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Abstract

Transsolo is a code that describes the transport of the
electrons from solar origin of from photoionisation in
the upper atmosphere. Up to now, it has been adapted
to the Earth, Venus, Jupiter, Uranus, Mars and Titan.
However, these adaptations resulted in separate codes
and improvements of one did not automatically follow
in the others. In the frame of Europlanet, we re-wrote
this code in a user-friendly manner to make it indepen-
dent of the planet, so that it is easy to make measure-
ments in many circumstances.

1. Introduction

Most of the observations of planetary upper atmo-
spheres are their emissions. Some in-situ measure-
ments also provide ion or electron densities, tempera-
tures ... To calculate these parameters requests to cal-
culate the excitation, ionization and dissociation rates
of the different species. In this aim, it is necessary
to solve a Boltzmann kinetic transport equation for
the electrons (i.e. [4] and references herein). These
electrons have different origins: the can be precipi-
tated from the solar wind (eventually after a journey
within the magnetosphere) along the magnetic field
lines. They can be due to the photoionisation by the
solar energetic flux (EUV/XUV). They can also be
secondary electrons due to the impact of the previous
primary ones with the thermosphere. The Boltzmann
equation accounts for all the sources and describes
how a precipitated electron flux degrades its energy by
collisions with the atmospheric neutral species. The
main inputs are the electron impact cross sections, the
neutral atmosphere density and temperature, the EUV
solar flux, and the spectrum of the precipitated flux.
The unknown of the Boltzmann equation is the elec-
tron stationary flux [em~2eV ~lsr~1s71] at all alti-
tudes, energies and pitch angle. From this flux, dif-
ferent parameters can be deduced. The upward flux
escaping the atmosphere is simply the upward station-
ary flux at the upper altitude. The different ions and

excited states productions, and the emission rates are
direct by-products of the equation.

The code solving this equation has been carried to dif-
ferent planets, such as the Earth [5], Titan [3] , Venus
[2], Mars ([1] where it was used to asses the discovery
of the Mars aurorae, and in [6] to predict the presence
of intense blue auroras at Mars. In , [4], it allowed to
model the Mars atmospheric escape). This series of
codes written in FORTRAN is called “the Trans* fam-
ily”.

This series of applications resulted in different codes
that evolve independently. An improvement on one of
them is not automatically carried to the others. How-
ever, Europlanet aims at building new tools to make
comparative planetology easier. In this aim, we started
building a new version of the code that is independent
of the planet and with a user friendly interface.

2. Description

The physics has been described in different articles
and will not be rewritten here (see for example [4]).
The code starts with the making of two main files.
NEUTRAL contains all the parameters describing the
neutral atmosphere in which one will make the trans-
port calculation. ELEC contains the parameters de-
scribing the electron precipitation characteristics and
the ambient electron parameters, density and temper-
ature. In particular, NEUTRAL indicates to the other
codes which species have to be considered. These two
files can be constructed by hand or using a pre-code
called Stationo. The next step is to compute the photo-
electron production. The previous versions of the code
used the solar fluxes proposed by [9] or alternately the
models from [7] or [8] (ref). These models had the
great disadvantage of a truly bad discretization of the
spectrum (37 or 39 lines). The new code uses the solar
flux proposed by Woods et al., 2009 for a minimum
solar activity (F10.7 = 68). For other activity levels,
we use the same linear interpolation than between the
min and max solar spectra proposed by [9]. The exact
parameters will be published in a subsequent refereed



article.

The cross section files have been fully re-worked
to allow the computation of any excited neu-
tral or ionized state production (including dou-
bly charged ions) of any gaseous species amongst
N3,05,0,H, He,CH,y, H,O,CO5,CO. Any other
specie can be very easily added.

The next step is to compute the differential cross sec-
tions for the electron impact with the neutral gas.
These electrons are either precipitated or photo pro-
duced. Here again, the code has been rewritten so that
the code makes the computation only on the species in-
dicated in the file NEUTRAL and on any excited neu-
tral or ionized state.

Finally, the transport code itself solves the excita-
tion, dissociation, ions and electron productions. It
reads the results of the two preceding codes and solves
the Boltzmann transport equation independently of the
species.

This organization obliged us to add new modules to
compute the emissions of the considered species in-
dependently. This is made through a new series of
subroutine, one per species that gather all the codes
developed for all the different planets studied before.
The full new module is called Planetary-emissions.

3. Next steps

This is an ongoing work. In the case of the Earth, the
magnetic mirroring makes it so that the electron trans-
port code is sufficient to compute most of the emis-
sions. This is hardly the case in many other configu-
rations. A proton transport code has been developed
but still need to be rewritten so that it too becomes in-
dependent of the planet. Only then will we be able
to address most of the planetary configurations. The
resulting code already results in several tens of thou-
sands of Fortran lines. In order to make it useable for
the Planetary research community, we need to work on
a user friendly interface. These are the two next steps
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Abstract

This study aims at testing and validating tools for pre-
diction of the impact of solar events in the vicinity
of inner and outer solar system planets using in-situ
spacecraft data (primarily MESSENGER, STEREO
and ACE, but also VEX and Cassini), remote Jovian
observations (Hubble telescope, Nancay decametric
array), existing catalogues (HELCATS and [2]) and
the tested propagating models (the ICME radial propa-
gation tool of the CDPP and the 1-D MHD code prop-
agation model presented in [1]). We achieved our re-
sults using AMDA and VESPA web tools.

‘We first present the results concerning ICME propaga-
tion between various bodies of the inner solar system,
starting from Mercury. Then we investigate the predic-
tion facilities to two outer planets, Saturn and Jupiter.

1. ICME propagation: testing the
CDPP propagation tool

The CDPP propagation tool is publicly available on-
line (URL: http://propagationtool.cdpp.eu). Running
the propagation tool for each of the 61 suitable events
in the catalogue of ICME observations at Mercury
by the NASA spacecraft MESSENGER [2], we could
identify the ICMEs that probably hit another object of
the solar system. The objects are spacecraft orbiting
around planets (MEX at Mars, VEX at Venus) or at
1 AU (ACE, Stereo A and B). The necessary inputs
for the propagation tool (in addition to the start point,
MESSENGER in the present case) are: radial velocity
(default value 500 km/s), wideness of the CME at the
Sun (default value 45 deg) and the end point (VEX,
MEX, ACE, Stereo A and B). The catalogue entries
can be summarized as following:

* Time coverage: from 2011-05-19 to 2014-09-02
¢ Number of Records: 143

¢ Number of Pairs: 45 (Stereo-A:11, Stereo-B:6,
Earth:4, Venus:16, Mars:8)

Detailed comparisons between observations and
propagation tool predictions lead us to the following
results. The propagation tool is accurate for impact
prediction (84%) with a time accuracy of about 10
hours. We also propose to slightly modify the de-
fault parameters of the propagation tool by increas-
ing the default radial propagating velocity by 50 km/s
(550 instead of 500 km/s). We also note that the
ICME propagation velocity decreases with increasing
distance from the Sun (see Table 1).

Table 1: Mean ICME propagating velocity and stan-
dard deviations, between MESSENGER and target
(observations).

Target Voprop o
km/s  km/s
ALL 603 162

VENUS 639 169
1 AU 584 160

In addition to corresponding statistics, we also
present the case study of an ICME that is observed
at Mercury by MESSENGER, then at Venus by VEX
and at L1 by ACE.

We finally simulate the evolution of the Dst index
with ICME observations at ACE, Stereo A and Stereo
B locations. This allows predicting not only ICME
impacts, but also the corresponding potential geomag-
netic effects.

2. Event predictions at the outer
planets

2.1. Saturn

The 1-D MHD numerical code ([1]) permits to prop-
agate interplanetary magnetic field (IMF) and solar
wind properties inside the heliosphere. Inputs are in
situ observations of these parameters (solar wind den-
sity, velocity, dynamic pressure, IMF tangential com-
ponent). This model has been previously tested at



Jupiter with comparisons to Galileo data [1]. The
most important observational constraint is the angle
between the target, the observation point and the sun
(O, Galileo-Earth-Sun angle in [1], Cassini-Stereo-
Sun angle in our study). The lower O is, the better
the predictions are.

We collect measurements of the solar wind velocity

(Cassini/MIMI instrument), electron plasma density
(Cassini/RPWS) and three components of the mag-
netic field (Cassini/MAG). The solar wind velocity
and density measurements time intervals overlap is
very short and occur for large ©. Thus the plasma dy-
namic pressure cannot be derived from measurements.
The time coverage of the plasma density is irregu-
lar while the solar wind velocity measurements occur
mainly during the last part of Cassini’s cruise to Sat-
urn, so still far from the planet. We thus present only
short time intervals of comparisons between plasma
density observations and predictions.
Cassini/MAG data provide a continuous coverage of
the IMF tangential component (B;). B, is also pre-
dicted by the model [1]. Figure 1 presents a 5 days
window of both predicted and observed values of B;.
We present in our study a comparison of the B; pre-
diction accuracy of the model in function of ©.

We emphasize here that the model predictions and
the Cassini/MAG data used for this study are publicly
available on the AMDA tool of the CDPP.

7005,/02/05 07/06 [z /o7 ©2/08 02,/09

Figure 1: Example of comparison between observa-
tions (black line, Cassini/MAG measurements) and 1-
D MHD simulations (red line) of the tangential com-
ponent of the magnetic field.

2.2. Jupiter

There has been a large gap in in-situ data at Jupiter
since the end of the Galileo mission and the recent
arrival of JUNO. We thus propose to include remote
observations for testing MHD propagation model [1].
Applying the propagation tool to all ICME events ob-
served by Stereo-A and Stereo-B in the HELCATS cat-
alogue, there are potentially 149 ICMEs that impacted
the Jovian magnetosphere during the 2007-2014 pe-

riod (see Table 2).

The Hubble images of Jovian aurorae and the ra-
dio emissions from the auroral regions observed at the
Nangay radiostation are available through the VESPA
web service. The last part of our study concerns a po-
tential correlation of the 149 dates of predicted ICME
impacts with an intensification of the remotely ob-
served auroral activity.

Table 2: Number of predicted Jupiter-ICME encoun-
ters based on the HELCATS catalogue and the CDPP
propagation tool.

Observatory  Total events  Impact
Stereo-A 550 73
Stereo-B 512 76
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Abstract

Under Horizon 2020, the Europlanet 2020 Research
Infrastructure (EPN2020-RI, http://www .europlanet-
2020-ri.eu) includes an entirely new Virtual Access
Service, “Planetary Space Weather Services”
(PSWS) that extends the concepts of space weather
and space situational awareness to other planets in
our Solar System and in particular to spacecraft that
voyage through it.

PSWS will provide at the end of 2017 12 services
distributed over 4 different service domains — 1)
Prediction, 2) Detection, 3) Modelling, 4) Alerts.
These services include in particular a Transplanet
model of magnetosphere-ionosphere coupling at
Earth, Mars, and Jupiter that enables the users to
make runs on request of the model, archive and/or
connect the results of their simulation runs to various
tools developed in the Virtual Observatory. The
present paper will first describe the Transplanet
model (at Earth, IPIM, Marchaudon & Blelly, 2015),
and then present the system architecture developed
by the Space Plasma Physics Data Center
(http://www.cdpp.eu) in France in order to make the
service operational (http://transplanet.irap.omp.eu).
Europlanet 2020 RI has received funding from the
European Union’s Horizon 2020 research and
innovation program under grant agreement No
654208.
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Abstract

Under Horizon 2020, the Europlanet 2020 Research
Infrastructure (EPN2020-RI, http://www .europlanet-
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PSWS will provide at the end of 2017 12 services
distributed over 4 different service domains — 1)
Prediction, 2) Detection, 3) Modelling, 4) Alerts.
These services include in particular an
heliospheric propagator for solar wind prediction
at planets and probes that is based on a 1D
magnetohydrodynamic propagation model
originally developed by Tao et al. (2005). The
service gives access to various propagated
parameters including solar wind density, temperature,
velocity, dynamic pressure, and tangential magnetic
field. The present paper will first describe the solar
wind propagation model, and then present the system
architecture developed by the Space Plasma Physics
Data Center (http://www.cdpp.eu) in France in order
to make the service operational
(http://heliopropa.irap.omp.eu).
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Abstract

Under Horizon 2020, the Europlanet 2020 Research
Infrastructure (EPN2020-RI, http://www .europlanet-
2020-ri.eu) includes an entirely new Virtual Access
Service, “Planetary Space Weather Services”
(PSWS) that will extend the concepts of space
weather and space situational awareness to other
planets in our Solar System and in particular to
spacecraft that voyage through it.

PSWS will provide at the end of 2017 12 services
distributed over 4 different service domains — 1)
Prediction, 2) Detection, 3) Modelling, 4) Alerts. GFI
Informatique has extended the Propagation Tool
available at CDPP (http://propagationtool.cdpp.eu) to
the case of comets, giant planet auroral emissions,
and catalogues of solar wind disturbances. The
service provides new plug-ins including selection of
comets as targets, visualization of their trajectories,
projection onto solar maps, projection onto J-maps
(maps of solar wind outflows obtained from the
Heliospheric Imagers onboard STEREO spacecraft,
in which multiple elongation profiles along a
constant position angle are stacked in time, building
an image in which radially propagating transients
form curved tracks in the J-map; it will enable the
user to use catalogue of solar wind disturbances in
order to identify those that have impacted the
planetary environments.

Europlanet 2020 RI has received funding from the
European Union’s Horizon 2020 research and
innovation programme under grant agreement No
654208.
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Abstract

Under Horizon 2020, the Europlanet 2020 Research
Infrastructure (EPN2020-RI, http://www.europlanet-
2020-ri.eu) includes an entirely new Virtual Access
Service, “Planetary Space Weather Services”
(PSWS) that will extend the concepts of space
weather and space situational awareness to other
planets in our Solar System and in particular to
spacecraft that voyage through it.

PSWS will provide at the end of 2017 12 services
distributed over 4 different service domains — 1)
Prediction, 2) Detection, 3) Modelling, 4) Alerts.
These services include 1.1) A 1D MHD solar wind
prediction tool, 1.2) Extensions of a Propagation
Tool, 1.3) A meteor showers prediction tool, 1.4) A
cometary tail crossing prediction tool, 2.1)
Detection of lunar impacts, 2.2) Detection of giant
planet fireballs, 2.3) Detection of cometary tail
events, 3.1) A Transplanet  model of
magnetosphere-ionosphere coupling, 3.2) A model
of the Mars radiation environment, 3.3.) A model
of giant planet magnetodisc, 3.4) A model of
Jupiter’s thermosphere, 4) A VO-event based
alert system. We will provide an overview of the
project as an introduction to the session where all of
them will be detailed.

The proposed Planetary Space Weather Services will
be accessible to the research community, amateur
astronomers as well as to industrial partners planning
for space missions dedicated in particular to the
following key planetary environments: Mars, in
support of ESA’s ExoMars missions; comets,
building on the success of the ESA Rosetta mission;
and outer planets, in preparation for the ESA JUpiter
ICy moon Explorer (JUICE). These services will also
be augmented by the future Solar Orbiter and
BepiColombo observations. This new facility will not
only have an impact on planetary space missions but
will also allow the hardness of spacecraft and their

components to be evaluated under variety of known
conditions, particularly radiation conditions,
extending their knownflight-worthiness for terrestrial
applications.

Europlanet 2020 RI has received funding from the
European Union’s Horizon 2020 research and
innovation programme under grant agreement No
654208.
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Abstract Acknowledgements

Under Horizon 2020, the Europlanet Research Europlanet 2020 RI has received funding from the
Infrastructure includes PSWS (Planetary Space Europegn Union’s Horizon 2020 research and
Weather Services), a set of new services that extend innovation programme under grant agreement No
the concepts of space weather and space situation 654208.

awareness to other planets of our solar system. One
of these services is an Alert service associated in
particular with an heliospheric propagator tool for
solar wind predictions at planets, a meteor shower
prediction tool, and a cometary tail crossing
prediction tool. This Alert service, is based on
VOEvent, an international standard proposed by the
IVOA and widely used by the astronomy community.
The VOEvent standard provides a means of
describing transient celestial events in a machine-
readable format. VOEvent is associated with VTP,
the VOEvent Transfer Protocol that defines the
system by which VOEvents may be disseminated to
the community

This presentation will focus on the enhancements of
the VOEvent standard necessary to take into account
the needs of the Solar System community and Comet,
a freely available and open source implementation of
VTP used by PSWS for its Alert service. Comet is
implemented by several partners of PSWS, including
IRAP and Observatoire de Paris.

A use case will be presented for the heliospheric
propagator tool based on extreme solar wind pressure
pulses predicted at planets and probes from a 1D
MHD model and real time observations of solar wind
parameters.
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Abstract

The coronal and microwave observations are
analysed along with the Potential Field Source
Surface (PFSS) model simulations of the coronal
magnetic fields to verify that the isolated sunspot in
the solar active region NOAA 8535 is the source of
slow solar wind.

1. Introduction

The local plasma outflows at the periphery of some
bipolar active regions (ARs) have proven to be the
origin of slow solar wind [1]. Such outflows persist
for days over the confined areas of one magnetic
polarity with reduced coronal emission. The
outflows occur along the quasi-separatrix layers
(QSLs), where the magnetic connectivity is high.

This work presents the analyses of the reduced
emission and the magnetic structure of the sunspot
NOAA 8535. The aim is to test the analogy
between the plasma outflows in the bipolar ARs
and in this isolated sunspot.

2. Reduced emission

Two regions of the reduced soft X-ray emission
near the sunspot overlap two open-field regions
simulated with the PFSS model [2]. These
depressed regions correspond to the location of
relatively weak absorption in the He 10830A line.
This correspondence confirms the comparison made
in [3].

depressed
soft X-ray

5 GHz
8 GHz

~— f:>< 15 GHz
7 B 15 GHz
J
N

©00e 17 GHz
emission

P

| [
Figure 1: The schematic picture of the reduced
emission and two coronal partings near the sunspot
(the black thick contours are of the sunspot umbra
and penumbra).

The maximum depression at 15 GHz in the north-
west region of the sunspot penumbra corresponds to
the location of the Doppler blue shifts in the EUV
line OV 629 A (Doppler velocities up to 52 km s

(4D

3. Boundaries between open and
closed field lines

[1] The areas, which underlie the depressed regions,
are the unipolar areas with the footprints of coronal
loops connected to the different regions of opposite
magnetic polarity (so called coronal partings [5]).
To reveal the preferential location for magnetic
reconnection - the QSL [6] - the lines of the
squashing factor Q > 108 are drawn. The northern
QSL marks the western boundary between the open
and closed field lines. Another extended QSL traces
the south-west coronal parting and crosses the
region of the Doppler blue shifts observed in the
EUV line.
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Figure 2: Calculated QSLs (yellow lines) and open-
field regions (azure colour) overlaid on the SOHO
MDI map of the Br magnetic component.

4. Summary and conclusions

The observational and topological features of the
isolated sunspot NOAA 8535 are similar to those of
the bipolar ARs with a coronal parting. The
essential difference is that the sunspot magnetic
fields in the region of the plasma outflow are
stronger than the magnetic fields at the outer edges
of the bipolar ARs by two orders of magnitude.

The simulated open field lines, which connect the
sunspot with the heliospheric current sheet, give
evidence of the long duration connectivity. Two-
step mapping and the ballistic model [7] led to the
solar wind speed of 370 — 400 km s,

One might conclude that the isolated sunspot
NOAA 8535 is associated with the source of slow
solar wind. The maximum depression of 15 GHz
emission in ordinary electromagnetic mode can
indicate the location of the plasma outflow [2].
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The propagation tool is a web-based interface written in java that allows users to propagate Coronal Mass
Ejections (CMEs), Corotating Interaction Regions (CIRs) and Solar Energetic Particles (SEPs) in the inner
heliosphere. The tool displays unique datasets and catalogues through a 2-D visualisation of the trajectories of
these heliospheric structures in relation to the orbital position of probes/planets and the pointing direction and
extent of different imaging instruments. Summary plots of in-situ data or images of the solar corona and
planetary aurorae stored at the CDPP, MEDOC and APIS databases, respectively, can be used to verify the
presence of heliospheric structures at the estimated launch or impact times. A great novelty of the tool is the
immediate visualisation of J-maps and the possibility to superpose on these maps the HELCATS CME and CIR
catalogues.
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Abstract

The solar wind pressure is an important parameter of
planetary space weather, which plays a crucial role in
the interaction of the solar wind with the planetary
plasma environment. Unfortunately, it is not always
possible to measure its value at every locations where
it would be useful or needed. Spacecraft observing the
internal dynamics of a planetary magnetosphere, for
example, would benefit greatly from solar wind
pressure data, but as the solar wind does not penetrate
to their locations, direct measurements are impossible.
It is well known that the maximum of the magnetic
field in the pile-up region of a magnetosphere is
proportional to the square root of the solar wind
pressure. Recent investigation of Rosetta data revealed
that the maximum of the magnetic field in the pile-up
region can be approximated by magnetic field
measurements performed in the inner regions of the
cometary magnetosphere close to the boundary of the
diamagnetic cavity. This relationship holds for several
months spanning from June 2015 to January 2016.
Here we investigate the possibility to use this
relationship to determine a solar wind pressure proxy
for this time interval using magnetic field data
measured by the Rosetta Magnetometer. This pressure
proxy would be useful not only for other Rosetta
related studies, but could also serve as a new
independent input database for space weather
propagation to other locations in the Solar System.

1. Introduction

Solar wind pressure (together with a few internal
properties) determines the shape and size of a
magnetosphere. It influences most of the
magnetospheric boundaries and currents, and many
other magnetospheric phenomena. Thus most
magnetospheric investigations would benefit from
knowing the solar wind pressure. Spacecraft deep
inside a magnetosphere or spacecraft without proper

instruments however cannot measure it directly. Solar
wind monitoring spacecraft are sometimes millions of
kilometers away, in which case researchers have to
rely on data propagated to their region of interest by
solar wind propagation tools. In this paper we describe
a method, which can be used to derive an in situ solar
wind pressure proxy based on Rosetta magnetic field
measurements for the location of comet 67P, for such
times when Rosetta was deep inside the cometary
magnetosphere.

2. Method

It is well-known that the magnetic pressure of the
compressed magnetic field in a cometary induced
magnetosphere balances the pressure of the incoming
solar wind. Thus the maximum of the magnetic field
magnitude in the pile-up region (Bo) closely follows
the square root of the solar wind pressure. When the
solar wind pressure increases for example, the induced
magnetosphere is compressed until the growing
magnetic pressure of the compressed field is once
again able to withstand the pressure of the solar wind.

Thus BZ/2u, would be a good proxy for the solar
wind pressure, provided that one can actually measure
its value. However, to measure this maximum a
spacecraft should always be there, where the field is
most compressed, which is a very specific and swiftly
changing spatial position inside the magnetosphere.
Instead of such direct measurements, we have to rely
on some known relationships, which connect By with
B(r), the field amplitude actually measured at the
position (r) of the spacecraft. Since the magnetosphere
is a very complex and dynamic environment, it is not
always possible to find such a relationship, especially
a relationship accurate enough to be useful as a basis
of a pressure proxy.

Recent investigations [5] revealed that there is a
region deep inside the cometary magnetosphere,



where a single process seem to dominate the dynamics
of the field magnitude. This raises the hope that we
can determine a Bo(r,B(r)) relationship there, accurate
enough for our purpose. This region is the vicinity of
the diamagnetic cavity [2,3,4]. Here the neutral drag
model [1] dominates the physical processes, and the
model is able to predict not only the size (rcs) of the
cavity, but the field magnitude as well, as a function
of Bo and r. This B(Bo,r) relationship can be inverted,
to get the desired Bo values from the measurements.
The resulting magnetic field based pressure proxy is
far better in predicting the size of the diamagnetic
cavity, for example, than the pressure values
propagated from other spacecraft by solar wind
propagation tools. We test the accuracy of this
pressure proxy on other phenomena observed in the
plasma environment of comet 67P, which are also
expected to be sensitive to the variation of the solar
wind pressure.

Figure 1 shows the magnetic field based pressure
proxy for the time interval between June 2015 and
January 2016, in which Rosetta was close enough to
the diamagnetic cavity that one can use the solution of
the neutral drag model to estimate Bo. The results are
compared to the predictions of the mSWiM solar wind
propagation tool [6]. The two curves are very similar,
they agree as well as the accuracy of the Earth based
prediction allows.

_ magnetic field based
Pressure proxy

___ m8WiM propagatcd
solar wind pressure

AN s

Jul 2015 Aug 2015 Sep2015  Oci 2015 Nov 2015 Dec 2015 Jan 2016

Figure 1: Pressure proxy derived from magnetic field
measurements of the Rosetta Magnetometer (black);
solar wind pressure propagated from Earth based
spacecraft by the mSWiM propagation tool (green).

3. Summary and Conclusions

Magnetic field measurements performed near the
diamagnetic cavity of comet 67P/Churyumov-
Gerasimenko can be used to estimate the maximum of
the magnetic field magnitude in the magnetic pile-up
region, which in turn is a measure of the solar wind
pressure acting on the outside of the cometary
magnetosphere. Thus from the magnetic field
measured deep inside the magnetosphere we can
deduce the pressure of the solar wind around the comet.
The pressure proxy derived by this method can be used
in investigations of other solar wind pressure sensitive
plasma phenomena of comet 67P. It also makes the
Rosetta Magnetometer a solar wind pressure monitor,
the data of which can be used as input for space
weather predictions propagated to other locations in
the Solar System.
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Abstract

Plasma processes at unmagnetized planets and
comets strongly depend on the solar wind properties.
Prediction of space weather conditions to these
targets is necessary to interpret the observations
inside such induced magnetospheres. In this paper we
describe validation activities of planetary space
weather services and define their reliability.

Introduction

The solar wind interaction with the ionosphere of
unmagnetized planets and comets is highly important
in defining their plasma environment. In order to
study this interaction of the solar wind and the
planetary plasma environment, ideally one would
need measurements both in the solar wind and in the
induced planetary magnetosphere the same time.
When there is only one spacecraft around the planet
or the comet, it cannot perform such simultaneous
observations, thus the prediction of solar wind
properties and solar events to the different planetary
objects becomes important.

Space weather predictions

Space weather predictions to planets and comets are
performed in different forms: remote or in-situ data
as input, ballistic propagation method or MHD
modeling to name a few. Background solar wind,
coronal mass ejection (CME) and solar energetic
particle predictions must be separated due to their
different propagation characteristics.

The Planetary Space Weather Services (PSWS) in the
scope of the EU H2020 Europlanet Research
Infrastructure [1] aims to provide a comprehensive
set of tools including an extended database in order
to provide the planetary community easy access to

these predictions. Before making them publicly
available, extensive validation is performed. In this
paper we describe the validation activites of the
CDPP Propagation Tool and the CDPP AMDA
database for their Venus, Mars and Comet 67P
predictions, which is part of the PSWS project.

Validation of predictions

The solar wind predictions for Venus, Mars and
Comet 67P can be validated by in-situ solar wind
measurements onboard the planetary spacecraft
Venus Express (VEX), Mars Express (MEX) and
Rosetta while these are located in the undisturbed
solar wind. We show how the prediction accuracy
depends on the spatial separation of the solar and the
planetary or cometary spacecraft.

The predicted arrival times of the interplanetary
CME (ICME) signatures at our targets are also tested
based on in-situ observations. Even if the planetary
spacecraft performs measurements inside the induced
magnetosphere during the ICME arrival, we can
indirectly derive the timing and duration from its
effects on the planetary plasma environment [2].

Reliability of predictions

The reliability of a given planetary space weather
prediction depends on several factors: the quality and
availability of the input solar wind data, the spatial
separation of the observing spacecraft from the target,
the limitations of the method with its assumptions,
the current heliospheric space weather conditions and
so forth. Based on these, we can define both
theoretical and empirical reliability factors that can
be added as a quality flag to the predicitions. For
instance, the large spacecraft separation is a major
issue during solar activity maximum, while the
assumption of constant bulk velocity during radial



propagation can be fine during quiet solar wind
conditions without large gradients.
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Abstract

Concerning the increasing number of
heliospheric space missions it is a key issue
to foresee space weather conditions in the
spacecraft's and the target object's
neighborhood. Solar wind parameters are
propagated to outer orbits by several
ballistic and magnetohydrodynamic (MHD)
methods. MHD models describe the
underlying physical processes more realistic,
but computations are time-demanding.
Ballistic models are simple, computationally
fast and need only input data. They work
quite well closer to the Sun, where MHD
effects have smaller amplitudes.

The ballistic model presented here is
enhanced by adjusting for the target
movement during the propagation time
through the following method: First, a
dataring is created around the Sun
containing solar wind parameters for each
Carrington longitude, based on ACE data. It
Is assumed that solar wind parameters from
the same source are constant for one solar
rotation.

The second step is the actual propagation
where we are trying to find the magnetic
field line connecting the target object with a
certain longitude of the source surface at the
Sun. The field line has to meet two criteria.
First, there is a criteria for its shape: it has to
meet the target object at the right place,
second, it has to get to the right place at the
right time. Both criteria depend on solar

wind velocity. This search is carried out by
a minimum variance analysis.

Once the proper magnetic field line is found,
solar wind bulk velocity, density and
magnetic field polarity is propagated
assuming no change during travel time. The
method was tested successfully during the
Rosetta mission. While the spacecraft was
investigating the close environment of the
comet Churyumov-Gerasimenko it was
necessary to know the properties of the
ambient solar wind in order to evaluate data
and account for the dynamic changes.
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Abstract

Just as on Earth the radiation environment in the
Martian atmosphere caused by cosmic radiation is
most of the time dominated by galactic cosmic rays
(GCR) and secondary particles created in interactions
with constituents of the atmosphere. Due to the lack
of magnetic shielding and a significantly lower
atmospheric shielding, the radiation exposure on the
Martian surface, however, is much higher than on
Earth. The increased radiation level can be harmful to
electronics and is of interest for the evaluation of the
health risks of astronauts on future manned missions.
A parameterized model calculating the radiation
exposure from GCR on the Martian surface is
developed within the “Planetary Space Weather
Services” (PSWS) of the Europlanet 2020 Research
Infrastructure (EPN2020-RI, http://www.europlanet-
2020-ri.eu). The model is based on transport
calculations of the primary GCR nuclei through the
Martian atmosphere performed with GEANT4 and
includes the backscattering of albedo particles from
the regolith. Model results for the period between
August 2012 and July 2016 are presented and
compared to measurements of the Radiation
Assessment Detector (RAD) onboard the Curiosity
rover of the Mars Science Laboratory (MSL).
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Abstract

Impacts of small size objects (10-20 m in diameter)
with  Jupiter atmosphere result in luminous
superbolides that can be observed from the Earth
with small size telescopes. Impacts of this kind have
been observed four times by amateur astronomers
since July 2010. The probability of observing one of
these events is very small. Amateur astronomers
observe Jupiter using fast video cameras that record
thousands of frames during a few minutes which
combine into a single image that generally results in
a high-resolution image. Flashes are brief, faint and
often lost by image reconstruction software. We
present major upgrades in a software tool DeTeCt
initially developed by amateur astronomer Marc
Delcroix and our current project to maximize the
chances of detecting more of these impacts in Jupiter.

1. Introduction

The first fireball impact in Jupiter was observed by
Anthony Wesley from Australia and Christopher Go
from the Philippines in July of 2010 [1]. A second
superbolide in Jupiter’s atmosphere was observed
from Japan in August of 2010 by three amateur
astronomers (Masayuki Tachikawa, Kazuo Aoki and
Masayuki Ichimaru) with telescope apertures in one
case as small as 15 cm. A third fireball was observed
in September of 2012 by Dan Petersen from Racine,
Wisconsin visually observing Jupiter with a small
telescope and resulting in an alert that reached to
George Hall from Dallas, Texas who happened to
have a video observation of the planet with the
impact [2]. The last object that was detected to
impact Jupiter was discovered by Gerrit Kernbauer
and John McKeon observing the planet on March 16,
2016. All of these detections were produced by the
visual examen of the video signal, sometimes as it

was being recorded by in many other cases days after
the video recording happened. Some of these events
are so faint that they would be difficult to find
visually and many amateur astronomers storage
Terabytes of past video observations of Jupiter
equivalent to dozens of days of observing time.

Figure 1: Image of the most intense Jupiter flash
event recorded by George Hall in September 10,
2013. Background image from stacking all frames in
the video sequence. The bright flash corresponds
only to stacking the frames where the impact was
visible in the video. Note the diffraction patterns
around the punctual light source associated to the
bright flash.

2. DeTeCt

DeTeCt is an open source Linux/Windows
application developed by M. Delcroix that allows to
search for impacts in Jupiter videos. The first
versions of this software was developed and written



by Luis Calderon from Spain as part of his Master in
Space Science and Technology. An improved version
was done by Marc Delcroix from France and has
since then been regularly used by dozens of
observers examining data equivalent to about 76 days
of observations distributed unevenly over the last few
years. The software runs from the line command and
produces log files that can be used to examine the
statistics of non detections when comparing with the
fortuitous detections of impacts. It also produces
detection images (see Figure 2). The detection
algorithm is based on differential photometry on
coregistered images of the video sequence. The
software and its statistics can be accessed at:

http://www.astrosurf.com/planetessaf/doc/project_det

ect.shtml

Figure 2: Detection image produced by DeTeCt3.0.
Each video examined by the software produces an
output in a text file and a detection image where the
user can verify the existence and position of a
possible impact. Example from the impact detected
by George Hall.

DeTeCt3.0 is an open software for Windows that
further develops DeTeCt and incorporates a
Graphical User Interface, visualization options,
improvements in the detection algorithm and outputs
and further simplifications in the use of the software.
Our goal with this project is to maximize the number
of users that examine their video observations of
Jupiter. Large impacts (objects larger than 20 m)
could also be observed in Saturn and we encourage

the use of the software in video observations of both
planets.

The new version of the software was developed as
part of the Europlanet-2020 RI Planetary and Space
Weather Services (PSWS) and is integrated into the
PVOL web service (also developed through
Europlanet-2020 funds). DeTeCt3.0 is available at:

http://pvol2.ehu.eus/psws/jovian_impacts/

Both webpages will be coordinated so that statistics
of impacts and information will appear in both
websites.

3. Amateur-profesional
collaboration

This work constitutes a novel research area where the
large amount of data required to detect impacts in the
planet is supplied by amateur astronomers and the
analysis is done by software also produced by a
collaboration between amateur and professionals. We
expect that the largest frequency of Jupiter
observations linked to the Juno mission and its call to
amateur observers to participate in the mission
through regular monitoring of the planet and the fact
that Jupiter oppositions are moving from North
hemisphere winter in the last few years to Spring in
the current and next Jupiter opposition will result in
better chances of finding new impacts in the planet.
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Abstract

In the paper are presented capabilities of software
“Vector-M” for a diagnostics of the ionosphere state
from auroral emissions images and plasma character-
istics from the different orbits as a part of the system
of control of space weather. The software “Vector-
M is developed by the celestial mechanics and as-
trometry department of Tomsk State University in
collaboration with Space Research Institute (Mos-
cow) and Central Aerological Observatory of Rus-
sian Federal Service for Hydrometeorology and En-
vironmental Monitoring. The software “Vector-M* is
intended for calculation of attendant geophysical and
astronomical information for the centre of mass of
the spacecraft and the space of observations in the
experiment with auroral imager Aurovisor-VIS/MP
in the orbit of the perspective Meteor-MP spacecraft.

1. Introduction

Online diagnostics of characteristics of the iono-
sphere (global and local) and their short term forecast
subsystem are really fitted in the system of control of
space weather parameters. Sources of data measure-
ments of characteristics of the ionosphere consist of:
the nets both of the ground radio, riometer, magne-
tometer instruments and optic imaging instruments
located in polar north and south zones and in per-
spective on the different orbits of low-orbit and high-
apogee spacecrafts and at the series of drone that are
long time at the altitude more 15 km, and functioning
of all these instruments needs to be synchronized. All
information received from experiments should flow
to data centre for processing, analysis, and visualiza-
tion of global and local distributions of characteris-
tics of the ionosphere. Significant contribution in this
information will be bring direct small-scale data

measurements of near-satellite plasma namely ener-
getic characteristics of charge particles fluxes that
precipitate to the ionosphere and go out from the
ionosphere in 10 eV — 100 keV span, field aligned
current along magnetic field lines base on small-scale
gradients of magnetic and electric fields in £5000 nT
span, characteristics of VLF/ELF waves, and images
of auroral emissions both small-scale visible (at per-
spective Meteor-MP and Probe spacecrafts and large-
scale VUV auroral emissions [4] (in perspective
Arctic-2 space project).

Energetic characteristic of charge particles can be
compute from the auroral emissions intensity distri-
butions in images both visible (at the night side of the
ionosphere) [1, 5] and VUV (at the night and sunlit
side of the ionosphere). Energy flux and mean energy
of electrons and protons distributions are based for
definition of altitude integrated Hall and Pedersen
conductance distribution, and local N, concentration
in maximum of E-region of the ionosphere can be
compute too [2]. Knowledge of local distribution of
these characteristics is necessary to research the rea-
son of delay and the failure of signals of orbital navi-
gation systems and their phase and amplitude scintil-
lations in time crossing of region of precipitation
charge particles, field aligned currents and auroral
structures when geomagnetic conditions change [3].

Auroral imagers Aurovisor-VIS/MP at perspective
spacecraft Meteor-MP consist of three parallel imag-
ing monochromatic channels tuned to oxygen emis-
sion 2630,0 nm, emission of ING system of N,*
A427,8 nm, and Doppler shifted hydrogen line Hg of
Balmer series accordingly that provide capability for
control of electrons and protons precipitation contri-
butions in excitation of auroral emissions [3]. 30°
field of view angle of each channel provides presence



of magnetic field line projection in the images at
according altitude of the emission. Axis of channels
directed to nadir. Threshold response of every chan-
nel is <50 Rayleigh. The parallel monochromatic
channels of auroral imager Laetitia tuned to emission
2630,0 nm and A427,8 nm have field of view angle
30° too and similar threshold response. Direction of
axis f.o.v. of channels of Laetitia depend on instanta-
neous position of Sun because axis (-Y) of Probe
spacecraft see the Sun always. Simultaneous launch
of Meteor-MP and Probe is expected to “create” the
circle Sun synchronous orbits in near-by planes at
different altitudes. Due to this quality there can be
situations when both imagers will be “see” the same
auroral structure from different position when space-
crafts will be cross the auroral oval. Stereoscopic
observations and 2D images from different angle
provide opportunity reconstruction 3D images of
emissions and local N, concentration accordingly [2].

2. Description of the software
“Vector-M”

The purpose of “Vector-M* is calculation of the
positions of the centre of mass of the spacecraft Me-
teor-MP, planning of geophysical experiments and
also processing of geophysical data. The software is
relevant for heights up to 60 Rg and for angles of
inclination of the orbital plane both more and less
than 90 degrees.

The software “Vector-M*“ is based on the high-
precision numerical orbital model of the satellite.
This model was developed by the staff of the celestial
mechanics and astrometry department of Tomsk
State University. The main tasks of the “Vector-
M* are: 1) coordinate transformation, 2) tracing
along the force lines of the geomagnetic field, 3)
calculation of the conjugation matrices of images
along the magnetic force lines, 4) calculation of the
attendant geophysical and astronomical information
for the centre of mass of the spacecraft Meteor-MP, 5)
calculation of the forecast for specific situations of
locations of several spacecrafts (in the different orbits)
in space and over specific points on the Earth.

The initial data for the software “Vector-M*“ are:
1) spacecraft’s initial orbital parameters, 2) geomag-
netic field and atmosphere parameters, 3) the ephem-
eris of the Sun and Moon and the lunar phase angle,
4) the coordinates of the earth-based observation
stations, 5)the orientation of the spacecraft data

received on both the night and day sides of the orbit.
The initial data of the auroral imager Aurovisor-
VIS/MP and Laetitia are: the viewing angles of fields
of the channels, the angles of optical axes of the
channels with the construction axes of the spacecraft,
the angles of input windows of the analyzer of
charged particles.

The software “Vector-M*“ makes calculations of the
positions of the centre of mass of the spacecrafts and
its forecasting at specific times and time intervals by
using the numerical model of the spacecraft motion.
It is also possible to make calculations relative loca-
tions of the spacecrafts in space: 1) within certain
values of the dipole latitude and MLT, 2) geographic
and geomagnetic local time in the neighbourhood of
magnetic force line and its footprint at the altitude of
emission, 3) at the intersection of the concrete sectors
of northern and southern auroral ovals, 4) at the flyby
of the spacecraft over specific points on the Earth's
surface (earth-based bright sources of light and points
of location of the earth-based all-sky imagers and
another diagnostic instruments), 5) on illumination
(Sun, Moon).
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Mercury Na exospheric emission related to solar disturbances.
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A first attempt to use Na exospheric emission at
Mercury as a proxy of CME transit is presented, in a
kind of planetary space weather. The link existing
between the dayside exosphere Na pattern at Mercury
and the solar wind-magnetosphere-surface
interactions is investigated. This goal is pursued by
analyzing the Na hourly average distributions, as
observed by the ground-based THEMIS solar
telescope during 10 selected periods between 2012
and 2013 (seeing <2”), when also data from
MESSENGER were available. Very often a two-peak
pattern  of variable intensity is  observed,
symmetrically located at high Ilatitudes in both
hemispheres. Occasionally, the signal is instead
diffused above the sub-solar region. We compare
these different Na emission patterns with the time
profiles of proton fluxes and magnetic field data, as
measured in-situ by MESSENGER. Among these 10
cases, only in one occasion the Na signal is all the
time diffused above the subsolar region, and only in
this case the MESSENGER data indicate the
occurrence of significant solar CME perturbations.
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A software tool for the finding of potential cometary tail
crossings
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Abstract

As part of the Europlanet 2020 Research
Infrastructure Planetary Space Weather Services
(PSWS), University College London’s Mullard
Space Science Laboratory (MSSL) is developing
software to allow the prediction of possible comet
tails crossings. Comet’s ion tails are produced when
cometary gases are ionized and join the solar wind
that flows almost radially outwards from the Sun.
Spacecraft can cross these comet tails if they are both
downstream of the comet’s nucleus at the correct
time, and that the solar wind speed is within a range
that allows the cometary ions to arrive at the
spacecraft when it is downstream. Several such
instances of serendipitous comet tail crossings are
known to have occurred [1,2,3]. The software allows
spacecraft trajectories to be uploaded, and a database
of all known comets is searched for periods when
nuclei were upstream of the spacecraft path to allow
solar wind within a reasonable velocity range to
arrive at the spacecraft to allow detection and
analysis. We shall give examples of the software in
use, demonstrating its ability to “predict” known tail
crossings.
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Estimating solar wind speeds from comet ion tail images
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Abstract

As part of the Europlanet 2020 Research Infrastructure
Planetary Space Weather Services (PSWS),
University College London’s Mullard Space Science
Laboratory (MSSL) is making available software to
estimate the speed of the solar wind at comets by
measuring the orientation of their ion tails. As ion tails
are cometary ions flowing downstream of the comet
carried by the solar wind, images of the tails can
provide a great deal of information about the solar
wind speed at the comet. Software has been developed
that allows the user to trace the ion tail, and, using
information on the comet’s position and velocity at the
time the image was taken, allows estimates to be made
of the solar wind speed at the comet’s location in the
inner heliosphere. These estimates can complement
more accurate but limited measurements of the solar
wind by spacecraft. We describe the software, its use,
and limitations. The latter includes complications that
arise when the solar wind flow is not purely radial, and
difficulties in the use of the software when the Earth
is crossing the plane of the target comet’s orbit.
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Modelling Magnetodisc Response to Solar Wind Events
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Abstract

Theoretical models play an important role in the Plan-
etary Space Weather Services, due to their ability to
predict the physical response of magnetospheric en-
vironments to compressions or rarefactions in the up-
stream solar wind flow. We illustrate this aspect by
presenting results of some calculations done with the
UCL Magnetodisc Model in both ‘Jupiter’ and ‘Sat-
urn’ mode.

For each planet’s space environment, we present
model outputs showing the effect of compressions and
rarefactions on the global magnetic field, plasma pres-
sure and azimuthal current density. We quantify these
effects by comparing these outputs to a nominal ‘av-
erage state’ model, reflecting more typical solar wind
dynamic pressures. These are examples of the kind of
model outputs we aim to make available through the
PSWS framework.
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with simulations and MAVEN data.
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Abstract

We present ion moments data set obtained from the
IMA mass-spectrometer that is a part of ASPERA
plasma package. ASPERA experiments have been
mounted onboard of ESA Mars Express and Venus
express missions. Mars Express is still active and we
have an excellent solar wind and planetary ions data
set from 2007 up to now. Venus Express mission has
been completed in 2014 and the ions moment data set
covers 2006 - 2014 time interval. For space weather
purposes we have selected a special data set
corresponding to undisturbed solar wind observed in
the vicinity of Mars and Venus. The resulting data
are available in AMDA database
(http://amda.cdpp.eu/) online. The present work
shows the comparison of our data with the solar wind
simulations, and with available MAVEN (NASA)
data. We discuss also the pitfalls that user can meet
during the data analysis.
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Abstract

We present ion moments data set that have been
obtained from the IMA mass-spectrometer which is a
part of ASPERA plasma package. ASPERA
experiments have been mounted onboard of ESA
Mars Express and Venus express missions. Mars
express is still active and we have an excellent solar
with and planetary ions data set from 2007 up to now.
Venus Express mission has been completed in 2014
and the ions moment data set covers 2006 - 2014
time interval. IMA is a sophisticate ion mass-
spectrometer with almost omnidirectional field of
view. It accumulates a 3D distribution function of H+,
He++, He+, O+, and O2+ every 193s. Since Venus
express and Mars Express are planetary focused, 3D
stabilized mission, we can expect the ion flux from
almost any direction in the spacecraft reference frame.
The instrument field of view is partially obscured by
the spacecraft and its solar panels. We have take into
account all such circumstances during the moments
calculation and the ion distribution function analysis.
The presentation shows all aspects of IMA data
processing, ion distribution function reconstruction,
and moments calculations. The resulting data are
available in AMDA database (http://amda.cdpp.eu/)
online. The presentation shows examples of online
data manipulation
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ALFI — Automatic Lunar Flash Investigation
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Abstract

Publically available lunar impact flash software is
being written, under the Horizon 2020, Europlanet
2020 Research Infrastructure (EPN2020-RI), for the
detection of short term temporal changes on both the
night and day side of the Moon.

1. Introduction

Lunar impact flashes result when meteoroids strike
the lunar surface, travelling at tens of kilometres per
second. Just under a percent of the kinetic energy
released, from gram to kilogram mass objects, is
converted into light. This light is of sufficient flux to
produce flashes brighter than magnitude 10 which
can be detected by telescopes, equipped with light
sensitive video cameras, back here on Earth [1].

The ALFI software being developed is not meant to
replace the already highly successful, popular, and
publically available LunarScan software [2] by Peter
Gural, and made available by NASA’s Marshall
Space Flight Center. Nor to supercede the more
sophistictaed, but not yet publically available,
MIDAS software [3] by José M. Madiedo. However
because ALFI uses different algorithms to the above,
and has some design functionailty to work with non-
tracking Dobsonian video imagery, and under lunar
day side and terminator condtions, it can handle a
greater diversity of lunar observational video.

2. Approach

ALFI utilizes a simple local point detector, looking
for maxima within 3x3 portions of each video frame
that lie N standard deviations above the neighboring
8 pixels in the spatial domain and above M standard
deviations for the same pixel in the time domain. To
cater for flashes of different spatial sizes, the
algorithm is passed over smaller versions of images
produced by averaging 2x2, 3x3, ... pixels. Likewise
in the time domain the algorithm works on time
averages to cater for flashes of different duration.

When applied to the dayside and terminator areas of
the Moon, a blurred edge mask will be used to
prevent the software triggering false detections due to
atmospheric seeing effects on contrasty crater rims.

Figure 1. A lunar Leonid impact flash, captured by
the author, from Alexandria, VA, USA at 00 :10 UT
on 19th November2001 UT. Detected after running
the video through the ALFI software.

3. Summary

At the time of writing, the ALFI software is
undergoing development, and testing, but when
complete will be made it publically available to both
amateur and professional astronomers, towards the
end of 2017, for detecting short term lunar changes.
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Abstract

Planetary Space Weather Services (PSWS) within the
Europlanet H2020 Research Infrastructure have been
developed following protocols and standards
available in Astrophysical, Solar Physics and
Planetary Science Virtual Observatories. Several
VO-compliant functionalities have been implemented
in various tools. The PSWS extends the concepts of
space weather and space situational awareness to
other planets in our Solar System and in particular to
spacecraft that voyage through it. One of the five
toolkits developed as part of these services is a model
dedicated to the Mars environment. This model has
been developed at Aberystwyth University and the
Institut fur Luft- und Raumfahrtmedizin (DLR
Cologne) using modeled average conditions available
from Planetocosmics. It is available for tracing
propagation of solar events through the Solar System
and modeling the response of the Mars environment.
The results have been synthesized into look-up tables
parameterized to variable solar wind conditions at
Mars.

1. Introduction

The Planetocosmics application allows the
computation of hadronic and electromagnetic
interactions of cosmic rays with the Earth, Mars and
Mercury environment [1]. It is an application of the
Geant4 toolkit for the Monte-Carlo simulation of the
passage of particles through matter [2]. The purpose
of our work is to produce a PSWS tool for predicting
Mars surface space weather conditions. The model
consists of the following:

1) prediction of arrivals at the top of the Martian
atmosphere for which two models are available, a 1-
D MHD code which provides real time archive
access to propagated solar wind parameters at Mars,
initially developed by Chihiro Tao [3], and the WSA-
Enlil, a widely available 2D hydrodynamic code
developed at NOAA and available at the Community
Coordinated Modelling Centre, which has been used

for testing the accuracy of this model in predicting
coronal mass ejection (CME) arrival at Venus [4];

2) propagation of energetic particles through the
Martian atmosphere. This work has been done for an
average atmosphere by DLR. Preliminary Geant4 [2]
simulations of Martian atmospheric propagation have
also been carried out at Aberystwyth. Tools for
Geant4 simulation of atmospheric models are
available at Planetocosmics
(https://www.spenvis.oma.be/help/models/planetocos
mics.html);

3) conversion to dose in silicon. The parameterized
DLR radiation surface model calculates the dose rate
in silicon on the surface of Mars caused by galactic
cosmic radiation (GCR) and their variability due to
solar activity. It consists of a combination of the
DLR model for the primary GCR intensity [6], the
particle transport (Geant4 Monte-Carlo) through the
Martian atmosphere including backscatter from the
regolith and a particle fluence to dose conversion
procedure; and

4) web interface. The results will be mounted into a
web interface provided by IRAP. Links to the two
heliospheric propagation tools will be provided and
an interface to pull up the appropriate atmospheric
propagation curves from the derived lookup tables
for energetic particles through the atmosphere to a
specific location. Data will be available for archive
in VESPA format.

2. Methods and Implementation

Planetocosmics (as implemented in SPENVIS)
allows someone to calculate the flux of any type of
primary and secondary particles at user defined
altitudes (SPENVIS allows you to put up to five
detectors) or the energy deposited by atmospheric
cosmic ray showers in the atmosphere and soil. In
addition, Planetocosmics output file contains
information about the production of cosmogenic
nuclides in the atmosphere.



In the SPENVIS interface to Planetocosmics, run
parameters are defined through a series of input
pages that the user can access on the main page of the
model. The user can choose from a number of input
pages and enter their preferred parameters. Once
saved, a macro file can be generated. The user can
then start a calculation, which will then bring up the
results page. The Monte-Carlo simulation-based
code can result in long execution times. The runs are
therefore limited to five minutes.

The generated (ASCII) output file contains 1D
(figure 1) and 2D histograms (figure 2). The former
is presented as a 5-column table where each column
represents the lower limit, upper limit, mean value,
height and error of the histogram bins respectively.
The latter, is displayed as a 6-column table where
each column corresponds to the x lower limit, x
upper limit, y lower limit, y upper limit, height and
error of the histogram bins, respectively. The output
for particle flux and the energy deposition analysis is
shown as 1D histogram while the production of
cosmogenic nuclides in the atmosphere is presented
as a 2D histogram.

3. Results

Results carried out for a sample of 100 particles
reaching a detector on Mars are as follows:
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Figure 1. Energy deposited by atmospheric cosmic rays.
Output from a Plantecosmics run carried out for Mars
through SPENVIS.
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Figure 2. Predicted dose in silicon at the Martian Surface.

4. Summary and Conclusions

Planetary Space Weather Services (PSWS) tools
have been developed within the Europlanet H2020
Research Infrastructure, which is strongly linked to
the space weather services developed within the
ESA’s Space Situational Awareness Program
(http://swe.ssa.esa.int/heliospheric-weather). The
PSWS tools will have an impact on planetary space
missions and on the hardness of spacecraft and their
components to be evaluated under variety of known
conditions, particularly radiation conditions.
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