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The goal of this presentation is to review
the current status of the molecular data
and their "TRLs” or importance for ARIEL
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ARIEL molecules



We have selected
~30 species

suitable for ARIEL

H,0 co H,* NO, TiO
C,H, Co, HCN o VO
CH, CrH HDO 0, H,S
C,H, FeH N,O PH, NO,
CH,D H, NH, S0, PH,
CH, H,S NO TiH




... which I am going to review



Using "TRL" as a indicator of quality and
importance for ARIEL



Two species of highest rediness level
(TRL=9)



CO well tested
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Water is an important part of the ARIEL
science case with a high rediness level



PN H,S | CrH ScH

Water is Imost Ps | KCI HCN| HNC
perfect

TRL= 8 SiO [ MgH| CH | CN

CaH | SO; | CO | CO,

FeH | CaO| GCs3 | GH,

NS OHs;" | CH; |CHsD| YO | SiHz | PH SH | CHq

VN | P, D SiH SiS | NiH | TiH | MgO|CHsCl| C,Hg

CaF | KF y | Licl LiF | MgF | SiC | NaF PS | C3Hg

OH3+J Zr.  »Si0, | KOH |NaOH|CaOH| NO, | N2O | SiH,




Water opacity has been
already used in many
detections
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ScH

HNC
CN

o,

C,H,

NS | NaH| OHs"| CH; |CHsD| YO H | SH | CHs
VN |P,H, | SO | SiH | SiS | NiH 1g0|CH5Cl | CyHs
CaF | KF | po | LiCl | LF | MgF aF | PS | C3Hs
OHs* | ZnS | Si0, | KOH |NaOH Ca(“'..(’oz N,O | SiH,

Laura McKemmish



Excellent

wavelength, um agreement also
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Hy | PHs| AIO| AIH| CS |HNOs| PN | H,S| CrH | ScH
BeH| ps | KCI | HCN| HNC

NaCl | SiO | MgH| CH | CN

NH; | CaH | SO; | CO | CO,

VO | FeH | CaO| C; | GH,

NS CHs |CHsD| YO |SiHa | PH | SH | CHa
VN SiH | Sis | NiH | TiH | MgO|CHsCl| CyHs
CaF || Licl | LiF | MgF | SiC | NaF | PS | CiHs
" | SiO, | KOH |NaOH|CaOH| NO, | N2O | SiH,




The Methane data has proved
to be of a good quality



... hot only from ExoMol



Excellent quality of
TheOReTS . Methane Observed and Theoretical Spectra, R=2 cm-1
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HCN, SO,, O,,
O3, NO,H,;"etc

PN
PS
Si0
Jeell DO | H,0 | NH; el
FeH | CaO| C; | GH,
NS | NaH| OHs* | CHs |CHsD| YO | SiHa | PH | SH | CoHa
VN |P,H, | SO | siH | Sis | NiH | TiH | MgO|CHsCl| CoHe
CaF | KF | PO | LiCl | LiF | MgF | Sic | NaF | PS | CsHg ||
OHs* | ZnS | Si0, | KOH |NaOH|CaOH| NO, | N2O | SiH, [+




We will produce a hot

ExoMol line list for O,

reg Including oxygen, currently
4 taken from HITRAN

Wilf Somogyi



Including CO,



CO, with strong
absorption at 4.5 um
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Including SO,

wavelength, pm
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... and SO;



wavelength,
2
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... and some other molecules you have
not heard of before



SiO,: Predicted wavelen g th , LM
for lava-planets . 2 15 1 0.8333

T =2000 K

.... but never
considered in

retrievals (no -3 , e \/ S|02

line list existed) §

2000 4000 6000 8000 10000
wavenumber, cm’’

Alec Owens



H,CO

N

HDO

H,O

PS

SiO

NH;

CaH

TRL=5

Yol FeH | CaO| C; | GH,
NS | NaH| OHs"| CH; |CHsD| YO |SiHs | PH | SH | CyHq4
VN |P,H, | SO | siH | SiS | NiH | TiH | MgO|CHsCl| CyHg
CaF | KF | PO | LiCl | LiF |MgF | siC| NaF | PS | CsHs

OHs* | ZnS | Si0, | KOH |NaOH|CaOH| NO, | N2O | SiH,

Next level of
rediness




Including PH5, CN, VO, H,S



H,CO

HDO

H,O

NH;

VO

Next level of
rediness include
hydrocarbons

nS

SiO;

KOH

CaOH

SiH;




... with acetylene with a
new line list from ExoMol



to Wi-Fi 'l 04550

kay Cornell University

arXiv.org > astro-ph > arXiv:2001.04550

Astrophysics > Solar and Stellar Astrophysics

ExoMol molecular line lists -- XXXVII: spectra of acetylene

Katy L. Chubb, Jonathan Tennyson, Sergey N. Yurchenko
(Submitted on 13 Jan 2020)

A new ro-vibrational line list for the ground electronic state of the main isotopologue of acetylene, 12

wavenumbers up to 1 em P (A >1 pm th lower and upper energy levels up to 12,000 ¢

2, I1s computed as part of the ExoMol project. The aCeTY line list covers the transition
and 22,000 cm™! considered, respectively. The calculations are performed up to a maximum

value for the vibrational angular momentum, K, x = 16, and maximum rotational angular momentum, .JJ = 99. Higher values of .J were not within the specified wavenumber window. The
Einstein-A coefficients, which can di

aCeTY line list is considered to be complete up to 2200 K, r suitable for in cf ing high-temperatur

be used to calculate intensities at a particular temperature, are computed for 4.3 billion (4,347,381,911) transitions between 5 million (5,160,803) energy lev
and demonstrate this to be the most complete line list available. The line list is available in electronic form from the online CDS and ExoMol databases.

available data for 1
Subjects: Solar and Stellar Astrophysics (astro-ph.SR); Earth and Planetary Astrophy tro-ph.EP)
Citeas: ar. astro-ph.SR]

(or ar 1.04: [astro-ph.SR] for this version)

Bibliographic data
Select data provider: Semantic Scholar | NASA ADS | Proph ble Bibex(
» No data available from data provider, 404

Articles recently added or updated may not have propagated to data providers yet. If you believe there is an error, contact Seman

Submission history
From: Sergei Yurchenko N [vie
[v1] Mon,

‘hat is MathJax

D,Q - B r3

olanet or cool stellar atmc

phe

We make

omparisons against other

tly

We gratefully acknowledge support from

the Simons Foundation and member institutions.

( View PDF

« PDF
» Other formats

Current browse context:
astro-ph.SR

tro-ph.EP
References & Citations
« NASAADS

Export citation
Google Scholar

Bookmark

A = 7 dx ne 2141 B

o

. '& ; f‘ _l/.

Katy Chubb



exomol.com/data/molecules/C2H2/12C2-1H2/aCeTY/

And ExoMol
The aCeTY dataset for 2C,'H,

Definitions file

12C2-1H2__aCeTY.def

Spectroscopic Model

12C2-1H2__aCeTY.model

Spectrum overview
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Acetylene spectrum
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C,H, is known to be present
in carbon stars



THE ASTROPHYSICAL JOURNAL, 222: L129-1.132, 1978 June 15
© 1978. The American Astronomical Society. All rights reserved. Printed in US.A

Cy AND INFRARED SPECTROPHOTOMETRY OF Y CANUM VENATICORUM
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H,CO

HDO

H,O

NH;

VO

nS

SiO;

KOH

CaOH

SiH;

Next level of
rediness = 1-3

@



Most of the molecular data for ARIEL is
from ExoMol



Hot Super-Earth
molecules

ZnS | SiO, | KOH |[NaOH|CaOH| PO,
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... to experiment

HITRAN




The line list database
contains >1 trillion lines



ARIEL opacity database



R=15,000

In form of cross-sections




and k-tables __



Temperature and Pressure grids
had to be standardized
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Different groups use different formats for
opacities



Formats for retrieval codes were
considered:

ARCiS, TauREx, NEMESIS,
petitRADTRANS



TauREX3 (London) uses cross-sections
in the HDF5 format

:
-

Because hdfs is Faster to

load thah e.g. pickle

A =y

Ahmed Al-Refaie



NEMESIS (Oxford):
K-tables (R=1000)
binary format



ARCIS (Utrecht):
K-tables (R=1000)
fits format



petitRADTRANS (Paul Molliere)
K-tables (R=1000)
hdf5 format

Because hdfs is faster o
0 |O ad 7




e — Volume of the data:

ExoMol line lists contains > trillion lines
in ~20 Tb




TauREX3
Cross-sections: 348MB

NEMESIS:
K-tables 232MB
ARCIS: binary
K-tables 89MB
fits
petitRADTRANS:

K-tables 371 MB
hdf5



B\ wee- We are prepared to extend to other
: formats

a S Katy Chubb: katy@sron.nl



All data will be open access



ARIEL opacities



ARIEL opacities

For all 80+ PH;| AIO| AIH| CS |HNOs| PN | HyS | CrH | ScH| ARjeL:
sSpecies

For 4 retrieval
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