Expression of Interest for Networking Activities within EUROPLANET project in FP7

Title: Planetary space weather
Type of activity: Networking Activity (NA)

Proposed lifetime: 5 years (full project length)

Proposers: to be defined. At least 3 countries
At first, J. Lilensten1, M. Hapgood2 + … I do not care with being the 1st author 

1 Laboratoire de Planétologie de Grenoble, France
2 Rutherford Appleton Laboratory, UK
Introduction

Space weather is defined as “the conditions on the sun and in the solar wind, magnetosphere, ionosphere, and thermosphere that can influence the performance and reliability of space-borne and ground-based technological systems and endanger human life or health”. This definition is, quite correctly, not exclusive to the Earth. Space weather effects are ubiquitous throughout the solar system. Examples of space weather effects have been encountered during interplanetary cruise (e.g. the MEX star mapper was unusable during the 2003 Halloween space weather storms) and planetary orbits (e.g. the radiation monitor on NASA’s Mars Odyssey spacecraft has tracked solar energetic particles events on the nightside of Mars). Furthermore, an understanding of planetary space weather will be vital to human space missions such as those envisioned to the Moon and to Mars.
A clear European space weather community has developed over the past decade and has organised itself through a variety of mechanisms, e.g. the COST 724 project funded by the EU, the Space Weather Working Team established by ESA and the annual European Space Weather Weeks. The community has been very effective and has delivered a range of outputs including a space weather web portal, space weather schools and publications (books, journals, studies for ESA). This community has traditionally focused on terrestrial space weather, but many researchers in this community are also participating in planetary studies. These include existing missions such as MEX, VEX and Cassini-Huyghens and future missions such as Bepi-Colombo and the Jupiter/Europa mission to be proposed for Cosmic Vision. 
Thus it is timely to coordinate planetary space weather community as a distinct entity in Europe. Europlanet is the natural focus for this; thus we propose a new Networking Activity within Europlanet under FP7 to structure the groups involved so they can more effectively address the challenges of this discipline. This activity should combine European skills in relevant measurements, data handling and modelling – and also engineering expertise relevant to the design and operation of future European planetary missions. 
Objectives/Goals

This should include at least the following five areas:
1. Radiation modelling & supporting measurements. This is an area where Europe has appropriate expertise in many countries and within ESA. Some of that expertise is already applied to planetary environments (e.g. through studies for ESA’s Aurora programme). The proposed NA will mobilise the broad base of expertise and allow it to be applied more widely to European exploration of planetary environments such as Mercury, Mars and Jupiter/Europa. Models will benefit greatly from synergy between science and engineering requirements. This objective may be linked to the JRA "Planetary radiation environments and effects".

2. Atmospheric modelling. European expertise in this area is well-demonstrated within Europlanet by JRA 13 on atmospheric modelling. The proposed NA will link that modelling to space weather problems such as atmosphere drag. Cassini data indicate that drag effect in Titan's atmosphere are not fully understood. There are also interests in understanding drag effects at Mars and Venus (where MEX and VEX may provide useful data). Drag models should address engineering issues including access to engineering data from European missions. The proposed NA should also consider atmospheric escape due to solar wind effects, especially the important case of Mars.

3. Ionospheric effects on radio signals. This is area where Europe has much terrestrial space weather expertise. The proposed NA will enable that expertise to be applied to planetary contexts, e.g. by applying and extending existing skills to radio propagation in planetary ionospheres. This propagation is an important issue for lander-orbiter communications (e.g. sample return and human missions) and also for use of orbiter-based radars to study planetary atmospheres and surfaces. For Mars, it is particularly interesting to understand ionospheric behaviour above the magnetic anomalies. These are likely targets for future landers but also regions where the ionosphere may be modified by local plasma effects (aurora and thermospheric dynamo). Mars is also a case where we can, in principle, deploy ground-based ionospheric sensors such as radars and magnetometers – and thereby better monitor the local space weather and its interaction with the Martian atmosphere.
4. Solar monitoring for planetary space weather. Europe has a strong solar physics community with much experience in solar observation. The proposed NA will apply that experience to study the solar sources of planetary space weather. Note that 50% of that space weather originates from sources that are not directly visible from Earth. Thus a key aim is to exploit and extend techniques for monitoring the solar farside, e.g. as developed on SOHO. The NA will also mobilise solar observations to support missions whose operations are constrained by space weather (e.g. the Bepi Colombo mission to Mercury).
5. Moon exploration. This area is of great interest in view of NASA’s invitation for other countries to participate in its Global Exploration Strategy. The key space weather issues are radiation (as discussed above) and electrostatic charging by medium-energy (50-1000 keV) electrons when not in sunlight. The latter is a well-known for spacecraft and there is much European expertise in terms of modelling and measurements. Space weather effects for lunar exploration should also include impact on moon-based <10 MHz radio astronomy. This part of the spectrum is little-explored by radio astronomers because it cannot be observed from Earth’s surface. It is, however, familiar to the European space weather community role, e.g. through studies of the powerful (gigawatt) radio emissions from Earth's auroral regions – the so-called Auroral Kilometric Radiation. There is also strong European expertise (e.g. in France) in studying radio emissions from CMEs. And, of course, the European space weather community is deeply familiar with man-made HF radio signals and their propagation through the Earth’s ionosphere. Their leakage through the ionosphere will provide a man-made background at the Moon and will be strongly modulated by space weather.
Internal working projects/subdivisions/tasks:

The project will be divided into working groups to address each of the goals listed in the previous section. These groups may establish sub-groups where there are clear sub-divisions, e.g. lunar space weather might be divided into sub-groups on radiation, charging and electromagnetic environment. 
Major deliverables/outcomes and their importance for the European scientific community

The project will generate and consolidate knowledge about planetary space weather. This knowledge will be formally recorded through publication in appropriate scientific and engineering journals. Focused summaries of the results will also be made available on the web in order to provide targeted advice for potential users within the European planetary community.

The project results will also include updates to databases and models that describe planetary environments. These products will be made available via the internet. The form of delivery will be decided during the course of the project in order to make best use of the available e-infrastructures that will then be available.
Outline of cooperation between the activity participants and specific contribution to the overall consistency of the EUROPLANET I3 project

There are many natural synergies between the various objectives listed above, in particular a common interest in the solar sources of space weather. This is identical to the synergies that exist in terrestrial space weather and so a similar coordination will be applied, e.g. the use of regular plenary meetings to review and identify areas of common interest. This will be reinforced by identifying active individuals who understand the boundaries between different areas and encouraging them to lead cross-boundary activities.
Space weather is part of the operating environment for planetary exploration. It is critical to understand how planetary space weather will affect exploration missions, both robotic and human. The design and operation of exploration systems must be space-weather-aware. This project will therefore establish appropriate knowledge and disseminate it to other parts of the EuroPlanet project. 
The proposers

The current group of proposers, who may later be joined by others, is made up of *** institute from *** countries. They represent the most active and advanced planetary space weather groups in Europe:
Laboratoire de planetology de Grenoble
The Laboratoire de Planétologie de Grenoble has developped  a whole set of kinetic and fluid codes adapted to several planets, namely Mars, Venus, Titan, the Earth, Jupiter and Saturn. This effort resulted in several discoveries, such as the molecular dications in 4 ionospheres, or as the interpretation of the MEX-SPICAM observations in Mars as aurora type emissions. In the case of the Giant Planets, a radiative transfer code has also been developed, which allowed to determine the vibrational temperature in the atmosphere of Jupiter, and which is now used to detect molecules in the giant planet thermospheres, including exoplanet ones. This set of code ranges from easy-to-use (simplest cases) to numerical-experiments.
It is amongst the European leaders in the space weather community: one of the present proposers (J. Lilensten) is leader of the European COST 724 action devoted to planetary space weather, and gathering 26 countries.

Rutherford Appleton Laboratory

The Rutherford Appleton Laboratory has a wide range of space weather activities including ionospheric measurements and modelling of ionospheric radio propagation, measurements of energetic ions & electrons, numerical & laboratory plasma simulations (e.g. acceleration of solar protons, generation of AKR and active radiation shielding) and space weather data systems. There is strong interest to apply these ideas to planetary space weather. RAL has also been deeply involved in ESA space weather studies, e.g. leading one of the 2000/2001 feasibility studies and now completing a study on use of nanosats for space weather measurements.
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