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The X-Ray spectrometer onboard the Near Earth Asteroid Ren-
dezvous spacecraft will measure X-rays from the surface of 433 Eros
in the energy region 0.7-10 keV. Detection of characteristic K«
line emissions from Mg, Al, Si, Ca, Ti, and Fe will allow the de-
termination of surface abundances of these geologically important
elements. Spatial resolution as fine as 3 km will be possible for
those elements where counting statistics are not a limiting factor.
These measurements will make it possible to relate Eros to known
classes of meteorites and reveal geological processes that occurred
on Eros. The calibration measurements and analysis procedures
presented here are necessary for the reduction and analysis of the
X-ray data to be collected during one year of orbital operations at
Eros.  © 2000 Academic Press
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INTRODUCTION

The Near Earth Asteroid Rendezvouosgssion NEAR was
successfully launched on 17 February 198(EAR was the
first launch under NASA's Discovery Program, an initiative for
small, low-cost planetary missions. As the first spacecraft t
orbit an asteroid, th&lEARmission will address fundamental
guestions about the processes and conditions relevant to pla
tary formation.

The X-ray/gamma-ray spectrometer (XGRS) is one of se\
eral instruments onboard ti¢EAR spacecraft that will study
Eros during one year of orbital operations beginning in Februal
2000. The X-ray and gamma-ray spectrometers that compo
the XGRS are independent, but complementary experiments.
this paper we focus on the X-ray spectrometer, its calibratiol

498

0019-1035/00 $35.00
Copyright(© 2000 by Academic Press
All rights of reproduction in any form reserved.



NEARXRS CALIBRATION 499

operation, and procedures for interpretation of the measureme®ddar output is highly variable and can typically change by a
to be made at Eros. order of magnitude or more within minutes. Higher solar activit)
The X-ray spectrometer (XRS) will measure characteristigill yield better statistics, shorter integration times, and henc
X-ray emissions induced in the surface of the asteroid by thegher resolution maps, especially for heavier elements such
incident solar flux. The K lines for the elements Mg, Al, Si, Fe. Because of its variability, the Sun’s output must be monitore
Ca, Ti, and Fe will be detected with spatial resolution on thia order to be able to obtain quantitative results. An introductio
order of 3 km when counting statistics are not a limiting factoto X-ray remote sensing techniques for geochemical analys
These measurements can be used to obtain both qualitative eawd be found in Yiret al. (1993).
quantitative information on elemental composition.
The X-ray spectrometer on tidEARmission is a nondis- INSTRUMENT DESCRIPTION
persive spectroscopic system. In this approach, the incoming
X-ray photon is absorbed by the detector material and a sigh¥gtectors

proportional to the absorbed energy is measured by the detectOf

It | { the detect tout. A log-to-digital he asteroid-pointing detector package includes three larg
as a voltage puise at the detector output. An analog-1o-aigi ea (25-crf) sealed gas proportional counters with thin (2%)

B2 windows. The large area provides the necessary sensitiv
M achieve the desired spatial resolution and the Be windov

. i UBsorb the lower energy X-rays (below 1 keV) that would othe
elemental composition can be inferred.

The choi : ¢ x detect wise dominate the detector count rate. The fill gas is P-10 (90
e choice among various types of X-ray detectors W%?gon and 10% methane). The Be window is supported by are

strongly influenced by the constraints of the NEAR mISSIorétngular Be support structure. The detector housing is steel wi

The detectors were chosen for their sensitivity in the energy "£Be liner to absorb Fe line emission from the housing (Goldste

gion of scientific interest, while also being consistent with th&
o ; o al.1997).
cost, mass, power, and reliability constraints of the mission.

height” or energy loss, and a spectrum is obtained and tele
tered to Earth. From an analysis of the pulse height spectr

The sealed gas proportional counters chosen for this expe
ment are improved versions of instruments previously flown o
X-RAY REMOTE SENSING Apollo 15 and 16. The energy resolution of current gas propo
tional counters is improved over those of the Apollo days, bt
The most prominent fluorescent lines for the major elemernissstill not sufficient to resolve the low-energy Mg, Al, and Si
Mg, Al, Si, Ca, Ti, and Fe are theKlines (1-10 keV). The lines. As with the Apollo missions it is necessary to use bal
strength of these emissions from planetary surfaces is stronghced filters to resolve these closely spaced lines (Astlat.
dependent on the chemical composition of the surface as wkEl72a,b,c). Two of the detectors have thin absorption filter
as on the incident solar spectrum, but is of sufficient intensity &pproximately Qum thick, mounted externally. A Mg filter on
allow orbital measurement by detectors like those orNBAR one detector attenuates the Al and Si lines, and an Al filter c
spacecraft. the other detector attenuates the Si line. The very steep absc
In addition to line fluorescence, solar X-rays also can be ctien edges of the filters make the separation of the lower ener
herently and incoherently scattered from a planetary surfatiaes possible. The third detector has no filter. The energy res
contributing an unwanted background signal. Astronomical Xution of these detectors is about 14% at 5.9 keV (Tronstla.
ray sky sources, which could be sources of background, dr@97).
eliminated at Eros, because the XRS is collimated t6 fietd Two sunward-pointing X-ray detectors positioned on the for
of view, and the asteroid completely fills the field of view whemvard deck of the spacecraft monitor the incident solar flux. Th
the spacecraft is below 100-km altitude. solar monitors experience very strong X-ray emissions direct
The solar flux from 1 to 10 keV, the energy region of interfrom the Sun, especially during solar flares, so the active ar
est, can be modeled with several prominent lines superposedama solar monitor needs to be only about 1 fa@ne monitor
a continuum described by a fourth- to sixth-order power lais a proportional counter identical to the three asteroid-pointin
(depending on the level of solar activity). In modeling the solatetectors, but with a specially designed graded shield that r
output for theNEARmission the best estimates of solar outpuduces its effective area to about 1 migClark et al. 1995).
anticipated near solar maximum have been used and range ffbime other solar monitor is a small Si-PIN photodiode. Thi
approximately B1 to M1 levels. The solar intensity decreases bglid-state detector is mounted on a miniature thermoelectt
three to four orders of magnitude from 1 to 10 keV. Fluoresceoboler in a hermetic package 15 mm in diameter. AufB-
lines as well as the scatter-induced background, therefore, hthviek Be window rejects the intense solar flux below 1 keV. The
greater intensity at lower energies. As the level of solar activi§i-PIN solar monitor achieves an energy resolution of 600 eV
increases, relatively more output occurs at higher energies, $@ keV.
slope of the spectrum becomes less steep, and the overall magriburing each integration period the XRS collects four 256
tude of the X-ray fluxincreases. This processis called hardenimhannel pulse height spectra: one for each of the three asterc
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pointing detectors and one from either the proportional countaf three detectors at 3.20 keV is the K-edge in argon, the prima
or the PIN solar monitor. The two solar monitors may both beonstituent of the proportional counter fill gas. This feature corr
powered on at the same time, but telemetry limitations forcg@ticates the response of the proportional counters for energi
a design that allows only one of the solar monitors to be pulabove the absorption edge, because the resulting K X-ray, whi
height analyzed at a time. Additional details of the detector dis-2.97 keV for argon, may escape the detector. A correspon
sign can be found in Goldstest al. (1997). ing escape peak will then appear in the spectrum that lies belc
the full-energy peak by an amount equal to this characterist
energy. This can be seen in Fig. 2, which is the response of t
A collimator is used to restrict the X-ray spectrometer fielg-filtered proportional counter to an Fe-55 source which emit
of view to about 5. In a 50-km orbit (on average about 40 knthe Mn Ko and K3 lines at 5.899 and 6.490 keV, respectively.
from the surface of the asteroid) this results in a spatial resbhe fit to the measured pulse height spectrum (solid line) re
lution of about 3 km. The collimator is also useful in reducinguires four peaks (dashed lines); one for thelike, one for the
the cosmic X-ray background. The collimator uses a honel¢8 line, and one for each of the two escape lines. The full enerc
comb design made of copper with 3% Be. The K, L, and Meak for the K line is seen in channel 150.6. The correspond
X-ray lines excited in the collimator by solar X-rays, cosmiing escape peak is in channel 75.4. From the energy calibrati
rays, and asteroidal X-rays do not interfere with the surface lipeovided in the table in the upper left-hand corner of Fig. 2, thi

Collimator

emissions. implies an energy difference of 2.97 keV, as predicted.
The energy resolution of gas proportional counters varies it
Calibration Sources versely as the square root of the energy,

Three Fe-55 sources, mounted on a calibration rod, can be 12
rotated, one at a time, into the field of view of the three asteroid- r — 2.35< W(F + b)> ’
pointing detectors to establish the energy calibration of the XRS. E
Knowledge of the energy calibration of the XRS and how it
changes over time is necessary to sum spectra obtained avkerer is the full-width at half-maximum (FWHM) as a frac-
the same region of the asteroid, but collected at different timgsn of the X-ray energyW is the energy required to create an
during the mission. The statistics in any one spectrum (typicaltyn pair, F is the Fano Factoh is a parameter that characterizes
about a 100-s accumulation) are insufficient to perform detail@ge avalanche statistics, afiflis the energy in keV. (See, for
analysis. example, Knoll, 1989). This equation represents the statistic
limit for a gas proportional counter, which is the best respons
DETECTOR CALIBRATIONS one can expect. For P-10 these parameterg\ase 0.026 keV/
ion pair, F = 0.17, andb = 0.50. The above equation then
In order to interpret the data collected by the XRS, a detaild@comes
understanding of the detector response is vital. Efficiency and
energy resolution as a function of energy, angular response, filter I = 0.310E 2,
transmission as a function of energy, and rise-time rejection

efficiency are most important. i i i
At 5.9 keV this would imply an energy resolution of 12.8% or

0.753 keV. The energy resolution at 5.9 keV for the Mg-filterec
detector as shown in Fig. 2 is 0.824 keV, or about 14.0%, whic
One advantage of using an older, but well-known detectrtypical for all the proportional counters SiEAR An increase
technology is that the characteristics of the system have bedrabout 10% over the statistical limit is expected for these de
extensively studied and are well understood. The efficiency argttors due to electronic noise and nonuniformity of the anod

resolution of gas proportional counters like thoséNdfARhave  wire.
been measured many times. A detailed description of the re-The response of a proportional counter to six different X-ra
sponse of proportional counters can be found in Knoll (1989)ines is shown in Fig. 3. The pulse height spectra were gel
The gas proportional counters diEARhave a chamber di- erated by using ar particle excitation source on targets of
ameter of 42 mm and are filled with P-10 gas, a mixture of 90%g (1.254 keV), Al (1.487 keV), Si (1.740 keV), S (2.307 keV),
argon and 10% methane, to an absolute pressure of 1200 mBar(3.690 keV), and Ti (4.508 keV). The fractional energy res
The anode wire is gold-plated tungsten and has a diameterohition of each of these six X-ray lines, plus the 5.899-keV line
13 um. Figure 1 displays the detector efficiency versus enerfipm Fe-55, is plotted versus energy in Fig. 4. The fitted line is
calculated for this type of detector. The sharp features in the pswer-law function in energy with a slope-e0.5 and a constant
sponse of the Mg- and Al-filtered detectors at 1.30 and 1.56 kedf,proportionality of 0.340. The energy resolution for Caand T
respectively, are the filter K-edges. The very sharp feature seeisil 7.7 and 16.0%, respectively. The energy of the kdiKe

Asteroid-Pointing Detectors
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FIG. 1. Detector efficiency versus energy dEARXRS proportional counters. The effect of the Mg and Al filters at low energies is clearly seen. The br
in the curve near 3.2 keV is the argon K-edge. Theu25-thick Be window attenuates the lower energy X-rays.

that will be emitted from the asteroid surface is 6.40 keV, arahd Si can be separated. The details of this technique for li
the resolution at this energy is 13.4%. While there will be sonseparation are discussed later.
overlap of these lines in the spectra collected from the asteroidThe effectiveness of the rise-time discrimination circuitry i
the energy resolution of the proportional counters will still bdisplayed in Fig. 7. An in-flight spectrum taken with the Fe-5¢
sufficient to resolve them. calibration source in the detector field of view is shown. Thq
A collimated Fe-55 source, positioned in a plane perpendi®jection efficiency for gamma rays and charged particles wi
ular to the detector face, was used to map the response of dieéermined to be-70% by comparing the background counts
detector over the entire window area. This result is shown @&bove channel 51 with and without rise-time discrimination er
Fig. 5. The FWHM of the detector response with the collimatabled. A comparison of the counts in the Fe-55 peak shows tt
in place is 3.2. The full-width at tenth-maximum (FWTM) is only about 5% of the Fe-55 X-rays are removed by the rise
5.5°. The radial response of the detector is isotropic. time circuitry. Rise-time discrimination is disabled below abou
As described above, it is necessary to use thin filters in frodtkeV (channel 51). Below this energy, the rise time of X-rays
of two of the three proportional counters in order to separag@mma rays, and cosmic rays is not sufficiently different to alloy
the three low-energy lines of Mg, Al, and Si. Figure 6 showsfficient rejection of the background without loss of a significan
the response of the unfiltered, Mg-filtered, and Al-filtered gasnount of valid X-ray events.
proportional counters to these three X-ray lines. The Mg fiIt(—‘g .
olar Monitors

significantly reduces the Al and Si line intensities relative to the
Mg line. The Al filter reduces the Si line intensity relative to the TheNEARXRS has two solar monitors. One is a solid state Si

others. Using this method, the three overlapping lines of Mg, APIN diode, and the other is a gas proportional counter identic
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FIG.2. Response of Mg-filtered proportional counter to an Fe-55 source. The fit to the spectrum (solid line) is accomplished by includi( 898 ke V)
and KB (6.490 keV) Mn lines in both the full energy and escape peaks (dashed lines) plus a polynomial for the background (dashed line). The fit for thye full
Kea line gives a FWHM of 824 eV.

to the three asteroid-pointing detectors, but with a specially d&e measured resolution of 0.60 keV at 5.9 keV to determine tt

signed graded shield. The gas proportional counter is the primarpportionality constant gives the FWHM as a fraction of the

solar monitor. The PIN detector was added as an engineeriigay energy:

test of this new technology. For the PIN detector the efficiency

is easily calculated. It is a Si detector 306 thick with a 76- I = 0.247E7Y2.

um-thick Be window and a 200-nm dead layer. The result of

this calculation is shown in Fig. 8. The impact of the Be window The gas proportional counter solar monitor is identical tc

on the efficiency at low energies is evident. The efficiency of thike three asteroid-pointing detectors, but with the addition c

Si-PIN detector at 5.9 keV was measured using an Fe-55 souacgraded shield (Clarkt al. 1995). This shield is designed to

of known strength, placed on axis at a fixed distance from thestrict the effective area of the detector to about 12and

detector. The result was3b + 0.04, which is in good agree- also to attenuate more of the lower energy flux from the Su

ment with the calculated value of 0.96. The error reflects the order to enhance the response of the detector at the higt

statistical uncertainties, only. energies. The response of the gas solar monitor is shown
Figure 9 is a pulse height spectrum of the Si-PIN with aRig. 10, along with that of a bare proportional counter an

Fe-55 source in the field of view. Theokand KB lines merge, the Si-PIN diode. The effectiveness of the shield can be se

but are separated by the fit. The FWHM of the knhe (5.9 keV) by the comparison of the two proportional counter respons

is 0.60 keV or 10.2%. Low-energy electronic noise is seen belaurves.

channel 42 or about 1.7 keV. A comparison of solar spectra from the proportional counte
As with the proportional counters, the energy resolution of ttend Si-PIN solar monitors is shown in Fig. 11. The solid trace

Si-PIN varies inversely as the square root of the energy. Usiate the gas proportional counter and the dashed traces are
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and Ti targets can be seen. The energy calibration used here corresponds to a channel width of 5.74 eV.

Monoelemental pulse height spectra generated witda particle source exciting targets of Mg, Al, Si, S, Ca, and Ti. Argon escape peaks for the
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FIG. 4. The energy resolution of a gas proportional counter as a function of energy. The fit to the data points is a power law in energy and agrees w

the expected value.

Si-PIN detector. The lower two traces show spectra collectedannel 170 indicates strong Fe X-ray emission8.6 keV).

during a quiescent period. Note the significantly lower bacRe proportional counter spectrum clearly shows the effect «
ground in the solid-state detector. The upper two traces shtve graded shield in “hardening” the detector response to sol
spectra collected during a solar flare. The predominant line négput. At low energies the response of the two detectors is neat
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Response of collimated gas proportional counter to an Fe-55 source located in a plane perpendicular to the detector face. The field of vie
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the same, while at higher energies the gas solar monitor respo
is significantly greater than that of the Si-PIN.

INSTRUMENT OPERATION

Understanding how the XRS operates is essential to reduci
and analyzing the data it returns and ultimately extracting tt
surface compositional information for Eros that is the goal ¢
this mission. The following sections describe the more importa
operational considerations for tNEARXRS.

High Voltage and Temperature Stability

The four XRS proportional counters each operate at voltag
close to 1165 volts. The high voltage control circuitry maintain:
the voltage on the proportional counters to within about 0.5V ¢
the commanded value (Goldstehal. 1997). This is important
because small changes in high voltage can produce signific:
changes in detector gain. On the other hand, the proportior
counters are relatively insensitive to temperature changes,
other than keep-alive heaters, no effort is made to control tt
temperature of the proportional counters. The result is that ov
several thousand hours of XRS operations during cruise, no s
nificant gain changes have been observed due to voltage or te
perature changes.

The bias voltage of the Si-PIN is 30 V. This voltage is con
trolled by the same circuitry as that used by the proportion:
counters. The Si-PIN must be cooled to temperatures belc
—20°Cin order to operate properly. This is accomplished by th
miniature thermoelectric cooler. The temperature is maintaine
within allowable limits by on-board control, and the gain of the
Si-PIN has also been quite stable throughout cruise operatior

Energy Range

Each of the five XRS detectors generates a 256-channel pu
height spectrum. The nominal width of each channel is abo
40 eV, giving an upper level energy of about 10 keV. The lowe
end of the energy range depends upon the setting of the low
level discriminators (LLD). For the proportional counters this
is typically channel 15 which corresponds+®.60 keV. For
the Si-PIN the LLD is set to channel 37 because of electron
noise, so its pulse height spectrum measures down to abt
1.5 keV.

Live Time

The live time of each of the five XRS detectors (including the
nonactive solar monitor) is available with each science recor
These are simply calculated from two counters associated wi
each ofthe detectors: valid rate and raw rate. The raw rate is eve
countregistered in a detector above the lower level discriminatc
he valid rate represents all counts processed by the XGF

Al X-ray is effectively eliminated by the Mg filter, and the Si line is removed byigital processing unit (DPU). The ratio of valid to raw gives the

both the Mg and Al filters.

live time.
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FIG.7. Response of Al-filtered X-ray proportional counter to Fe-55 source. The solid curve is rise-time discrimination off and the dashed curve is ris
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FIG. 11. A comparison of spectra collected in flight from the proportional counter and Si-PIN solar monitors. The solid traces are the gas propo
counter and the dashed traces are the Si-PIN detector. The lower two traces show spectra during a quiescent period (10 January 1998). Notgljhewignific:
background in the solid-state detector. The upper two traces show spectra during a solar flare (15 January 1998). The predominant line neaicétéskeV
strong Fe X-ray emissions. The proportional counter spectrum clearly shows the effect of the graded shield in flattening the detector respanpattoidiola
four spectra are normalized to 300-s accumulations and 1 AU.

One correction needs to be made to this simple relationshifhe two solar monitor detectors are unaffected by BGO satur
When the bismuth-germanate (BGO) shield in the gamma-ragn events because their preamplifiers are located on the opy
spectrometer detects a very high-energy cosmic ray its preastie side of the spacecraft from the gamma-ray electronics. F
plifier saturates, which causes cross talk in the asteroid-pointithgse two detectors no cross-talk correction is necessary. Typi
proportional counters. The spectra are not contaminated, bee times for the asteroid-pointing detectors are about 97%. Tt
cause whenever a high-energy event is detected in the BGu@yportional counter solar monitor live time varies significantly
the X-ray channels of the three asteroid-pointing detectors avieh solar activity. During quiescent periods it is typically over
cleared, but the raw rate is a hardware counter and cannot be@@%, but will drop below 60% during large flare events. The
crimented. A correction must be made to the raw rates using tBiePIN live time is generally higher than that of the proportiona
cross-talk counter, which is one of the 41 rate counters availablgunter, usually better than 90% even during large flares. Th
in the XRS science records. Based on laboratory and in-fligtifference is due to the very fast rise time of the electronic pulse
measurements, the following equations for live time are used farthe Si-PIN.
the three asteroid-pointing detectors: Rise-Time Discrimination
Unfiltered Detector Live Time The gas proportional counters are subject to a large numkt

UNF.VALID _.EVENTS of background events from cosmic-ray and gamma-ray intera
=~ UNE_RAW EVENTS_ 0,037 x XTALK COUNTER tons in the detectors. Rise-time discrimination can be used
reduce this background component, because the rise time of 1
Mg-Filtered Detector Live Time electronic pulses produced by the proportional counters due
MG _VALID EVENTS these interactions is longer than that for X-rays. Rise-time di:
= MG_RAW_EVENTS— 0.025 x XTALK _COUNTER crimination CirCUitry employed on the XRS rejeCtS up to 70%
of these background events. The rise-time threshold can be ¢
Al-Filtered Detector Live Time justed by ground command. The nominal setting for all fou
_ AL _VALID _EVENTS proportional counters is 135, which corresponds to a rise-tirr
" AL_RAW_EVENTS— 0.031 x XTALK _COUNTER threshold of 0.5s.
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Below about 2 keV, pulse rise-time differences between tlizetailed discussions of these processes can be found in CI;
X-ray signal and the various background events are no lond&®79), Trombkaet al. (1979), Yinet al. (1993), and Clark and
large enough to be easily separated by the rise-time logic. Ambka (1997).

a result, it is necessary to disable rise-time discrimination be-A shape model of the asteroid, developed using data from tl
low 2 keV in order to prevent the rise-time circuitry from disNEARimager (Veverkat al. 1997) and from the laser altimeter
carding too many valid events. This, of course, results in mu¢Buberet al. 1997), will be used to determine the accumulatior
higher background in this energy region. This rise-time valicdgions (bins) on the asteroid. Bin sizes will be selected based
threshold can be adjusted by ground command for each of the instrument viewing footprints and integration times require
gas proportional counters. Setting this threshold to 0 or 255 obtain statistically significant results. The incident solar X
turns rise-time discrimination off for all channels. The nomray spectrum is measured with the solar monitors and stor
inal setting is channel 51 for the asteroid pointing detectorss part of each record. A correction is made for the variatio
The effect of rise-time discrimination can be seen in Fig. T angle of incidence of the solar flux, and asteroid spectra a
The valid rise-time channel setting for the proportional countaeormalized by taking into account the shapes and intensiti
solar monitor is 255. Rise-time discrimination is not routinelpf the associated solar spectra. The local altitude is also stor
used on this counter since solar X-rays dominate even durith each spectrum, and solid angle corrections due to chang
ing solar quiescent periods and cosmic-ray background is motaltitude are determined. Once the various corrections ha
nearly as significant a factor as it is for the other proportionheen applied to the spectra, they then can be summed. T
counters. basic procedure was developed for the analysis of the spec

The Si-PIN is not subject to any of these high-energy backbtained during the Apollo program and was used successfu
ground components because the energy deposited in the detediammbkaet al. 1979).
by a cosmic ray or gamma ray is much higher than the upperThe X-ray background that is not rejected by the rise-tim
range for pulse height analysis—about 10 keV. No rise-time didiscrimination circuitry can be attributed to coherent scatterin

crimination is used on the Si-PIN detector. of solar and sky X-ray sources from the surface of the asteroi
The magnitude and shape of the sky component can be det
Instrument Safing mined from measurements made on the dark side of the asterc

The X-ray detectors may be damaged by very high count ratay_ring the Apolio r::iSSir? nsd, itllN a;d fogndkthat th(;S corlrgjpg nen
For thisreason, flight software was designed to remove highvo“i\f‘:’lS constant, so that the dark-side background could be st
?ted directly from the pulse height spectra measured on t

age from any detector whose count rate exceeded a preset 1&VRF .
Normally, this level is 30,000 counts/s, but may be adjusted 89”"‘ side (Trombkat al. 1979_)' .

ground command. If this threshold is exceeded, the high volt- For X-ray measurements, given anumb_erof s_ampl_es with t
age is turned off for one hour (adjustable by ground comman ime elemental bulk composmon., .X—ray intensity will depe_n«
After one hour the voltage is increased slowly (about 100 V e otonly on the eIementaI.compOS|t|onl, but ?"SO on the phys_Ac
ery 20 s). If the count rate exceeds the safing threshold the h ﬁte of th_e samplie materllal .(e.g., part|cle.S|ze and d|str|but|9r
voltage is again reduced to zero. Up to six retries (adjustable Is matrix effect is very similar for X-ray lines that are close in

ground command) are attempted. After this, high voltage can% ergy, so substrate matrix effects can be significantly reduc
restored only by explicit ground command ' y taking line intensity ratios. These ratios also cancel out mo

other geometric factors, since they are only weakly energy ai
element dependent (Adlet al. 1972a,b,c).

Methods for performing transformations from pulse heigh
to photon energy space have been developed for data from
struments similar to thBlEARXRS such as the Apollo X-ray

The XRS measurements must be corrected for a numberspectrometer (Trombket al. 1979). A number of methods may
factors in order to determine the incident photon flux from thige used to perform these transformations including least-squa
asteroid. Once the incident flux is determined, both qualitatiemalysis, spline techniques, peak search, and simple matrix tra
and quantitative geochemical information can be inferred. farmations. Several different methods will be used on the san
order to obtain elemental composition from the measured pulggectra to confirm the analysis.
height spectra, it is necessary to adjust the spectra to a commofihe final step in the data interpretation process is the infe
energy scale, normalize for solar activity, correct the spectruence of elemental composition from an analysis of the photc
for geometric factors (e.g., variations in altitude), correct fantensities detected in orbit. Laboratory and field calibrations, i
surface substrate matrix effects, and correct for the changicgnjunction with theoretical calculations, are required in orde
angles of incidence and emission. Finally, the individual specti@obtain photon-to-elemental composition conversion factor
may be summed and background subtracted. At this point;Tie approach developed for the analysis of the X-ray spectror
is then possible to convert the spectrum from pulse heighteter data is described in Clark (1979) and Clark and Trombi
photon flux, and then from photon flux to elemental compositio(1997).

DATA REDUCTION AND ANALYSIS

Introduction
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LEVEL 0 DATA PRODUCTS fer. For example, each channel of the four 256-channel spectre

16 bits. If the number of counts in any channel of a spectrum e;

The level 0 data products are just the raw data returned by #&ds 65,535 during an integration period, accumulation sto
XRS. The XRS produces four X-ray spectra and 41 rate count@ss that one detector (though channel rollover and continue
every integration period. All spectra contain 256 channels. Spefetector accumulation can be permitted by ground commanc
tral bins contain 16 bits. Rate counters are 32 bits. The spectifis has happened occasionally for the solar monitors durir
correspond to the unfiltered proportional counter detector, theriods of intense solar activity. Count rates exceeding 30,0(
Mg-filtered detector, the Al-filtered detector, and the active sper second will cause detectors to safe themselves as descri
lar monitor. Both solar monitors may be on at the same timgarlier. Here again, the integration period will be terminate
but spectra from only one of the solar monitors may be returneglrly. This too has been observed during cruise, usually for tt

for any integration period. Rate counters include raw event rai@§iar monitors. They recover autonomously when the count ra
and valid event rates for each of the five X-ray detectors. In agrops below 30,000 per second.

dition, for the four proportional counters, rise-time reject, true
rise-time reject, false rise-time reject, and cross-talk rates are LEVEL 1 DATA PRODUCTS
also provided.

The X-ray data set also includes both science and engineering he level 1 data products are the raw data records with spe
housekeeping. The science housekeeping data set containgr@3yain corrections, spatial parameters, and other derived [
parameters and the engineering housekeeping data set containgters added to each record. Beginning in February 20C
162 parameters. These two data sets contain the 41 rate cdbaNEARspacecraft will spend about one year in orbit aroun
ters as well as engineering information such as high voltagt3 Eros. The XRS will accomplish most of its highest quality
lower level discriminator settings, temperatures, location of tladservations during the 175 days in low orbit—50 km or less
Fe-55 calibration rod, and many other engineering paramet&ssuming 100-s integration periods during most of this time im
that allow the experimenters to evaluate the status of the instplies 864 records per day and over 150,000 records for just tl
ment. A few of the more important housekeeping parameters éwe-orbit portion of the mission. Each one of the science recorc

discussed below. returned by the XRS contains four 256-channel spectra, 53 s
ence housekeeping parameters, and 162 engineering houseke
Mission Elapsed Time ing parameters. Added to this information are all of the derive

Every science record returned by the XRS is time tagged Wﬁﬁqmetrlc' and spatial parameter.s, which mplude spacecr.aft.I
cation, altitude above the asteroid surface, instrument-pointir

the spacecraft mission elapsed time (MET). Data pI‘OCGSSI\I}l fctor, asteroid solid angle, the portion of the asteroid in the fiel

uses MET to access the SPICE kernels to return positionso? iew, the portion of the asteroid that is illuminated, and sola
the Sun, Earth, and the spacecraft in the asteroid body fixgd o P ’

coordinate system. SPICE is a data system that contains :ﬁqeqles of incidence and emission. Finally, because the aster

geometric and other ancillary information needed to correla?leJrface may be highly irregular, it is possible that regions of th

individual instrument data sets with data from other instrumen urface_ that might otherwise be illuminated and visible to th
) . . . RS will in fact be shadowed or occulted. All of these factors
spacecraft ephemeris, attitude information, and other relevant
. - must be accounted for before spectra can be properly norm;
geometric and timing parameters. . L N
ized and summed. For normal solar activity levels, it is expecte
that approximately three to six hours of observations may &
_ necessary in order to obtain good counting statistics for any or
One of the parameters returned as part of the science housgion of the asteroid. This means normalizing and summin
keeping records is DQI or data quality index. This parametg@00 or more spectra that may have been taken weeks apart ¢
is zero if all of the data packets for a science record have bagtder very different observing conditions. Producing just th

received at the APL Science Data Center (SDC). DQI is setiivel 1 data products for the XRS is a monumental bookkeepir

Data Quality Index

one if any packets are missing. challenge. The following sections describe how corrections a
. . made to spectral data to produce the level 1 data products. C
Integration Time tails of the normalization process can be found in McClanahe

The integration time of each spectrum is included with eadi al- (1999a,b).
science record. During orbit this time will most often be 100 Bain Correction
There will be some cases when integration periods will be
shorter. One example is if a command is sent to the XRS forBefore spectra can be summed, the energy scale of each sp
immediate execution. So as not to corrupt the current recotdym must be determined and adjusted to a common scale. F
the integration period is terminated prematurely, the commatite three asteroid-pointing detectors this may be accomplish
is executed, and a new 100-s integration period begins. Eachirotwo different ways. First, as described above it is possibl
the four returned spectra has its own integration time that @cerotate Fe-55 calibration sources into the field of view. Thi
normally the same, but in some unusual circumstances may @i be done periodically throughout the mission. During every
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24-h period of orbital operations, alta8ih will be spent with shown in Fig. 12. The effect is at its worst within about 24
the high-gain antenna pointed at the Earth to return the preafter high voltage is applied. The proportional counters take a
ous 16 h of accumulated data. During this tracking period tipeoximately four to six weeks to completely recover. Figure 1.
asteroid will most likely not be in the field of view of the XRS,shows the response of the Mg-filtered proportional counter to tt
and it is therefore a natural time to conduct these calibratiori®e-55 source over a six-week period. The four plots represe
During the three years of cruise, several thousand hours of datéme progression following high-voltage turn-on on 17 Marcl
have been collected by the XRS, and the gain has been rema®%99. The progressive recovery from the space charging effe
ably stable. (There is an exception to this that will be discussedn be seen.

below.) This is largely due to the high-voltage control circuitry A similar effect was observed following a large solar particle
described above and in more detail in Goldstétral. (1997). event such as occurred in November 1997, but the time co
Therefore, the calibration sources will be used no more thatants are somewhat different. The degradation develops mt
once or twice a week during orbital operations. The location afore slowly—taking about two weeks to reach its peak levels-
the calibration rod can be determined from an engineering pd then recovers in about the same amount of time. The le\
rameter (XRAY.CALIB _MOTOR_POS) whose value is 0 if the of degradation never reaches that seen following high-voltac
sources are inthe home position and notin the field of view of atyrn-on.

ofthe detectors. The value of this parameteris 75, 100, or 125 deThe XRS will be off during orbit insertion in February 2000.
pending upon whether the Mg-filtered, unfiltered, or Al-filtere#following orbit insertion the instrument will be turned on anc
detector, respectively, is viewing the Fe-55 calibration sourcehigh voltage applied. There are no plans to remove high vol

The asteroid-pointing detectors will, of course, also obserage again during the one year of orbital operations. Of cours
lines of known energy from the surface of the asteroid. Wheaespacecraft safing event will remove power from all scienc
counting statistics make it possible, these lines too can be ugestruments orNEAR Several of these have occurred during
for energy calibration. While it may be necessary to sum sevecalise. High voltage may also be turned off because of detect
hours of data to obtain well-defined spectral features, this is stlifing. For this reason, in addition to simple gain corrections
a useful exercise, because any significant gain changes dusiilbe necessary to monitor line tailing. Where tailing occurs
these times will be detected as line broadening. care must be taken in summing spectra.

The solar monitors cannot be calibrated by either of theseA tailing parameter will be included with every level 1 data
methods, and must therefore rely on solar line flux for emecord. This parameter will be calculated as the ratio of th
ergy information. Solar flares have, on numerous occasions dewunts in two-channel (energy) regions of the X-ray spectrul
ing cruise, produced X-ray lines from Fe and Ca of sufficienthen the Fe-55 source is in the field of view: channels 95-11
strength to be observed in solar monitor spectra. In addition, likealley) and channels 135-155 (peak), as indicated in Fig. 1
the asteroid-pointing detectors, both the proportional counter 8ecause the Fe-55 source viewed by the Mg-filtered propc
lar monitor and the Si-PIN solar monitor have been extremelipnal counter is strongest, this detector will be used most ofte
stable throughout cruise, so gain correction is not a serious issioedetermine tailing. Experience with cruise data has shown th

Every level 1 data record will include the gain and zero of thall the proportional counters respond to space charging in a sil
four returned X-ray spectra. Since a single 100-s integratidtar fashion. The tailing parameter is larger when low-energ
even with the Fe-55 calibration source in the field of view, willailing is greater. It may be as large as 0.6 about 24 h aft
not provide sufficient statistics for a reliable energy calibratiohjgh voltage is turned on. When there is no low-energy tailin
summing of spectra will be necessary. One to two hours of acqresent, this parameter will be close to 0.2. For the four curve
mulation time, at a minimum, will generally be necessary. Tha Fig. 12, the tailing parameters are 0.51, 0.42, 0.26, and O..
gain and zero for these summed spectra will be plotted in a tirffoe 03.18 19, 04.01 99, 0418 99, and 0502 99, respectively.
series that will then be fitted with a polynomial function. Onc@&he tailing parameters at four weeks (08 99) and six weeks
this fitting function is defined over a long enough period of tim@5.02.99) are the same. This indicates that the low-energy tal
to ensure no significant changes as newer data are collectedjtigeis gone, but there is still a residual effect. At four week:
gain and zero for each of the four spectra in every level 1 datéter high-voltage turn-on, the peak of the Fe-55 line is locate
record can be determined. about two channels lower than where it ultimately ends up tw

While the gain of the proportional counters has been quite staeeks later. Also, the energy resolution has not yet returned
ble in most circumstances, gain changes have been observeditsirominal value of 824 eV. The Fe-55MKpeak is broadened
ing two different operational situations: following high-voltagédoy about 15%.
turn-on and after large solar particle events. These effects hav®ne other issue regarding the solar monitor detectors shot
been simulated in laboratory measurements and are believebdéanentioned. The Si-PIN detector has failed briefly on sever
be due to space charging (Flogtlal. 1998). Following appli- occasions, usually following intense solar activity. Based on lal
cation of high voltage to the proportional counters (typicallgratory tests, it is believed that this effect is due to a charc
about 1165 V) the gain, as determined by measurements of tugdup in the 200-nm silicon-dioxide surface layer of the Si
Fe-55 calibration sources, drops by about 4% and the normaHiN that results in increased leakage current. The leakage ¢
Gaussian-shaped line peaks develop a low-energy tailing,raat increases until the bias on the FET causes the preamplif
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FIG. 12. Response of Mg-filtered proportional counter to Fe-55 source. The four plots represent a time progression following high-voltage turn-on
March 1999. The progressive recovery from the space charging effect can be seen. The valley (channels 95-115) and peak (channels 135-15bjaegic
calculate the amount of tailing are indicated.

to saturate and effectively turn off the detector (S¢al.1999). ence return for the XRS. In order to take into account larg
Removing high voltage from the detector for 24 to 36 h correcthanges in solar activity for normalization of asteroid spectre
this problem. 10 levels of solar activity, labeled O through 9, have been de
fined depending on count rate in the solar monitor detector
The definitions are different for each of the two detectors, tak

Each XRS science record returns three spectra from timg into account their different response as described in Table
asteroid-pointing proportional counters and one from the athe 10 levels of solar activity have been defined so that withi
tive solar monitor. The active solar monitor is the detector thttese ranges there is little change in the slope of the solar sp«
is pulse height analyzed during an individual integration periottum. This allows simple summing of asteroid spectra collecte
This selection is made by ground command that also allowshile the solar X-ray input is within the same intensity level.
the selection of active solar monitor to alternate every integré@umming of asteroid spectra collected while solar X-ray inpt
tion period—a so-called “ping-pong” mode. Itis this ping-pongaries more widely requires corrections for the changing shaj
mode that will be implemented during most orbital operationsf the solar spectrum. This is accomplished by solar mode
This is a complicating factor when normalizing spectra, but eagtg which takes into account changes in effective temperatur
of these detectors has its advantages. The energy range ofeiméssion measure, and X-ray line contributions at various st
proportional counter solar monitor is identical to that of th&ar levels. This process is discussed in some detail by Cla
asteroid-pointing detectors. The proportional counters can atid Trombka (1997). A separate summation is made of asterc
measure down to about 0.6 keV, while the lower level discriminapectra collected while the gas proportional counter is active
toronthe PIN is setatabout 1.5 keV because of electronic noispposed to the Si-PIN detector. While the two solar monitor
On the other hand the energy resolution of the PIN is superiorhave been intercalibrated, the summed spectra normalized
that of the proportional counters—600 and 824 eV, respectivellie two different solar monitors are not summed at level on
at 5.9 keV—which simplifies solar modeling. Also, the PIN iprocessing.
not subject to the same resolution degradation described above
for,:tir?sr?a?n?r(;ﬁigilc(;?:tjgtjrﬁhroughoutorbital operations wou?é’Iar Angles of Incidence and Emission, Shadowing,

L . . and Occultation

greatly simplify analysis of XRS data, but an active Sun can pro-
duce orders of magnitude more X-rays for minutes and some-The XRS experiment is not possible without the solar X-ray
times hours, thus greatly improving counting statistics and stivat excite the atoms in the surface of the asteroid, but even wi

Solar Activity
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TABLE | shape of Eros is made up of 8200 plates, each about0.5t0 1.0
Solar Level Definitions for Si-PIN and Proportional Counter on a side. Superimposed on this plate model is a bin mod
Solar Monitors that sums plates into near equal area spatial units. The bin s

is chosen based on the spatial resolution of the instrument-

Solarlevel SIPIN Detector Proportional cotnter little bit less than the size of the footprint at 50 km, or abou
0 0< SL < 3,500 0< SL < 16,000 3 km in diameter. Bins, therefore, include about 8 to 10 plates
1 3500 < SL < 5,000 16000 < SL < 32,000 As mentioned above, the MET provides a link to the SPICI
g ?’gggi gt < 1’10880 gggggi gt < ?88880 kernels that provide Sun, Earth, and spacecraft position. Cot
. 11000= SLj 20,000 100000 SLz 105000  Pining this information with the plate model allows, for each
5 20,000 < SL < 40,000 105000< SL < 120000  Science record, calculation of instrument boresight, average |
6 40,000 < SL < 80,000 120000 < SL < 140,000 cidence and emission angles, footprint area, total illuminate
7 80,000 < SL < 200,000 140000 < SL < 180,000 area, total visible area, total effective area, and total effecti\
8 200000 =< SL < 1,750000 ~ 18Q000=< SL < 1,900000  gplid angle. Each level 1 science data product will include all ¢
o 1750000 SL 1.900,000=< SL these derived parameters.

Note. A field-of-view status flag KO\ status ) will also be at-
256 tached to every record. Its purpose is to describe the applicak
SL=300) _ Solar.Spectrurti) ity of the level 1 science record to different science and missic
i planning activities. A set of five possible values has been spe
y SunDistancé ified for each level 1 science record as described in Table |
CosAngle.SoLMon- Solar.Live.Time Actv.SoLMon.Integ Time-D§  Category 0 data will be used for cosmic background measur
wherei = 32 for PIN, 19 for Gas an®o = 1.4AU ments. Categories 2 and 4 will be used for asteroid backgroul

determination. Categories 1 and 3 will be used for processir
constantsolar flux other solar-related issues need to be accoufiigstescence spectral data.
for when normalizing spectra. Both the angle of incidence be-
tween the Sun and the asteroid surfagea(nd the angle of emis- Bad Data Records

sion between the asteroid surface and the detector borggite ( As described above, the DQI is 0 if all of the data packet

will vary. Both of these angles are defined with respectto the NGL: a science record have been received and 1 if any packs

mal to the asteroid surface so small angles or large angle cosi Fesmissing. In addition. team members review all data recor

are preferred. These angles are important not only forgeome}ré%eived by the SDC to scan for *bad data” records. Exampl
normalization, but are also part of the mass absorption correctian. - 4 data are those records with corrupted spectral or hou:
as described by Clark and Trombka (1997). When the Iorodll'(‘t‘é‘teping data due to transmission problems, where one or m

?;S{?;énggr)r;k;ft:gig )islessthan 0.25, data are excluded frorHetectors have entered safing mode, when high voltage is outs
. ' . . f the nominal range, or any other anomaly that may result i
A detailed shape model of Eros will be used to define aildegraded summed spectrum. A bad data flag is included w

geometric and spatial parameters including angles of indde'&?ch record; it is zero if data may be used without reservatio
and emission. Naturally this model may change as more imagi '

. ) ) 1491094 one if data are suspect. Brief explanations for bad data fle
and laser altimetry data become available. Two important ISSUES 1150 included

in this regard are shadowing and occultation. In shadowing, a '
portion of the asteroid that would normally be illuminated by

the Sunis in darkness because another feature of the asteroid is
shading it. X-ray data collected from a region that contains suchrpo NEARXRS level 2 data products are summed spectr

a case would not provide any information on the shaded regiopyq heak areas extracted from the summed spectra for the X-
and factors such as effective area of the surface being sampled

must be corrected. Occultation presents a similar problem to
shadowing. Inthis case aregionthatis illuminated and nominally
in the XRS field of view cannot be observed because another
surface feature is in the line of site of the XRS. Again correction®y status XRS field of view
to effective area must be made.

LEVEL 2 DATA PRODUCTS

TABLE 11
XRS Field-of-View Status

0 Completely off the asteroid

Spatial and Geometric Factors 1 Completely filled by the asteroid and at least
part of the footprint is illuminated
Proper normalization of X-ray spectra requires careful atten- 2 Completely filled by the asteroid
tion to a number of geometric and spatial factors. An important and is completely dark
t of this normalization procedure is the representation of the Partially filled by the asteroid and at least

par . . p p . part of the footprint is illuminated
asteroid shape as a virtual surface made up of triangular plates. 4 Partially filled by the asteroid and is completely dark

The plate model that the XRS will use to describe the size and
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lines of interest. These summed spectra include all of the néunction of the proportional counters at the appropriate energie
malization factors described above for the level 0 and levelMany fitting methods are available, and in most cases differe
data products. The number of spatial units (bins) will vary witmethods will be used on the same spectra to confirm the an:
time. Early in the mission only global results will be possibleysis. The spectra from all three asteroid-pointing proportione
the number of bins is just 1. As ti¢dEARmMission progresses counters can be summed to enhance the signals from the Ca,
and more data are collected, the result will be improved statistiensd Fe lines.

for previously defined bins or, if statistics permit, rebinning of

the asteroid surface that will provide finer spatial resolution. Peak Area Extraction below 2 keV

Below 2 keV, the X-ray lines of interest for geochemical pur-
poses are Mg (1.254 keV), Al (1.487 keV), and Si (1.740 keV)

Above 2 keV, the X-ray lines that are of interest for geoAnalysis of these three X-ray lines is complicated by the fact the
chemical purposes are Ca (3.692 keV), Ti (4.511 keV), and Heey cannot be separately resolved by the proportional counte
(6.404 keV). The first step in extracting these peak areas isTtRe energy resolution of the proportional counters at these e
identify the background. The cosmic-ray background compergies is nearly 30%, far too great to observe any separation
nentcan be determined from XRS measurements collected whiggse lines. This is the reason for including the Mg and Al filters
neither the asteroid nor any sky X-ray sources are in the fieldpiie sharp K-edges of these two filters preferentially allow differ
view (FOV.status=0 ). Measurements of the dark side of thent amounts of the three X-ray lines to be detected by the M
asteroid will contain coherent scattering of sky X-ray sourcesd Al-filtered detectors. The response of these two detectc
from the surface as well as a contribution from cosmic raygd the unfiltered detector are identical, except for these filter
(FOVstatus=2,4 ). Combining the spectral measurements from the two filtered d

Peak area extraction is accomplished by fitting peaks amttors with that of the unfiltered detector makes the extractic
background simultaneously. Background may be subtracigftheak areas possible. The problem reduces to one of matrix |
first, leaving just the peaks for fitting, but generally speaking, fitersion or solution of simultaneous equations—three equatiol
ting the background and the peaks at the same time will produged three unknowns.
more reliable results. The fitting procedure uses the previouslyif N is the number of counts in each of the three detectors |
determined background shape and intensity and the respoigeenergy region 1 to 2 ke'gis the signal from the asteroi@,

Peak Area Extraction above 2 keV
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FIG. 14. Mg/Si (top) and Fe/Si (bottom) intensity ratios (for B1 solar activity level) versus concentration ratios for 12 different meteorite classes.

is the background, anél is the filter factor (detector efficiency Mg-filtered ditector:
at the specified energy), we then have Nuig = fgsiSsi + Tuigat S + Fuighig Sg + Buigs
Unfiltered detector: Al-filtered detector:
Nunt = funtsiSsi + funtarSai + funiMgSug + Bunts Nai = faisiSsi+ faai Sa + famg Sug + Bar-
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FIG.15. Mg concentration versus Si concentration for different meteorite classes. Very distinct patterns can be seen for achondrite, chondritefeaadttwo
subclasses of stony iron.

Solving the above set of simultaneous equations for the thndeus sections, elemental abundances can be calculated from
unknowns Sinr, Sug, andSy is straightforward. Table Ill gives XRS spectra. Beyond this basic step, however, using line rati
the nine filter factors. Those for the unfiltered detector are calnd relating these ratios to various meteorite compositions c:
culated. The actual filter thicknesses have been determineddoynfirm the abundance calculations and is a powerful techniqt
X-ray transmission measurements, and they are 9.2 andmd.0 for evaluating the XRS data.
for the Mg and Al filters, respectively.

Line Intensity Ratios and Elemental Concentrations

LEVEL 3 DATA PRODUCTS o . _ _ .
Line intensity ratios are a valuable analysis tool, especiall

The level 3 data products are the final results of the XR8 the early stages of XRS investigations. Matrix effects tha
analysis. They will include line intensity ratios, elemental corgould result from gross physical and compositional variations i
centrations, and classification(s) with known meteorite group(#)e regolith are significantly reduced and most of the geometr
A detailed description of the method for calculating the X-ragorrections described above also cancel out.
fluorescence for the & line for each element, as well as the Models of surface X-ray spectra production have been d
coherent and incoherent scatter in the vicinity of the line, ieloped in order to generate theoretical spectra for a variety
given in Clark and Trombka (1997). Using the parameters atfgets and to predict the relationship between elemental lir
equations described in Clark and Trombka (1997) along withtensity ratios and concentration ratios under anticipated sol
the geometric factors and normalizations described here in peenditions. These models must take into consideration not on

the anticipated solar flux, but also the anticipated range of €

TABLE Il emental concentrations in the target. Line intensity ratios at

particular level of solar output will show the same relationshiy

as long as the slope of the solar spectrum has been correc

Detector Siline Alline Mg line modeled for a given level of solar activity. This is true even if

- the integrated solar flux is not measured with absolute accuras

L,\JA”f".tered 0.600 0.439 0.264 Figure 13 shows calculated Fe/Si line intensity ratios as a fun:
g filtered 0.008 0.001 0.116 , X :

Al filtered 0.000 0.165 0.059 tion of solar flux for three different classes of meteorites. Thes

predicted intensity ratios can be compared to measured intens

Detector Filter Factors
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FIG. 16. Mg versus Si concentrations for achondrites (top) and chondrites (bottom). Separation of various subclasses can be seen.

ratios obtained for the same area on Eros, but at different timeyss during larger flares the intensity of the higher energy Fe lir
in order to verify the normalization for solar variation. Of théncreases relative to the lower energy Si line.

various line ratios measurable by the XRS, the Fe/Si ratio is theUnlike the Apollo XRS experiments from the Moon, ground
most sensitive to changes in solar flux because these two X-tayth samples will not be available from Eros. Instead, initia
lines are widely separated in energy. As the solar spectrum hamkasurements of its bulk composition will be used to try t
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relate Eros to a particular meteorite class. Figure 14 shows plot§he depth and extent of dust cover on asteroids is a co

of Mg/Si intensity ratios versus Mg/Si concentration ratios arntdoversial issue. Differences between Fe data, derived from tl

Fe/Siintensity ratios versus Fe/Si concentration ratios for seveX®®S and gamma-ray spectrometer experiments, should be d

meteorite classes, calculated assuming a B1 solar level. En@differences in near-surface stratigraphy, and could put co

bars indicate thedl standard deviation observed in laboratorgtraints on the thickness of a surface dust layer. Fluoresce

analyses of different meteorites of a given type. Such plots wHtrays are generated at the very surface (in the<4gp mm),

be used to determine a likely meteorite analog for Eros. Byhereas gamma rays are generated at depths of 10 to 20

using several such plots of different element ratios, meteoriféhen spatial resolutions for the two results are made compar

class and in some cases even meteorite subclass may be relibldyany differences in Fe concentration measurements could

established. the result of differences in the composition of the top layer o
Surface maps of line intensity ratios will reflect changes ithe asteroid.

surface chemistry. Line ratio maps made with respect to a

constant abundance element preserve a direct relationship be- ACKNOWLEDGMENTS

tween the ratio data and the abundance data for the variable

element. If preliminary measurements indicate that Eros most he authors thank theEARmission operations team at the Johns Hopkins
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