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A Closer Look at Poster No. P31B-1402

- - /CONTEXT: Solar-wind induced potential sputtering of the lunar surface may be a more efficient erosiv}
SO I a r WI n d S p utte rl n g Of mechanism than the “standard” kinetic (or physical) sputtering. This is partly based on new but limited
laboratory measurements which show marked enhancements in the sputter yields of slow-moving, highly-
- charged ions impacting oxides.
L u n a r S u rface M ate r l al S Lunar surface sputtering yields are important as they affect, estimates of the compositional changes in the
lunar surface, its erosion rate, as well as its contribution to the exosphere.
- J GOALS: The enhancements seen in the laboratory can be orders of magnitude for some surfaces and highly
p ~ charged incident ions, but seem to depend very sensitively on the properties of the impacted surface in addition
* to the fluence, energy and charge of the impacting ion. For oxides, potential sputtering yields are markedl
AF. Barghouty, J.H. A_dams, Jr. enhanced and spunge¥ed species?especially r?ydroggen and light ions, sl’?ow marke% depen%gnce on both chargz
(NASA-Marshall Space Flight Center) and dose.
= Meyer, L. Mansur, and C. Reinhold Potential putterlngA data for lunar regollth analogs are nonexistent. Limited Qata and the ruAdlm_entary nature
. . of our understanding of the underlying processes, however, keep the question of the relative importance of
(Oak Ridge National Laboratory) potential sputtering an open one.

“Corresponding author: abdulnasser f barghouty@nasa.gov; Tel. (256)961-7508 APPROACH: To help answer this question, we plan to (1) measure some relevant sputter yields at Oak Ridge National
J Laboratory’s Multicharged lon Research Facility (MIRF) using lunar simulant materials, (2) develop a kinetic model to quantify
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Interactions of the solar-wind ions wit Some observed characteristics of [ Demonstrated effects on lunar regolit

potential sputtering

lunar regolith
Protons and multiply Proton yield from potential sputtering have been shown to depend Changes in the elemental abundances of a KREEP soil expo
charged ions striking . very solar wind ions (p-Fe) as a function of time assuming kineti
amorphous surfaces -~ sensitively « o — — : .
—_ ; sputtering only:
at | keV/amu : . b
Surface atoms (in
addition to ions,
electrons, and
photons) are ejected
as the solar-wind ions
gets neutralized in the
surface A schematic of an interaction between
The penetration depth aslow, highly charged ion and a
ofthgﬂc ol - 1?); surface. [From Yamazaki and Kuroki
nm, i.e., comparable (2002).]
to the thickness of the
rim found on regolith
soil grains Dependence of the proton sputter yield from a
hydrocarbon surface on the charge state of the impacting

- . . ion. [From Burgdorfer and Yamazaki (1996).
80% of ejected (or sputtered) species are neutral atoms with rather I J ( )]

wide energy and angular distributions

Potential-sputtering yield from some surfaces has also been shown to

Kinetic vs. potential sputtering depend on dose:

Kinetic sputtering is an inelastic microscopic process with

kinetic energy transfer to a small number of "

e
Xe'™ (1keV) = ALO, .

surface atoms via binary collisions

It is the dominant sputtering mechanism for metals and
semiconductors, where any induced electronic excitation can be
rapidly accommodated

Insulator surfaces have reduced electron mobility, hence fast s
electron removal from the target leads to structural . Advantages of this Formulation:

modifications (defects) that cannot be restored " . - .

This is enhanced for highly charged ions since they ‘carry’ a
large amount of ‘potential energy’ (given
Bl it b ponil il e Depender;z:eelgfit[!w:st;t::(sis;tateryli%dSOL?r?azsee foriey Sensitivity to structure variables
:;Zﬁ;f: ;z:(ils}; ::rough electron transfer and Auger de- [From Hayderer et al. (3001).]

For many surfaces potential sputtering is significantly more
effective in removing target material than kinetic sputtering
For insulators, potential sputtering is the dominant Potential sputtering, in addition to significantly enhanced

mechanism by which surface atoms are lost in impacts / sputter yield, has some exceptional sensitivities! /

of slow ions!
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Optimized (+controlled) measures
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