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Introduction:  One of the major objectives of the 
Dawn mission is to determine the surface elemental 
composition of Ceres, and in particular the distribution 
of water ice.  Ceres’ elemental compositional data 
from Dawn’s Gamma-Ray and Neutron Detector 
(GRaND) were recently reproted by [1].  Ceres’ hy-
drogen concentrations were measured using thermal 
and epithermal neutrons, and when expressed in terms 
of water equivalent hydrogen (WEH) abundances, 
were found to range from 16 wt.% to almost 30 wt.% 
WEH.   Ceres bulk is thought to be water rich [2] and 
hydrogen-bearing minerals are present on the surface 
[3]. The hydrogen concentrations measured by GRaND 
showed distinct spatial variability, with both polar re-
gions showing larger concentrations than the equatorial 
regions.  GRaND data provided evidence that water ice 
exists at or near the surface poleward of about 40º lati-
tude.  Finally, gamma-ray data provided the first 
measure of Fe abundances at Ceres, and found values 
that are lower than what is typically seen for carbona-
ceous chrondrites.  Here we report prelimimary com-
position information using high-energy gamma rays 
(HEGR), HEGR were shown to be a useful measure of 
planetary compositional variability for the Moon and 
Vesta [4, 5], both of which have relatively low hydro-
gen concentrations.  These new data provide the first 
measurement of HEGRs for a water-rich body. 

Planetary Composition Measurements Using 
HEGR:  For this study, HEGR are defined as gamma 
rays with energies in the range of roughly 8 to 9 MeV.  
These energies are above the nominal line-emission 
gamma-rays and form a continuum in measured plane-
tary gamma-ray spectra.  The dominant contributor to 
the HEGR emission is pion-decay bremsstrahlung [4, 
6].  The initial study of planetary HEGRs was com-
pleted using data from the Lunar Prospector Gamma-
Ray Spectrometer (LP-GRS) [4].  That study showed 
that spatial variability of HEGR is highly correlated 
with both the Fe abundance and average atomic mass 
values of lunar materials.  When the HEGR data were 
combined with other mapped elemental abundances, 
residual HEGR variations were found to provide a 
measure of lunar Mg abundances.  At Vesta, HEGR 
were found to be well correlated with average atomic 
mass [5, 7], and contributed to unique identifications 
of Vesta compositional terranes [8].  Both these meas-
urements were made for planetary bodies with relative-
ly low hydrogen concentrations.  Prior to the Ceres 

measurements, it was not clear how large hydrogen 
concentrations would affect HEGRs.   

Expected Variability of HEGRs at Ceres:  
HEGR variability for Ceres-like compositions has been 
simulated using the particle transport code MCNPX as 
has been done for prior studies [e.g., 1, 7].  These sim-
ulations used the same soil compositions as [1], and 
the water abundances were varied from 1 wt.% to 100 
wt.%.  For this initial set of simulations, hydrogen lay-
ering was not considered.  Thus, these calculations 
represent effective bulk abundances.   

Results of these simulations are shown in Figures 1 
and 2.  Figure 1 shows HEGR flux on a relative scale 
versus WEH abundance.  This plot shows that for 
WEH values greater than ~10 wt.%, the HEGR flux is 
linearly related to WEH abundance with no ambiguity.  
This result therefore suggests that HEGR measure-
ments should provide a good measure of hydrogen for 
the concentration values present at Ceres.  Figure 2 
shows HEGR flux versus the modeled Fe abundance.  
This plot shows a strong correlation of HEGR and Fe 
abundance.  Based on the HEGR-versus-WEH varia-
tion, the dominant variation in Figure 2 is due to hy-
drogen.  However, Figure 2 also shows that for WEH 
values greater than 10 to 15 wt.% WEH, there is a sec-
ondary and nearly constant and nonzero HEGR-versus-
Fe-abundance slope.  Thus, this result suggests that if 
variations from hydrogen can be properly detrended 
from the HEGR data, residual HEGR values could 
provide a measure of Fe abundances; because the slope 
is low, quantification of Fe requires high measurement 
precision.  

HEGR Measurements at Ceres:  Figure 3 shows 
a preliminary map of HEGR at Ceres.  This map uses 
low-altitude mapping orbit (LAMO) data acquired 
from 16 December 2015 to 23 June 2016 [9].  Time-
series corrections for cosmic-ray and solid-angle varia-
tions were applied to the data in a manner similar to 
[1], and prior GRaND studies [e.g., 5, 7].  This map 
shows clear variability that is qualitatively similar to 
the GRaND neutron and gamma-ray measurements 
and derived hydrogen concentrations [1].  This obser-
vation combined with the simulation results (Figure 1) 
strongly suggests that HEGR provide an independent 
measure of hydrogen concentrations for Ceres-like 
concentrations.  In particular, the low count rates near 
both poles are consistent with larger hydrogen abun-
dances.  Figure 4 shows average HEGR latitude varia-
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tions.  This plot shows a latitude asymmetry of higher 
hydrogen concentrations at northern latitudes com-
pared to southern latitudes, consistent with the prior 
neutron measurements [1].  This result is further evi-
dence that HEGR’s at Ceres are dominantly driven by 
variable hydrogen concentrations. 

Conclusions:  The preliminary map of HEGRs at 
Ceres shows that HEGR can provide an independent 
hydrogen measurement for Ceres-like materials.  
While we expect that these data can eventually lead to 
a quantitative measurement of hydrogen concentration, 
a number of additional analyses need to be completed.  
First, a more precise measurement of high-altitude 
HEGR background will enable a more quantitative 
assessment of inferred hydrogen concentrations.  This 
background measurement is particularly important for 
the low count-rate, low-statistics HEGR measurement.  
Second, a quantitative assessment of layering on 
HEGR measurements needs to be carried out.  In prin-
ciple, HEGR measurements have a depth sensitivity 
that is different from other signatures and may provide 

additional information about hydrogen layering.  Final-
ly, if the hydrogen variability within the HEGR data 
can be detrended to a high enough level of precision, 
Figure 2 suggests that Fe abundances could be inde-
pendently derived using HEGR data.   
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Figure 3. Global Ceres map of HEGR. 

Figure 2. Modeled fluxes of high-energy gamma rays for 
five Ceres-like compositions (taken from [1]) plotted ver-
sus varying Fe abundances. 

Figure 4. Measured HEGR count rate (relative zonal 
averages) versus latitude. 

Figure 1. Modeled fluxes of high-energy gamma rays for five 
Ceres-like compositions (taken from [1]) plotted versus varying 
WEH abundances. 

WEH range 
from [1] 
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