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ABSTRACT. The excitation of (0, 2) band of CO third positive system in the dayglow of i
is considered. Itis found that the intensity of this band should be several kilorayleighs, t‘{eg m:j:r mrliﬁm!::? ﬁﬂlle;e
from 115-145 km region of the atmosphere of mars. Simple calculations show that the intensity of the band is tog
small to be observed from thesurface of the earth, but becomes observable atadistanceless than 4000km from mars,

1. Introduction

Recent spectroscopic investigations and radio
occultation measurements by Mariner IV on
planet mars reveal that CO, molecules are main
constituent of its atmosphere (Kaplan et al. 1964;
Belton and Hunten 1966; Spinard et al. 1966
Kilore et al. 1965). It is expected that solar ultra-
violet rays falling upon the martian atmosphere
should excite, dissociate and ionise CO, molecules
and its products (CO, CO,+, O ete). The spectral
features in the martian dayglow should, therefore,
be composed of CO, CO,*, O etc Jain. (1970) had
dealt with the daytime photochemistry of O atoms
in the martian atmosphere and predicted the
presence of 5677A and 6300A lines of atomic
oxygen. The presence of CO fourth positive bands
in the ionosphere of mars has also been reported
(Gupta 1970). Its excitation is attributed due to the
following reaction —

CO,+ +e=» CO* + 0 (1)

These bands may also be excited in the martian
dayglow. Due to lack of data on collisional deacti-
vation by atmospheric constituents of n.ars, it is
not possible to estimate theoretically the intensity
of these bands. Recently, Gupta (1970) has deter-
mined experimentally the value of quenching
coefficient for (0, 2) band of CO third positive
system by CO, molecules. It is interesting to
examine the possibility of excitation of CO third
positive bands in the dayglow of martian atmos-
phere.

2, Produetion of CO (*X) molecules

Since CO(}3ZX) molecule is loaded with an
energy of 10-4 eV (Herzberg 1950), ultraviolet
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radiation lying in the range 780—790 A will be
required to dissociate CO molecules in the follow-
ing manner —

COy (X Zy%) + I 500 (632) + 0CP), (2

where, J is the probability of dissociation of the
CO, molecules and is given by —

J =¥ Zvuihy), Kv. Kv (3)

In the above expression, n(hv), , Kv, and Ky
stand respectively for photon flux at the top of
the martian atmosphere, transmission coefficient
at an altitude z and the absorption coefficient for
the frequencyv. yis the ratio of dissociated
molecule to absorbed quanta, In the absence of
precise information, its value has been taken to be
unity. The summation is to be carried over the
wavelength region which is responsible for the dis-
sociation of CO, molecules,

The transmission coefficient can be calcul
from the relation— S

Ev. —exp[ —N, Kv], (4)

where N, is the column density of CO, at an
altitude z in the martian atmosphere.

Using the number density of CO, given b
F, model of the martian atmosphere :tngl ‘ve:luc 3;'

Ky reported by Sun and Weissler (1955) for the

range 780-790 A, Kv. in the altitude 5
km has been obtained. Ay

For the caleulation of J in Eq. (3), photon flux
on the top of the martian atmosphereis estimated
by multiplying the dilution factort} with the
photon flux data for the carth’s atmosphere
given by Hinteregger et al, (1965). Subtituting
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+1The dilution factor is about 0-431 and is obtained by using inverse square law for intensities of light,
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Fig. 1
Variations of volume emission rate of (0,2) band of CO

third positive system with altitude in the

martian atmosphere

day time
the values of photon flux, transmission coefficient
and absorption coefficient in Eq. (3), J is calculated.
The rate of production of CO(B3Z) molecules at
different altitudes of martian atmosphere during
daytime has been computed by multiplying J with
the particle density of CO,.

8. Loss of CO (»* ¥) molecules

00(b*Z) molecules produced in martian at-
mosphere may be lost through radiative transi-
tions—

CO(b3Z) _f_ CO" + I (5)
where, A is the probability of transition (BBL—a?T)
and hvis the emitted radiation. In addition,
these molecules may also suffer collisional deacti-
vation through the reaction—

comz) +M Xco+ m (6)
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where, K is the quenching coefficient and M, the
quenching agent which may be taken to be CO,
molceules. As other gas species like H,0, 0, O
ete present in martian atmosphere are in traces,
their quenching effect will be negligibly small.

4. Volume emission rate of (0,2) band of CO third pesitive
system

Equating the production and loss rates of
(O (b3Z) molecules at equilibrium, the volume emis-
sion rate of CO third positive (0.2) band is given by—

R,
1 +K[CO,]
A

where, R, is the rate of production of CO (13X)
molecules. From Section 1, ene finds that the value
of K|A for the (0, 2) band of CO third positive
system is available (Gupta 1970). Out of all the
bands in the above system, the volume emission
rate of only (0, 2) can be computed here.

In the martian atmosphere, from where (0, 2)
band is emitted, CO, concentration is less than 1072
cm-3. The value of K/A for this band as reported
by Gupta (1970) is of the order 10-'® cm?/sec
molecule. Taking these values, one can see that the
quenching is ineffective in the region where this
band is emitted. Hence, the volume emission rate
becomes equal to the rate of production of CO (532)
molecules (Eq. 7). The variation of the volume
emission rate with the altitude in the atmosphere
of mars is shown in Fig. 1. From the figure, it is
obvious that the major contribution in the
intensity of this band comes from the altitude
range 115-1560 km and that the maximum emission
ig around 130 km,

A simple estimation will show that the dayglow
intensity of the (0, 2) band of the third positive
system in the n.artian atmosphere is about 17 kR.
Even this intensity is too small to be detected on
the surface of earth. However, it could be
observed at a distance less than 4000 km from the
surface of mars.

(7)
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