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1. Introduction
Titan is covered by a dense 
atmosphere, which is complex  
and diverse!

• The origin of Titan‘s atmosphere is 
poorly understood and its chemistry is 
complex
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Nitrogen (N2) Methane (CH4)

Ethane (C2H6)

Hydrogen cyanide (HCN)

Nitriles 
e.g

Hidrocarbons 
e.g

Benzene  (C6H6)

More complex molecules

How large and how complex? 
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Coustenis et al. (2003) 

1. Introduction

Sensi t ive observat ions of the 
constituents of the atmosphere are 
essential to constructing models of 
the Titans´s atmosphere and its 
history.
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1. Introduction
Spectroscopy of Titan has been already performed by:

Hanel et al., Science, v 215, 1982

ISO/SWS

ISO/SWS

Coustenis et al. (1998) 
Coustenis et al. (2003) 

Coustenis et al. (2007) 

Cassini/CIRS

Cassini/CIRS

Cottini et al., 2012

Nixon  et al., 2013

Cassini/CIRS

C3H6

H2O

H2O

Voyager 1 – 2/IRISVoyager 1/2



Ground-based observations have also improved our knowledge of Titan‘s 
atmospheric composition: 

IRAM 30-m: 

SMA: 

APEX: 

JCMT:

Hidayat et al. 1998 Hidayat et al. 1998

Gurwell et al.  2004

Rengel et al. 2011

Marten et al. 2002

Rengel et al. In 
preparation

HCN (4-3)



C
Ground-based observations have also improved our knowledge of Titan‘s 
atmospheric composition: 

ALMA 

Hidayat et al. 1998

Hidayat et al. 1998

Serigano et al. 2016

Titan and other Solar System bodies are often used by ALMA 
to obtain the absolute flux scale for the science target. 

ALMA Archive data - 2012 

The Astrophysical Journal Letters, 795:L30 (6pp), 2014 November 10 Cordiner et al.

Figure 2. Top left: HNC J = 4–3 spatially integrated spectrum with best-fitting models overlaid. Top right: HC3N J = 40–39 spatially integrated spectrum with the
best-fitting model overlaid. Bottom left: best-fitting HNC VMR profiles. Bottom right: best-fitting HC3N VMR profile from this study compared with previous studies.
(A color version of this figure is available in the online journal.)

next few years, measurements of which could provide a
quantitative test of HC3N’s chemical lifetime near the pole.

2. Alternatively, the presence of two circulation cells (rising
near the equator and moving in opposite directions) may be
possible during the seasonal transition period (e.g., Rannou
et al. 2005). Such flows could carry photochemical products
(including HC3N) from the upper atmosphere toward both
poles simultaneously. Observations of variations in the
HC3N distribution over the course of Titan’s seasonal cycle
(for example, covering the completion of the transition from
northern spring to the summer solstice in 2017) could help
determine the origin of the observed structures and provide
new insight into Titan’s global circulation patterns.

Similar to HC3N, HNC also shows a clear double-peaked
structure. However, in contrast to HC3N, the observed HNC
peaks are not aligned with Titan’s polar axis, but are offset
clockwise by 40◦ ± 5◦ in the plane of the sky. These off-
sets imply longitudinal and latitudinal variations in the HNC
distribution/excitation that are not readily explainable in the
current paradigm of chemical and circulation models, which
typically possess longitudinal symmetry. It seems contrived to
postulate enhanced HNC production and/or reduced destruction
rates at specific latitudes and longitudes, or the presence of a pe-
culiar HNC circulation system that concentrates this molecule

at the observed positions. Titan’s super-rotating zonal winds
(with speeds of ≈60 m s−1 at 450 km altitude; Moreno et al.
2005) should result in longitudinal mixing of the atmosphere on
a timescale of about 45 hr, which renders diurnal chemical dif-
ferentiation an unlikely explanation for the observed structures,
given Titan’s 382 hr day length. Variations in the atmospheric
temperature profile as a function of longitude could plausibly
introduce corresponding changes in the HNC excitation and,
thus, the spectral line intensity, but the origin of such asymmet-
rical variations across Titan’s disk presents a challenge for our
current understanding.

Variability in the locations of peak HC3N emission with
altitude may assist in the interpretation of the mysterious HNC
distribution. Due to the variation in line pressure-broadening as
a function of altitude, maps can be constructed of the HC3N
emission as a function of altitude. As demonstrated by Marten
et al. (2002)—see their Figure 1—the HC3N J = 26–25 line
wings (at frequencies >1.6 MHz, or >2 km s−1 from the line
center) trace gas at low altitudes (z ! 300 km), whereas the line
core traces gas at z ∼ 80–600 km. In Figure 3, we present maps
of the HC3N line flux integrated over (a) just the line core (−0.5
to 0.5 km s−1) and (b) just the line wings (2.0 to 5.0 km s−1

on either side of the line center). Given that the low-altitude
HC3N distribution (Figure 3(b)) and the total integrated HC3N
flux (Figure 1(b)) are relatively symmetric about Titan’s polar
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HNC (4-3)

Cordiner et al. 2014

indicating that the majority of Titanʼs C2H5CNmust be
confined to higher altitudes. Accordingly, the zc = 100 km
model (orange dashed curve) provides a poor fit to the
observations.

Due to vertical mixing, model profiles with an abrupt
abundance cutoff are unlikely to represent the true
C2H5CN profile, so the spectrum was also fitted using a more
realistic two-parameter “gradient” model, in which the
abundance varies smoothly as a function of altitude. The free
parameters in this model were the abundance at a reference
altitude zr = 292 km and the slope, given as a fraction (fH) of
the atmospheric pressure scale height. Condensation of
C2H5CNwas assumed to occur at altitudes 100 km based
on the saturated vapor pressure curve of Lide & Kehiaian
(1994). The best-fitting abundance at zr was found to be 1.3 ±
0.4 ppb, with a retrieved fractional scale height of fH = 4.6 ±
1.1. Despite slightly stronger line wings, this model (blue solid
curve) also matches the observations extremely well.

Vertical column densities (N ) for the four models are given
in Table 2. The models that fit the data well have values in the
range (1–7) × -10 cm .14 2

4. DISCUSSION

4.1. C2H5CN Vertical Mixing Ratio Profile

Confirmation of the presence of ethyl cyanide in Titan’s
atmosphere provides an important test and validation of the
Cassini INMS result. Although a near-perfect fit to our
observed ALMA spectrum was obtained using a step model
for the C2H5CNVMR profile (with cutoff altitude at 300 km),
a smoothly varying profile is expected to be more realistic. The
shape of the retrieved “gradient” profile (shown by the solid
blue curve in Figure 3(a)) is constrained primarily by the
requirement of a low abundance at z 200 km, and is largely
unconstrained at altitudes above about 600 km, where the
atmospheric density is low. Similar to the case of HNC
(Moreno et al. 2012; Cordiner et al. 2014), the steep vertical
abundance gradient for C2H5CN and its concentration at
altitudes 200 km are consistent with production in the upper
atmosphere, combined with a relatively short chemical lifetime
that prevents it from building up at lower altitudes through
vertical mixing.
A plausible alternative to the best-fitting gradient profile

above 700 km is indicated with a dotted vertical line in

Figure 1. ALMA spectra observed 2012 July 3–4, integrated over a circular region of radius 1″.1 centered on Titan. Titanʼs continuum emission has been subtracted.
Prominent emission lines are assigned by species; bold typeface highlights the C2H5CN emission features. The small absorption feature at 237.146 GHz is attributed to
ozone in the Earthʼs atmosphere.
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5. SUMMARY

Nineteen separate emission features from 27 rotational
transitions of C2H5CNwere detected in Titan’s atmosphere
using ALMA archival spectra recorded in 2012 July.

Radiative transfer modeling indicates that most of the
observed C2H5CN is concentrated at altitudes >200 km. This

is consistent with production in the upper atmosphere,
combined with a relatively short chemical lifetime that inhibits
downward mixing. The observed C2H5CN emission maps
suggest a higher abundance in the south polar region than in
the north (in contrast to HC3N, CH3CN, and CH3CCH, which
peak in the north), again consistent with a relatively short
chemical lifetime for C2H5CN and south polar subsidence.
This possibility can be verified through future measurements of
temporal variations in the spatial distributions of the observed
species with respect to Titan’s changing seasons.
In order to help ascertain the origin of ethyl cyanide on Titan

(and in other astrophysical environments), new laboratory
studies of possible gas-phase routes to C2H5CN are required.

This research was supported by NASA’s Planetary Atmo-
spheres and Planetary Astronomy programs, The Goddard
Center for Astrobiology, The Leverhulme Trust, and the UK
Science and Technology Facilities Council. It makes use of
ALMA data set ADS/JAO.ALMA#2011.0.00319.S. ALMA is
a partnership of ESO (representing its member states), NSF
(USA), and NINS (Japan), together with NRC (Canada) and
NSC and ASIAA (Taiwan), in cooperation with the Republic
of Chile. The Joint ALMA Observatory is operated by ESO,
AUI/NRAO, and NAOJ. The National Radio Astronomy
Observatory is a facility of the National Science Foundation
operated under cooperative agreement by Associated Univer-
sities, Inc.
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Figure 3. (a) VMR profiles for the best-fitting C2H5CN models (parameters
given in Table 2). The (poorly fitting) 100 km step model is shown, as well as
the INMS measurement of Vuitton et al. (2007) and the theoretical profiles
from Krasnopolsky (2009) and Loison et al. (2014). Vertical dotted portion of
the blue “gradient model” curve shows a plausible alternative profile above 700
km. (b) Spectral region used for our model fits, containing some of the
strongest observed C2H5CN lines (black histogram). The best-fitting
C2H5CN models from panel (a) are shown with colored curves. (c) Close-up
of the region surrounding three of the strongest C2H5CN emission features.

Table 2
Best-fitting C2H5CN Model Abundances and Vertical Column Densities

Model Abundance (ppb) zr
a (km) c2 N (cm−2)

Step (100 km) 0.79 100 1.43 ´1.3 1015

Step (200 km) 3.24 200 1.01 ´4.6 1014

Step (300 km) 9.25 300 0.97 ´1.7 1014

Step (400 km) 73.1 400 0.98 ´2.1 1014

Gradient 1.30 292 0.97 ´3.6 1014

a Reference altitude for abundance.
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CO(2-1) CO(3-2)

18CO(3-2)
13CO(3-2)



How we can further improve our knowledge of 
Titan´s atmospheric composition ? 

A new window was opened…

Ginzburg Centennial Conference on Physics - May 29-June 3, 2017,  Moscow 



Herschel Era

Credits: ESA

Heterodyne Instrument for the Far-Infrared (HIFI). 
 P.I.: F. Helmich, SRON 

Instruments onboard Herschel: 

Photodetector Array Camera and Spectrometer (PACS).  
PI: A. Poglitsch, MPE                                 55 – 210 µm 

480 – 1150 GHz         1410-1910 GHz

Spectral and Photometric Imaging Receiver (SPIRE).  
PI: M. Griffin, Cardiff University  
                                  Photometer: 250, 350, 500 μm 
                                  Spectrometer: 194- 672  μm.

Resolutions: 140, 280, 560 kHz, 1.1 MHz

9

3 bands in total: 
55-72 µm, 72-102 µm and 102-210 µm

http://www.youtube.com/watch?v=ls9yJTphLxg



Titan´s  Spectroscopy in the Herschel Era 

Cassini/CIRS
ISO/LSW

ISO/SWS
Voyager/IRIS

Herschel/PACS R = 940-5500

SR = 4.3 cm-1

R = 1000 - 2500

R = 200

SR = 0.5 cm-1

Herschel/SPIRE SR = 0.04 cm-1

Herschel/HIFI R ~ 10-7

•55 – 671 µm is a rich region with numerous rotational transitions of water and other 
trace gases

•These line transitions are  stronger than those accessible from Earth

•HIFI/PACS/SPIRE higher spectral resolution and sensitivity than previous instruments

In the framework of the KP „Water and related chemistry in the Solar System“ =>  
Exploration of the FIR and submm range with high sensitivity



Titan´s Observations performed with Herschel

11

SPIRE:  Full range spectrum (194 - 671 µm or 15-50 cm-1) – July 2010, 
 ~8.9h, SR= 0.04 cm-1 

PACS:  Full range spectra (51-220 µm or 50-180 cm-1) (twice, 0.63h and 
 1.1h), R= 1000-5000 

 Dedicated line scans H2O lines (at 108, 75.4 and 66.4 µm in  June 
2010, Dec 2010 and July 2011) and CH4. SR= 0.02, 0.04 and  1 . 1 1 µm . 
~0.3h 

HIFI  spectrally-resolved observation of H2O at 557 GHz (18 cm-1 or 538 
 µm) and at 1097.4 GHz (273 µm)  in June 2010, Dec 2010 and 
 June  2011, ~4h each time. SR ~106 

• All Titan observations are disk-averaged and have to be performed near 
maximum elongation 

Ginzburg Centennial Conference on Physics - May 29-June 3, 2017,  Moscow 



Modeling the Titan spectra  
Method to determine abundances

µ1
µ2

µ3

µi=absorption coefficient

T profile 

P profile 

Vmr profile

RT

Synthetic spectra

Fitting algorithm: χ2 statistics

New set of parameters

160 layers

11

Input parameters
Abundance 

profiles
Radiative Transfer

Synthetic Spectra
Comparison with 

data
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Advances and 
Discoveries



2.- Molecular Inventory with  Herschel /PACS, SPIRE, and HIFI

14

Numerous spectral emission features due to: 

CH4, CO,  HCN, H2O

CH4, CO,  HCN

Rengel et al. 2014

H2O

H2OPACS:  
Full range spectra (51-220 µm)  
Twice, 0.63h and 1.1h  
R= 1000-5000

Ginzburg Centennial Conference on Physics - May 29-June 3, 2017,  Moscow 



2.-  Molecular Inventory with  Herschel /PACS, SPIRE, and HIFI
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Numerous spectral emission features due to: 

CH4, CO,  HCN, H2O

CH4, CO,  HCN

Rengel et al. 2014

Courtin et al. 2011

H2O

H2O

SPIRE:  
Full range spectrum (194 - 671 µm ) 
July 2010, ~8.9h,  
SR= 0.04 cm-1



2.- Molecular Inventory with  Herschel /PACS, SPIRE , and HIFI
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Numerous spectral emission features due to: 

CH4, CO,  HCN, H2O

CH4, CO,  HCN

Rengel et al. 2013, submitted

Courtin et al. 2012

H2O



2.- Molecular Inventory with  Herschel /PACS, SPIRE , and HIFI
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Spectral emission features due to: 

CH4, CO,  HCN

H2O H2O

Five dedicated Water vapour line 
emission with Herschel/PACS and 
HIFI. Goal: vertical profile of H2O 

Moreno et al. 2012

Several H2O far-

IR lines detected 

for the first tim
e 

in Titan’s 

atmosphere, 

Water Vapour in Titan 
PACS / Herschel

H2O
Water Vapour in Titan 
HIFI / Herschel



2.- Molecular Inventory with  Herschel /PACS, SPIRE , and HIFI

18

Spectral emission features due to: 

Surprise: Unexpected detection of 
hydrogen isocyanide (HNC) ➔ a 
specie  not previously identified in 
Titan´s atmosphere

H2O

H2O H2O
HNC (5-6)

Moreno et al. 2011



3.- Determination of the abundance of the trace constituents:  

■ CH4: Origin unknown  

Step 1: Computation of the synthetic spectra for several abundances 
Step 2: Calculation of the best-fit

Observed and best-fit simulated CH4 lines

Consistent with previous studies:
Facility Value Reference

CIRS 1.6±0.5% Flasar et al. 2005

GCMS 1.48±0.09% Niemann et al. 2010

SPIRE 1.33 ±0.07% Courtin et al. 2011
PACS 1.27 ±0.03 Rengel et al. 2014

Rengel et al. 2014

1.27 ± 0.03
Best-fit volume mixing ratio

Observations

Best-fit

Courtin et al. 2011



Gas Composition of Titan’s  atmosphere:  CO

1.27 ± 0.03
Best-fit volume mixing ratio

 Is CO primordial or external ? 

 Possible Origin

Interior or 
surface

Due to solely 
external 

Influx of O+ 
from Saturn’s 
magnetosphere 

Precipitation 
of O from 
Enceladus 

Precipitation 
of O or O+ from 
Enceladus torus 

Hörst  et al. 2008 Cassidy &  
Johnson 2010

Hartogh et al. 2011

Wilson & Atreya 2004

Modelling Modelling Observations

Krasnopolsky  et al. 2009

Ginzburg Centennial Conference on Physics - May 29-June 3, 2017,  Moscow 



Facility Value 
[ppm]

Reference

SPIRE 40±5 Courtin et al. 2011

CIRS 47±8 De Kok et al 2007

APEX 30+15 
-8  Rengel et al. 2011

SMA 51±4 Gurwell et al. 2012

PACS 49±2 Rengel et al. 2014

ALMA 46±2 Serigano et al. 2016

Observed and best-fit simulated CO lines

Consistent with other studies:

For the [60-170] 
km range altitude

Observations
Best-fit

Observations
Best-fit

Ginzburg Centennial Conference on Physics - May 29-June 3, 2017,  Moscow 



HCN vertical distribution Generated photochemically  

■ We scaled the distribution from  the one by Marten et al 2002, computed 
the synthetic spectra for several factors, and calculated best-fit

Distribution of HCN, compared 
with the profile by CIRS

Our results confirm the results from Marten et al. 2002.

Rengel et al. 2014

Observed and best-fit simulated HCN lines

---------  Rengel et al. 2014

Observations
Best-fit

PACS

SPIRE

Best-fit
Observations

The CIRS distribution misfits the PACS observations at 1-σ level



Gas Composition of Titan’s  atmosphere:  H2O

1.27 ± 0.03
Best-fit volume mixing ratio

What is the origen of water in Titan?

 Possible Origin

Permanent flux from 
interplanetary dust 
particles

Cometary impacts
Local sources 

from planetary 
environments (rings, 

satellites)  

What is the vertical profile of H2O? 
Can we disentangle the various sources?

Ginzburg Centennial Conference on Physics - May 29-June 3, 2017,  Moscow 



■ None of the previous 
water models provides an 
adequate simultaneous 
match to the PACS and 
HIFI observations 

■ à Photochemical models for 
water must be revised  24

Water vertical distribution

 

PACS

HIFI

Observations vs. previous models 

Ginzburg Centennial Conference on Physics - May 29-June 3, 2017,  Moscow 
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Determination of the abundance of the trace constituents: Water 
vertical distribution

Moreno et al. 2012

P r e s s u r e  
dependence law as     
q=q0(p0/p)n  

q0 is the mixing ratio 
a t t h e r e f e r e n c e 
pressure level p0  

Sa: 

q0 = 2.3 x10-11 at p0 = 12.1 mbar 
n = 0.49  
Column density: 1.2 (± 0.2) 1014 cm -2.  

Semi-empirical profile Sa of water 



Observed and synthetic spectra 26

Water Vapour in Titan 
PACS – HIFI / Herschel

Moreno et al. 2012

Ginzburg Centennial Conference on Physics - May 29-June 3, 2017,  Moscow 



H2O
The Sa distribution is also compatible 
with the PACS lines from the full 
scan: computations of the synthetic 
spectra with Sa (Moreno et al. 2012).

Moreno et al. 2012

Rengel et al. 2014Detection for first time

Water Vapour in Titan 
PACS / Herschel



 Oxygen-related Gas Composition of Titan’s  atmosphere:  H2O

1.27 ± 0.03
Best-fit volume mixing ratio

What is the origen of water in Titan?

 Possible Origin

Permanent flux from 
interplanetary dust 
particles

Cometary impacts

Hartogh et al. 2011  
Moreno et al. 2012

Local sources from 
planetary 
environments: 
Enceladus activity

H2O profile can be reproduced by invoking  
a OH/H2O influx of (2.7–3.4) 105mol cm-2s-1

Reflects a temporal change in the oxygen influx into Titan

• Titan is hit by a D 
>1.5 km comet every 
∼4 million years on 
average 

• s c a r c i t y o f 
pr imord ia l nob le 
g a s e s i n i t s 
atmosphere

Ginzburg Centennial Conference on Physics - May 29-June 3, 2017,  Moscow 
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 Determination of the abundance of the trace constituents: HNC 

First detection of HNC in the Titan´s atmosphere

Hydrogen isocyanide in Titan 
HIFI / Herschel

Ginzburg Centennial Conference on Physics - May 29-June 3, 2017,  Moscow 



■                                the bulk of HNC is located above 400 km 

30

Moreno et al. 2011

Models of the HNC line: constant mixing ratio above a given altitude

Best fits: 

Origin: reactions 

Possible chemical lifetime: 

   àwe expect 
diurnal variations of HNC   

HNC (6-5)

> 200 km

> 300 km

> 400 km

> 1000 km

HNC distribution: 

Is HNC restricted to the 
ionosphere?  
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Figure 2. Top left: HNC J = 4–3 spatially integrated spectrum with best-fitting models overlaid. Top right: HC3N J = 40–39 spatially integrated spectrum with the
best-fitting model overlaid. Bottom left: best-fitting HNC VMR profiles. Bottom right: best-fitting HC3N VMR profile from this study compared with previous studies.
(A color version of this figure is available in the online journal.)

next few years, measurements of which could provide a
quantitative test of HC3N’s chemical lifetime near the pole.

2. Alternatively, the presence of two circulation cells (rising
near the equator and moving in opposite directions) may be
possible during the seasonal transition period (e.g., Rannou
et al. 2005). Such flows could carry photochemical products
(including HC3N) from the upper atmosphere toward both
poles simultaneously. Observations of variations in the
HC3N distribution over the course of Titan’s seasonal cycle
(for example, covering the completion of the transition from
northern spring to the summer solstice in 2017) could help
determine the origin of the observed structures and provide
new insight into Titan’s global circulation patterns.

Similar to HC3N, HNC also shows a clear double-peaked
structure. However, in contrast to HC3N, the observed HNC
peaks are not aligned with Titan’s polar axis, but are offset
clockwise by 40◦ ± 5◦ in the plane of the sky. These off-
sets imply longitudinal and latitudinal variations in the HNC
distribution/excitation that are not readily explainable in the
current paradigm of chemical and circulation models, which
typically possess longitudinal symmetry. It seems contrived to
postulate enhanced HNC production and/or reduced destruction
rates at specific latitudes and longitudes, or the presence of a pe-
culiar HNC circulation system that concentrates this molecule

at the observed positions. Titan’s super-rotating zonal winds
(with speeds of ≈60 m s−1 at 450 km altitude; Moreno et al.
2005) should result in longitudinal mixing of the atmosphere on
a timescale of about 45 hr, which renders diurnal chemical dif-
ferentiation an unlikely explanation for the observed structures,
given Titan’s 382 hr day length. Variations in the atmospheric
temperature profile as a function of longitude could plausibly
introduce corresponding changes in the HNC excitation and,
thus, the spectral line intensity, but the origin of such asymmet-
rical variations across Titan’s disk presents a challenge for our
current understanding.

Variability in the locations of peak HC3N emission with
altitude may assist in the interpretation of the mysterious HNC
distribution. Due to the variation in line pressure-broadening as
a function of altitude, maps can be constructed of the HC3N
emission as a function of altitude. As demonstrated by Marten
et al. (2002)—see their Figure 1—the HC3N J = 26–25 line
wings (at frequencies >1.6 MHz, or >2 km s−1 from the line
center) trace gas at low altitudes (z ! 300 km), whereas the line
core traces gas at z ∼ 80–600 km. In Figure 3, we present maps
of the HC3N line flux integrated over (a) just the line core (−0.5
to 0.5 km s−1) and (b) just the line wings (2.0 to 5.0 km s−1

on either side of the line center). Given that the low-altitude
HC3N distribution (Figure 3(b)) and the total integrated HC3N
flux (Figure 1(b)) are relatively symmetric about Titan’s polar

4
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Facility Value Reference

HIFI 4.5 +1.2 
-1.0   

ppb
Moreno et 
al . 2011

ALMA 4.85 ± 0.28 
ppb

Cordiner et 
al. 2014

Emission models that take into account 
the shapes of the resolved spectral line 
profiles confirm the result of Moreno et al. 
(2012) that HNC is predominantly confined 
to altitudes > 400 km.  



4.- Isotopic ratios 12C/13C in CO and HCN

Results: 
12C/13C in CO : 122 ± 62         87± 6 
12C/13C in HCN:  65 ± 30         96 ± 13 
 

Consistent with previous works

Detection of the isotopes: 
•13CO(15-14) and (16-15) 
•H13CN (19-18) and (20-19) 
but marginal

Wavelength [µm]
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Rengel et al. 2014

PACS

SPIRE

PACS

Isotopes in Titan 
PACS – SPIRE  / Herschel

PACS

SPIRE

Observations Best-fit

13CO  and 18CO 

Courtin et al. 2011

SPIREPACS



Rengel et al. 2013

Rengel et al. 2014

Serigano et al. 2016

water in the universe : from clouds to oceans- ESTEC, 12-15 april 2016
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fractionation occurred 
during CO formation

Ginzburg Centennial Conference on Physics - May 29-June 3, 2017,  Moscow 



Rengel et al. 2013

Rengel et al. 2014

Serigano et al. 2016

water in the universe : from clouds to oceans- ESTEC, 12-15 april 2016

Isotopic ratio 12C/13C in HCN

Emerged on 
time

Deviations from   values of 
other bodies?

Primordial 
differences

Deriving isotopic ratios

No 
significant 
fractionation

YesNo

No s ignif icant carbon 
fractionation occurred 
during HCN formation

Terrestrial value:  89.3

Molter et al. 2016
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Isotopic ratios 14N/15N in HCN

35

Measurement 14N/15N Reference
IRAM-30m 60-70 Marten et al. 2002

SMA 72 ± 9 or 94 ±13 Gurwell 2004
Cassini/CIRS 56 ± 8 Vinatier et al. 2007

Huygens/GCMS (in N2) 183 ± 5 Niemann et al. 2010
Herschel/SPIRE 76 ± 6 Courtin et al. 2012

ALMA 72.3 ± 2.2 Molter et al. 2016

First documented measurement of Titan´s 16O/18O in CO, value 24% lower than the  

(Earth = 272) Photolytic fractionation of 14N14N and 14N15N 

0

22.5

45

67.5

90

Terrestrial value:  272

14
N

/15
N



Isotopic ratio 16O/18O in CO
Measurement 16O/18O Reference

JCMT ~250 Owen et al. 1999 (never-published)

SMA 400 ± 41 Gurwell 2008 (unpublished)

Herschel/SPIRE 380 ± 60 Courtin et al. 2012

ALMA 414 ± 45  Serigano et al. 2016

• First documented measurement of 
Titan´s 16O/18O in CO  

• Value 24% lower than the  
Terrestrial ratio (Earth = 500)  

➔ 16O/18O depletion in Titan 
(enrichment of 18O).

water in the universe : from clouds to oceans- ESTEC, 12-15 april 2016

200
250
300
350
400
450
500
550

2 4 6 8

16O/18O

Terrestrial value:  500

What is the origin?

Courtin et al. 2012

C18O transitions.
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Isotopic ratio 16O/18O in CO
Measurement 16O/18O Reference

JCMT ~250 Owen et al. 1999 (never-published)
SMA 400 ± 41 Gurwell 2008 (unpublished)

Herschel/SPIRE 380 ± 60 Courtin et al. 2012
ALMA 414 ± 45  Serigano et al. 2016

• First documented measurement of 
Titan´s 16O/18O in CO  

• Value 24% lower than the  
Terrestrial ratio (Earth = 500)  

➔ 16O/18O depletion in Titan 
(enrichment of 18O).

Precipitation of O+ or O from the Enceladus Torus 

water in the universe : from clouds to oceans- ESTEC, 12-15 april 2016

Further investigations : 
- evolution of oxygen on Titan 
- Oxygen processes in Titan’s atmosphere
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Herschel´s Legacy

Emerged oxygen-related Implications:

• 18O enrichment in Titan´s atmosphere: Precipitation of O+ or O from the 
Enceladus plume activity (16O/18O) 

• We now know the  content of water vapour in Titan (different as the 
predictions) and from where is coming from 

40th COSPAR Assembly - Moscow, 2-10 August 2014SRE Science Workshop - Aranjuez, 09-11 November 2015

•New Survey between 51 and 671 µm:  CH4, CO, HCN, H2O, isotopes 
•Determination of abundances  
•Unexpected detection of HNC : Above 400 km, Titan´s atmosphere also 
contains HNC 
• Measurement of  12C/13C and 16O/18O ratio

5.- Conclusion
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Future – Synergy with Herschel
■ CASSINI/CIRS (extended mission), until 2017. All flybys 

of Titan are done.

39

• JWST 

• Science Focus Group with key science themes: 

• Titan´s composition of the middle atmosphere 

• Objectives: Long-term monitoring of the changing spatial 
distributions of gases, clouds and hazes —> reveal the interplay 
of chemistry and dynamics 



Future – Synergy with Herschel

■ ALMA :  
Titan’s atmospheric chemistry/dynamics 

• Search for more complex species 
• 3D-mapping and monitoring: seasonal variations 
• Dynamics/photochemistry coupling 
• Direct measurement of mesospheric (500 km) winds 
• Additional observations at higher angular resolution (up to 0.005“) 

will allow for more accurate isotopic ratios and species abundances
40

SMA 850 micron unresolved observations

Gurwell 2004

40th COSPAR Assembly - Moscow, 2-10 August 2014
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Titan	
  	
  at	
  169	
  microns	
  (continuum):

HCN	
  (20-­‐19)	
  at	
  169.3	
  microns

HCN by SOFIA/FIFI-LS

Proposal	
  04_0093,	
  P.I: Rengel

• observations on 26  February 2016 
• 30 min

First	
  observations	
  of	
  Titan	
  with	
  SOFIA!
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