
ACCUMU~ATION OF SOLAR'WIND EFPECTS IN LUNAR DUST GRAINS: A REAPPRAISAL OF 
SOLAR WIND SIMULATION EXPERIMENTS. J.P. Bibring, J. Borg, J.C. Dran, Y. 
Langevin, M. Maurette, J.C. Petit, F. Rocard, Laboratoire Ren6 Bernas du 
CSNSM, 91406 Orsay, France. 

Solar wind ion implantation effects registered in lunar dust grains 
play a dominating role in the "outer-micron" physicochemistry ( 1 )  of such 
grains, and they provide a unique opportunity for monitoring basic properties 
of the ancient sun ( 2 , 3 , 4 , 5 ) .  However, this last exciting prospect, which is of 
great concern to us, is somewhat obscured by several problems. First it is ex- 
tremely difficult to trace back the detailed exposure history of the grains in 
the solar wind, with the view of both describing the time dependent accumulation 
of solar wind effects and sampling "clean" grains, exposed only once for a 
known duration and at a known epoch in the solar wind. Second, various types of 
lunar and and interplanetary processes, which can hardly be taken into conside- 
ration in laboratory experiments, could possibly act as to perturb the charac- 
teristics of the interplanetary plasma as detected in lunar dust grains, and 
such perturbed characteristics would be of little help for tracing back the 
past activity of the Sun. Third, the accumulation of ion implantation effects 
in the high ion fluence regime active on the Moon (i.e. for ion fluence such 
as the individual collision cascades due to each solar wind ions severely over- 
lap) has still not been theoretically described. Consequently ones has to rely 
on imperfect solar wind simulation experiments conducted with parallel beam of 
monoatomic and monokinetic ions, to describe such an accumulation. 

This communication will be mainly concerned with the reliability of 
solar wind simulation experiments, as the two first difficulties have already 
been recently discussed (5). We will try first to classify in a Eew groups the 
great diversity of solar wind simulation experiments so far performed. The 
targets include micron-sized grains as well as "flat" surfaces obtained by 
polishing much larger grains ( $100Vm). In fact six different types of solar 
wind simulation experiments have been reported. On one hand the urn-sized grains 
have been irradiated with incident ion f luences, Q % $a (Qa refers to the 
amorphizing fluence required to form amorphous coatings of radiation damaged 
material) by relying on three irradiation schemes ( 5 , 6 )  : the fixed-grain and 
rotating-grain schemes (the grains are either fixed on electron microscope 
substratesor introduced into a cylindrical wheel that rotates along the ion 
beam axis) and a more complex scheme, where an ion implanter "on-line" with the 
transmission electron microscope is used. In addition 3 distinct types of flat 
target experiments have been so far conducted, depending on the incident ion 
f luences , which range from very high ($ > 100$a) (7) to medium ($ $a) (8 ,9 )  
and low ( @  $ O.l@a) (10) values. 'x 

We will next pinpoint the few reliable results inferred from these 
simulation experiments as well as important problems and/or discordance between 
experimental results still to be understood. One of the major problems deals 
with the inadequacy of the nuclear collision cascade theory for predicting 

ion implantation effects in insulator targets exposed to high fluence of 
incident ions, and which is itJustrated - jn figure 1 for a sheet of muscovite 
mica exposed to fluences (~10 ions .cm ) of incident ions much lower then 
those used in previous solar wind simulation experiments. Finally we will sug- 
gest a few guidelines for inferring from these results credible conclusions 
concerning the "outer-micron" physicochemistry of lunar dust grains, which very 
likely depends in a complex way on the grain sizes. The use of the same results 
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for interpreting the thickness distribution of the amorphous coatings of solar 
wind radiation damaged material observed on p-sized lunar dust grains in 
terms of the characteristics of the ancient solar wind has been recently dis- 
cussed elsewhere (5,6) . 
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Figure 1 - Eroded depth (Ao) and associated sputtering yield ( ~ s ~ ~ A o / + )  of-2 
muscovite targets irradiated with relatively low fluences (+= 10 ions.cm ) 
of argon and lead nuclei. The surface of the targets were first covered with 
an electron microscope grid and then exposed to perpendicular beams of inci- 
dent ions, which thus produce a periodic succession of irradiated and non- 
irradiated area (10). After irradiation the target surface was run with a 
diamont stylus device in order to measure the depth (no) of the shallow holes 
formed in the irradiated area. It is unlikely that such holes results from a 
radiation induced compaction of the mica lattice, as such insulator crystalline 
targets are known to exhibit a marked expansion (swelling) at higher ion fluen- 
ces (9). By interpreting the values of Ao(Z,E) in term of an ion erosion mecha- 
nism, we would thus obtain "giant" sputtering yields, Ys, for mica. These 
values of Ys(Z,E) as measured for low energy ( %lkeV/amu) ions would then fit 
the relative variations of the electronic stopping power of mica with Z and E, 
that we reported as solid line curves in figure 1. Such huge sputtering yields 
would be somewhat similar to the values reported for both icy materials (12) 
and UF targets (13) irradiated with high energy (~100keV/amu) ions. As the 4 
vaue of Ys(Z,E) measured for lkeV/amu argon and lead ions in glass look about 
Q 10 times lower than for mica, we have still to run other insulator targets 
like feldspars and olivine to definitively ascertain the existence of giant 
sputtering yields for solid state track detectors at low-energy. 
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