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1. INTRODUCTION

This document describes the processing steps for the reduction of neutron counting data
acquired by the neutron spectrometer subsystem on Mars Odyssey. Additional information on
the neutron spectrometer can be found in the literature: A general overview of the data reduction
process is given by Prettyman et al. [2004]. A detailed description of the neutron spectrometer
instrument and basic data products is given by Feldman et al. [2002] and Boynton et al. [2004].

A series of data processing codes have been written to convert Level O raw neutron
counting datato Level 1 Derived Neutron Data (DND), atime series of corrected neutron
counting data that can be used for scientific investigations. The Level 1 data set aso includes
Averaged Neutron Data (AND), which consists of maps of neutron count rates determined from
the DND time series.

An overview of the Level 0to Level 1 processisshownin Fig. 1. For routine processing,
LANL usesthe University of Arizona s query tool to download Neutron Spectrometer data for
selected time intervals. The queried data set used for the development of data products for PDS
delivery is Extended LANL with spatial and extra (BCE #55). This data set includes the raw
neutron counting data as well as ancillary Level 1 data, including instrument state of health
information and SPICE data, needed to support neutron data reduction and analysis.

The raw data are processed sequentially by three codes, RoadFit, Validate, and Bellyband,
to produce the DND time series. RoadFit provides a coarse survey of the raw data, including
information about the time-dependent drift of the instrument gain and the flux of energetic
charged particles. Thisinformation isused to manually edit the data set to exclude periods of
time that cannot be analyzed using subsequent codes, including times when the instrument gain
shifts rapidly or when there is a solar energetic particle event. Validate uses information from
RoadFit to determine count rates from pulse height spectra acquired by the spectrometer during
each collection interval (approximately 20s on average, but variable due to flight hardware and
software interactions). In addition, Validate filters out a portion of the data set that is unsuitable
for science analysis. Regjection criteria are included for periods of time when the energetic
particle background is elevated and times when the instrument is not stable or spacecraft
operations interfere with the acquisition of mapping data. Finally, Bellyband determines coarse
variations in the count rate caused by instrument drift and variations in neutron production by
galactic cosmic rays. Thisinformation isused in post processing codes to normalize the data
output by Validate to produce the DND.

The Level 0 data set includes two categories of counting data: Category 1 refersto single
interactions with a boron-loaded plastic, sensitive element (prism); and Category 2 refersto
doubl e time-coincident interactions within one or two prisms. Level 1 thermal and epithermal
neutron counting data are determined from the Category 1 data. Fast neutron counting data are
determined from the Category 2 data.



The University of Arizona Query Tool is used to transfer NS Level 0 data
GRS Query Tool to LANL for selected time intervals.
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The Level 0 data are processed to determine time-dependent parameters

RoadFit such as peak channel num_bers an_d overload counting rates. These data
are used to screen out periods of time where the data are not useful and

also provide information for subsequent analysis of pulse height spectra.

A time series of net counting rates is determined from the raw pulse height
Validate spectra for each pris_m. A number corrections are applied, i_ncludi_ng_gain,

differential nonlinearity, and background subtraction. Selection criteria are
applied to eliminate invalid data.

Normalization constants are determined independently for each counting
Be||yband data product from data acquired at equatorial latitudes within a time
interval (roughly £1/2 day) of each measurement.

Valid counting data and normalization constants are combined using IDL
Post-processing programs to produce time series data for each prism. These are the
Level 1 Derived Neutron Data (DND). IDL routines are also used to
create Averaged Neutron Data (AND) data from time series data.

Figure 1. Overview of data processing steps.

2. RoAaDFIT

2.1. OBJECTIVE

The purpose of RoadFit is to determine the centroid of the 1°B(n, o) peak and the after-
pulse threshold of each prism of the spectrometer over coarse timeintervals. Thisinformationis
used in subsequent codes to determine net peak areas from Category-1 (single interaction) pulse
height spectra. The *°B peak centroid is also a useful monitor of the overall gain of each prism,
which varies with applied high voltage and phototube performance. The overload counting rate
(averaged over 720 collection intervals) is also output by the code to enable manual editing of
the data set to filter out significant solar energetic particle events. The overload counter records
events that deposit energy in the prisms above a threshold (approximately 2.5 MeV equivalent
electron energy) and is useful for monitoring energetic particle events. The overload rateis
recorded in the DND time series.

2.2. THEORY
RoadFit uses the Category-2 double pulse events to acquire background-free spectra

needed to determine the peak centroid and threshold for each prism. This signatureis primarily
the result of interactions of fast neutrons with the spectrometer, which originate from cosmic ray
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showers that occur in the spacecraft and planetary surface. Fast neutrons are identified by the
detection of a characteristic, double pulse. The light output caused by proton recoils produced by
the prompt interaction of afast neutron and the hydrogen in the plastic provides a measure of the
energy of the incident neutron. A second pulse of light corresponding to the absorption of the
neutron at low energy by '°B follows a delay in which the neutron is slowing down in the plastic,
but does not produce light. This double-pulse signature occurs for neutrons above approximately
700 keV. A diagram of afast neutron interaction is shown in Fig. 2.

Time-correlated double pulses can also occur when high energy particles interact with the
plastic scintillators. These pulses can distort the shape of the fast-neutron spectrum if they are
not eliminated. They are caused when an energetic particle deposits energy in the plastic,
causing alarge pulse of light. The associated photomultiplier tube can emit a characteristic
“after pulse” caused by the production of secondary electrons through the impact of ions on the
photocathode, dynodes, or the residual gasin the tubes. The drift of ions occurs on the time
scale of the neutron die-away time. So, time discrimination is ineffective in suppressing these
events. However, the second pulseis usually well below the pulse height of the *°B(n,ct) peak,
and setting alower level threshold is sufficient to eliminate after-pulsing.

A typical second event spectrum is shownin Fig. 3. The spectrum contains alow energy
peak associated with after-pulsing, a peak at 93 keVeq associated with the recoil of the reaction
products following neutron capture by 10B, and a continuum which is caused by additional
energy deposition by the 478 keV gammaray produced by the decay of “Li* produced by
neutron capture on “°B. Therelatively low continuum underneath the 93 keVeq peak enables
accurate determination of the peak centroid.

The effect of after pulsingisillustrated in Fig. 4 for Category 2 events acquired for Prism
4, which was found to be the most susceptible to after pulsing. For each double pulse event, the
amplitude of the first and second pulse is determined along with the time between the pulses. An
event mode buffer enables this information to be recorded for 84 events each 19.75s
measurement interval. Events can be accumulated over many intervals to determine the
distributions of timeintervals and pulse heights.

The time to second pulse distribution is shown on the left of Fig. 4 for al events (labeled
“uncorrected” in the figure). This spectrum contains fast neutron events as well as after-pulse
events and chance coincidences. The peaksthat appear at early times correspond to He and Ar
atoms present in the phototube and that are ionized during the first pulse and form a second pulse
when they impact on the dynodes or photocathode. Setting alower level threshold on the second
event spectrum above the first peak eliminates these time features as can be seen in the corrected
spectrum. The lower threshold also has a significant effect on the spectrum of first pulses as
shown on the right of Fig. 3. The corrected first pulse spectrum is related to the energy
distribution of incident fast neutrons and is therefore useful for science investigations of the
planetary surface.
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Figure2. The arrangement of sensitive elements (prisms) is shown along with a diagram of a
fast neutron interaction. The neutron spectrometer consists of ablock of boron-loaded plastic
that is diagonally segmented into four optically decoupled prisms that are viewed by separate
photomultiplier tubes. During mapping, two of the prisms are aligned along the axis of motion
of the spacecraft: Prism 2 (P2) facesin the forward direction and Prism 4 (P4) faces opposite to
the direction of motion. The remaining two prisms are oriented along the nadir axis: Prism 1
(P1) faces downward towards Mars and Prism 3 (P3) faces upwards towards the spacecraft. P1
is covered with cadmium foil, which absorbs neutrons below roughly 0.5 eV. Consequently, P1
is sensitive to epithermal neutrons.
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Figure 3. Spectrum of second events summed over 720 collection intervals.
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Figure 4. Thetime distribution of second pulsesis shown on the left for an arbitrary time
interval during which the gain was stable. The uncorrected distribution was constructed using all
events acquired during the time interval. The corrected spectrum was constructed using only
those events above the after pulse threshold (channel 7 of the second event pulse-height spectrum
in thisexample. The pulse height spectrum of first interactions is shown on the right before and

after correction for after-pulsing.
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2.3. ALGORITHM

Category-2 event mode data are accumulated over a coarse time window containing 720
collection intervals. The overload counts are monitored and events are discarded for intervals
for which the overload counts exceed a user-defined upper threshold. Anomalously low counts
are also excluded using alower threshold. For each time window, the second event spectrumis
constructed from the accumul ated event-mode data. If the number of accepted intervalsisless
than 360, then the time window is not analyzed and the window is assigned the results for
centroid and threshold from the analysis of the previous window.

The second event pulse height spectrum acquired for each window was analyzed by
simultaneously fitting two Gaussian distributions (one for the 1°B peak and one for the after-
pulse peak) and a constant background (to represent the continuum) to the data. An examplefit
isshownin Fig. 3. Thefitting algorithm minimizes the sum of the squares of the difference
between the model and the data weighted by the statistical uncertainty in the counting data—in
other words, a weighted least squares fit to the data. The model is given by

M, = a,expla,j +a,j)+ & expla, j* +agj )+ &, 1)

where | isthe channel number (between 1 and 64). The fitting routine uses the IMSL (Fortran
math library) routine DUNLSF to solve the non-linear least squares problem using a modified
Levenberg-Marquardt a gorithm with afinite difference Jacobian.

The first two exponential terms are normal distributions describing the peaksin the

spectrum. The peak centroids are given by C, =—a,/(2a,) and C, =-a,/(2a,), respectively.
The full width at half maximum of each peak is given by FWHM, = 2.35,/-1/(2a,) and

FWHM, = 2.35,/-1/(2a,) , respectively. The peak with the highest centroid is taken to be the

198 peak. The threshold for after-pulsing is taken to be the channel for which the model is
minimum between the centroids of the two peaks.

The centroid of the °B peak and the threshold channel are output by RoadFit for each time
window. In addition, the time (as measured by SCLK seconds since 1-Jan-1980 from the SFDU)
isreported for the end of each window along with the number of collection intervals used to
form the second event spectrum and other ancillary data, such as the average overload counts.

Results of RoadFit for Prism 1, including the peak centroid and afterpul se threshold are
shown in Fig. 5 as afunction of areocentric sun longitude. The '°B peak centroids for all four
prisms are given in Fig. 6 asafunction of SCLK for data acquired from February 2002 through
March 2004. The peak centroid determined by RoadFit is used subsequently by Validate to
make gain corrections in the Category 1 single event spectrum. The peak centroids can be seen
to drift Slowly over time, but also undergo occasional abrupt shifts. Both the drift and abrupt
shifts have been linked to variations in the high voltage power supplies. The high voltage
monitor is also shown in Fig. 6 for comparison on a scale that has been stretched and shifted.

The average overload counts for each 720 record interval is aso output by RoadFit. The
overload counting rate, plotted in Figs. 5 and 6, shows peaks due to energetic particle events.
Time regions corresponding to these peaks are manually edited from the data set prior to further
analysis. Periods of time when the gain shifts rapidly are also edited from the data set. The
manual selection of excluded intervalsis subjective (Fig. 6).
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Figure 5. The centroid of the 1°B peak and threshold for after pulsing for Prism 1 determined by
RoadFit for one Mars year is shown (left axis). The average overload countsis aso shown (right
axis).
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Figure 6. The centroid of the 1°B peak is shown for each prism as afunction of time (left axis).
The average overload counting rate is also shown (right axis). The high voltage monitor value
(with units of Volts) was divided by 25 and offset by -40 to produce the trace shown (use the left
scale for interpretation). Data excluded from subsequent analysis correspond to times when the
excluded interval traceis 1 (using the left scale).
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3. VALIDATE

3.1. OBJECTIVE

The purpose of Validateis to determine °B(n,0)) counting rates from Category 1 spectra
for each prism and Category 2 histogram sums. Validate also provides fine time scale filtering
of the data set by excluding individual collection intervals with overload counts that fall outside
of auser defined window. Datafor which the spacecraft is not pointing in the nadir direction are
also filtered from the data set. The end result of Validate is atime series of count rates from
which thermal, epithermal, and fast counting data are determined.

3.2. CATEGORY 1 SPECTRUM PROCESSING

The Category 1 data for each prism consists of a 64 channel pulse height spectrum which
contains a peak at 93 keV equivalent light output (denoted keV eq) corresponding to the capture
of aneutron with energy less than about 700 keV by *°B (Fig. 6). Underneath the peak isa
background continuum caused by the interaction of gamma rays originating from Mars and the
gpacecraft as well as by Compton scattering and escape of the 478 keV gamma ray produced by
the decay of ‘Li*, which is produced by neutron capture on boron. The objective of the Category
1 spectrum processing is to extract the net peak area from the spectrum.

300

250 ~

Continuum

200 background

150 10B(n,o) at 93 keVeq

Counts

100 ~

50 4

Channel

Figure 6. Example Category 1 pulse height spectrum averaged over 51 19.75s counting
intervals. No corrections have been applied.
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3.2.1. Correction for differential nonlinearity

A correction was applied to each spectrum to remove artifacts of the differential
nonlinearity of the analog to digital converter from the spectrum. The differential
nonlinearity was determined by averaging spectrafrom Prism 3 poleward of 85°N over
along time period that includes northern summer (roughly 226 days during mapping).
Because Prism 3 isrelatively well shielded from neutrons that originate from the planet
and the flux of neutronsislow at the pole, the averaged spectrum does not have a
198 (n,or) peak and contains only the continuum background, which is expected to vary
smoothly in the absence of digitization errors. By smoothing the spectrum (using a 5-
channel boxcar filter) and comparing to the unsmoothed data, a repetitive, 16-channel
pattern was observed. Based on these data, correction factors were derived for each of
the 16 channels. The correction can be applied to the four groups of channelsin the
spectrum. An example of the application of the differential nonlinearity correction is

shown in Fig. 7.
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Figure 7. Correction of a Category 1 pulse height spectrum averaged over 51 collection intervals
(the raw spectrum is also shown in Fig. 6 on alinear-linear scale). The 16-channel correction
factors are applied to each of the four groups of the spectrum. Application of the correction
factor reduces the variance in the counting data.
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3.2.2. Using gain data from RoadFIt

The peak channels determined by RoadFit from the Category 2 second event
pulse height spectra are offset from the peak channels observed in the Category 1 pulse
height spectrafor two reasons. First, the pul se processing system uses separate gated
integrators to process the prompt and delayed pulses from a fast neutron interaction.
The gated integrator used to process the second event has a different gain than the gated
integrator used for the Category 1 events. The roles of the gated integrators can also be
reversed via an uploadable command. On 28-May-2003 (roughly SCLK=
707061818s), the roles of the gated integrators were reversed, which resulted in a
reduction in the gain of the second event. So, the relationship between the Category 1
and second event pulse heights changed following this date. Second, the location of the
second event is not recorded. Whileit is most likely that the second event occursin the
same prism as the first interaction, some portion of second events occur in other prisms.
Consequently, a systematic biasis introduced into the gain estimate for each prism.
Based on the analysis of Category 1 data over awide range of gain settings, we found
that a simple offset was sufficient to convert the second event channel numbersto
channel numbers useful for establishing regions of interest about the 93 keVeq peak in
the Category 1 data. The offsets are different before and after 28-May-2003 and are
given asfollows:

e Before 28-May-03 subtract 0.5 to the channel number given by RoadFit
for aal prisms
o After 28-May-03:
o Prisms1, 3, and 4, add 0.5.
o Prism2, add-15.

3.2.3. Gain correction

Following the correction for differential nonlinearity, each of the Category 1
prism spectra were corrected for gain so that the 93 keVeq peak fell consistently in a
selected channel (Channel 11 in the PDS data set). Implementation of this step requires
knowledge of the original peak centroid as determined by RoadFit. The gain correction
enables the same region of interest (range of channels) to be used for the peak and
background for all spectra.

The gain correction algorithm isimplemented in the subroutine gaincor of the
Vaidate program. The algorithm cal cul ates the energy range spanned by each channel
in the uncorrected spectrum. The relationship between channel number and energy is
assumed to be linear. The slope and offset of are determined using the channel number
given by RoadFit for the 93 keV eq peak centroid and an assumed offset (-3 channels).
The offset was estimated from low gain spectra acquired over long periods of time for
which both the 93 keV eq peak and the Compton edge produced by the 478 keV gamma

-12 -



ray werevisible. The energy range spanned by a channel in the uncorrected spectrum
can be mapped onto a range of channels in the corrected spectrum, for which the 93
keVeq peak channel number and offset were selected to be 11 and -3, respectively. The
counts in the uncorrected channel are distributed uniformly over the range of channels
determined for the uncorrected spectrum. This step is repeated for every channel in the
uncorrected spectrum. Counts are conserved in this process except for the uppermost
and lowermost channels for which the uncorrected energy scale may fall outside the
limits of the corrected spectrum. The results of the correction agorithm are shown in
Fig. 8 for ahigh gain case. A similar approach was used for gain correction of gamma
ray spectrafrom the Lunar Prospector mission [Lawrence et al., 2004]

1000

100 +

—e— Uncorrected
—=— Corrected

Counts

10 A

1 10 100
Channel

Figure 8. Application of the gain correction agorithm to a Category 1 pulse height spectrum
averaged over 51 collection intervals.

3.2.4. Net Peak Areas

Once the gain correction is made, the same set of channels can be used to define
the peak region of interest for all measurements. Based on trial and error using data
acquired with different gains, the following regions of interest (ROIs) were defined:

Lower background: Channels 6 and 7
Peak region of interest: Channels 8 through 15
Upper background region:  Channels 16 through 21

The upper and lower background ROIs are used to determine the background
continuum, which was found to be well-represented by a power law with channel
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number. The net peak area was determined by subtracting the counts predicted by the
power law from the total countsin the peak ROI.

For the present PDS submission, the power law background is determined for
the average of spectrawithin adliding time window spanning 5 consecutive collection
intervals. The length of the window was selected empirically to minimize the
uncertainty in the background parameters because of statistical variationsin count rate
while avoiding the introduction of bias resulting from integration over surface features.
The net areais determined by subtracting the average background from the total counts
in the peak ROI for the spectrum in the middle of the sliding window. The processis
illustrated in Fig. 9.
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Figure 9. Determination of net peak areafor asingle collection interval using power law
backgrounds determined from the average of 5 collection intervals. Thered circlesindicate the
peak ROI. The blue lines show the power law background.
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3.3. CATEGORY 2 SPECTRUM PROCESSING

For fast neutrons (Category 2), two data products are provided in the raw data set:
Event-mode data for which the magnitude of the first pulse, time to the second pulse, and
magnitude of the second pulse of a selected number of events (84 per collection interval)
were recorded; and histogram data for which first pulses with magnitude above a preset,
fixed threshold were binned into histograms for early and late time windows. Note that the
histogram data are binned on board the spacecraft by the neutron spectrometer’s field
programmable gate array. All events above a level discriminator are included in the
histogram data set. Consequently, the histogram data are used to determine the fast neutron
counting rates. The event mode data are provided as a diagnostic (for example, to
determine the gain of each prism) and were limited to 84 events per acquisition interval due
to limitations in the telemetry rate. The late time interval (nominally chosen to be between
20 and 25 us) was selected so that it is well beyond the die-away time of neutrons in the
spectrometer and thus contains accidental events only. The early time interval (nominaly
chosen to be between 0.4 and 5.4 us) was selected so that it is sensitive to neutrons slowing
down in the spectrometer. Subtraction of the late from early time histograms yields a
pulse-height spectrum that is sensitive to the energy spectrum of fast neutrons. The event-
mode data are useful for counting system diagnostics. The histogram data have better
counting precision and are therefore preferred for the development of fast-neutron maps
and are included in the DND time series.

The fast-neutron count rate was taken to be the first two channels of the histogram
spectrum for P1, which is primarily sensitive to neutrons coming directly from Mars. The
lower channels were selected because they give the greatest count rates and are also least
susceptible to contamination by after-pulsing. However, because considerable drift in gain
occurred, the threshold selected for after-pulse suppression used to construct the histogram
data was not always effective. During times of high gain, the threshold was too low and
after-pulsing events contaminated the histogram spectrum. Variations caused by shiftsin
gain were corrected using the BellyBand algorithm described in section 4.

3.4. ALTITUDE CORRECTION

The count rate measured by the spectrometer varies with the solid angle subtended
by Mars at the spacecraft, which depends on atitude and is given by

o(h)= 2;{1— J1-R/(R+ h)z} , ()

where R is the volumetric mean radius of Mars and h is the altitude of the spacecraft. All
count rates are normalized to an atitude of 400 km by multiplying by a correction factor
for dtitude given by Q(400 km)/Q(h). The atitude h for each measurement interval is
included along with the raw counting data.
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3.5. OTHER PROCESSING ISSUES

In order to consider data for inclusion in the time series, we required that the
instrument be aligned along the bore-site vector of spacecraft motion and nadir orientation.
This eliminated times such as when the spacecraft was in safe mode for which P1 was not
pointed in the nadir direction. We also required that the data in the 5 collection interval
background buffer be contiguous, separated by no more than 20s in time (as given by the
UTC time of at the center of the acquisition interval). This avoided the introduction of
errors in the counting data when orbital data were missing. The direction of motion of the
spacecraft motion (north or south) was determined from the sign of the difference in
latitude between the previous and next collection intervals. The direction information is
used to project points forward along the orbital trgjectory of the spacecraft (see Section 5).
The difference method for determining direction gives reliable results except for the most
poleward (north or south) point. The projection algorithm gives approximately the same
result for the most poleward points independent of the direction determined by the
difference method. Finally, we did not process data for collection intervals for which the
overload monitor of the neutron spectrometer was greater than 7000 counts, which
corresponded to solar-energetic particle events, or less than 4000 counts.

3.6. THE OUTPUT OF VALIDATE

Vaidate outputs the following quantities for each measurement interval that meets
the analysis acceptance criteria:

e SCLK time (used aunique identifier of the measurement)

e Areocentric longitude (Ls)

e Duration of the collection interval

e Subsatellite latitude and longitude at the center of the acquisition interval

e Net countsfor the 93 keVeq peak in the Category 1 spectrum for all four prisms

e The net counts (early minus late) for the first two channels of the Category 2
histogram spectrum for Prism 1

These data are used along with correction parameters developed by BellyBand to determine
thermal, epithermal, and fast count rates reported in the DND time series.

4. BELLYBAND

Neutron count rates are sensitive to a number of factors unrelated to the surface and
atmosphere of Mars. These include, for example, instrument drift and variations in the galactic
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cosmic-ray flux. To eliminate these variations from our data set, we developed an algorithm to
adjust our time-series counting data so that count rates at equatorial latitudes did not change with
time and were equal to the average count rates observed over anormalization interval, which was
arbitrarily selected to be from Ls= 329° to Ls= 131° during the first Mars year of mapping. The
region between latitudes £30° (the "belly band") was used for normalization. Minor variationsin
count rate due to seasonal changes in atmospheric mass were initially ignored, but were | ater
restored to the time series.

4.1. THEORY

For each 19.75 s measurement interval, belly-band count rates were determined for
atime window extending %6 orbits (atime span of about one Martian day) relative to the
location where the measurement was taken, which gives full coverage in longitude of the
belly band when the footprint of the spectrometer is considered. To make the correction,

the average of the belly-band count rates <C> within the time window was found along

with the average of the lowest 10% of the belly-band-count-rate popul ation <C> - These

parameters were used to develop alinear correction whose parameters (slope a and offset
b) satisfied the following relationships: (C)__. =a(C)+b and (C) . =a(C) _+b,

where (C)___ and (C) . aretheaverage of count rates and the average of the lowest

10% of the count rates, respectively, within the belly band for the normalization interval
(Ls=329° to Ls= 131° during the first Mars year of mapping). The corrected count rate for
the selected 19.75-s measurement interval was given by aC + b, where C was the count
rate before applying the belly-band correction. The correction was applied independently
to the fast and Category-1 counting data for each prism.

The belly-band normalization algorithm removes gain and offset variations caused
by a number of effects, including variations in the galactic cosmic-ray background and
errors in the Category-1 background subtraction algorithm. However, the normalization
algorithm also removes variations that would otherwise be present as aresult of seasonal
changes in atmospheric mass at the equator. Atmospheric corrections are restored during
post-processing.

REF 10REF

4.2. IMPLEMENTATION

For each 19.75s measurement interval recorded by Validate, Bellyband determines
thevalueof (C) and (C), independently for the Category 1 prism counts and the fast

neutron counts. Because there are some time gaps in the data recorded by Validate, the
number of belly-band records within +6 orbits is sometimes unacceptably small. If the
number of points available isless than athreshold value (1000), then a point is not assigned
bellyband data and is excluded from the DND time series during post processing.
Bellyband does not apply a correction to the time series data. Thisis carried out in post
processing
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5. PosT PROCESSING WITH IDL

The objective of the post processing codes is to convert the counting data output by Validate and
Bellyband into corrected count rates and to produce the DND and AND datafiles. Thisis
accomplished by a set of IDL codes, which combine data output from the neutron data reduction
codes with Level 1 SPICE and instrument state of health data to produce the final DND data set.
The post-processing codes also include afinal cut on anomalous collection intervals identified by
the analyst.

The post-processing codes read in the Bellyband data files and construct (C)___ and (C) . by

averaging data over the normalization interval (Ls between 329 and 131 during the first Mars
year of mapping). The belly band correction parameters a (slope) and b (offset) are calculated
using the approach described in Section 4.1. The correction is applied to the uncorrected count
rates recorded by Validate. In this process, the counts are divided by the measurement interval
live time so that the resulting time series has units of counts per second. The correction
parameters and counting data before and after correction are shown in Fig. 10 for Category 1
Prism 2 count rates.

Note that the nominal integration time for each collection interval is 19.75s; however, minor
fluctuations about this value occur. The duration for each measurement is recorded and included
with the neutron spectrometer raw data for use in normalizing count rates. The dead time, which
isthe amount of time that the pulse processing electronicsis busy processing events and is
therefore unavailable to process new events, is aso included in the data set. The dead timeis
recorded by a counter, which can be converted into time in seconds by multiplying by 5.12x10°.
The live time for ameasurement is determined by subtracting the dead time from the
measurement duration. The average live time during periods of time for which the overload
counter was |l ess than 7000 events and greater than 4000 counts per collection interval was 19.42
s. All counting data products are divided by the live timein post processing to determine dead-
time-corrected count rates. The count rates are also multiplied by a dimensionless constant,
19.42/19.75=0.9833 to account for the fact that older versions of the processing code did not
make dead time corrections and assumed that the live time was 19.75s. This enables published
calibration constants for radiation output-response models to be used directly with the PDS data
set [Feldman et al., 2003; Prettyman et al., 2004].

Once the belly-band correction has been applied, atmospheric variations are re-introduced to the
data set using data from the ARC-GCM. To restore the effect of atmospheric mass, we
combined maps of atmospheric mass at equatorial |atitudes (derived from the ARC-GCM) with
expressions for count rate as a function of atmospheric thickness [Prettyman et al., 2003] to
determine the relative variation of belly-band-averaged neutron-counting rates as a function of
time. The normalized count rates were then multiplied by the relative variation to restore the
atmospheric effect. Use of pressures from the ARC-GCM isjustified because the ARC-GCM
fitsthe Viking 1 and 2 landing-site pressure data that are representative of equatorial to
midlatitude pressure variations and were found to be reproducible year after year. This
procedure was applied to the fast and epithermal counting data in post processing. Thermal
neutrons vary negligibly with atmospheric mass when the water abundance of the surfaceisless
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than about 15%, which is representative of the belly band. The fast neutrons, which have the
largest variation, show a 5% peak-to-peak variation in count rate over an entire Martian year.
Therefore, the correction is relatively minor.
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Figure 10. Correction parameters (slope and offset) along with counting data before and after
correction are shown for Category 1 Prism 1 count rate data.

The approach for developing thermal, epithermal, and fast count rates from the Category 1 and 2
prism counting datais described elsewhere [Prettyman et al., 2004]. Thermal neutron count
rates are calculated as the difference between Category 1, Prism 2 and Prism 4. The fast neutron
count rate (Category 2, Prism 1) are adjusted for background using the procedure described by
Prettyman et al. [2004].

For epithermal and thermal neutrons, there is an aberration in the ram direction (due to the
relative motion of the spacecraft and the neutrons) so that the neutrons contributing to the
observed count rate tend to originate from ahead of the spacecraft. To correct this aberration,
measurements are placed on the map ahead of the sub satellite point, but along the trgjectory. To
enable this correction, the DND data set includes (longitude, latitude ) coordinates for a point
shifted 1 degree forward along the orbit from the subsatellite point; and 2) the coordinates for a
point shifted 4.5 degrees forward along the orbit. The former is used for mapping epithermal
neutrons and the latter is used for mapping thermal neutrons. The magnitude of the shift was

-19-



determined based on simulations of the response of P1, P2, and P4 to neutrons at orbital
altitudes.

The AND data set consists of maps of thermal, epithermal, and fast neutron count rates averaged
over 15° Lsintervals. The maps are determined directly from the DND time series using IDL
routines from the Mars Toolkit [Maurice et al., 2002]. The maps are 5° cylindrical projections.
In addition to the count rates, maps of the number of measurements binned in each pixel and the
standard deviation of the pixel count rates are provided.
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