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Introduction:  We have adapted the Coupled Es-
cape Probability method of radiative transfer calcula-
tions for use in asymmetric spherical situations and ap-
plied it to modeling molecular emission spectra of po-
tentially optically thick cometary comae.

Recent  space  missions  (e.g.  Deep  Impact  & 
EPOXI,  see  [3]  &  [4])  have  provided  spectra  from 
comets of unprecedented spatial  resolution of the re-
gions of the coma near the nucleus. Currently active 
missions (e.g. Rosetta) and hopefully more in the fu-
ture will continue the trend and demonstrate the need 
for better modeling of comae with optical depth effects 
included.

Here we present a brief description of our model 
and results of interest for cometary studies, especially 
for space based observations.

Although  primarily  motivated  for  modeling 
comets,  our  (asymmetric  spherical)  radiative  transfer 
model could be used for studying other astrophysical 
phenomena as well.

Asymmetric  Spherical  Coupled  Escape  Proba-
bility: We have implemented our model of cometary 
comae (similar  to e.g. [2])  including our own newly 
adapted method of radiative transfer calculations, de-
signed especially for use with optically thick comae.

Coupled  Escape  Probability.  Coupled  Escape 
Probability  is  a New Method for  Radiative  Transfer 
Solutions developed by Elitzur & Asensio Ramos. [1] 
In the CEP method a plane parallel atmosphere is di-
vided into vertical "zones". Each zone's distribution of 
fractional  populations in   molecular  energy  levels  is 
determined using statistical equilibrium. All the zones 
are coupled through “Net Radiative Bracket” terms re-
sembling escape probability expressions, which encap-
sulate the self-radiation due to scattering and absorp-
tion between zones. This enables a self-consistent solu-
tion for the line radiation produced even in optically 
thick cases.

Asymmetric Spherical Coupled Escape Probability. 
We have adapted the CEP method for use in asymmet-
ric spherical situations, such as a comet's coma. (Yun, 
et al. [2] previously developed a spherical adaptation, 
but only for spherically symmetric situations.)

Our model includes a directional external source of 
radiation (solar illumination, in the case of cometary 
comae.) It also includes varying conditions within the 
spherical coma, to model morphological features such 
as jets. These features specific to comets necessitated 
adaptation of CEP to asymmetric spherical situations.

Model Results:  We present an illustrative sample 
of model results of various kinds. While our primary 
motivation is to produce brightness maps for specific 
wavenumbers or molecular bands of interest (intended 
to be analogous to and compared with  those presented 
by Feaga, et al. [3] & [4]) we have also created forms 
of model output of more general interest.

Aperture averaged spectra with high spectral reso-
lution,  but  lacking  spatial  resolution  are  one  useful 
form of our results. The variation with optical depth of 
band shapes and branches,  which  could be observed 
with  relatively  low spectral  resolution,  is  one useful 
feature of this model output.

We also show brightness and column density radial 
profiles  for  varying  phase and  azimuthal  angles,  for 
distantly observed comets, where high spatial resolu-
tion may not be available. These are especially useful 
in understanding optical depth effects and the use of g-
factors to obtain species abundances.
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