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Nonthermal emission occurs in the cores of the 9.4- and 10.4-um CO, bands on Mars, and has
been recently identified as a natural atmospheric laser. This paper presents observations of the total
flux and center-to-limb dependence of this emission for Mars and Venus. The emission is believed
to be excited by absorption of solar flux in the near-ir CO, bands, followed by collisional transfer to
the 00°1 state of CO,. A comparison is made between the observations and a detailed theoretical
model based on this mechanism. It is found that the theoretical model successfully reproduces the
observed center-to-limb dependence of this emission, to within the limits imposed by the spatial
resolution of the observations. A comparison is also made between the observed fluxes and the
predictions of the theoretical models. The observed flux from Mars agrees closely with the predic-
tion of the model; the flux observed from Venus is 74% of the flux predicted by the model. This
emission is utilized to obtain the kinetic temperatures of the Martian and Venusian mesospheres.
For Mars near 70 km altitude, a rotational temperature analysis using five lines gives T = 135 *=
20°K. The frequency width of the emission is also analyzed to derive a temperature of 126 + 6°K. In
the case of the Venusian mesosphere near 109 km, the frequency width of the emission gives T =

204 + 10°K.

I. INTRODUCTION

Strong nonthermal emission in the 9.4-
and 10.4-um bands of CO, was first re-
ported for the atmospheres of Mars and Ve-
nus by Betz et al. (1976), Johnson et al.
(1976), and Betz (1976) using infrared het-
erodyne spectroscopy. The emission oc-
curs in the cores of the CO, absorption lines
and is only detectable at spectral resolving
powers of =10°. The emission is believed to
be formed by absorption of near-infrared
solar flux, followed by collisional transfer
of the absorbed quanta to the 00°1 level of
CO,, and radiative decay at 10 um (Johnson
et al., 1976; Betz 1976). The emission dis-
appears in the absence of sunlight (Deming
et al., 1982). Recently, Mumma et al. (1981)
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have demonstrated that in the case of Mars
this emission arises from a population in-
version, making it a natural laser. The emis-
sion intensity was reported by Betz (1976)
and Betz et al. (1976) to be approximately
proportional to the incident solar flux, but
little attempt was made to quantify this de-
pendence. The understanding of this emis-
sion and its implications is still not com-
plete. Until now, no complete comparison
has been made between observations and
the predictions of a suitably detailed theo-
retical model.

This paper presents extensive observa-
tions of this emission from the mesospheres
of Mars and Venus. We obtain the total flux
emitted in the 9.4- and 10.4-um bands and
the center-to-limb dependence of the emer-
gent intensity. These quantities are com-
pared to the predictions of a detailed theo-
retical model (Deming and Mumma, 1983).
We obtain the kinetic temperature in the
Martian mesosphere near 70 km from the
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frequency width of this emission and from a
rotational temperature analysis.

II. OBSERVATIONS

Observations of the emission in lines of
the [(10°0)—(02°0)], I and II bands were
made using the Goddard Space Flight Cen-
ter infrared heterodyne spectrometer and
the Kitt Peak National Observatory Mc-
Math main solar telescope during several
observing runs from December 1979
through April 1980. The spectrometer is de-
scribed in detail by Kostiuk et al. (1980) and
Mumma e al. (1982). Observations were
made of Mars near opposition and of Venus
near phase 0.5; the Venus observations
(Fig. 1) are of higher quality than the Mars
observations because the emission was
much brighter and the planetary disk was
much larger than the 1.7 arc-sec FWHM
instrumental field of view, allowing better
spatial resolution. Most of the observations
were made in the 10.3337-um R(8) line, but
other lines were also observed. The obser-
vations were made at two spectral resolu-
tions: 25 MHz (0.0008 cm~') and 5 MHz
(0.000017 cm™1), using two separate RF fil-
ter banks. For comparison, the Doppler
half-width at half-maximum for CO, lines at
150°K is 19 MHz. The 25- and 5-MHz data
were registered simultaneously; the 5-MHz
filter bank was tunable and was centered on
the emission core. For all of these observa-
tions, terrestrial CO, absorption was
present at the frequency of the CO, laser
local oscillator, and was defined and re-
moved by observing the Moon, which is a
thermal continuum source at this fre-
quency. The observations were calibrated
in terms of absolute flux, above the atmo-
sphere, by adopting an appropriate temper-
ature for the observed location on the lunar
surface (Montgomery et al., 1966). For the
planetary observations, the position of the
beam was established by visual inspection
of the image on a television monitor. Under
conditions of good seeing we found that the
beam center position can be set in this man-
ner to a precision of ~1 arc-sec. This visu-
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F1G. 1. Heterodyne observations, at 5 MHz resolu-
tion, of emission in the 10.33-um R(8) line of CO, on
Venus. The phase of the planet at the time of observa-
tion was 0.5 and the subsolar point occurs at the (left-
most) limb. The intensity scale is normalized so that
the 10-um continuum (~235°K) has a value of unity
when observed at normal incidence. The spatial reso-
lution is indicated by the full width of the instrumental
beam, to its half-power points (HPBW).
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ally estimated position was later corrected
for the (small) differential refraction be-
tween the visual and 10-um regions. This
correction was made based on the indices
of refraction for air at continuum frequen-
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cies. The aspect geometries of the plane-
tary disks were used to compute the angu-
lar distance of each observed point from the
sub-Earth and subsolar points.

III. ANALYSIS

Each observation of the emission line
yields three quantities: the frequency width
of the line, the line center frequency, and
the specific intensity of the emission core
(ergs cm~2 sec™! sr7!). We obtain these
quantities by fitting a gaussian to the ob-
served emission core, after stripping off the
underlying absorption profile. This removal
of the absorption profile was facilitated in
the case of Mars by obtaining a model at-
mosphere fit to the absorption line. The ab-
sorption line profile was modeled as the
sum of transmitted thermal radiation from
the surface and the self-emission of the
overlying atmosphere. The surface temper-
ature was obtained from the observed line
profile by fitting to the flux in the far wings,
where the atmosphere is optically thin. A
temperature vs altitude profile, appropriate
to the local time and season, was adopted
based on the discussion of Seiff (1978). The
CO; line parameters used in calculating the
line profile are well known, and were taken
from McClatchey et al. (1973) and Freed et
al. (1980). The atmospheric surface pres-
sure was treated as a free parameter and
was varied in order to obtain an optimal fit
to the observed line. Surface pressures de-
rived in this way were consistent with the
variations given in Viking ground-truth
results (Hess e? al., 1980). Examples of the
modeling and removal of the underlying ab-
sorption profile are given in Fig. 2. Further
discussion of the absorption line fitting pro-
cess is not given here, because the results
for the emission core are not sensitive to
the details of this procedure. In the case of
Venus the emission completely dominates
the underlying absorption profile, which is
so shallow that it can be ignored.

Kinetic Temperatures

We derive kinetic temperatures for the
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emitting region by attributing the frequency
width of the observed line to molecular
thermal motion. In actual practice the de-
rived kinetic temperatures are only upper
limits, since other effects act to broaden the
line. These effects include planetary rota-
tion and atmospheric turbulence within the
heterodyne field of view, possible local os-
cillator drift, and the finite resolution of the
RF filters. During each observation there is
also a change in the line-of-sight component
of the Earth’s rotational velocity. The fre-
quency widths derived for the emission
core were corrected for this latter effect
when it was appreciable. It is assumed in
this procedure that gain-narrowing of the
line profile due to stimulated emission is a
negligible effect. The theoretical model of
the emission (Deming and Mumma, 1983)
supports this assumption.

Kinetic temperatures were derived in this
way only for lines in the 10.4-um band. For
the better Mars data the error associated
with a single such temperature determina-
tion is +8°K; the Venus data has smaller
errors. However, we find variations of
~=+30°K from our Mars measurements, so
we may be observing real temperature fluc-
tuations (e.g., Zurek, 1976). Using this
technique, we obtain average temperatures
for the mesospheres of Mars and Venus of
126 = 6°K and 204 = 10°K at 70 and 109
km, respectively. The individual measure-
ments are given in Tables I and II.

Rotational Temperatures

Since we expect the rotational levels of
CO; to be in thermal equilibrium at the
pressures of relevance here, we can use ob-
servations of the emission from a range of
rotational levels to determine the rotational
temperature of the mesospheres. We have
done this in the case of Mars by observing
the emission from six lines with J values
ranging from 4 to 26. In the case of the
R(26) line the emission core is very weak
and the value we obtain for the integrated
emission is sensitive to the manner in which
the underlying absorption profile is mod-
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F1G. 2. Example showing observations and modeling of the 10.33-um R(8) line of "2C'%Q, at the
center of the Martian disk. The intensity scale is normalized so that unity represents a brightness
temperature of 260°K. The top portion shows 25-MHz data and modeled profiles; the bottom portion of
the figure includes the 5-MHz observations of the emission core.

eled. This line was therefore omitted from
the rotational temperature analysis, al-
though if it were included it would not
change the results significantly.

Under conditions of rotational thermal
equilibrium the intensity of a rotational line
is given (e.g., Herzberg, 1950) as

Iy ~ vSy exp(—B'J'(J' + Dhc/kT), (1)

where J' is the rotational quantum number
for the upper state, v is the line frequency,
and Sy = J Rbranch)or §; =J' + 1 (P
branch). We take B’ = 0.39 cm~! (Freed et
al., 1980). We normalize the observations
to the intensity of the R(8) line having J' =
9. We use absolute intensities for each line
(discussed below) and we correct each in-
tensity to its value at the subsolar point us-
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TABLE I

SUMMARY OF OBSERVATIONS OF THE LASER EMISSION FROM MARS

Date Time Line Position Observed Predicted Kinetic Specific intensity cos Og cos fs
(UT) relative relative temperature (ergs cm™2
intensity intensity sec”!srh)
1(0g,85) 1,(0,0)
1/7/80 10:15 10.59 um P(20) Disk center — — — 1.95(-2) 2.18(-2) 1.00 0.85
12:52 10.33 um R(8) Disk center —_ — 93 3.48(-2) 3.75(-2) 0.99 0.90
2/5/80 04:52 10.33 um R(8) Disk center — — 96 2.47(-2) 2.67(-2) 0.94 0.82
05:16 East limb 1.42 1.24 115 — — 0.80 0.91
06:23 West limb 0.94 0.61 136 — — 0.39 0.14
06:58 North limb 1.37 1.17 — — — 0.47 0.36
07:35 South limb 0.83 1.20 134 — — 0.68 0.69
08:20 Disk center 1.00 1.00 128 2.924-2) 3.03(-2) 0.99 0.95
09:26 10.30 um R(12) Disk center — — — 2.81(-2) 2.89(-2) 1.00 0.96
10:00 10.27 um R(16) Disk center — — — 2.58(-2) 2.63(—2) 1.00 0.97
11:17 10.21 um R(26) Disk center — — — 5.0(-3) 5.1(-3) 0.99 0.98
14:15 10.37 um R(4) Disk center — — — 3.01(-2) 2.85(-2) 0.92 0.96
3/26/80 05:30 10.33 um R(8) Disk center 1.00 1.00 63 1.98(-2) 2.05(-2) 1.00 0.95
06:11 East limb 1.43 0.77 158 — — 0.66 0.36
06:30 West limb 2.07 1.66 132 — — 0.60 0.83
06:55 Disk center — — 113 3.67(~2) 3.89%(-2) 1.00 0.92
3/28/80 03:30 10.33 um R(8) Disk center — — 108 1.87(-2) 1.92(-2) 0.99 0.96
04:00 South limb 0.90 1.05 126 —_ — 0.60 0.46
04:25 North limb 111 1.83 119 — — 0.41 0.55
04:45 West limb 1.66 2.00 165 — — 0.48 0.76
05:55 East limb 0.92 0.59 156 — — 0.53 0.20
06:15 Disk center 1.00 1.00 134 3.75(-2) 3.95(-2) 1.00 0.93
07:13 30° east 0.93 0.84 109 — — 0.76 0.49
07:35 30° west 1.19 1.23 106 — — 0.88 0.99
07:59 30° north 1.06 1.12 126 — — 0.85 0.83
08:23 30° south 0.99 0.96 130 _ — 0.88 0.71
3/29/80 04:12 9:32 um R(12) Disk center 1.00 1.00 — — — 1.00 0.95
04:42 West limb 1.45 1.82 — — — 0.59 0.84
05:16 East limb 0.66 0.79 — — — 0.66 0.35
05:39 North limb 1.69 0.85 — — — 0.54 0.62
05:56 South limb 0.92 1.02 — — — 0.68 0.52
07:49 9.34 um R(8) Disk center 1.00 1.00 — — —_ 0.99 0.90
08:28 West limb 1.91 1.38 — — — 0.77 0.95
09:26 North limb 1.96 1.43 — — — 0.24 0.28
09:54 South limb 1.91 0.87 — — — 0.74 0.48
3/30/80 09:30 10.33 um R(8) Disk center 1.00 1.00 132 L31(-2) 1.52(-2) 0.95 0.81
09:46 West limb 1.90 1.31 197 — — 0.85 0.99
4/19/80 05:00 10.33 um R(8) Disk center 1.00 1.00 — — — 1.00 0.90
06:53 West limb 2.50 1.44 — — —_ 0.73 0.95

Note. Specific intensities are corrected for atmospheric absorption. The specific intensity is a function of angular distance from the sub-Earth point,

8g, and the subsolar point, 8s. Numbers in parentheses are powers of ten.

ing a theoretical model (Deming and
Mumma, 1983). The fluxes used in the anal-
ysis are given in Table 1. The resulting rota-
tional temperature for the Martian meso-
sphere is T, = 135 % 20°K, and the
analysis is illustrated in Fig. 3.

Absolute Flux Measurements

It is important to derive an observed
value for the absolute total flux emitted in
the 9.4- and 10.4-um bands. Theoretical
modeling of the emission process can pre-

dict a value for this flux, and comparison
between observed and theoretical fluxes
can shed light on the completeness of our
understanding. In principle, the observed
total flux can be obtained by observing the
emission in each rotational line of each
band and summing the observed values.
This procedure is impractical because of
the length of time required to observe a sin-
gle rotational line with appropriate calibra-
tion. We therefore assume rotational ther-
mal equilibrium at T = 126°K, as in (1), and
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TABLE II

SUMMARY OF OBSERVATIONS OF THE LASER EMISSION FROM VENUS

Date Time Line Position Observed Predicied Kinetic Specific intensity cos 8g cos s
U relative relative temperature (ergs cm™2
intensity intensity sec™! sr7!)
1,(6g,85) 1,(0,0)
4/8/80 21:23 10.33 um R(8) West limb 2.83 3.14 171 1.64(-1) 7.00(-2) 0.42 0.91
22:05 30° west 1.00 1.00 — 5.80(-2) 7.77(-2) 0.87 0.50
23:40 West limb 2.95 3.14 185 1.71(-1) 7.30(-2) 0.42 0.91
4/9/80 00:49 Southwest 1.93 2.60 209 L12(~1) 5.71(-2) 0.42 0.64
limb
01:47 South limb 0.51 0.80 — 2.98(-2) 4.99(-2) 0.42 0.08
4/10/80 00:17 9.34 um R(8) West limb 1.09 1.00 223 — — 0.42 0.91
02:01 Disk center 0.24 0.10 — — — 0.98 0.08
04:07 South limb 0.26 0.25 — — —_— 0.42 0.08
4/10/80 20:27 9.34 um R(8) West limb 0.91 1.00 184 — — 0.42 0.91
22:42 Southwest 0.87 0.83 245 — — 0.42 0.64
limb
4/11/80 00:18 10.33 um R(8) West limb 2.76 3.14 209 1.60(—1) 6.83(-2) 0.42 0.91
03:06 Disk center 0.33 0.31 — — — 0.98 0.08
03:52 45° west 1.76 1.54 — 1.02(-1) 8.88(-2) 0.71 0.71

Note. Specific intensities are corrected for atmospheric absorption. The specific intensity is a function of angular distance from the sub-Earth point,
6g, and from the subsolar point, 6s. Numbers in parentheses are powers of ten.

we derive the total emitted flux by scaling
that which is observed for a single line. We
assume that the 9.4- and 10.4-um bands
emit equally. This assumption is crudely
consistent with our observations, and is
prescribed more precisely by laboratory
measurements of transition rates (Murray
et al., 1974). We note that the observations
of each line give a specific intensity (ergs
cm~2 sec”! sr~!), which we wish to inte-
grate over solid angle to obtain an emergent
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F1G. 3. Rotational temperature analysis of the laser
emission from the Martian mesosphere.

flux (ergs cm~2 sec™!). To accomplish this,
we let 8g = the angle between an observed
ray and a line normal to the atmosphere.
We let 8s = the zenith angle of the Sun at
the observed position. We denote the emer-
gent specific intensity as I, (6g,0s), and we
assume that I, (0g,0s) is independent of azi-
muthal angle ¢. An increment of solid an-
gle, dw, is given as dw = sin @edfrdd and so
the emergent flux is

A8 =

2 /2
fO d¢ fO I,,(OE,Os) sin Og cos Og dOE 2)

We expect that I(6g,0s) ~ I(0,0s)/cos
0e, hence we obtain

Observed values of I, (0g,0s) are given in
Tables I and II. Since we expect that the
emission intensity will depend on solar ze-
nith distance (fs), we use the predictions of
the theoretical models to correct the ob-
served values of I,(0g,0s) to the subsolar
point (§s = 0). We similarly correct these
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values to g = 0, and we give the resultant
1,(0,0) values in Tables I and 11.

In the case of Mars we observed near
opposition, and so 6 ~ s ~ 0 at disk cen-
ter. This means that the corrections to con-
vert 1,(0g,0s) to 1,(0,0) are small and the re-
sultant 1,(0,0) values are not significantly
model dependent. For the 10.33-um R(8)
line we obtain 7,(0,0) = 2.84 X 1072 = 0.34
x 10~2 ergs cm~! sec™! sr~1. This gives £,(0)
= 1.78 X 107! ergs cm~? sec™! for this line.
We denote the total flux emergent in both
bands as F,(6,). Adopting T = 126°K, we
calculate F,(0) = 13.7 = 1.6 ergs cm™2
sec”!. Our observations, however, were
made near aphelion (1.66 AU) and the emis-
sion strength should be proportional to the
incident solar flux. Correcting the emergent
flux to the mean distance of 1.52 AU we
obtain F,(0) = 16.2 = 1.9 ergs cm~Z sec™!.
Random errors in the observed emission in-
tensities are the dominant source of uncer-
tainty in F,(0).

In the case of Venus, the observing ge-
ometry creates more difficulty in correcting
L(6g.,0s) to 1,(0,0). In this case, it seems
preferable to use only the 10.33-um R(8)
observations taken at 30 and 45° west. With
this restriction we have 1,(0,0) = 8.33 X
1072 ergs cm™2 sec™! sr™!, Adopting T =
204°K, from the kinetic width of the emis-
sion cores, we obtain F,(0) = 56.2 ergs
cm~?sec”! sr!. If, in contrast, we use all of
the 7,(0,0) values for 10.33 um R(8) we ob-
tain 7,(0,0) = 6.93 = 0.48 X 102 and F,(0)
= 46.7 £ 3.2 ergs cm~2 sec”!. The former
value is preferable since it will be less
model dependent and less prone to system-
atic error.

Center-to-Limb Dependence of the
Emission

One of the primary motivations for these
observations was the hope that the center-
to-limb dependence of the emission could
be determined with sufficient accuracy to
place meaningful constraints on theoretical
models of the emission process. Our obser-
vations of the center-to-limb dependence
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are given in Tables I and II as ratios of the
emission intensity observed at each point
relative to some normalization point. In the
case of Mars this normalization point was
taken at disk center. In the case of Venus
the normalization point for the 10.33-um
observations was the 30° west observation.
The 9.34-um Venus observations were nor-
malized to the average of the two west limb
observations. For each observed point, Ta-
bles I and II give values of cos 6 and cos
8s. We have also calculated theoretical val-
ues for the intensity at each point, relative
to the normalization point. In calculating
these theoretical ratios, Mars was repre-
sented by the 120°K model. If we define
1,(0,0) = 1.0, inspection of the theoretical
models showed that [(0g,0s) =
1(0,09)1,(0:,0). Values of I1,0,0s) and
I(6:,0) were tabulated in the theoretical
models. Using this procedure we calculated
I(6g,0s) for each point of the planetary disk
which fell within the heterodyne field of
view. The resulting theoretical intensities
were convolved with the Airy pattern
which represents the diffraction-limited
beam pattern of the heterodyne spectrome-
ter. Modeled relative intensities calculated
in this manner are given in Tables I and II.

The observed relative intensities are plot-
ted versus the modeled values on Fig. 4.
The typical error bars which are given ac-
count for error in: the observed relative in-
tensities as well as error in the modeled val-
ues. Estimate of the latter error is based on
a =1 arc-sec uncertainty in the position
which was observed. Given the estimated
random errors, the agreement between the
observations and the model is good. How-
ever, systematic errors are more difficult to
assess. Systematic errors could arise be-
cause we determined the position of the in-
strument beam by visually positioning the
planetary image on a cross line reticle.
Since subjective judgement is involved in
this process, and since a variety of observ-
ers participated, systematic departure from
our assumed positions is possible.

Figure 4 represents an improvement on
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F16G. 4. Comparison of theoretical and observational
intensities for the laser emission. The data plotted is
from Tables I and II. The abscissa gives the logarithm
of the ratio of the intensity at an observed point to the
intensity at a normalization point. The ordinate gives
the theoretical value of this ratio calculated from the
models. Typical error bars are shown; errors for indi-
vidual points will vary depending on the details of the
observing geometry.

the less quantitative comparisons given by
Betz (1976) and Johnson et al. (1976). The
principal value of Fig. 4 is that it implies
that the strength of the emission is indeed
closely proportional to incident solar flux,
i.e., that the theoretical values of I,(0,6s)
are correct. If this were not so, it would not
have been possible to obtain good agree-
ment between the observed and theoretical
intensity ratios. With respect to the theoret-
ical modeling of I,(6g,0) values, however,
Fig. 4 is less useful. In particular, the obser-
vations do not have sufficient angular reso-
lution to resolve the sharp peak in 1,(0g,0)
which is predicted to occur for cos g ~ 0.2.
In this respect, a more significant test of the
models could be obtained using data with
much higher spatial resolution.

IV. DISCUSSION

Our measurements of the frequency
width of the emission give a mean tempera-
ture of 126 = 6°K for the Martian meso-
sphere near 70 km. This determination is in
agreement with our rotational temperature
analysis, which vyields 135 = 20°K. These
values are somewhat lower than the mean
Viking probe results (Seiff and Kirk, 1977),
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which give ~139°K, and the stellar occulta-
tion results of Elliot et al. (1977), which
give 145 = 10°K. In the case of Venus, our
measurements of the thermal width of the
emission give T = 204 = 10°K near 109 km,
in agreement with the result from the Pio-
neer Venus Day Probe (Seiff e al., 1980) at
this altitude.

We derive a value of 16.2 = 1.9 ergs cm ™2
sec™! emitted at the subsolar point in the
9.4- and 10.4-pm bands from the Martian
mesosphere. Our measurements for Venus
give a total flux of 56 + 4 ergs cm™2 sec™!
emitted in both bands. These measure-
ments are compared to the results of the
theoretical models in Table III. The results
of Johnson et al. (1976) for Mars are also
included in this table. We note that Johnson
et al. (1976) give a greater total flux than we
obtain in this investigation, and they also
obtained a higher kinetic temperature from
the frequency width of the emission core.
Johnson et al. (1976) derive T ~ 170°K for
the temperature near 75 km, a value which
is significantly higher than other measure-
ments have given. The theoretical models,
however, show that their measured flux is
quite consistent with their measured tem-
perature. Unless this is a coincidence, it
suggests that their determination of a 170°K
mesospheric temperature may represent a
genuine mesospheric temperature fluctua-
tion.

The most significant conclusion which

TABLE III

THEORETICAL AND OBSERVED VALUES OF THE
ToTAL FLUX EMERGENT IN THE 9.4- AND 10.4-um
BANDS

Theoretical
(ergs cm~2 sec!)

Observed
(ergs cm~2 sec™')

Mars 16 = 2¢ 15.1 (126°K)*
200 20.6 (170°K)
Venus 56 *+ 42 75.3
2 This work.

» Johnson er al. (1976).
¢ Obtained by interpolating between the theoretical
values at 120 and 170°K.
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can be drawn from Table III is that the
emission observed from Mars is unexpect-
edly bright. The observed total flux is es-
sentially equal, within the errors, to the flux
predicted by the theoretical model. This is
surprising, since Deming and Mumma
(1983) note that the model makes assump-
tions which tend to overestimate the emit-
ted flux. In the case of Venus, for example,
the observed flux is only 74% of the pre-
dicted flux. Betz (1976) and Johnson et al.
(1976) have suggested that near-ir absorp-
tion by water vapor, followed by resonant
vibrational transfer to CO,, can contribute
to the pumping of this emission. This pro-
cess is not included in the theoretical
models, and may account for the differ-
ences shown by Table III. A final under-
standing of the 10-um CO; emission is
therefore tied to a more comprehensive pic-
ture of chemical and radiative processes in
the mesospheres of Mars and Venus.
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