The French micro-satellite project : ACCION

ACceleration and Currents in the IONosphere.

We propose to investigate the upward acceleration processes which lead to matter - ion, electron and to some extension neutrals - escape from the ionosphere. ACCION will focus on small time and space scale processes and the time resolution of its instruments should allow the analysis of 100 m or lower structures. The scientific objectives of ACCION are complementary to those of the POP Canadian mission (Polar Outflow Probe). Both ACCION and POP should be operated in coordination.

ACCION is a micro satellite project (mass ( 100 kg, size : 0.6x0.6x0.8 m3, payload mass ( 40 kg, available power for instruments ( 40 W, TM = 200 kb/s). In principle, the spacecraft is not spinned. However the possibility for spinning it can be considered. The altitude range which should be explored is 800 km – 300 km, and, possibly lower at the very end of the mission. The mission duration is 2 years. Its preparation is 3 years duration after its acceptation which is wished for 2002.

The ACCION mission will include ground based experiments, namely the EISCAT/ESR incoherent scatter RADAR and the Super-DARN coherent RADAR system, and a wide use of computer simulation.

The spacecraft payload will include vector Electric and Magnetic field measurements from DC to 10 kHz, high frequency electric field wave experiment for the determination of the plasma frequency, electron and ion measurements ( up to 10 keV for the electrons and the ions, a measurement of thermal and suprathermal ions, up to 100 eV). 

In addition to these instruments the payload will include a new instrument for measuring directly the current density vectors, the “Current Density Coil” experiment which relies on the principle of the Rogorski coils, with a very high sensitivity, suited to ionospheric currents. The instrument enables measurements better than 1 A.m-2 current densities at 100 Hz, in the frequency range from 1 Hz to 1 kHz. The implementation of this instrument will significantly enhance the capabilities for the currents measurement, allowing to free from any hypothesis on the shape of the current distribution, as must be done for the interpretation of the magnetic field fluctuations. Besides the CDC are weakly sensitive to spacecraft potential fluctuations and its measurements include the contribution of the lowest energy electrons, unlike the particle detectors.

Scientific background and objectives.

The study of matter escape from the ionosphere is usually placed in the framework of the filling of the magnetosphere. Today this framework must be enlarged to the more general one of the planetary atmosphere interactions with the surrounding solar wind and of the persistence of the atmospheres. For instance, close to the sun, the Mercury planet has an internal magnetic field and a magnetosphere, however it has no ionosphere and no atmosphere while, at some distance, Venus or March still have an atmosphere and no internal magnetic field. The Earth has both. Therefore the problem of the regulating role of the magnetic field for the atmosphere and ionosphere evaporation is to be addressed. 

In this prospect the processes which govern the outflow of matter will be analysed in details as well as their efficiency and the rates of escape. The effect of eruptive events that are substorms on this mass transfer will be studied. 

Several space missions and ground based observations have already addressed several aspects of this problem, among them are the recent Freja (see the review by André et al., 1998) and FAST missions, but none has been specifically devoted to its study, and much is still unknown on the nature, the efficiency and the time variability of the processes which govern the matter escape. The combination of ACCION and POP missions offers an opportunity to make significant progresses. ACCION is aimed at the study of the transient and small scale processes which govern the matter escape, the closest to their location, while POP focuses on the more regular, and more diffuse polar wind, and on the associated processes.

Ion escape.

Several collaborating mechanisms are invoked for the localised and/or sporadic ion escape. A review of them has been made by André (1997) and André et al. (1998), mostly from the observations of the Freja satellite. The most important ion acceleration mechanisms usually invoked are :

- Localized Joule heating of the ionospheric plasma by currents resulting from the horizontal spread of field aligned currents.

- Direct acceleration by field-aligned electric fields. These fields may be static or produced by the no-linear evolution of inertial Alfvén waves (e.g. see Knudsen et al., 1992 ; Genot et al., 1999) to the smallest scales.

- Interaction with broad band low frequency waves (frequencies < several 100 Hz), associated to field aligned currents and broad band Alfvén waves.

- Wave-particle resonant interactions around the ion gyrofrequencies.

- Interaction with waves at the Lower hybrid frequency.

The energy which may be gained by the ions is usually tens of eV, and occasionally may reach few keV. 

The first two processes have not yet be systematically documented, to our knowledge, and much must be done to relate the upward directed currents (electron precipitation), the ionosphere heating and the ion escape. For doing it, the use of the incoherent EISCAT and ESR RADARS as well as the coherent Super-Darn system will complement the spacecraft observations.

André et al. (1998) estimate the relative importance of the latter three processes on the statistical basis of 200 events observed at 1700 km (from the Freja s/c). They conclude that the mechanisms of wave-particle interaction is reasonably understood but what is less known is how the energy is transported to the regions of heating. Another question is unsolved is the relative importance for the ion outflow of the small scale structures (cavities, non linear solitary structures) with respect to spread out ones. The answer of these questions is within the reach of the ACCION mission.

One also must determine the extent to which the observations at 1700 km may be transposed below 800 km. Especially it seems that the field aligned currents are too weak to produce current instabilities at 1700 km (André et al., 1998). This observation must be reconsidered at lower altitudes where both downward precipitated and upward accelerated electrons (respectively upward and downward currents) are observed and where the field-aligned currents are concentrated by the converging field lines. Moreover the former observations of the AUREOL 3 spacecraft have shown a trend toward larger current densities at smaller scales. The access to smaller scales by ACCION than by Freja should provide a different picture and the ability of field aligned currents to trigger current instabilities must be re-assessed for altitudes below 800 km.

Upward accelerated electrons.

Clear evidence of upward directed beams of electrons has been shown up and documented from the Freja observations (Boehm et al., 1995 ; Marklund et al., 1997). Further evidence has been shown with the FAST mission (Elphic et al., 1998) and also from EISCAT/ESR instrument (Forme, personal communication, 2001). These electrons clearly originate in the ionosphere. Low altitude acceleration structures (lower than 1000 km) with downward directed electric field have been conjectured. They would give upward directed energy to the cold ionospheric electrons up to few 100 eV and occasionally to few keV. Since the ionospheric electron densities are much higher than the magnetospheric ones, these electrons cand give a significant contribution to the downward directed currents. 

The existence of theses acceleration structures must be confirmed and documented. The budget of the currents flowing up and down along the magnetic field lines must be made, taking into account these downward currents. This would lead to a new understanding of the current closure, especially during substorm development.

Besides the study of these recently discovered current features, the analysis of field-aligned currents is a key element of the understanding of the ion escape processes since the currents transport energy and momentum between the magnetosphere and the ionosphere and since they can trigger several plasma instabilities (see, e.g., Kindel and Kennel, 1971). These instabilities can have two effects. The one is to increase the transverse energy of the ions – which is one of the ingredients necessary for their escape – through resonant wave-particle interaction, the other one is contribute the non-collisionnal resistivity, via turbulence, of the plasma and in this way build up acceleration structures.

Neutral escape.

ACCION will mainly focus on charge exchanges between O+ and atomic Hydrogen using a neutral atom detector. 

Optical measurements should also enable the measurement of velocity fluctuations of the thermosphere.
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