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Abstract—We present the design of the gamma-ray and neu- are the remnants of the building blocks that formed the planets
tron spectrometer (GR/NS) for Dawn, which is a NASA Discovery- [1].

class mission to explore two of the largest main-belt asteroids, 1 Vesta is highly differentiated by igneous processes and is
Ceres and 4 Vesta, whose accretion is believed to have been in-b lieved to be th fh dit i d di it
terrupted by the early formation of Jupiter. Dawn will determine elieved to be the source or howardite, eucrite, and diogenite

the composition and structure of these protoplanetary bodies, pro- (HED) meteorites [2]. The HED meteorites provide a record of
viding context for a large number of primitive meteorites in our  igneous differentiation occurring early in the history of the solar
sample collection and a better understanding of processes occur- system. Ceres is likely to be water-rich and undifferentiated, and
ring shortly after the onset of condensation of the solar nebula. may have a more primitive, chondritic composition [3]. By de-

The Dawn GR/NS design draws on experience from the su(:ces,sfult inina th it d struct f th top| t
Lunar Prospector and Mars Odyssey missions to enable accurate ermining the composition and structure of these protoplanets,

mapping of the surface composition and stratigraphy of major ele- Dawn will provide context for a large number of primitive me-
ments, radioactive elements, and hydrogen at both asteroids. Here, teorites in our collection, thus providing a better understanding
we describe the overall design of the GR/NS and compare the ex- of processes fundamental to solar system evolution [4].
pected performance of the neutron spectrometer subsyst_em to t_he Dawn will be launched in May 2006 and, using solar electric
neutron spectrometer on Mars Odyssey. We also describe radia- . - L .
tion damage studies carried out on CdZnTe detectors, which will propulsion, willfirst travel to Vesta, arrlvmg approximately four
be Components of the primary gamma_ray Spectrometer on Dawn_ yeaI’S after |aUnCh. The Spacecraft W|” Cascade dOWnWa.rd from
We conclude that provisions for annealing at moderate tempera- an initial reconnaissance altitude to two lower circular mapping
tures (40°C to 60°C) must be made to ensure that the spectrom- grbital altitudes around Vesta. During the mapping phase, which
eter will function optimally over the nine-year mission. will last eleven months, instruments on board the spacecraft will

Index Terms—Gamma-ray spectroscopy, planets, neutron spec- measure surface elemental abundance and topography, measure
troscopy, semiconductor device radiation effects. the magnetic field, and return high-resolution images of the sur-
face. Early in 2011, Dawn will leave Vesta for Ceres. The cruise
to Ceres will last three years, which will be followed by a sim-
] . o ] _ ilar mapping phase that will last for 11 months [4].
D AWN is a NASA Discovery mission led by the University  The | os Alamos National Laboratory (LANL) is responsible

of California at Los Angeles, which will explore two off the gamma-ray and neutron spectrometers (GR/NS) on

the largest main-belt asteroids, 1 Ceres and 4 Vesta. Itis thougli{yn. The GR/NS will measure the abundance of major
that the accretion of these protoplanets was interrupted by @lgments, including O, Si, Ti, Al, Fe, Ca, and Mg. Knowledge
formation of Jupiter, shortly after the onset of the condensatigp the composition of all major rock-forming elements is
of the solar nebula. Thus, Ceres and Vesta contain a recordy@bded to provide context for meteoritic data and to constrain
conditions at the earliest time in our solar system’s history apghdels of planetary structure and evolution. The gamma-ray

spectrometer will also determine the abundance of radioactive

. . . , elements, including K, U, and Th. The ratio of the volatile
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Fig. 1. Cutaway view of the GR/NS for dawn.

expertise in the development of diagnostic instrumentation for TABLE |

the detection of nuclear explosives in and above the Earth’s INSTRUMENT SPECIFICATIONS

atmosphere, which started with the Vela program in the mid-  “g ¢ ification Value

1960s, extends to the present day, and includes over 330 flight "Mass 10.5 kg

instruments. Power 9.0 W

In this paper, the design of the GR/NS is presented along with _Dimensions 25.7 % 18.0 X 20.3 cm®

a comparative study of the expected performance of the neutron _Data rate 3.0 kbps

spectrometer relative to the Mars Odyssey neutron spectrometer, _Fieldof view 2n

The gamma-ray spectrometer design that will be used for Dawn 24 cycle on orbit 100%
Operating temperature 20+ 5°C

was described in detail elsewhere. [7]. Here, we present results
of a study on the effect of radiation damage on the performance
of the CdZnTe component of the gamma-ray spectrometer gageration at higher temperature also will enable a higher rate
engineering measures that will be employed to mitigate the @fannealing of radiation damage to the CdZnTe crystals during
fect of damage during the nine-year mission. the mission.

Signals from each CdzZnTe array element will be digitized
on board the spacecraft and sent to ground for analysis. Event
mode data from the array elements will be combined to produce

The GR/NS will be mounted on the deck of the Dawn spaca-single spectrum, representative of the entire array, with pulse
craft. Because the instrument will be in close proximity to thikeight resolution equal to the average of the individual elements.
bulk of the spacecraft, special provisions have been madeTihe array is mounted on top of a BGO crystal that acts as an an-
the design of the instrument to allow suppression or subtrd@oincidence shield to suppress gamma-rays that come from the
tion of background radiation originating from the spacecraft. 8pacecraft. The BGO is also used to acquire gamma-ray spectra
drawing of the instrument is shown in Fig. 1, and general instrand will serve to augment the detection efficiency of the CdZnTe
ment specifications are given in Table I. array (in coincidence mode) and as a backup, stand-alone, spec-

The gamma-ray spectrometer will contain a<4 array trometerif needed. The CdZnTe array has sufficient pulse height
of coplanar grid CdZnTe semiconductor radiation detectorssolution and counting efficiency to map all major elements
which will serve as the primary gamma-ray spectrometer. Eaahd radioactive elements with improved accuracy compared to
element in the array will contain a single ¥QL0x 7.5 mm the BGO-based spectrometer flown on Lunar Prospector [7].
CdznTe crystal and will have pulse-height resolution better Surrounding the BGO crystal and CdZnTe array are four
than 3% full-width at half-maximum (FWHM) at 662 keV atboron-loaded plastic scintillators (BC454). The nadir (asteroid)
20°C. The operating temperature of the GR/NS9@) was facing and zenith facing elements are primarily sensitive to
selected to enable optimal performance of the CdZnTe arrégst and epithermal neutrons because they are shielded by
We have observed polarization of CdZnTe detectors at lowdri-loaded materials that absorb thermal neutrons. The two
temperatures typically used for flight hardware20°C+5°C). side facing elements will respond to neutrons of all energies.

Il. DESIGN OVERVIEW
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Fig. 2. Cross-sectional view of the GR/NS showing the arrangement of neutron and gamma-ray sensitive elements.

The plastic scintillators are arranged so that the flux of neutrobsloaded glass count rate, which is sensitive to both thermal
originating from the spacecraft can be suppressed, separateig epithermal neutrons. In order to obtain epithermal and fast
measured, and subtracted from the neutrons that originatengutron detection efficiencies comparable to those achieved by
the asteroid. The plastic scintillators also serve as a cosrttie Mars Odyssey neutron spectrometer, the dimensions of the
ray suppression system. The use of boron-loaded plastic fadir and zenith facing BC454 components were selected to be
planetary spectroscopy was first demonstrated on the Lu®a87x 10.50x 2.54 cm.
Prospector mission [8]. Light produced in the scintillating Fast neutrons will be separated from epithermal and thermal
components is measured by five photomultiplier tubes (showeutrons by detecting in coincidence the light output from
in Fig. 1), one for the BGO crystal and four for the BC454roton recoils produced by interactions between the fast neutron
scintillators. and the plastic followed later in time by light output when the
The arrangement of sensors in the GR/NS is shown in Fign2utron is absorbed at low energy B{B. This characteristic
along with a diagram of a fast-neutron interaction with the nadidouble-pulse signature can be observed for neutrons above 700
facing scintillator. The nadir-facing prism is expected to provideeV. The light produced by the prompt interaction of a fast
most of the science return because it is well shielded from theutron and the hydrogen in the plastic provides a measure
spacecraft and is most sensitive to neutrons from the surfacebthe energy of the incident neutron. This approach for fast
the asteroid. Thermal and epithermal neutrons produce sensiidatron spectroscopy for planetary science was demonstrated
light when they are absorbed via th&B(n, a)7Li* reaction, on Lunar Prospector and Mars Odyssey [8], [9].
which makes 93 keV electron equivalent light output due to the The 478 keV gamma-ray produced by the decaiLaf when
recoil of the reaction products. detected in coincidence with the 93 keV of sensible light from
Thermal neutrons from the asteroids will be detected Hlige 1°B(n, «) reaction in the plastic will be used as a calibra-
the SLi-loaded glass (GS20), which is optically coupled ttion line for the gamma-ray sensing elements. Based on count
the nadir facing plastic scintillator, forming a phoswhichrates observed during the cruise- and mapping-phases of Lunar
Signals from the plastic and glass will be separated aRdospector and Mars Odyssey, ample gamma-rays are produced
analyzed electronically using a time-domain filtéLi-loaded by this reaction for calibration during all phases of the mission.
polyethylene surrounds the nadir and zenith facing scintillators
in order to provide shielding from thermal neutrons originating I
from the spacecraft. The thickness of the Li-loaded glass (2"
mm) was selected so that the glass would be nearly opaguéhe Dawn neutron spectrometer derives much of its heritage
to thermal neutrons. The thermal neutron count rate wilom Mars Odyssey, which flew a block of boron-loaded plastic
be determined by subtracting a portion of the BC454 coutitat was segmented into four optically isolated prisms that were
rate, which is sensitive only to epithermal neutrons, from theéewed by separate photomultipler tubes. A pair of prisms was

N EUTRON SPECTROMETER EXPECTED PERFORMANCE
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The spatial resolution that can be achieved by an orbiting
spectrometer is roughly (to within 30%) 1.5 times the altitude
of the spacecraft [13]. So, the footprint of the Mars Odyssey
neutron spectrometer was about 600 km FWHM at the surface
from an orbital altitude of 400 km, which corresponds to approx-
imately 10 of arc-length (the diameter of Mars is approximately
6800 km). The sensitivity of the spectrometer is sufficient to en-
able observation of seasonal changes in the thickness and spatial
distribution of polaiCO- frost (on the time scale of two weeks),

l and to detect minute variations (less than 0.5 weight percent) in

Count rate (counts/s)
3

water concentration at mid-to-equatorial-latitudes.

[ The Dawn spacecraft will enter into circular mapping or-

s \—— Thermal . . .
| o | o Boithermal bits around Vesta and Ceres, with most of the time (130- to
3| ‘ ‘ p} 140-days) spent in a 130 km altitude orbit at Vesta and in a
150 -120 90 -60 30 O 30 60 90 120 150 150 km altitude orbit at Ceres. The average diameters of Vesta
Latitude (degrees) and Ceres are 516 and 940 km, respectively. Consequently, the

neutron spectrometer should be able to resolve surface features

Fio. 3. Lonaitudinall dth | and epith | rat separated by greater than°4f arc length on Vesta and greater
1g. o. ongitudinally average ermal ana epithermal count rates measu . . . .
by the neutron spectrometer subsystem of the 2001 Mars Odyssey Gamma- 30 on Ceres. The resolution achieved during mapping

Spectrometer. The count rates are mirrored at the pet689) and extended Will be sufficient to analyze global-scale variations in composi-
to improve visualization of the polar caps. The lines are provided to guide ttjgn. Higher resolution (approximately 26n Vesta and 10on
%%TFZZFS:[?;%?; ;hﬁgceﬁigygggzd overthe mapping phase of the migsigpe o) will be achieved during a low altitude (75 km) mapping
phase, which is expected to last 25 days at each of the asteroids.
A factor-of-three improvement in resolution can be achieved if
oriented on the line of motion of the spacecraft, one facing in t@@aﬂm deconvolution methods are applied to the mapping data
direction of motion and the other facing the opposite directiognd if sufficient statistical precision is obtained.
The forward facing prism saw an enhanced contribution fromye used a Monte Carlo simulation to estimate thermal and ep-
thermal neutrons owing to the high speed of the spacecraft (aBermal count-rates measured by the nadir facing sensors while
proximately 3.4 km/s) relative to the average speed of thermalorbit around Ceres and Vesta. MCNPX was used to simulate
neutrons (approximately 1.9 km/s on Mars). Both the forwaigle surface output of neutrons for different materials that may be
and backward facing prisms were sensitive to the spaceci@ftind on the surface of Ceres and Vesta [14]. MCNPX models
background and epithermal neutrons from the surface of Magige interaction of energetic cosmic rays with the surface, the pro-
A count rate that is proportional to the thermal neutron leakag@@ction of fast neutrons and their moderation within and leakage
flux can be obtained by Subtracting the count rate measuredfpym the surface. A separate Monte Carlo code was developed
the backward facing prism from the forward facing prism [10}o model the transport of neutrons from the surface to the space-
Epithermal neutrons were measured by a nadir-facing prisgiaft and their interaction with the neutron sensing elements in
which was shielded from thermal neutrons by a cadmium fajhe spectrometer. The simulation takes into account the speed
and partially shielded from the spacecraft by the other thrgethe spacecraft and the gravitational binding of thermal neu-
prisms. Because the mass of Ceres and Vesta are small c@@hs (important only for the terrestrial and more massive outer
pared to Mars, the orbital speeds (200- to 300 m/s) will be t@fanets) and the effect of altitude on count rate.
low to use spacecraft motion to separate thermal and epithermagimulated count rates are given in Fig. 4 for variable amounts
neutron signatures. This motivated our use of Li-loaded glagswater in eucrite (which is assumed for the composition of
for thermal neutron detection on Dawn. Vesta) measured from orbit at 130 km altitude around Vesta.
Longitudinally averaged thermal- and epithermal-neutrofhe points (from top to bottom) shown correspond to 0%, 0.1%,
count rates measured by Mars Odyssey are given in Fig. 3. Th&%, 1%, 2%, 3%, 5%, 10%, and 100% water by weight. The
counting rate data shown have been averaged over time frepithermal count rate decreases monotonically with water abun-
late winter to mid-summer in the northern hemisphere. Thiance and is known to be insensitive to composition other than
prominent peaks that occur in the thermal neutron count ratater for common planetary materials.
at the poles are caused by the presenc€®©# in the form of The uncorrected response, plotted on thaxis, is the raw
seasonal frost. Both the thermal- and epithermal-count-ratesint rate that would be observed by the lithiated glass, which
achieve their minimal values in the terrain surrounding the sensitive to both thermal- and epithermal-neutrons. The cor-
poles (poleward of 50, which is thought to be rich in water rected response was obtained by subtracting 8.58 count
ice present near the surface, buried beneath a thin layerratle of the boron-loaded plastic from the lithiated glass, which
dry material [11], [12]. Maximum epithermal count rates arprovides a proxy for the thermal neutron count rate. The amount
achieved equatorward of 50where water ice is unstable.that must be subtracted was determined by comparing the count
Variations in thermal and epithermal count rates in regiomate predicted for the lithiated glass to the thermal neutron flux
where water ice is unstable could be caused by the presenc@af neutron energies less than 0.4 eV) for water and dry mate-
water in the form of hydrated mineral deposits. rial.
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20 - ‘ T ' - o The experiment was in low earth orbit for approximately four
months. MIR’s orbit traversed the south Atlantic anomaly
Vesta, Corrected response Vesta, Uncorrected response (SAA), aregion where the radiation belts dip close to the Earth.
Eucrite, 0% to 100% water Eucrite, 0% to 100% water While over the SAA, the CdZnTe detectors witnessed elevated
= ) count rates, indicating increased exposure to the terrestrial inner
radiation belt energetic particle environment. The pulse height
N o resolution of the detectors was characterized prior to launch
and upon return from MIR. No change in the performance of
the detectors was observed. [16].
- o An array of 17 CdZnTe detectors (each crystal was 1.5
- o mm thick) was flown on a Spanish astrophysics mission
- o (LEGRI/Minisat-01), launched in 1997. The time-variation of
the spectral shapes and relative count rates recorded by the
Ceres, 100% water % ° ‘ detectors was reported in 2001 [17]. Spectral shapes were found
Ceres, Carbonaceous Chondrite . . . .
to be stable over a two year period in low earth orbit, which
Mars Odyssey, e
w1 A4 100% water, 16 glem? atmosphere suggests that any rad|at|on.dama§ge accrueq by the dgtectors
— T ‘ S— produced negligible change in device electronic properties.
0 2 4 6 8 10 12 14 Radiation damage studies of CdZnTe have been carried out
Thermal neutrons (counts/s) Ufsing accelerator proton sources, and a review of this work is
given by Frankset al.[18] They reported that exposure to 200
Fig. 4. Comparison of thermal and epithermal count rates for the MakdeV protons with a fluence of %10° cm =2 (a dose of approx-
Odyssey and Dawn neutron spectrometers. All of the data points W‘?Fﬁately 0.2 kiIorads) caused a factor of two loss in pulse height
calculated using a Monte Carlo code. e )
resolution at 122 keV for a 3 mm thick planar CdZnTe detector.

Simulated for th Their study also shows that the magnitude of the effect of ra-
Imulated count rates for the Dawn neutron spectrometer t%tion damage on performance is device specific. The change

i 9 i _ . ) -
cgrbonaceous chondrlte and 100% water (bo_th of which are PRPperformance at these dose levels is probably associated with
sible surfa_ce materials on_Ce_res) from orbit around Ceresiﬁé)reased electron trapping [19], [20], which may account for
150 km altitude areghown n Flg.h4. Thehthermlal neL_lgorj co e variation in the effect of radiation on the performance of
rates were corrected to remove the epithermal contribution. ke et devices following irradiation. It has also been reported

comparison, the count rate that _WOUId, be measured by the Mﬂ{ﬁt the performance of CdZnTe can be recovered by annealing
Odyssey neutron spectrometer in orbit around Mars for a terr Proom temperature or elevated temperatures [21], [22].
consisting of 100% water ice distributed over the entire footprint The dose to CdznTe crystals for the Dawn mission is

?f]: the sptecttrometer '? ?ﬁo thown. Tgethsmulat;]qn S:(;Wsh;'.é%ected to be 0.2 kilorads/yr [23], [24]. This estimate assumes
€ countrates expected for Dawn and those achieved tor 'Ezt the effective thickness of the material surrounding the

—
W

Epithermal neutrons (counts/s)
19 S
| |
o

\(/)desseyl acrje ‘:,;]mzlz;)r, desrp])lte the slmaller.f}z'te c;f the asteroigg,iy) i 2.7g/cm?. The surrounding neutron-sensitive ele-
€ conciude that Lawn has ample sensitivity fo measure nts in the Dawn GR/NS are at leasg/8m? thick and are

ranges of water abundance and composition expected at Veféﬁ%ed with natural boron arftLi. Therefore, they will act as

and Ceres. an effective shield, minimizing activation by thermal neutrons
originating from outside the instrument. Protons incident on
the CdZnTe array with energies between 60- and 100-MeV
CdznTe has limited heritage for space applications. Constre expected to be the primary source of damage during the
guently, the BGO scintillator must serve both as a back-shighission.
for the CdZnTe array and as a backup spectrometer in the evento determine the effect of radiation damage on CdZnTe de-
that the CdZnTe array fails to function as required. Our chigéctors for Dawn, we irradiated 12 coplanar grid CdZnTe de-
concern is that the effect of radiation damage on the perfdectors. Engineering test detectors manufactured by eV Prod-
mance of CdZnTe in the space environment is not well knowacts for the Dawn mission were used in the study. Each detector
Consequently, we have carried out experiments to determine Wes an operational coplanar grid device with ax100x 7.5
magnitude of the effect and whether damage can be removedioy crystal mounted in a prototype flight assembly. The perfor-
annealing. mance of the detectors was highly variable. However, at least
While several future missions will use CdZnTe for varioufour devices operated near the target flight performance (3%
applications, CdZnTe spectrometers have been flown on offyWHM at 662 keV). The remaining detectors made a peak at
one previous mission for which gamma-ray spectroscopic p&62 keV, but had relatively poor performance and were unsuit-
formance was characterized before and after flight. In 1997, ahle for flight.
board the Russian space station MIR, six CdZnTe single crystaExposure to energetic protons was carried out at the Harvard
devices with planar electrodes (each crystal wax10x 3 Cyclotron Laboratory (HCL) in April of 2002. The detectors
mm, manufactured by eV Products) were used to monitor theere exposed to protons with a mean energy of 153.7 MeV in
diffusion of a radiotracer in a liquid metal diffusion experimentlark conditions and without applied bias. Because the detectors
carried out by the University of Alabama, Huntsville [15]are expected to operate primarily during the mapping phase of

IV. CDZNTE: RADIATION DAMAGE AND ANNEALING
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Fig.5. Spectra acquired for K26-04: (1) prior to irradiation; (2) immediatelffi9- 6. Spectra acquired for K26-01: (1) prior to irradiation; (2) immediately
after irradiation; (3) after annealing for 33 h at@D; (4) following three months  after |rra(ii|at|0n; (3) following three months in storage a} room temperature, 22
in storage at room temperature; and (5) after annealing for 24 it at#lowed D at 40C and 182 h at 60C; (4) following 115 h at 60C:; (5) following 23

by 24 h at 66 C.. Counting rates of all spectra are normalized at the centroid §fat 60 C; and (6) following 218 h at 66C. Counting rates of all spectra are
the full-energy peak. normalized at the centroid of the full-energy peak.

the mission, which is short compared to cruise, we chose notaergy peak was 5.9% FWHM. The spectrum was obtained for
bias the devices during irradiation and subsequent annealing&ysulk bias of-1000 V and a differential bias of40 V. The
cles. During irradiation, the dark current induced by proton iroperational parameters of coplanar grid detectors and the effect
teractions was monitored in order to determine the rate at which bulk bias, differential bias, and differential gain settings
trapping centers were produced in the crystal. The current was pulse height resolution is described in detail elsewhere
observed to decrease exponentially with an e-fold reduction[26]. The settings prior to irradiation will be referred to as
magnitude occurring at a fluence ok30''cm—2. the nominal settings in the discussion that follows. Following
The detectors were exposed to fluences of 153.7 MeV protanadiation, bulk bias, differential bias, and differential gain
ranging from 1x10%m=2 to 5x10'°cm~2. Using the TRIM were adjusted over a wide range; however, we were unable
code [25], we estimated that a fluence of 50'°cm—2 at 153.7 to find a full energy peak. A representative post-irradiation
MeV will cause as much damage as a dose of 0.6 kilorads $yectrum is labeled (2) in Fig. 5.
energetic protons encountered during the mission (which will We then annealed the detector at60for 33 h. Conse-
have a mean energy between 60- and 100-MeV at the sensquently, we were able to identify a peak at the lowest differential
Thus, the maximum dose in our experiment corresponds to t&in setting and at nominal bias settings. The spectrum is la-
dose received over approximately one-third of the mission. beled (3) in Fig. 5. The resolution of the peak improved when
Post-irradiation characterization revealed that detectors exe increased bulk bias, which indicated that increased electron
posed to the lowest dose suffered minor losses in pulse heighpping was likely the cause of reduced resolution. Next, the
resolution. For example, detector K26—-02 had a pulse height rdstector was placed in storage for three months to determine if
olution of 2.8% FWHM at 662 keV before irradiation. Aftersignificantimprovementin performance would occur following
being exposed to a fluence ofxi10°cm~2, the pulse height annealing at room temperature. The resolution was found to
resolution was 3.4%. The loss in resolution generally increasieaprove considerably. The spectrum measured following this
with dose. Above 510°cm 2, we were unable to identify a step is labeled (4) in Fig. 5, obtained with nominal bias settings
peak at 662 keV for most detectors. Because the dose at whigth the differential gain at the minimum setting. Finally,
the onset of performance degradation is low compared to the were able to restore the resolution of the detector to that
dose expected over the Dawn mission, annealing was investthieved prior to irradiation with two anneal steps: 24 h at
gated as a potential engineering measure to mitigate the effefl®8C followed by 24 h at 60C. The final spectrum, labeled
of radiation damage. Annealing of two detectors is describ€d) in Fig. 5, was obtained with nominal bias settings and with
here. the differential gain adjusted to achieve the best resolution.
Detector K26—-04 was exposed to a fluence of1%cm 2. Detector K26-01 was exposed to a fluence ofi®'%cm 2,
Spectra acquired for this detector for'& Cs source (662 equivalent to roughly one third of the dose expected during the
keV gamma-rays) before and after irradiation and followinBawn mission. Prior to irradiation, this detector had a pulse
annealing are shown in Fig. 5. The spectrum labeled (1) wiasight resolution of 3.5% FWHM, slightly worse than the target
acquired prior to irradiation. The width of the 662 keV fullperformance of the flight detectors for Dawn. A pre-irradiation
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1.2 latter is provided by new technology, CdZnTe, which will make
Prior to irradiation its debut in planetary science on the Dawn mission.
14 \ The Dawn neutron spectrometer will provide global maps
./-/'/'/.A of water-equivalent hydrogen, reveal spatial variations in
L] surface elemental composition on Ceres and Vesta, and provide
0.8 | essential information needed to translate measured gamma-ray
counting rates into elemental abundances. Despite the smaller
size of the asteroids, neutron count rates predicted for the
0.6 - . . Dawn GR/NS in mapping orbit around Ceres and Vesta are
tep 4 similar to count rates observed by the Mars Odyssey neutron
spectrometer, which have been analyzed to determine global
maps of water-equivalent hydrogen and seasonal variations in
the thickness and extent of pold©, frost on Mars. The Dawn
02 - . neutron spectrometer builds on the success of Mars Odyssey,
using proven technology (boron-loaded plastic scintillators)
to achieve our science objectives. Future work on the neutron

0.4 -

Peak channel (relative to maximum)

0 w w w w ‘ spectrometer will involve the development of flight electronics
100 300 500 700 900 1100 1300 1500 for the Li-glass/BC454 phoswhich time-domain filter.
Bias (V) An array of CdZnTe detectors will serve as the primary

gamma-ray spectrometer on Dawn, providing significantly
Fig. 7. Peak channel for the 59.5 k&% Am gamma-ray as a function of bulk improved pulse height resolution compared to scintillators
bias before irradiation and after step (4) for K26-01. flown on previous planetary mission. We have shown that the

performance of damaged CdZnTe detectors can be restored

spectrum is labeled (1) in Fig. 6. Following irradiation, a pealer doses expected during the Dawn mission by annealing at
could not be found and a sequence of annealing steps was ¢igvated temperatures. For example, one month of annealing at
dertaken that ultimately restored the performance of the detec®§f C may be required for every three years of operation in the
to its pre-irradiation performance. These steps are outlinedSRace environment. Furthermore, we have found that annealing
Fig. 6. All of the spectra shown in Fig. 6 were measured with ofSCUrs at operating temperatures@), which may reduce or
timal pre-irradiation bias settings (bulk bias-ef200 V and dif- €liminate the need to anneal at higher temperatures.
ferential bias of-40 V). The differential gain was always set at This conclusion is further supported by the observation that
its minimal value except for the pre-irradiation spectrum (1) afieé CdZnTe detectors flown on MIR showed no significant
the final spectrum (6). Unlike K26—04, we observed very littiéegradation in performance after four months in low earth
change in the post-irradiation spectrum following three mont§bit, while detectors exposed to equivalent prompt doses of
in storage. The total amount of time spent at elevated tempg&Rergetic protons at the HCL (for example, K26-04) showed
atures was approximately 22 days (22 h at@@nd 538 h at significant degradation. Because the Dawn CdZnTe array
60°C). elements are significantly thicker than detectors that have been

In order to gain further insight into the cause of reduced pulg&eviously flown, they are expected to be more susceptible to
height resolution, we measured the peak channel for the 5§/§nges in electron trapping caused by radiation damage. Con-
keV gamma-ray fron#! Am as a function of applied bias be-Sequently, the reduction in resolution due to radiation damage
fore irradiation and immediately following step (4). The resultf CdZnTe by energetic particles in the space environment will
of this experiment are shown in F|g 7. The results of this eQ_e mltlgated by inClUding a Capablllty for annealing at elevated
periment are shown in . Prior to irradiation, the peak locatidgmperatures on Dawn. Further work will be carried out on
begins to saturate above 700 V. However, following step (4), tHée remaining ten damaged detectors to determine optimal
peak location is still increasing at 1500 V. This indicates that tf&rategies for annealing and methods to optimize coplanar grid
electron mobility-lifetime product is substantially lower in steiettings on damaged detectors.
(4) than before irradiation. This confirms that damage causes
a reduction in the electron mobility-lifetime product, which is REFERENCES
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