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Introduction:  One of the major objectives of the 

Dawn at Vesta mission is to probe the relationship of 
Vesta to the Howardite, Eucrite, and Diogenite (HED) 
meteorites.  In addition, data from the Dawn mission 
will investigate how the spatial distribution of compo-
sitional variations relates to the complex geological 
history of Vesta [1]. Data from all three instruments on 
Dawn – the Visible and Infrared (VIR) spectrometer, 
the Framing Camera (FC), and the Gamma-Ray and 
Neutron Detector (GRaND) – have made significant 
progress towards the above objective.  Results from 
VIR and the FC have shown spectral variations across 
Vesta’s surface that are consistent with the presence of 
different HED-type materials [1,2].  Specifically, these 
results indicate that the large Rheasilvia basin at Ves-
ta’s south pole is dominantly diogenitic in nature 
whereas locations in more equatorward regions have a 
relatively larger eucrite component.  Iron, silicon, and 
oxygen elemental concentrations measured with gam-
ma-ray data from GRaND are consistent with HED 
compositions and provide a conclusive elemental link 
between HED meteorites and Vesta [3].  An analysis 
of thermal and epithermal neutrons supports the pres-
ence of diogenitic materials in the Rheasilvia basin. 

Data from GRaND contain a variety of measure-
ments that can map elemental variations across Vesta’s 
surface.  These measurement include elemental line 
gamma-rays [4], high-energy gamma-rays [5], low-
energy neutrons [6], epithermal neutrons [3], and fast 
neutrons.  The topic of this study is to report on 
GRaND fast neutron data and compare these results to 
other results obtained from GRaND as well as Dawn 
spectral data and HED meteoritic information.   

Background on Fast Neutrons:  Fast neutrons are 
created by spallation reactions from high-energy galac-
tic cosmic rays (GCR) hitting planetary surfaces.  Fast 
neutrons are the initial products created from such re-
actions, which produce the count rates measured by 
GRaND in the energy range from 0.5 to 5 MeV.  Plan-
etary fast neutrons were first measured at the Moon 
using data from the Lunar Prospector (LP) mission [7].  
A combination of LP fast neutron data, simulations, 
and comparisons with other geochemical data led to 
the conclusion that fast neutrons on a dry body like the 
Moon (~<100 – 200 ppm H) provide a good measure 
of average atomic mass, <A>[8].  Based on a compila-
tion of elemental compositions within HED meteorites 
[9], the variation of <A> within  HED meteorites can 

be determined (Fig. 1).  As seen here and elsewhere 
[10], diogenites have the smallest <A> and basaltic 
and polymict eucrites have the largest <A>.  For plane-

tary surfaces containing larger amounts of water (>few 
hundred ppm H), fast neutrons are also affected by 
hydrogen variations [3,11].  Thus, depending on com-
positional context, fast neutrons can provide infor-
mation about both <A> and hydrogen concentration. 

Fast Neutrons at Vesta:  Figure 2 shows a map of 
fast neutrons taken from the GRaND +z boron loaded 
plastic (BLP) scintillator.  The spatial variation is simi-
lar to that seen with GRaND epithermal neutrons (Fig. 
3).  As described by [3], the variation in epithermal 
neutrons indicates a spatial variability of hydrogen 
across Vesta, where low epithermal neutron count rates 
correspond to high concentrations of hydrogen.  The 
lower bound hydrogen concentration is derived to be 0 
– 400 ppm H.  Fig. 4 shows a scatter plot of epithermal 
versus fast neutrons from which a correlation coeffi-
cient of 0.85 is determined.  From the similarity in fast 
and epithermal neutron count rates, we conclude that 
the spatial variation in fast neutrons is dominated by 
variations in hydrogen, a finding first noted by [3].  If 
the fast neutron signal from the GRaND +z BLP sensor 
varies with hydrogen in a manner quantitatively similar 
to that of the Lunar Prospector BLP fast neutron sensor 
[12], then the dynamic range variation of fast neutrons 
with epithermal neutrons (11%, Fig. 4) imples a hy-
drogen variation of ~1000 ppm across Vesta, which is 
somewhat higher than determined from epithermal 

Fig. 1.  Histogram of different <A> values derived from 
HED elemental concentrations [11].  Mean values of each 
HED class are shown as symbols above the histograms. 
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neurons.  However, the detailed fast neutron behavior 
of the GRaND lithium glass-BLP phoswich sensor is 
not yet fully understood. For example, it may be that 
more high-energy epithermal neutrons are being 
counted than expected.  Such behavior will tend to 
enhance the dynamic range with hydrogen yet preserve 
variations with <A>[13].   

To investigate the non-hydrogen variations present 
within the fast neutron data, the fast/epithermal neu-
tron trend, as indicated by the red line in Fig. 4, is sub-
tracted.  A fast neutron residual map, with a mean 
count rate of 0.74 cps, is shown in Fig. 5.  There is 
clearly non-uniform spatial variability where the larg-
est residuals are seen in regions near longitudes 45º to 
180º and north of Rheasilvia basin up to +45º latitude.  
Low residuals are seen in the eastern portion of Rhe-
asilvia basin as well as northern latitudes east of 270º 
longitude.  When this residual map is compared with 
other GRaND measurements, we find a general simi-
larity of the fast neutron residuals with regions of en-
hanced and decreased neutron absorption [6], high-
energy gamma-rays [5], and iron count rates [4].  In 
addition, Dawn spectral data indicate eucrite and diog-
enite dominated regions in similar locations to the en-

hanced and decreased fast neutron residuals, respec-
tively [1,2].  All this information leads to the conclu-
sion that to first order, the fast neutron residual map is 
related to variations in <A>.  Detailed comparisons 
between the fast neutron residual map and other Dawn 
measurements have yet to be carried out, though initial 
comparisons indicate  multiple locations where the 
residual map is not fully correlated with the other 
measurements.  More work, therefore, needs to be 
completed to understand the GRaND fast neutron re-
sponse and calibration so as to enable a higher confi-
dence comparison with other datasets as well as to 
develop a quantitative calibration of the fast neutron 
residuals with <A>.   
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Fig. 5.  Map of fast neutron residuals where the trend of fast 
neutrons with epithermal neutrons was subtracted out and the 
residuals were offset to the mean count rate of 0.74 cps of the 
original fast neutron map. 

Fig. 4.  Scatter plot of epithermal neutrons versus measured 
fast neutrons.  The correlation coefficient between the two 
datasets is 0.85.  A trend line between the two datasets is 
shown by the solid red line. 

Fig. 2.  Map of measured fast neutrons across the surface of Vesta.  
The outline for Rheasilvia basin is shown as the black solid line.  
Enhanced count rates indicate regions of low hydrogen concentra-
tions; decreased count rates indicate regions of enhanced hydrogen 
concentrations. 

Fig. 3.  Map of measured epithermal neutrons across the surface 
of Vesta from [3].  The outline for Rheasilvia basin is shown as 
the black solid line.  Enhanced count rates indicate regions of 
low hydrogen concentrations; decreased count rates indicate 
regions of enhanced hydrogen concentrations. 
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