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Introduction:  The NGIMS instrument on the 

MAVEN spacecraft provides in-situ measurements of 
neutral and ion gases in the Martian exosphere. We look 
at these measurements for atomic oxygen and carbon di-
oxide, the two dominant species at altitudes above the 
MAVEN periapsis at 125-150 km, for a full Martian 
year.  

From other MAVEN instruments, including 
STATIC and SWIA, we know that there is an ion flux 
both directed outwards and precipitating inwards (1, 3). 
The heavy (>9 amu) pick-up ion precipitation is seen for 
a wide energy range, from eV to keVs. The precipitating 
ions can transfer energy to the exosphere in a variety of 
ways, including heating the atmosphere and inducing 
sputtering, a non-thermal energy transfer process that 
can expand the exosphere and result in neutral escape. 
This latter process may have dominated escape in earlier 
solar epochs (2). Since sputtering is likely important to 
the evolution of the Martian atmosphere, it is necessary 
to try to determine its importance in the present epoch. 
Here, we endeavor to do this by looking for the effect of 
the precipitating ions on the neutral exospheric density. 

Methods:  We took the level 2 version 7, revision 1 
NGIMS neutral data and binned it for two altitude 
ranges, between 200-250 km and 250-300 km. Above 
300 km, the O data in particular become noisy and un-
reliable. The O and CO2 abundances between 200-250 
km and 250-300 km, in particles per cubic centimeter, 
are separately averaged to obtain one value per 
MAVEN orbit for each altitude range. 

We then use the H+ flow velocity from the SWIA 
instrument and the IMF measurements from the MAG 
instrument to transform the data to the MSE (Mars-So-
lar-Electric) coordinate system, in which the solar elec-
tric field vector and the Mars-Sun vector define the XZ 
plane.  

Results:  CO2 and O abundances between 200 and 
250 km show a clear correlation between MSE location 
and density: the neutral density at these altitudes in-
creases with decreasing latitude and longitude. The av-
erage CO2 and O density at this altitude is highest near 
the MSE point 0,0. In the higher altitude band (not 
shown), this correlation is not evident for either species. 
This correlation is not due to seasonal variations, which 
do exist at this altitude range, as the highest average 
densities are not from their geographic hemisphere’s 
summer. Additionally, there is only a weak correlation 
with the LPW EUV irradiance, shown in figure 2.  
 

Figure 1: MSE latitude and longitude for NGIMS O 
(top) and CO2 (bottom). Each data point corresponds to 
the average of the data from a single orbit between 200-
250 km for both inbound and outbound. 

 
Figure 2: The same data as in figure 1, colored by cor-
responding mean 0.1-7 nm EUV irradiance in W/m2 
from the LPW instrument. 
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Discussion: Brain et al. 2015 (1) examined the plan-
etary ion flux between ~850–1530 km altitudes from 
November 2014 to April 2015 in the MSE coordinate 
system and categorized flux as inward or outward for 
the purpose of determining planetary ion escape. How-
ever, their work, shown in figure 3, indicates that the 
inward ion flux dominates in the subsolar MSE hemi-
sphere, roughly between -90 and 90 degrees longitude. 
The inward flux is highest for the region between -30 
and -60 degrees latitude, -30 and 60 degrees longitude. 

 
Figure 3: Net heavy ion flux (outward directed flux mi-
nus inward directed flux) in MSE coordinates from (1). 
Red indicates net inward flux and blue net outward flux 
of heavy ions. Magnitude is indicated by color depth. 
Grey indicates no data. Differences in data gaps be-
tween fig. 1 and 3 are due to the smaller data set used 
by Brain et al. and the very different altitude range. 
     This comparison suggests that the long-term plots of 
NGIMS data appear to spatially correspond with the 
downward ion flux data. Despite the differences in alti-
tude of the Brain et al. data and the NGIMS data shown 
here, Leblanc et al. (3) shows precipitating ions do pen-
etrate to the depth of 200-350 km, which includes the 
altitude range in figure 1. Therefore, while the magni-
tude of the heavy ion flux at 200-250 km altitude may 
be different from that found by Brain et al. (1), the gen-
eral flow direction of the ions will be similar to that 
shown in figure 3.  
     In spite of these uncertainties, we note here that both 
the ion data in figure 3 and the O data in figure 1 show 
a north-south asymmetry biased towards the south, 
while the EUV data in figure 2 does not show such a 
correlation. Since the precipitating heavy ions can in 
principal contribute to raising the temperature near the 
exobase (typically near 180 km), they can thus expand 
the atmosphere beyond that produced by solar UV, 
which may be the case here. 
     Although the dominant heating of Mars’ upper at-
mosphere is due to the solar UV, the correlation shown 
here suggests that the precipitating ions might contrib-
ute to the effect at high altitudes and therefore it might 
be possible to extract their contribution from the 

NGIMS data. Since the data indicates the effect of the 
precipitating ions is likely most apparent for the 200-
250 km altitude range, we propose comparing data from 
individual orbits that fulfill the criteria of having low 
MSE latitude and longitudes in the exobase region, as 
this seems to be the region where their effect might be 
largest. Therefore, we will seek deviations from a typi-
cal density profile that might indicate sputtering is oc-
curring and can then use this to estimate the current con-
tribution from atmospheric loss due to sputtering. 
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