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Introduction: The Emirates Mars Ultraviolet       

Spectrometer (EMUS) is one of the three instruments 

to be launched by 2020 on-board Hope probe of the 

Emirates Mars Mission. EMUS is a far ultraviolet 

spectrometer designed to observe the spatial and    

temporal variability of key constituents in the Martian 

thermosphere (100-200 km altitude) and exosphere 

(>200 km altitude) on sub-seasonal timescales. EMUS 

will have a selectable spectral resolution of 1.3nm, 

1.8nm, and 5nm and a spectral range of 100 – 170 nm 

to make the required observations of ultraviolet     

emissions of Hydrogen (H), Oxygen (O), and Carbon 

Monoxide (CO).  

In aims of predicting the EMUS instrument’s ob-

servations, this work will revolve around the develop-

ment of FUV forward models for OI 135.6 nm and CO 

4PG emission lines sourced from electron impact in the 

Martian thermosphere.   
Forward Model Development Methodology: In 

this work, both the forward models of OI 135.6 nm and 

CO 4PG are of the electron impact source. The models 

output brightness based on the following inputs 1) pa-

rameters such as densities, temperatures, longitudes, 

latitudes, altitudes, solar longitudes (Ls) and solar vari-

ability from the Mars Global Ionosphere Thermosphere 

Models (MGITM) [1], 2) different observation geome-

tries such as viewed from near the subsolar point (full 

Mars geometry) and from near the terminator (quarter 

Mars geometry). and 3) stimulation frequencies calcu-

lated based on the electron impact cross sections  (the 

stimulation frequency of CO4PG is calculated for the 

(0,1) band at 160.0 nm and has been scaled to repre-

sent the entire source) [2]. Both models are sampled up 

to 80 degrees in solar zenith angle and emission angle 

at a reference airglow peak altitude of 130 km. 

 
Figure 1. sample output of O135.6 nm brightness  

distribution across the disk at Ls 270 and “full Mars” 

geometry view from a vantage over the sub-solar point. 

Model Verification: To proceed with the verifica-

tion of O1356 model, an optically thin emission line, 

the results will be compared with a simple analytical 

hydrostatic model. O1356 brightness has contributions 

from CO2 as well as atomic oxygen, both stimulated by 

photoelectron impact, with CO2 ionization being the 

primary source of photoelectrons at airglow peak.   

Brightness  

Equation 1. Plane Parallel Approximation 

Where m value is equal to 1 and n value of the impact 

of CO2 and O molar masses on atomic oxygen’s scale 

height as following:  

 
Figure 2. comparison of O135.6 nm forward model 

brightness output due to electron impact on atomic 

oxygen with simple model output. 

 
Figure 3. comparison of CO 4PG forward model 

brightness output due to electron impact on CO with 

simple model output. 

For the electron impact source of the CO4PG band 

system a similar approach has been followed. The first 

values used for n is of the relation of mass of CO to 

CO2 as the following:  and the second 
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value tested represents the impact of CO2 and O molar     

masses on CO’s scale height:   

Both approaches suggest the CO scale height near the 

airglow peak in MGITM is larger than we would ex-

pect from it being diffusively separated and taking on 

its own scale height. This means that there are strong 

vertical transport effects modifying the distribution of 

CO in the model that needs to be further investigated. 

On-going Work:   

O135.6 Forward Model.  We are currently working 

on developing a function based on plane parallel ap-

proximation to represent the developed forward model. 

Such a function will be tested out on an EMUS simula-

tor for sensitivity analyses.  

CO4PG (E-impact Source) Forward Model. The 

current results are scaled from the (0,1) at 160.0 nm 

and scaled to represent the entire band. New stimula-

tion frequencies have been developed to represent the 

entire band. The model will be updated accordingly 

and the results will be reinvestigated.   
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