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Introduction . Ozone and water are key species 
for understanding the stability and evolution of Mars’ 
atmosphere; they are closely linked (along with CO, H, 
OH, and O) through photochemistry [1-6]. Measure-
ments of ozone on Mars have been made by both 
ground based telescopes [7-13] and spacecraft [14-17]. 
Some of these measured the total column density of 
ozone [8, 11, 14] while others measured ozone above 
20 km [9,10, 13].  These latter measurements are per-
formed by measuring the O2(1Δ) emission rates. To-
gether, these results give insights into the vertical col-
umn profile of ozone on Mars.   

Photolysis of ozone by UV light from the sun 
produces O(3P) and O2(1Δ) with 90% efficiency [18]. 
The O2(1Δ) state has a relatively long radiative lifetime 
(~ 1 hour) [19].  The O2(1Δ) state can also be quenched 
by collisions with CO2.  At altitudes less than 20 km, 
quenching dominates so the O2(1Δ) emission near 1.27 
µm traces the presence of ozone in the middle atmos-
phere of Mars. Since 1997, we have been measuring 
the O2(1Δ) emission using CSHELL at the NASA-
IRTF [10,20]. We have found large variations of the 
emission rate throughout the Mars year [21]. We report 
observations that were made between Ls = 333o and Ls 
= 50o since 2004 (Table I). At Ls = 333o, no emissions 
were detected; for Ls = 357o and Ls = 20o, emissions 
were strong in the polar regions. For Ls = 50o, emis-
sions were strong at all measured latitudes.  These re-
sults will be compared to previously reported results 
for Ls = 67o [10]. 

 
Table I 

CSHELL Observations of Mars 
 

UT Date Ls r Del-Dot Diam. 
    A.U. km sec-1   

       

14-Jan-04 333o 1.49 15.7   7.6" 

16-Jan-06 357o 1.55 16.1 10.3" 

19-Jan-08  20o 1.60 10.6 13.6" 

25-Mar-08  50o 1.65 17.1   7.4" 

21-Jan-97  67o 1.66 -15.4   9.7" 
 
 
 
 
 

 
 

 
 

 
 

Fig.  1.  A.  Spectral-spatial image centered at 1.27 
µm resulting from four minute integration time on 
Mars.  The spectrometer slit was positioned on the 
central meridian of Mars.  The O2(1Δ) emissions on 
Mars are seen Doppler shifted from their corre-
sponding terrestrial absorptions.  B.  The upper 
trace is a three-row extract centered at 68oN.  A 
model containing solar Fraunhofer and terrestrial 
absorptions is subtracted from the observed spec-
trum to obtain the Mars residuals (lower trace). In 
addition to the Mars O2(1Δ) emissions, weak CO2 
absorptions are also detected.  

 
Observations .  CSHELL has a maximum 

spectral resolution (ν/Δν) of ~40000 with the 0.5 
arcsec slit. A relative geocentric velocity of at least 10 
km s-1 is needed to shift the Mars lines away from their 
corresponding terrestrial counterpart.  A relative veloc-
ity of ~ 15 km s-1 is preferred for those species (such as 
H2O, HDO, and CO) whose absorptions are saturated 
in the Earth’s atmosphere. This constraint reduces the 
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time available when Mars can be observed. Thus, it 
takes several Earth years to accumulate data that span 
one Mars season as illustrated in Table I. 
 
 

 
Fig. 2.  Boltzmann analysis of the emissions meas-
ured in Fig. 1. The integrated intensities of the in-
dividual transitions provide the points of the plot.  
The fitted line provides the rotational temperature.  
From the integrated intensities and the rotational 
temperature, the total emission rate from the O2(1Δ) 
state is calculated. 

 
The slit on CSHELL is oriented N-S on Mars.  

The spectrometer is centered at 7908 cm-1which per-
mits the detection of eight lines in the (0,0) band near 
1.27 µm (Fig. 1). The telescope is nodded between the 
Mars position and the sky; appropriate flats and darks 
are also taken.  A spectral/spatial image resulting from 
a four minute exposure on Mars appears in Fig. 1A.  
Three row extracts (0.6 arcsec) are made to produce a 
spectrum as in Fig. 1B; the point-spread-function 
(PSF), which depends on local observing conditions 
and instrumental effects is ~0.6 arcsec at its best.  
Spectra of reference stars are taken to calibrate the 
spectrometer. 

A spectral model of the Earth’s atmosphere is 
constructed to match the terrestrial absorptions.  It is 
then subtracted from the observed spectrum to isolate 
the Mars emission (and absorption) lines (lower trace, 
Fig. 1B).  A Boltzmann analysis is performed to de-
termine the rotational temperature of the O2(1Δ) state. 
The total transition rate between the O2(1Δ) state and 
the O2(X3Σg) state is then calculated. From this, the 
column density of ozone may be obtained. A full de-
scription appears in Novak et al. (2002)[10]. 

A 2-dimensional map is performed by stepping 
the N-S oriented slit across Mars at ~1 arcsec intervals. 
On 19 January 2008, this procedure resulted in eleven 
spectral/spatial images taken over three hours of clock 
time.  Observed emission rates were extracted for 
every 0.6 arcsec along the slit for each image  From 
these points, an interpolated 2-D plot of the emission 

rate across the planetary disk is constructed. An over-
lay of latitude/longitude coordinates (mid-point time 
for the data accumulation) results in Fig. 3A. Further 
analysis is performed to obtain the vertical column 
density.  For the data of 21 Jan 1997, a photon emis-
sion rate of 4.0 MegaRayleighs (4.0 x 1016 photons m-2 
s-1 (4π sr)-1) indicates a column density of 1.0 µm-atm 
(2.69 x 1017 molecules m-2) [10]. 

 

 
Fig 3.  A.   The spectrometer slit was positioned 
N-S along the planet; spectra were taken at eleven 
positions (1.0 arcsec intervals) East to West.  Spec-
tra binned for 0.6 arcsec intervals along each slit 
position are used to determine the emission rates.  
The result is a two dimensional map. These emis-
sions are seen to extend off the planet as a result of 
the PSF caused by the instrumental diffraction and 
the seeing of the terrestrial atmosphere.  On 20 Jan 
2008, the slit was positioned E-W on Mars.  B.   
For the E-W position indicated in Fig. 3A., emis-
sion rates were measured. The zero value is at the 
center of the slit; relative longitudes are calculated 
from there. 
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Fig. 4 .  Emission rates taken along the slit posi-
tioned at the central meridian of Mars for four dif-
ferent seasonal dates.  Data were also taken at Ls = 
333o (14 Jan 2004 when no emissions were meas-
ured above the noise level (~ 0.2 MR).  Results 
from Ls = 67o were reanalyzed using the same algo-
rithms used for the other results presented.  

On 20 Jan 2008, the slit was placed E-W on 
Mars.  With the slit centered at 60oS, the emission rate 
is seen to peak near mid-day and approaches zero near 
the limbs.  Similar observations were made on 16 Jan 
2006 and 25 Mar 2008 and will be presented in a fu-
ture work. 

 
Results. Results obtained with the spectrometer 

slit placed on the central meridian of the Mars are 
shown in Fig. 4 for four seasonal dates. For a fifth date 
when Ls = 333o, no detectible emissions were meas-
ured. Points were extracted at 0.6 arcsec intervals  
along the slit.  One set of points correspond to the ob-
served extracted emission rates reduced directly from 
the data; these values are divided by the airmass on 
Mars to determine the vertical column density of the 
emission rates (points located on the curves). 

For Ls = 357o and Ls = 20o, emissions were strong 
in the polar regions. For these regions, water vapor is 
believed to be located at lower altitudes (< 10 km) 
which permits ozone to be formed at higher altitudes.  
At Ls = 50o, the O2(1Δ) emissions appear across the 
planet. Since Mars is moving towards aphelion, there 
is less insolation on the planet and the overall surface 
and atmospheric temperature decreases, forcing the 
hygropause to move to lower altitudes. Ozone then 
accumulates at higher altitudes and is photolyzed by 
the solar UV light. At this seasonal date, the vertical 
column density of the O2(1Δ) emission is fairly con-
stant across the planet.  This pattern changes for Ls = 
67o when the emission rate in the North is less than 
that in the South.  At this time, water vapor is increas-
ing in the North whereas in the South, the atmosphere 
is very dry.  The lower emission rate in the middle of 
the planet could be associated with water ice clouds 
detected at that season [22].  

 
Future Plans .  We have previously reported 

near simultaneous measurements of the O2(1Δ) emis-
sion rates and column densities of HDO [10,21].  We 
have also recently obtained spectra of H2O (see Vil-
lanueva et al., this conference) in order to determine 
the variation of the [HDO]/[H2O].  Further comparison 
of the hydrogen species to ozone will provide better 
insights into the vertical distribution of these molecules 
diurnally and seasonally. Upcoming observations are 
planned for near- and post- aphelion dates in future 
years. 
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