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Abstract

The aim of this study is to measure the abundance
of HCN of Titan’s stratosphere, derived from APEX
and IRAM 30-m observations taken at 345 GHz and
at 265.9 GHz on June 2010 and March 2011, re-
spectively. We used an appropriate line-by-line radia-
tive transfer code and the x? minimisation to model
the synthetic spectra of HCN and search for an opti-
mal solution. We cross-compared the inferred abun-
dances with the obtained from Herschel observations
acquired in June, July and December 2010. Compar-
isons between our results and the values from Herschel
show similar abundance distributions, exhibiting reli-
able and consistent measurements and cross-validating
them.

1. Introduction

Hydrogen cyanide (HCN) is the main nitrile in Titan’s
atmosphere, has been firmly detected in Titan’s atmo-
sphere and their vertical profiles have been determined
by spectroscopic observations. HCN is generated pho-
tochemically in Titan’s atmosphere from reactions of
hydrocarbon radicals with atomic nitrogen.

HCN composition in Titan’s stratosphere has been
investigated from a limited number of high-resolution
submillimetric observations performed on June 23 and
December 15, 2010 with the Herschel Space Obser-
vatory using PACS [1], and on July 16, 2010 using
SPIRE [2], within the framework of the Water and re-
lated chemistry in the Solar System (HssO) project.
[3]. Measured HCN vertical distributions were consis-
tent with an increase from 40 ppb at ~100km to ~4
ppm at ~200 km, which is an altitude region where the
HCN signatures are sensitive. In support of Herschel
observations, Titan was observed from the ground us-
ing the 12-m single-dish Atacama Pathfinder Exper-
iment (APEX) telescope in Chile. We also present

complementary observations obtained at millimetre
wavelengths with the Institut de radioastronomie mil-
limétrique (IRAM) 30-m telescope in Spain. The
ground and space-based observations were acquired in
a time period corresponding to a very small fraction
of a Titan year, we assume in the following analysis
that temporal temperature variations are negligible. A
quantitative link between the infered HCN abundances
obtained by Herschel and ground-based observations
is required to assessing the quality of the data/results
and cross-validating them. We will report the ground-
based observations, HCN abundances, and compar-
isons with the previous results with Herschel and from
literature.

2. Observations and data reduction

HCN (4-3) at 345 GHz was observed at APEX and
APEX-2 heterodyne receiver (SHeFI 345 GHz band)
in Titan atmosphere on June 16, 2010. This receiver
provides a spectral resolution of 122kHz and a total
bandwidth of 1 GHz. The telescope was used in raster
scan mode. Observing conditions were not optimal, al-
lowing an on-source integration time of 31 min. HCN
(3-2) at 265.9 GHz was observed at IRAM 30-m and
the Heterodyne Receiver Array (HERA) receiver on
March 19, 2011. The receiver provides a spectral res-
olution of 4 MHz and a total bandwidth of 4 GHz. Ob-
servations were taken under good weather conditions.
The telescope was used in wobbler-switch mode. The
on-source integration time was 92min. The obser-
vations were reduced using the Continuum and Line
Analysis Single-dish Software (CLASS), package of
the Grenoble Astrophysics Group'.
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3. Radiative transfer modelling
and results

We used the forward model described in [4, 5, 6],
which consists of a line-by-line radiative transfer
model that takes into consideration a homogeneous
spherically symmetric atmosphere of Titan (grid of
127 altitude points ranging from 0 to 1500km). It
calculates the synthetic spectra which best fit the ob-
served spectra. It has been successfully applied to
Venus and Mars [7, 8]. For the vertical distribution
of HCN, we adopted as an initial guess the result of
[9] obtained from millimetric observations at IRAM,
and scaled it with a constant factor to fit the observed
transitions. Both HCN lines do not reach a well de-
fined continuum level. Afterwards, we have intro-
duced an additional free parameter in our fitting al-
gorithm which is the continuum scaling factor. We
searched for an optimal solution for the two variables:
the scaling factor for the HCN vertical profile follow-
ing [9] and the continuum scaling factor for our model
that provides the best fit to observation.

We performed the x? minimization based on the
Levenberg-Marquardt algorithm to search for an op-
timal solution for the two free parameters described
above. We found a very good agreement between
models and observations under the assumption of
scaled HCN profile. Because we consider only two
free parameters, we additionally calculated 2 map
around an optimal solution and constrained confidence
intervals for each of them. In both cases the continuum
scaling factor is very well constrained for both lines.

4. Summary

‘We have carried out complementary APEX and IRAM
30-m HCN (4-3) and (3-2) line observations in Titan’s
atmosphere, respectively, around the Herschel/PACS
and SPIRE observations. The HCN vertical profiles
we inferred in this work are consistent with Her-
schel/PACS and SPIRE ones, and confirms the previ-
ous determination of [9]. Their preliminary compar-
isons yield a low standard deviation of about 0.14 ppm.
Our results cross-validate the Herschel ones. They
are also consistent with the observed profiles from
ALMA, Cassini/CIRS and SMA (the latest ones be-
low ~230km).
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