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The Mars Science Laboratory (MSL) is a NASA
mission that carries the most advanced suite of
scientific instruments ever sent to the surface of
Mars. Its main objective is to study whether Mars
has been habitable at any point of its history.
Such studies include the analysis of surficial soils
and rocks to understand their mineralogical and
chemical make up, additionally, the distribution
of hydrogen in the top ∼30 cm of the surface at
some locations of the Gale crater.

The European-Russian counterpart ExoMars
(Exobiology on Mars) is also a planned Mars mis-
sion to search for possible biosignatures of Mar-
tian life, past and present. Additionally, it will
also characterize the water geochemical environ-
ment as a function of depth in the shallow subsur-
face. This program will include orbitors as well as
landers. The potential landing sites are i) Mawrth
Vallis; ii) Nili Fossae; iii) Meridiani Planum; iv)
Holden Crater; and v) Gale Crater.

Mars Odyssey carries a Neutron Spectrometer
(MONS) that has been gathering information for
more than a decade. When Galactic cosmic rays
strike the surface of Mars, they generate neutrons
from nuclei present in the top layer of the regolith
by various nuclear reactions. Such neutrons lose
energy by interacting with the surrounding nu-
clei and their flux leaking from the planet subsur-
face is thus an indication of the elemental compo-
sition of the top layer of the regolith as different
elastic and inelastic scattering cross-sections pro-
duce different amounts of moderation and cap-
ture. For instance, hydrogen is especially effec-
tive at moderating neutrons [1]. This informa-
tion therefore maps the global hydrogen distri-
bution in the top few decimeters of the martian
surface [2] (see Figure 1) and is complementary
to the one that will be collected by MSL and Ex-
oMars. In brief, deposits ranging between 20%
and 100% Water-Equivalent Hydrogen (WEH) by
mass are found pole-ward of 55 deg. latitude, and
less rich, but still significant deposits are found at
near-equatorial latitudes. Recently, [3] have re-
analyzed the MONS epithermal data and signif-
icantly lowered the statistical systematic data re-
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Figure 1: Epithermal CO2 frost-free map of Mars [3].
Data north of the white dashed wavy line were mea-
sured after the northern summer solstice (100

◦
< Ls <

151
◦

) and data south of the southern dashed wavy line
were measured during the late summer in the south
(329

◦
< Ls < 1.7

◦
). The 0-km elevation contour (black

line) is shown for reference. The solid white lines sep-
arate the poleward regions having water abundances
larger than about 11% by mass from those at near equa-
torial latitudes that have abundances that are less than
11%. The figure was extracted from Figure 1 in [2].

duction uncertainties that plagued previous ver-
sions of the data. However, MONS counting-rate
data have a FWHM of ∼ 550 km, which is suf-
ficiently broad to contain several Gale craters in
it. In this study, we choose the PIXON numer-
ical deconvolution technique [4, 5]. This algo-
rithm removes the point spread function with-
out introducing spurious features in the presence
of noise. We have previously carried out a de-
tailed study of the martian polar regions apply-
ing this methodology to Martian epithermal neu-
trons near both poles (e.g. [6]) and have been able
to reach a resolution of ∼ 45 - 100 km. In the
present study, we will apply this technique to the
latest MONS epithermal CO2 frost-free data over
the full surface of Mars.

To map the martian near-surface hydrogen dis-
tribution accurately is central to the study of
volatiles delivery and retention in the terrestrial
planets of the Solar System. It is also a crucial in-
gredient in the planning/management of current
and future missions to the Mars surface.
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Pixon image reconstruction method: In the
presence of both some experimental noise, N ,
and instrumental blurring, B, the measured data,
D, can be related to the input image, I , via

D = B ∗ I +N, (1)

where ∗ denotes the convolution operator. The
main goal of an image reconstruction algorithm
is to choose a reconstruction, I ′, that both avoids
spurious complexity and produces a residual
field,

R = D −B ∗ I ′ (2)

that is statistically equivalent to the anticipated
experimental noise. The pixon reconstruction
[7, 5] can be perceived as an “adaptive smooth-
ing” technique with the scale of this smoothing
set by the local information content in the data.
Thus, each pixon, which can be thought of a set of
spatially correlated pixels, contains the same in-
formation content. The reconstruction therefore
looks smooth in this pixon basis and the image
entropy is maximized.

In order to understand the statistical signifi-
cance of the MONS results we use a Monte Carlo
method, whereby mock data sets are created and
then analyzed in exactly the same way as the data
itself. To this end, 200 different mock realizations
of the Mars Odyssey time series data are created,
taking the MONS epithermal reconstructions as
the input images, I . The different mocks vary
only as a result of the random number chosen to
add the noise. These mocks are also used to quan-
tify possible systematic errors introduced by the
reconstruction procedure.

Preliminary Results: In Figure 2 we present
the epithermal neutron leakage reconstruction at
the Gale Crater neighborhood in 40 × 40 km2 pix-
els. For more details see figure caption. As for the
north pole reconstruction (see Figure 3) the dy-
namical range and the sharpness of the features
are enhanced. Although the reconstruction’s res-
olution is not as small as the polar counterparts
(see Figure 3) it is still considerably smaller than
the instrumental blurring (∼ 550 km).
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Figure 2: Neutron count rate map at the Gale Crater
neighborhood From the left to the right we show the
MONS data and pixon reconstructions in 40 × 40 km2

bins. The white circle in the bottom half of the panels
represent the Gale crater. The reconstruction is Cen-
tered at (lat = 0

◦
, lon = 220

◦
W). The effective size of the

MONS response function is ∼ 550 km (approximately
the same size as the panels’ quadrants).

Figure 3: Neutron count rate map at the North Pole
From the left to the right we show the MONS data and
pixon reconstructions in 40 × 40 km2 bins. The black
circle shows the effective size of the MONS response
function ∼ 550 km.
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