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Introduction:  One of the primary accomplish-

ments of the NEAR-Shoemaker mission to 433 Eros 
was the first measurement of the elemental composi-
tion of an asteroid [1].  X- and γ-ray detectors meas-
ured characteristic emission lines for a variety of ele-
ments.  The X-ray results are usually presented as ele-
mental ratios, which are thought to eliminate geometric 
and mosaic degradation effects.  One of the mission 
goals was to determine the best meteoritic analog for 
Eros.  The X-ray data obtained from the surface of 
Eros appear consistent with an ordinary chondrite 
composition that has been depleted in sulfur. 

Much of the compositional data determined from 
X-ray measurements of Eros were obtained during 
solar flares [2].  Solar flares have associated tempera-
tures higher than during "normal" activity of the Sun, 
which is usually called "quiet" Sun.  The higher tem-
perature of a solar flare leads to an increased output of 
photons at higher energies, which is called hardening.  
Data taken during solar flares show S, Ca, and Fe fluo-
rescence besides the usual Mg, Al, and Si fluores-
cence.  However, many of the solar flares occurred at 
unfavorable viewing geometries with varying solar 
incidence and/or asteroid emission angles [2]. 

One unexplored problem in understanding the ele-
mental composition of 433 Eros is the uncertainties in 
ratioing X-ray data for elements with Kα lines that 
occur at very different energies.  The Kα lines for Mg, 
Al, and Si are at very similar energies so photons ab-
sorbed and emitted by these elements have similar 
penetration depths.  Ratios for Kα emission peaks for 
these elements should cancel out mosaic absorption 
effects since emitted and absorbed photons will be 
absorbed and scattered with similar intensities in the 
regolith.  However, Ca and Fe have Kα lines that occur 
at much higher energies so photons absorbed and emit-
ted by these elements will have larger penetration 
depths.  The higher-energy photons for these elements 
will tend to pass through particles easier than those 
emitted or absorbed by Mg, Al, and Si.  So elemental 
ratios done between Fe and Ca to Mg, Al, or Si may 
not adequately cancel out mosaic absorption effects.   

To try to better understand X-ray measurements 
taken during varying solar incidence and/or emission 
angles, we have undertaken computer modeling of the 
effects of grain size and the incident and emission an-
gles on measured elemental ratios. 

Computer Program:  Our compositional analysis 
will utilize the Monte Carlo transport method to simu-
late, on a photon-by-photon basis, the trajectories of 
the solar photons and the secondary particles that they 
produce as they first strike Eros and subsequently 
reach a detector. The Monte Carlo transport code cho-
sen for this study is the code PENELOPE (PENetra-
tion and Energy Loss Of Positrons and Electrons in 
matter) [3].  PENELOPE generates electron-photon 
showers produced by primary particles (electrons, pho-
tons, or positrons) in matter.  The code operates with 
the energy range of 100 eV up to 1 GeV for homoge-
nous materials containing elements with atomic num-
bers ranging from 1 to 92.  PENELOPE was chosen 
due to the extensive attention paid by the developers to 
the cross sections and transport techniques for low 
energy photons and electrons.  

The incident solar radiation is based on a solar flare 
that occurred on May 4, 2000.  The composition of 
Eros is chosen to be that of an L chondrite.   

We will investigate the effects of particle size via a 
two-step calculation. In the first step, Eros is taken to 
be a flat, thick slab with a homogeneous composition.  
The radiation scattered or emitted in and around the 
detection angle is resolved into energy bins. X-ray line 
ratios may then be formed for this reference condition. 
These ratios are then compared to those ratios resulting 
from step two. This second step models the surface 
roughness of Eros with cubes of silicates and cubes of 
metallic iron on the surface.  The ratio of silicate cubes 
and metallic iron cubes will be varied.  We will meas-
ure how X-ray line ratios change for a  variety of dif-
ferent incident angles, a variety of emission angles, 
different particle sizes, and different proportions of 
silicates and metal on the surface. 

Conclusions:  Our modeling effort is critical for 
trying to understand the effects of particle size and 
incidence/emission angles on measured elemental ra-
tios.  Results from our modeling should allow us to 
better interpret data from a variety of incident and 
emission angles.   
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