
Tracing The History of Water (‘H’ and ‘O’ Atoms) on Mars 

Using HST  

Dolon Bhattacharyya1, Carol Carveth1, John T. Clarke1, Jean Loup Bertaux2, 

 Jean-Yves Chaufray2 

 
1 Boston University     2 LATMOS, France     

Abstract: We present an analysis of HST observations of the martian atmosphere 

both at 1216 Å (Lyman alpha) for atomic hydrogen with ACS/SBC and 1304 Å for 

atomic oxygen using STIS. The O and H observations were conducted in the years 

2003 and 2007 respectively. Also included is a more recent observation of H in May, 

2014. This poster discusses the background and the role of H and O atoms in 

unearthing the water escape history from Mars. We have used radiative transfer (RT) 

modeling in order to simulate the radial brightness profiles generated from the HST 

data. The UV Lyman alpha observations for H show a significant decrease in 

brightness over the period of observations of one month (Clarke et al., 2013). The RT 

modeling results for H also substantiate this decrease in brightness with a decease in 

number density of 18% at a constant exobase temperature of 450 K. As for oxygen, 

modeling clearly indicates the presence of hot oxygen atoms at altitudes above 650 

km from the surface of Mars.        

Figure 1: Left: Location of HST - STIS slit aperture as positioned in the FoV 

looking at Mars. Spectra was obtained with integration times of 1680 s with the 52” 

x 0.5” and 700 s with the 52” x 2” aperture. 

Right: H Ly alpha emission from the martian corona imaged by the ACS/SBC 

instrument on HST on 15th October, 2007. Contours indicate constant brightness in 

Kilo Rayleighs, and background Ly alpha has been subtracted.  

Figure 2: Intensity of the Lyman alpha emission above the surface of Mars for all the 

observations obtained with HST. Note the change in intensity between the first and the 

last two days of observations in 2007.  

Observations: The Advanced Camera for Surveys (ACS) onboard HST was 

used to conduct the observations of Mars in UV Lyman alpha. The  images 

in 2007 were obtained in a series of three visits, 15th October, 27th October 

and 9th November, 2007 synchronized with SPICAM observations by Mars 

Express. During that time Mars was moving away from the Sun in its orbit 

and its solar longitude was between 330º and 345º respectively. Dedicated 

geocoronal observations were also obtained which was then subtracted off to 

obtain the final image used in the analysis. Radial brightness profiles 

derived from this set of observation in 2007 show a significant decrease in 

brightness over a period of just a month which was also corroborated by 

SPICAM. The solar Lyman alpha flux was constant for the observational 

period. A single set of observations were also obtained on 30th May, 2014 in 

order to determine the present state of the martian exosphere. At that period 

Mars was moving towards the Sun with a solar longitude of 138⁰. Fig. 2 

below shows the radial profiles for all the observations of Mars in Lyman 

alpha with brightness expressed in kilo-Rayleighs.  

 The HST Space Telescope Imaging Spectrograph (STIS) instrument 

along with a low resolution grating was used to obtain spectra which 

included the 1304 Å emission due to atomic oxygen. These observations 

were conducted in August, 2003 when Mars was at a solar longitude of 217º. 

Background: Mariner 6 and 7 first detected resonantly scattered solar Lyman alpha 

photons by atomic hydrogen present in the exosphere of Mars from altitudes as high 

as 30,000 km above the surface (Barth et al., 1969; 1971). The source of this 

extensive layer of H was determined to be mostly photo-dissociation of water vapor 

by UV light close to the surface of Mars (McElroy and Donahue; 1972). The 

hydrogen produced through photo-dissociation then diffuses upwards in its molecular 

form and converts back to atomic H via reactions with O2
+ and CO2

+ near the exobase 

(Krasnopolsky, 1993). The 1304 Å dayglow from atomic oxygen was also first 

detected by the Mariner spacecrafts (Barth et al., 1971).  

 There are two main escape mechanisms influencing the H and O population in 

the atmosphere of Mars. These are thermal escape process like Jeans’ escape which is 

dominant in the case of lighter species like H and non-thermal escape processes like 

charge exchange, photochemical processes, etc. which play a major role in the escape 

of the heavier O species. These non-thermal processes gives rise to a super-thermal 

population with enough energy to escape the gravitational potential of the planet. It is 

therefore imperative to constrain the temperature and number density profile of the O 

and H atoms in the atmosphere of Mars in order to accurately determine the water 

escape flux over the martian planetary evolution period. 

 Modeling of the Mariner observations of  hydrogen Lyman alpha yielded an 

exobase temperature of 350 ±100 K and an exobase density of 3.0 ±0.5 x 104 cm-3 

for H (Anderson and Hord, 1971). Measurements by other spacecrafts like Viking, 

Mars Global Surveyor, etc revealed the exospheric temperature to be around 200 K or 

less. More recently, analysis of measurements of the Lyman alpha emission by 

SPICAM onboard Mars Express by Chaufray et al., 2008 have indicated the 

possibility of the presence of a super-thermal component of H in the exosphere. 

Similarly for oxygen, the first detection of a super-thermal component was by 

Feldman et al., 2011 using Rosetta data. However, they were unable to determine the 

properties of the O population. Our group has used HST to study the characteristics of 

H and O in the atmosphere of Mars and constrain some of  the thermal and non-

thermal processes involved in the escape of these atoms from the martian exosphere.   
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Figure 3: RT model (developed at BU based on Chaufray 2008) best fits to the hydrogen Lyman alpha 

intensity observed at Mars for the HST observations. The two free parameters in the RT model are the 

exobase temperature and number density for the H population present in the martian atmosphere. 

Modeling the H Lyman alpha emission:    

Conclusions: 

• The exobase temperature values obtained for the best fit curves for the H Lyman alpha 

emission do not agree with spacecraft measurements of the atmospheric temperature. 

• Two scenarios to explain model results:  

 1. H population is at a higher temperature then the rest of the atmosphere  

 2. A two-component population with a thermal and super-thermal component 

More modeling is therefore required to constrain this value which is currently ongoing. 

• A single exospheric population does not give a good match to the 1304 Å oxygen 

emission.  

• Further observation have been scheduled with the HST for Fall 2014 which would 

enable us to better understand the contribution of both thermal and non-thermal 

processes governing the escape of H and O from the exosphere of Mars. 

Figure 4: Left : The 10 best fitting RT model (based on Chaufray 2009) results (see table 2) to the 

HST data for 1304 Å oxygen emission. A clear excess in emission exists in the data above  ~ 4100 km. 

Right: The 10 best fitting single-temperature models (Fig. 1) were numerically averaged and 

different multiples of 3 hot populations were added to it. These model fits clearly a better match to the 

HST data than the single population model profiles.  
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Future Research Work: Efforts are currently ongoing towards 

characterizing the uncertainties associated with modeling the H exosphere. 

Further observations of Mars have been scheduled using HST for Fall 2014. 

These observations are necessary towards understanding the dynamics of 

the martian atmosphere and would also assist towards interpreting data from 

the MAVEN mission to Mars.       

Modeling the O 1304 Å emission:    

Table 2: The full parameter space explored was a grid of 60 combinations of oxygen 

densities at 80 km and exospheric temperatures.  

Table 1: Summary of the parameters corresponding to the  H observations 


