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My work focus on:

-The atmospheres of planets (theory, observations and models) à Solar System and beyond

-Astronomy in the infrared and sub-millimetre (spectroscopy and photometry) à solar system

-Involvement in space missions and  instrumentation/operations. Past: Rosetta, Herschel, Sentinel-6. 

-Science Consortia membership: JUICE/SWI, Ariel, ESO/CRIRES+
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OUTLINE

Motivation 

How characterize planetary atmospheres? 

Titan: Advances and discoveries

Some outstanding questions

Insights from SOFIA

HCN in Titan
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WHY TITAN?

• 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

We need sensitive observations of the constituents to 
constructing models of the Titans´s atmosphere and 

its history

©NASA/JPL-Caltech/Space Science Institute
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Nitrogen (N2) Methane (CH4)

Ethane (C2H6)

Hydrogen cyanide (HCN)

Nitriles
e.g

Hidrocarbons
e.g

Benzene  (C6H6)

More complex moleculesHow large and how complex? 
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OUR MULTIMETHOD

Different processes are probed by different parts of the 
electromagnetic spectrum 

Input parameters Opacities
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TITAN: ADVANCES AND DISCOVERIES
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TITAN: ADVANCES AND DISCOVERIES
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SOME OUTSTANDING QUESTIONS
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SOME OUTSTANDING QUESTIONS

N in Titan and 
Saturn came 
from different 
reservoirs

enrichment 
of 18O

Adapted from Hörst et al. 2017 

No 
significant 
carbon 
fractionation 
occurred

Rengel et al. 2013 Emerged on 
time

Deviations from   values of 
other bodies?

Primordial 
differences

Deriving isotopic ratios

No 
significant 
fractionation

YesNo

1
1
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MORE ACCURATE ISOTOPIC RATIO MEASUREMENTS
 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
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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

SPIRE

Courtin et al. 2011Observations Best-fit
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HCN IN TITAN: SPACE AND GROUND SYNERGY 
STUDY
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A. HAT-P-1b

In which of  these exoplanets´atmospheres
has HCN been detected and likely identified?

B. HD189733b

C. WASP-12b, WASP-63b 20D. HD 209458 b, 55 
Cancri e,  WASP-63b
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A. Pluto

What is the most HCN-rich atmosphere in the 
Solar System

B. Titan

C. Neptune 20D. Jupiter

M A X  P L A N C K  I N S T I T U T E  F O R  S O L A R  S Y S T E M  R E S E A R C H  |  R E N G E L M I R I A M  H E R I TA G E  O F  S O F I A ,  S T U T T G A RT 2 2 - 2 6  A P R I L 2 0 2 4



A. Pluto

What is the most HCN-rich atmosphere in the 
Solar System

B. Titan

C. Neptune 20D. Jupiter

M A X  P L A N C K  I N S T I T U T E  F O R  S O L A R  S Y S T E M  R E S E A R C H  |  R E N G E L M I R I A M  H E R I TA G E  O F  S O F I A ,  S T U T T G A RT 2 2 - 2 6  A P R I L 2 0 2 4



A. Meteor impacts, at 800 
km

How and where is generated HCN  in Titan´s 
atmosphere?

B. By lightning, at 400 
km

C. Photochemically, at 
300 km 20D. By bacteria,  at the 

surface
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A. Meteor impacts, at 800 
km

How and where is generated HCN  in Titan´s 
atmosphere?

B. By lightning, at 400 
km

C. Photochemically, at 
300 km 20D. By bacteria,  at the 

surface

Marten et al. 2002
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Retrieval 

Model

Obs

WHY HCN?  - WHICH INPUT PROFILE TO USE?  

• HCN can be formed in a N2 dominated atmosphere.

• In N-dominated hot super-Earth atmospheres, HCN is 
a tracer of a high C/O ratio (Rimmer & Rugheimer 
2019, Zilinskas et al. 2020).

• HCN becomes a prioritised specie in observations of 
hot super-Earths.

• Different chemical pathways may lead the HCN 
production and destruction in diverse atmospheres.

We need a HCN vertical distribution reference!
We use Titan as a starting point
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OBSERVING SIMULTANEOUSLY THE HCN TITAN SPECTRA 

.

.

.
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.

Space-based measurements, 
aided by comprehensive 
ground validation provide 
reliable and consistent data 
sets

Herschel

AAPEX

IRAM 30m
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Forward model: line-by-line RT model (home made) 

Rengel et al. A&A, 658 (2022) A88

Resolution: 122 KHz, S/N = 8

Bandwidth of 1 GHz

Resolution: 4 MHz, S/N = 36

Bandwidth of 4 GHz



RESULTS: RETRIEVED  HCN PROFILES

Measured HCN abundances on Titan with 
data acquired from space and ground at 
similar epochs and with different transitions 
exhibit similar abundance distributions

This cross-validation lets to drive reliable 
and consistent measurements

Rengel et al. A&A, 658 (2022) A88

Inversion algorithm: OE (home made) 
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MEAN HCN PROFILE COMPARED WITH  PROFILES FROM THE 
LITERATURE 

Consistent with those derived from SMA, ALMA 
and Casinni/CIRS.
Photochemistry models  needs revision (< 150 
km and > 400 km)

Rengel et al. A&A, 658 (2022) A88
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MEAN HCN PROFILE: A REFERENCE

Rengel et al. A&A, 658 (2022) A88

HCN profile

Input for Hot super-Earths 
atmosphere modelling for 
example

Guide to understand 
what to expect in a N-
dominated atmosphere

As a reference in 
preparation for 
future observations
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FOLLOW-UP PROJECT BEHIND HERSCHEL/PACS EXPLOITED BY 
SOFIA/FIFI-LS

CH4Identify features 
Herschel/PACS

Rengel et al. 2014
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FOLLOW-UP PROJECT BEHIND HERSCHEL/PACS EXPLOITED BY 
SOFIA/FIFI-LS

CH4
FIFI-LS detectionIdentify features 

Herschel/PACS

Rengel et al. 2014

Proposal 07_0219, cycle 7, PI: Rengel
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FOLLOW-UP PROJECT BEHIND HERSCHEL/PACS EXPLOITED BY 
SOFIA/FIFI-LS

CH4

Study CH4 temporal variability

FIFI-LS detection

FIFI-LS detection 
-87.3 microns
-80.1 microns CH4

CO

Identify features 
Herschel/PACS

Rengel et al. in preparation

C2H2?
A new specie?

Rengel et al. 2014

Next:
-Retrieve abundances
-Compare with measured 
abundances in other epochs

68.58 microns 69.69 microns

Forward model: 
PSG

It is C2H2!

Proposal 07_0219, cycle 7, PI: Rengel

Fig courtesy of Cyril Gapp

Fig courtesy of Cyril Gapp

Fig intentionally left blank 



Open Science questions that have potential to be solved with airborne instrumentation

• Investigations on chemical compositions. Search for more complex 
species, 

• New and more accurate isotopic ratios and species abundances

• Origin of Titan's methane 

• Connection between the plumes of Enceladus and Titan's atmosphere

• Temporal monitoring

• Dynamics/photochemistry coupling

• Measurement of winds - dynamics

• Cryovolcanism on Titan (by detection of time variability in the 60-85 micron 
flux) ?

©NASA/Jim Ross
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THANK YOU!
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