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My doctoral project is about the analysis of data from the satellite missions Mars Express, 
Venus Express and Chandrayaan-1. The goal is to study the physics of the environments of 
Mars, Venus and the Moon.
Mars, Venus and the Moon are non magnetized objects. Let’s take the example of Mars: when the 
solar wind (an ionized fluid emitted from the Sun at a supersonic speed) encounters Mars, it can 
directly reach the upper atmosphere, because the planet is not protected by a magnetic shielding. At 
the opposite, the magnetized planets, like Earth, have a strong intrinsic magnetic field, which 
deflects the solar wind in a region called magnetosphere and prevents the access of the flow to the 
atmosphere.

The picture shows the structure of the Martian environment in the plane of IMF (Interplanetary 
Magnetic Field): the solar wind slows down when it encounters the obstacle constituted by the 
Martian ionosphere (ionized layer of the atmosphere) and forms a bow shock. Then the solar wind 
plasma (constituted mostly of electrons and protons), carrying the IMF lines, flows at a subsonic 
speed in the magnetosheath and is diverted by the ionosphere. The IMF builds up around the planet 
and forms the Magnetic Pile-up Boundary (MPB). This boundary is also a composition boundary: 
above, the solar wind ions dominate and under, the planetary ions (O+) dominate.
 The solar wind brings mass, energy and momentum to the atmosphere and the interaction leads to 
an escape of planetary ions in the plasma sheet and the wake behind the planet. It is believed that 
this escape of matter is the cause of the evaporation of water from the Mars surface over the past.

The project deals with the study of proton (H+) precipitation onto the atmosphere of Mars, Venus 
and the Moon. I have started by working with Mars Express data, with the instrument IMA (Ion 
Mass Analyser) of the ASPERA-3 (Analyser of Space Plasma and Energetic Atoms) package. I am 
searching for events of H+ intrusion onto the Martian atmosphere. So far I have found 7 orbits 
where the proton intrusion occurred within the period 2004-2005 and I plan to find more events 
into more recent data in order to perform a statistical study of the proton precipitation: spatial 
distribution, influence of solar wind conditions, influence of planetary crustal magnetism, particles 
and energy fluxes brought into the atmosphere.
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Figure: structure of the Martian plasma environment in the plane of IMF, source: Nagy et 
al (2004)

The Mars Global Surveyor mission has shown that Mars has magnetic anomalies in the crust, the 
strongest (up to 1000 nT) being distributed in the Southern hemisphere. The solar wind electrons 
can’t access to low altitudes above these regions of strong paleomagnetism. A part of the work 
already done has been to investigate the influence of the magnetic anomalies on the proton intrusion. 
I have found that the events occur above regions of weak magnetic field.

The H+ have been measured at altitudes within the range 250 – 500 km in the subsolar region, and 
have an energy range from 1.5 up to 5 keV. The kinetic theory predicts that these high energy 
protons can reach low altitudes while the low energy protons are deflected. The variations of solar 
wind dynamic pressure also lead to the entrance of magnetosheath plasma (both protons and 
electrons) at atmospheric altitudes. These two mechanisms have been observed.

Later, I plan to compare with the H+ precipitation onto the atmospheres of Venus and the 
Moon, which have different sizes and are submitted to different solar wind conditions, because 
of their distances to the Sun.
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