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Introduction:  Simulations of ion implantation us-

ing the open source code Stopping and Range of Ions 

In Matter (SRIM) [1] enable analyses of Genesis sam-

ples that correct for surface contamination effects as 

long as depth profile data extend well below the region 

of surface contamination [2, 3, 4].   

Moreover, these simulations have helped to quanti-

fy the effects of isotopic fractionation as a function of 

depth for solar wind implanted perpendicular to engi-

neered collection surfaces. Modeled fractionation helps 

to explain the presence of noble gases isotopically 

heavier than Solar Wind (SW) trapped in regolith 

grains exposed to SW for long periods of time [5] as 

well as isotopically heavy noble gases observed in mi-

crometeorites and cosmic dust [6, 7, 8]. 

This work explores evolution of SRIM models of 

ions implanted normal to human engineered planar 

collector panels to natural materials exposed in space, 

which are exposed as spheres to planar ion flux.  

Background:  SW ion velocity distributions were 

well characterized during the Genesis mission  by the 

Genesis Ion Monitor (GIM) and the Advanced Compo-

sition Explorer (ACE) [9].  These distributions enabled 

detailed modeling of SW ion implantation profiles and 

ion backscattering using SRIM.  The high quality 

matches from above the peak of the implant to several 

hundred nm depth enable corrections to surface con-

tamination that resulted from the hard landing of the 

Genesis spacecraft [10].  The quality match between 

the measured and model profiles in both solar wind 

and instrumental monoenergetic ion implantation in 

collector materials [3] provide a validation of SRIM’s 

utility for space science applications. 

Extending SRIM models to SW exposure of natural 

material requires accounting for the oblique angles 

most ions experience when they encounter natural sur-

faces on regoliths or in space.  To approximate this, it 

is assumed the on average grains are spherical, and are 

exposed to planar incident SW.  SRIM is designed for 

planar targets so this problem is inverted as a distribu-

tion of ion-plane angles that mimics the natural expo-

sure of planar SW irradiation of spherical particles 

tumbling in regolith over geologic time-scales or spin-

ning in space. 

Results:  The first test of this spherical model has 

been applied to ilmenite grains, as there are depth pro-

file studies of aggregates of ilmenite lunar grains [5] as 

well as total gas release from individual lunar ilmenite 

grains [11]. 

Modeling oblique impact angles understandably re-

sults in a shallower peak in the implantation profile. 

The 20Ne peak shifts from 25 nm for normal incidence 

to 13 nm for planar ions into spherical grains (Fig. 1a); 

and a higher percentage of ions backscattering into 

space (five times more neon ions are backscattered into 

space from spherical grains than normal incidence onto 

planar material of similar composition), as shown in 

the first data points on the vertical axis of Fig. 1b.  

This shallower peak results in significantly higher in-

tensity of radiation damage on natural spheres than 

modeled for ions impinging the engineered, planar 

Genesis collector panels. 

 

 

 
Figure 1. Depth profile of Ne implanted at normal in-

cidence into a plane (blue) compared to implantation 

into spherical grains (orange). 

 

The fractionation of Ne and Ar as a function of 

depth is also different between these two exposure 

geometries, particularly for durations that are short 

compared to ion erosion equilibrium times.  Somewhat 

surprisingly, short-duration implantation on spherical 

grains shows a lower fractionation factor for both Ne 

(Fig. 2) and Ar near the surface, with deeply implanted 

ions showing similar fractionation to normal incidence 

on planes. 
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Figure 2. Fractionation factor of Ne implanted into 

planar surfaces (blue) vs spherical surfaces (orange) 

 

Over very long exposures, modeled to the point 

where ion erosion eventually reaches equilibrium with 

implantation, the two fractionation profiles of these 

different exposure geometries become similar at the 

surface (fractionation factor approximately one), as 

seen in Fig. 3.  This is because the “modern” surface 

started at depth and mechanically integrates the frac-

tionated ions from depth as the surface erodes to the 

deepest implant from the initial exposure.  The only 

discrepancy from the isotopic composition of incident 

SW at this new surface comes from isotopic differ-

ences of ions that were backscattered into space during 

the exposure. 

 

 
Figure 3.  Fractionation factor of Ne vs depths for very 

long term exposure, where ion erosion is in equilibri-

um with ion implantation. 

 

For this erosion-equilibriuim exposure the planar 

surface exposed at normal incidence experiences 

slightly less fractionation as a function of depth than 

spherically exposed grains until approximately 150 

nm.  This is near the point where the Coronal Mass 

Ejection (CME) regime becomes a significant contrib-

utor to the total bulk SW.    

The high energy CME tail systematically pene-

trates deeper for both exposure geometries, and this 

small residual is less fractionated overall than the tails 

of the “slow” and “fast” SW regimes (both of which 

have lower energy peaks and attenuate more quickly at 

higher energies than the CME regime). These factors  

result in a reduction of the overall fractionation at 

depth.  A larger fraction of ions are stopped at shal-

lower depths for the spherically-exposed grains, caus-

ing the local minimum to be slightly shallower for this 

exposure geometry. 

Implications:  This next level of detail in modeling 

ion implantation and associated fractionation effects 

holds promise in further informing both observed ac-

cumulation of fractionated Ne in regolith grains and in 

micrometeorites.  Similarly, since the bulk of meteor-

ites impinging Earth is in the form of micrometeoroids,  

this may also provide new clues to isotopic and ele-

mental evolution of the noble gas inventory on Earth.  

Disclaimer:  The views expressed herein are those of 

the author and do not reflect the position of GET-NSA, 

LLC.. 
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