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Abstract

The precision of the rates of the photolytic processes
initiating the complex chemistry of Titan’s upper at-
mosphere conditions strongly the predictivity of pho-
tochemical models. However, there was no thorough
investigation of the impact of the different parameters
describing these processes. For the first time, we deal
here directly with uncertainty in the photolysis cross-
sections and branching ratios to estimate the photoly-
sis rate constants and reassess their impact on model
predictions.

1. Introduction

Photolysis of N, and CHy in the upper atmosphere of
Titan by EUV/VUYV photons initiates a complex chem-
istry. Photolysis rates have been shown to be respon-
sible for an important part of the uncertainty on the
predicted densities of numerous compounds [1, 2].

The calculation of the partial photodissociation rate
of a compound i to products j is based on the absorp-
tion cross-section ¢'(\), the branching ratio b;;(\)
and the incident solar flux at every level in the at-
mosphere, ) (z). The photodissociation rate constant
Jij (z) is modeled in the parallel plane approximation
and at zenith solar angle by

I, (2) = /Oood/\l,\(z)of(k)bij()\), 0
I(2) I3 exp [-7(A, 2)], 2)
) = Yot [ e, o

where ¢;(z) is the density profile of species i, 7(\, z)
is the optical depth, and I3° is the photon flux at the
top of the atmosphere (altitude ). As >, b;;(A) = 1,
the photolysis rate J;(2) = >_, J;j(z) does not de-
pend on the branching ratios.
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Figure 1: Samples of altitude-dependent photolysis rate co-
efficients for N and CH4 (lines; left scale) and their uncer-
tainty factors (dashed lines; right scale).

Because of the feedback between the densities of
the absorbing species and the photodissociation pro-
cesses in the actinic flux calculation, uncertainties are
difficult to evaluate without an exhaustive investiga-
tion. This work had been postponed in previous stud-
ies on the effects of chemical uncertainties in Titan’s
photochemistry, which assigned a constant uncertainty
factor to each photolysis pathway, corresponding to its
uncertainty at the top of the atmosphere [1]. This ap-
proximate treatment has two main drawbacks: it ig-
nores possible altitudinal variations of the uncertainty
and does not account for the sum-to-one constraint on
the branching ratios. The present study goes beyond
this approximation to assess the direct impact of cross-
section and branching ratios uncertainty on the pre-
dicted densities.



2 Photolysis sweet-spots

Here, we compute explicitly the photolysis rates,
Ji(z), and their altitude-dependent uncertainty factors,
Fj,(z), in a 1D radiative transfer model. Using a
Monte Carlo procedure, we generated a sample of rate
coefficients Jx, (z) and Jep, (2), from which we de-
rived the Fj_(z) and Fj ., (2) uncertainty factors. A
subset of rates profiles is shown in Fig. 1, along with
the uncertainty factors. For N5, we observe neatly lo-
calized curve crossings, at about 1100 km and 800 km.
For CHy4, a similar curve crossing occurs slightly be-
low 800 km, and a less localized one occurs between
600 and 650km. These features are reflected as dips
in the uncertainty factors (Fig. 1). Clearly, the approx-
imation of altitude-independent uncertainty of photol-
ysis rate constants has to be revised, at least for the
major absorbers.

As the occurence of specific altitudes with very
small uncertainty factors on the photodissociation rate
coefficients seems to be a general property of notable
interest for the uncertainty budget of photochemical
models, we named them ““sweet-spots”.

A simple model for species with barometric distri-
bution and monochromatic irradiation enables to de-
rive an explicit expression of uncertainty factors

Fy(z) = Fa|1*7’(z;5)|’ 4)

where 7 is the reference value of the absorption cross-
section and F, is its uncertainty factor. This reveals
the particular role of the unity optical depth. General-
ization to polychromatic irradiation leads to

Fy(2) = F, 1=I5 @)/ T@]rEzONd - (s)

where J)(2;5(A)) is the photolysis rate constant at
wavelength A, and J(z) its A-integered value.

Major species (N3 and CH,) with a barometric dis-
tribution present thus photolysis sweet-spots. As their
photolysis rates are major key parameters in sensitiv-
ity analysis of photochemical models [1, 2], the sweet-
spots provide reference altitudes for sensitivity analy-
sis where these rates should not contribute to predic-
tion uncertainty, enabling to focus on other parame-
ters. Moreover, a sweet-spot being also the altitude of
maximal photolysis rate, it is reasonable to expect a
significant improvement in the prediction accuracy of
models for Titan’s photochemistry.

3 Photolysis branching ratios

It has been shown previously that the sum-to-one con-
straint is an essential feature in the representation of
uncertain branching ratios for ion-neutral [3, 4] reac-
tions and dissociative recombinations [5]. This applies
also to photolysis, where branching ratios/quantum
yields and photolysis cross-sections are typically mea-
sured in different experiments. The same scheme,
based on knowledge-based Dirichlet distributions, was
therefore implemented for the main photolysis pro-
cesses, with the additional complexity of wavelength-
dependence of branching ratios. The model for CHy
is presented in a companion poster [6]. This new rep-
resentation has a noticeable impact on the predicted
densities for most species, but this has to be balanced
by the effect of other uncertainty sources.

4 Conclusion

We will present results of a photochemical model in-
cluding the sources of uncertainty described above, in
addition to the more usual reaction rates [1, 2]. Tak-
ing advantage of the sweet-spots, we will identify the
key parameters in the photochemical modeling of Ti-
tan’s upper atmosphere and compare with earlier treat-
ments.
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