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Abstract

The forbidden emissions of cometary species have
special importance in the cometary spectra. The ex-
cited species which produce these forbidden emis-
sions can not be populated by direct solar radiation
excitation. These metastable species are produced
mainly from dissociative excitation and ion-electron
recombination reactions. Thus the observed emis-
sions have been used as tracers of parent cometary
species. The CO (a3π –X1Σ) is a forbidden transi-
tion which produces Cameron band emission in the
ultraviolet region during dissociative excitation of CO-
bearing neutrals and the dissociative recombination of
CO-ionic species in the cometary coma. Similarly,
the forbidden transitions of metastable atomic oxy-
gen 1S-3P (green, 5577 Å), and 1D-3P (red-doublet,
6300 and 6364 Å) produce line emissions in the
visible region. These emissions have been used to
probe H2O and CO2 abundances in the comets. We
have developed a coupled chemistry-emission model
to study various production and loss mechanisms of
these excited metastable states. The model is ap-
plied to comet C/2013 A1 (Siding Spring) which
will have a close fly-by of Mars during mid Octo-
ber, 2014, when Indian Mars orbiter Mission and
NASA’s Maven, would be orbiting the planet. The
model is also applied on ESA’s Rosetta mission tar-
get comet 67P/Churyumov–Gerasimenko which will
be useful for different observations over various helio-
centric distances. The predicted intensities and quan-
titative analysis of these emissions can be a theoretical
support for various space and ground-based observa-
tions.

1. Introduction
Although comets are water dominated bodies it is dif-
ficult to observe H2O directly in the coma by mak-

ing ultraviolet and visible observations. The emissions
from H2O dissociative products, like, OH 3080 Å and
atomic oxygen visible (5577, 6300, 6364 Å) lines have
been used in quantifying the water production rate in
comets [1, 2, 3, 4, 5]. The estimation of CO2 abun-
dance in comets has been done using emissions of
its dissociative products like CO Cameron band and
atomic oxygen emission lines [6, 7, 8, 9, 10]. Since the
excited species are getting produced via different pro-
duction mechanisms a quantitative analysis of these
production processes is essential to estimate their par-
ent species abundances.

2. Model
We developed a coupled chemistry-emission model
which account for many photochemical reactions that
govern the number densities of CO(a3π), O(1S), and
O(1D) in the cometary coma [11, 12, 13]. Ma-
jor production and loss reactions of these excited
states are incorporated in the model. The calcula-
tions have been done on comets C/2013 A1 (Sid-
ing Spring) and 67P/Churyumov–Gerasimenko. In
the model we assumed the water production rates on
comets 67P/Churyumov–Gerasimenko and C/2013 A1
(Siding Spring) as 5× 1027 s−1 at r = 1.0 au and 5×
1028 s−1 at r = 1.5 au, respectively, for 3% CO2 and
7% CO relative abundances. We also did model calcu-
lations for different H2O production rates and various
CO2 and CO relative abundances.

3. Results
The gas production rates on these comets differs by
an order of magnitude. The model calculated green to
red-doublet emission intensity ratio on these comets
are plotted in Figure 1. Due to high gas production
rate and also because of strong collisional quenching
of O(1S) and O(1D) the calculated G/R ratio on comet
C/2013 A1 differs with that of 67P. The modelled CO
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Cameron band emission intensity profiles as a func-
tion of projected distance on both these comets are
shown in Figure 2. For the assumed gas production
rates and relative CO2 and CO abundances we found
that the Cameron band intensity profile as a function
of projected distance on these comets is nearly same.
Though the gas production rate on comet C/2013 A1 is
higher due to large heliocentric distance the estimated
CO Cameron band emission is neary same as on comet
67P.
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Figure 1: The model calculated green to red-
doublet emission intensity ratio on comets C/2013
A1 (Siding Spring) (at r = 1.5 au) and
67P/Churyumov–Gerasimenko (at r = 1.0 AU).
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Figure 2: The model calculated CO Cameron
band emission intensity profiles on comets C/2013
A1 (Siding Spring) (at r = 1.5 au) and
67P/Churyumov–Gerasimenko (at r = 1.0 AU).

4. Summary and Conclusions
By incorporating various photon, photoelectron,
and dissociative recombination reactions in the
model, we calculated the production and loss rates
of CO(a3π), O(1S), and O(1D) in the cometary
comae of comets C/2013 A1 (Siding Spring)
and 67P/Churyumov–Gerasimenko. The modelled
CO(a3π), O(1S), and O(1D) density profiles are used
to predict CO-Cameron band emission and atomic
oxygen visible emission as a function of projected dis-
tance on these comets.
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