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A &action of the solar photons with energies of up to 6 eV penetrate the Martian atmosphere 
and interact with the planetary surface. Photoelectrons are emitted with a mean kinetic energy 
of 0.4 eV and the current flux, averaged over one sol, is of the order of 20-140 nA per square meter 
at  a latitude of 50 degrees North. These electrons are collisionally bound to the atmosphere and 
their dynamics is controlled by convection; they must all return to the surface in order to balance 
the flux of outgoing particles. Photoemission increases the atmospheric conductivity during the 
day; it may also play a significant role in the oxidation of the surface material. 

INTRODUCTION. The solar photons which reach the surface of Mara have energies which are 
too small to ionize any gaseous constituents but their energy spectrum extends beyond the work 
function, Wf , of most solid materials; photoelectrons are therefore emitted from the s 6 c e .  The 
solar flux, S, that reaches the planetary surface has been calculated by Kuhn and Atreya 111, for 
selected latitude, season and atmospheric model. Radiation with energy below 4.3 eV is hardly 
attenuated but carbon dioxide prevents photons with energies above W,-6 eV from reachmg the 
surface. 

P H O T O E L E ~ O N  EMISSION AND DYNAMICS. Photoemission has been studied in the 
laboratory and the electron yield per incident photon, Y, has been measured as a fnnction of photon 
energy, W, for various types of targets [2,31. The differential flux with respect to photon energy 
is equal to the product of the solar flux and material yield: 

the saturation flux, is given by 

We make the following assumptions: (1) the flux and density of the outgoing particles are 
identical to those of the returning particles; (2) the energy distribution of the emitted electron flux 
for a fixed incident photon energy is constant from 0 to the maximum permissible energy, W-W, 
and (3) the irradiated surfaces are planar, horizontal and located at a latitude of BOON. 

The figures recapitulated in the above table are averages of experimental results obtained for 
9 different materials. It is not claimed that these materials are representative of the Martian 
surface, but it is expected that these resuits are indicative of the numbers which can be 
encountered in a practical situation. The incident solar flux is averaged over 1 sol. The first and 
second numbers correspond to spring and winter respectively. The mean kinetic energy is 
practically independent of the season and nearly the m e  for all materials. The electron flux 
emitted from the surface (Eq. 2) and the electron current density are much more sensitive to the 
nature of the surface and, of course, to the level of illumination. The electron volume density near 
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the emitting surface and the shielding parameter are also listed. 
The photoelectron dynamics in a relatively dense gas is controlled by collisions, attachmen-t 

processes, electrostatic forces, recombination and convection. It is estimated that the atmospheric 
motion plays a significant role, probably the most significant one, in the dynamic8 of the 
photoel-ns. 

RELATED PHENOMENk Solar photons extract electrons which leave a positively charged 
surface. Most photoelectrons reach an altitude which depends upon atmospheric convection and 
are subsequently collected by the s d c e .  A small flux of photoelectrons recombines with positive 
ions or attach to neutral molecules and aerosols and returns to the ground under the form of 
negative ions and negatively charged aerosols. A possible net flux of atmospheric charged particles, 
resulting b m  the ionization of neutral molecules by cosmic rays, for example, is balanced by an 
equivalent flux of photoelectrons which escape into the atmosphere. On average, the flux of 
escaping photoelectrons equals the net flux of charged particles returning to the surface. The 
positive charges carried by the surface develop an upward electric field which has a polarity 
opposite to that of the fair weather field observed on Earth. The average magnitudes of the electric 
field and potential at  the surface may vary with latitude and are functions of the rate a t  which the 
photoelectrons are removed and of the altitude a t  which they are canied by atmospheric 
convection. The atmospheric electrical conductivity in the vicinity of the surface is of the order of 
10-l1 U/m, which is at least 3 orders of magnitude h$er  than that found at the Earth surface, and 
hae consequences for atmospheric electricity. 

It is also proposed that solar photons play a sigdicant role in oxidation-reduction reactions at 
the Martian surface by electron txansfer. Photoelectrons are extracted preferentially from atoms 
with small electronegativitiea, such as iron, and are retumed to the surface, where they are 
colleded by surface compounds and poasible adsorbed atmospheric atoms or molecules, such as 
oxygen, or radicals, such as OH, which have a much larger afEnity for them. The negative ions 
subsequently desorb or migrate on the surface and then recombine with the positive ions, leading 
to the progressive production of a continuous layer of oxidized material. 

In order to quantify the possible geological significance of this process, we shall now bring in 
three academic and somewhat extreme assumptions: (1) the oxidized surface is eroded as fast as 
it is produced, (2) this mechanism has been going on, unaltered, ever since the birth of the planet 
and (3) the oxidizing agents consist mostly of atmospheric constituents. These hypotheses entail 
th3 following consequences: (1) the accumulation of an oxidized regolith layer with a thickness of 
the order of 1 m over an area commensurate with that of the planetary surface and (2) the 
adsorption and chemical combination of a quantity of gaseous atoms or molecules, such as oxygen, 
comparable in number with the over-all volatile content of the present Martian atmosphere. 

CONCLUSION. The sqdic8z1ce of photoemkion and its practical consequences for 
atmospheric electricity, s d c e  chemistry and, possibly, dust eledmstatic charging and dynamics 
are suEciently important to justify the accommodation on a lander of a set of instruments entirely 
dedicated to the investigation of these phenomena. In-situ observations of the solar W spednun 
must be combined with the simultaneous measuremente of photoemitted currents, conductivities 
of ground and atmosphere, quasi-static electric fields and electromagnetic activity. The direct 
detection of oxidation processes can be attempted by monitoring the evolution of the optical 
properties of seleded sample surfaces. Still, this effect, which is nearly instantaneous on a 
geological time scale, is too slow to give rise to any n o t i d l e  mod%cation during the life-time of 
the instrument; it might firthemore not be easily singled out &om other surface phenomena such 
as erosion, adsorption and aerosol collection. This process must preferably be &st studied in the 
laboratory, under accelerated conditions and in a controllable environment. 
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