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Mar Odyssey Neutron Spectrometer
The Mars Odyssey Neutron Spectrometer (MONS) has
been in polar orbit around Mars since 2002 and continues
to operate. MONS measures the neutron albedo from
galactic cosmic ray interactions on the Martian surface.
This data provides unique information about hydrogen
abundance within the top tens of cm of the surface and
can also be used to study the seasonal polar CO2-ice caps.
MONS is a 11x11x10 cm3 10B-loaded plastic scintillator
v
= 3.4 km/s
v
= 1.9 km/s
separated into four optically isolated prisms and utilizes a
combination of detection coincidence, cadmium covering, Fig 1: Schematic of the MONS instrument and orientation
and the Doppler filter technique to separate thermal, MONS event types:
epithermal, and fast neutrons.
Category 1: Neutron capture only
Prism 1: Cd cover, epithermal (>0.4 eV)
Previous data analyses include:
Prism 2: direction of spacecraft motion,
• Tokar et al 2002, initial work used for early results
thermal + epithermal
• Prettyman et al 2004, level1 data sent to the PDS
Prism 3: background proxy
Prism 4: opposite to spacecraft motion,
• Maurice et al 2011, covering data through July 2009
epithermal (>0.06 eV)
Our new independent analysis processed MONS data
Category 2: Fast scatter coincident with
through 2017, covering 8 Martian years and doubling the
neutron capture
Any Prism: fast neutron
amount of data processed in Maurice et al 2011.
MONS
therm

New Data Processing
Counts in 19.75 s accumulation window

Processing of binary MONS data from the PDS
requires several steps to remove bad data and
apply important corrections. This work draws
heavily upon analysis outlined in Maurice et al
2011. MONS data contains counters and
histograms accumulated over 19.75 seconds. In
this analysis we focused on Category 1 data.
Data Reduction Includes: removing SEP events
that swamp Prism counting rates, stability cuts to
remove transients in count rates and spacecraft Fig 2: Example of all SEP events during 2013, with shaded regions indicating cuts
parameters, removing anomalous readings such as clock resets during Northward equatorial
transits, and cuts on the MONS temperature and high voltage. Of just over 23 million data
points, 14.1% of the data is removed; 12.1% of data is removed from the SEP cut.
Data Corrections Include:
The first correction is for
differential non-linearity
in the analog-to-digital
conversion, followed by
determination of the 10Bcapture peak location
and applying gain
correction.

Preliminary Results
The new MONS dataset includes Category 1 (thermal and epithermal) data for all Prisms
covering 8 Martian Years (MY) – from Ls = 330 in MY 25 to Ls = 108 in MY 34. The Prism 2
(thermal + epithermal) counting rate is shown poleward of 80o in 10o Ls bins:
There is
excellent
temporal
coverage
and the data
qualitatively
agrees well
with previous
analyses
partway
through MY 29.
Fig 8: Prism 2 counting rate in 10o Ls bins in the polar regions from the new dataset

Stereo-graphic
polar
projections of the
thermal neutron (P2P4) counting rate down
to ±45o latitude are in
good agreement with
previous analyses.

In winter, the seasonal
CO2-ice caps are well
North Pole, Winter
North Pole, Summer
defined, with the peak
counting rate slightly
offset from the pole in
the South. In summer,
the South pole has a
perennial CO2-ice cap
slightly offset from the
pole, and both poles
have a large variation
in
counting
rates
between the polar
region
and
lower
South Pole, Summer
South Pole, Winter
Fig 9: Stereo-graphic polar plots of thermal neutron counting rates in summer and winter at the poles, down to ±45 latitude
latitudes.
Focusing on the trends in seasonal deposition, the Prism 1 (epithermal) counting rate is
shown for different latitudes bands, after a background subtraction has been performed:
These curves can be fit
with a skewed-Gaussian or
double Gaussian function
to extract the counting
rate and Ls value at the
peak.
Fitting data
averaged over the full
dataset provides a baseline
for the comparison of
inter-annual
variability
over all Martian years.
o

Fig 3: ADC non-linearity correction factors.

Fig 5: Example of Prism histogram fit to extract counts

Fig 4: Capture peak positions for all Prism for the duration of data processed

The counts are then integrated by fitting the histograms with a
Gaussian + background function in log-log space. The final
counts are normalized to an altitude of 400 km and the
latitude and longitude registered for each Prism by accounting
for pointing and spacecraft motion. The data are normalized
to a GCR flux corresponding to June
2008, which involves simulations and
Before GroundTrack Correction
use of a GCM model (Forget et al
1999) to remove atmosphere effects.

Fig 10: Background-subtracted Prism 1 counting rate versus Ls for different latitude bands, averaged over all MY

To limit uncertainties to <10% per bin in the time-series data, 4o latitude/longitude and 10o Ls
binning is used. The resulting systematic uncertainty within each year is a factor of 2.8 larger
than the data averaged over all MY, shown as a function of latitude:

After GroundTrack Correction

Fig 7: GCR Scaling factor to normalize counting rates to GCR flux in June 2008

Fig 6: Figures displaying ground-track correction

Fig 11: Uncertainty in count rate distribution for 4o latitude/longitude and 10o Ls binning , the line and shaded region is mean and inner 80% of the uncertainties
averaged over all longitude and Ls bins at the given latitude

Summary & Future Work

The polar caps on Mars are dynamic regions that affect the global Martian climate. We have performed a full re-analysis of Mars
Odyssey Neutron Spectrometer data, providing neutron counting rates from February 2002 through the end of 2017. This
corresponds to 8 Martian years, double what was previously published, allowing the study of inter-annual variability in the
seasonal deposition of CO2-ice in the polar regions, and therefore the Martian climate. A brief description of the data processing
technique and some preliminary results were presented. When compared to previous analyses of the MONS data, the new dataset
is in good agreement. Future work utilizing this dataset include study of the inter-annual variability in properties of the seasonal
CO2-ice caps over the 8 Martian years of data available. We also plan to implement a spatial deconvolution technique in the polar
regions to enhance the spatial resolution of the MONS data and compare the results with other observational techniques.
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