible reasons of these 

symmetries, and to analyse whether asymmetries 

occur also in longitude. A summary is given in Table 

2. We analysed the position of the Na emission 

patterns (both single and double peak) with respect to 

the sub-solar meridian (noon) and subdivided them 

into three regions: pre-noon, noon and post-noon, 

accordingly to the location of the patterns (see Figure 

2), and found that they are mostly located in the pre-

noon (53%) and noon (35%) regions (see Table 2). A 

check on the East or West elongation occurring 

during the observation shows that the subset of 

images is equally distributed between Eastern and 

Western elongations, hence minimizing possible 

systematic errors due to visual geometry. In addition, 

we also find that the Double Peak patterns observed 

in this set of quasi-full disk images are all roughly 

located along the same meridian, i.e. no longitudinal 

shift of one peak with respect to the other is clearly 

evidenced.  

 

Figure 2: Examples of the pre-noon, noon and post-

noon Na emission patterns. 
 

Table 2: List of the 8 different exospheric patterns in 

the sub-set of 90% visibility of the disk. 
 

 

3. MAG data & correlation with 

THEMIS 

Depending on the spacecraft position along the orbit, 

the MAG sensor collects data from both the IMF or 

the magnetosphere of Mercury (Figure 3). 

MESSENGER was orbiting around Mercury since 

March 2011. Hence, since that moment 

contemporary data of global exospheric Na mapping 

and in-situ measurements of the IMF B-field are 

available (years 2011-2013). We calculated the 

occurrence of the different patterns for each IMF 

component, by subdividing the magnetic field 

strength and sign into four ranges: Bi ≥ 10 nT, 10 nT 

≥ Bi ≥ 0 (strongly and moderately positive), 0 ≥ Bi ≥ -

10 nT , -10 nT ≥ Bi  (moderately and strongly 

negative). Table 3 summarizes the results (NB. Note 

that we have only 1 2PS event occurring in the 

present analysis and it was omitted from the 

statistics).The stronger correlation between IMF and 

Na emission patterns occurs for the double peak set, 

where IMF Bx is mainly > 0, and IMF By < 0. The 

IMF Bz is strongly negative in the 2P case. On the 

contrary, the single peak set shows less definite 

correlation: IMF Bx ranges from strongly positive to 

strongly negative, in EP and WP configurations, 

respectively. The IMF Bz is mostly negative in EP 

patterns (58%), while is positive in 53% of WP ones. 

 

 



Table 3: Statistics of the IMF BX , BY and BZ 1-h 

averages. On the  top/bottom  the results obtained  in 

the case of for the single/double peak patterns. The 

right columns show the IMF averages computed on 

the same time period of the Na measurements 

(THEMIS-MAG), the left ones show the IMF 

averages calculated 1-hour ahead the observations 

(THEMIS-MAG (-1 h)). Darker cells and bold digits 

indicate higher occurrence rates (see legend). Cells 

marked with thick borders indicate the most 

significant IMF BZ values. 

 

4. Conclusions 

We performed a statistical analysis of the Na 

emission from the exosphere of Mercury, based on 

ground based observations taken by the THEMIS 

telescope, and spanning over a time period of 5 years 

(2009-2013). We categorized the exospheric Na 

emission into 8 different recurrent patters and studied 

their occurrence rate, also as a function of the in situ 

IMF, as measured by the MAG instrument on-board 

the MESSENGER spacecraft. The results of this 

study can be summarized as follows:  

1. by considering the whole THEMIS database, we 

found that the equatorial peak patterns and the 

high latitude double peak patterns are mutually 

exclusive. The latter being the most common 

(61%) Na emission feature, often observed 

continuously for several hours: this supports the 

idea that the solar wind ion precipitation through 

the polar cusps has a crucial role in the generation 

of the observed high latitude Na exospheric 

emission; 

2. on average, the observed double peak patterns do 

not show a statistically significant North-South 

asymmetry: if these are actually connected to the 

ion precipitation into the polar cusps, this fact 

favours the idea that the Mercury’s magnetic 

dipole is symmetrical with respect to the 

equatorial plane, and also implies that the role of 

the IMF BX in driving the magnetic reconnection 

in the Hermean magnetosphere is weaker than 

foreseen; 

3. the analysis of the exospheric Na emission pattern 

as a function of the IMF, even if preliminary (due 

to the difficulty to have simultaneous in-situ IMF 

data), shows that the high latitude double peak 

pattern (2P) is more frequently observed during 

negative IMF BZ periods (76%), whereas the 

single equatorial peak emission (EP) is more 

common when the IMF BZ is positive (74%); 

4.  there exists a noticeable annual North-South 

asymmetry that, on the base of the present data, 

may be connected to a long-term external cause 

(e.g. the IMF variability in the inner heliosphere); 

5. the analysis of the subset of quasi-full disk 

images shows that the Double Peak emission 

patterns are typically aligned in longitude, 

without any appreciable longitudinal shift 

possibly produced by a strong IMF BY ≠ 0. It 

also shows that the Na emission is mostly located 

in the pre-noon sector (53%), which is roughly 

facing the local Parker’s spiral direction, and 

close to the noon meridian (36%). 
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Abstract

The exploration of planetary environments other than
Earth has led to the definition of planetary space
weather. We will mainly focus on the impact of the so-
lar UV radiation which is responsible for the photoion-
ization and photodissociation processes within plane-
tary and cometary atmospheres. Those studies are of
primary importance especially in the framework of the
JUICE and ROSETTA missions.

A 1-D model has been developed in order to infer
airglow emissions from Europa and Ganymede, from
neutral atmospheric models. Considering various pro-
duction and loss mechanisms, we estimate red and
green line emission for atomic oxygen. The impact of
precipitating particles has also been studied in order
to estimate auroral emission, for the oxygen lines at
130.5 and 135.5 nm using radiative transfer modelling.
Comparison with observations such as in situ measure-
ments from Galileo, or remote observations from the
Hubble Space Telescope, shows a good agreement that
ensures us to provide reasonable constraints for the
JUICE mission.

Modelling of the impact of the solar UV flux has also
been done regarding cometary atmospheres, using in-
situ measurement from the DFMS/ROSINA spectrom-
eter onboard the ROSETTA spacecraft. Airglow emis-
sions for the red line at 630 nm have then been esti-
mated, considering various volatiles within the coma
such as water, CO, and CO2.
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Abstract

Coronal  mass  ejections  (CMEs)  usually  exhibit
lower-corona  dynamics  such  as  flares,  magnetic
reconfiguration,  EUV  waves,  jets  or  filaments.
Recent studies have observed CMEs without a low-
coronal signatures (LCS) which have been referred to
as  stealth  CMEs.   Through  new  image  processing
applied  to  EUV images  we  find  clear  evidence  of
LCS leading to stealth CMEs.  The LCS of stealth
CMEs  are  fairly  sizeable  yet  faint  eruptions  with
structure consistent with a rising flux tube, possibly
formed  higher  in  the  corona  in  regions  of  weaker
magnetic  field.   We  believe  these  flux  tubes  are
formed mostly in polar regions due to the large shear
resulting from the slowly-rotating lower atmosphere
below the more rapidly rotating corona.  This would
allow the  formation  of  large  flux  tubes  in  weaker
field regions, leading to low-energy and low-density
flux tube eruptions.

1. Introduction

Coronal mass ejections (CMEs) are eruptions in the
solar atmosphere which expand and propagate from
the low corona to the interplanetary space  [e.g.  1].
They  are  generally  associated  with  eruptive
phenomena in the lower corona such as solar flares,
filament  eruptions,  EUV waves  or  jets,  known  as
LCS.   

[2]  describe  an  event  where  there  was  no  clear
indication of a filament eruption or flare prior to a
CME  observed  by  white  light  coronagraphs.  The
lower  coronal  event  leading  to  this  stealth  CME
originated  in  a  streamer  at  relatively  large  height.
They interpreted this event as a very slow-rising flux
tube  leading  to  a  streamer  blowout  CME.  More
recent  work  assembled  a  catalogue  of  ~40  stealth
CMEs  over  a  period  of  one  year  (2012),  showing
them to be relatively frequent  events and revealing
their unexplained preponderance over the North polar
region  [3].  The  observational  and  kinematic
properties of the 40 stealth CMEs were analyzed and
compared to those of regular CMEs.  To classify the
events  in  the  study,  they  searched  for  flares,

filaments,  EUV  waves,  jets,  coronal  dimmings,
reconfiguration  of  the  magnetic  field  in  the  higher
corona, and flows in CACTus LASCO data coupled
with the GOES/XRS data and the SoFAST catalog.
Through  visual  inspection  of  SWAP,  SDO  and
STEREO data, they narrowed down their data set to
~40 stealth CMEs.

As research  suggests,  the interaction between solar
eruptions and the solar wind can create phenomena in
the solar corona which are observed daily by space-
based  instruments.   New  image  processing
techniques can be applied to EUV [4] and white light
coronagraph  data  [5]  to  reveal  new  detail.  In  this
work,  the  new  processing  methods  are  applied  to
some of the data identified to contain stealth CMEs
by  [3]  to  investigate  the  possible  existence  of
observable LCS.

2. Observations and methods

The  instruments  used  in  this  study  are  the  Large
Angle and Spectrometric Coronagraph (LASCO) C2
which makes white  light  coronagraph observations,
the Solar Dynamics Observatory (SDO)/Atmospheric
Imaging  Assembly  (AIA)  which  images  the  solar
atmosphere in seven extreme ultraviolet channels and
three  ultraviolet  visible  channels,  and  the  Extreme
Ultra-Violet  Imager  (EUVI)  aboard  the  Solar
Terrestrial Relations Observatory (STEREO).  

LASCO  C2  images  were  processed  using  the
dynamic separation technique [4] and SDO/AIA and
STEREO/EUVI images were processed with the new
Multiscale  Gaussian  Normalization  technique  [5].
The method reveals fine details in the corona and can
also reveal structure in off-limb regions.

3. Results

[3]  identified  40  CMEs  without  low-coronal
signatures  occurring  in  2012.   One of  these events
took  place  on  23  February.   Using  our  image
processing  techniques,  we processed  EUV data  for
this and similar events and compared results.  Figure
1 is a composite image of this event in LASCO C2
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and  SDO/AIA 171.   In  the  SDO  image,  we  see
activity in the lower corona we believe is evidence of
LCS leading to the stealth CME identified in LASCO
C2.  Like this, we find other signatures in the lower
corona,  closer  to  the  sun's  surface,  that  may  have
caused the CME initiation process.  This is shown in
Figure 2.  The same approach will be taken to study
other cases listed in [3].

Figure 1:  Outer:  A CME seen in LASCO C2 data.  Inner:
Same event seen in SDO/AIA after our processing in which
a low-coronal signature is visible (indicated by arrow).

Figure 2:   Coronal  signatures  (marked  by  arrow in  first
frame) associated with a stealth CME.

4. Discussion

- We are in agreement with conclusions of [2] and [3]
that LCS of stealth CMEs are very faint events which
form higher in the corona or in low-density regions
of  magnetic  field weaker  than  usual  CME-forming
regions (i.e. filament eruptions or active regions).

- The 23 February 2012 event has the appearance of a
large  flux  tube  which  through  reconnection  erupts
slowly. It has low energy and very low initial velocity
and acceleration.

- The differential rotation of the photosphere and the
fact that the corona is a rigid rotator compared to the
underlying photosphere [6]  causes  the formation at
high latitudes.  We believe this can lead to formation
of large flux tubes following mechanisms similar to
those described in [7], but in regions of weaker field
and low density.

- We cannot explain the preference for formation of
stealth CMEs in the North, but this is possibly due to
the size and shape of the polar coronal hole.

5. Summary 

Through careful processing of EUV images, we are
able  to  show low-coronal  signatures  which  lead  to
ejections  previously  referred  to  as  stealth  CMEs.
With height-time profiles, we are able to show low-
coronal  events  that  appear  to  line  up  with  stealth
events.   Proper  fitting  of  these  curves  and  further
analysis will be able to confirm this.
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Abstract 

Will be submitted later. 
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