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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
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CH4 H2S NO TiHWe have selected 

~30 species 

suitable for ARIEL 



… 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)
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Water is an important part of the ARIEL 
science case with a high rediness level
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H2O

Wasp-76b
Tsiaras et al ApJ (2018)

Water opacity has been 

already used in many 

detections 
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The recent TiO in 

visible should be quite 

good



Excellent 
agreement also 

in High Res

Laura McKemmish
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As well as CH4



The Methane data has proved 
to be of a good quality



… not only from ExoMol



Excellent quality of 

TheoReTS
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HCN, SO2, O2, 

O3, NO,H3
+ etc



Including oxygen, currently 
taken from HITRAN

Wilf Somogyi

We will produce a hot 

ExoMol line list for O2



Including CO2



CO2 with strong 

absorption at 4.5 mm



T  = 2000 K

Including SO2

Clara Sousa Silva



… and SO3



T  = 2000 K
SO3

Sam Wright



… and some other molecules you have 
not heard of before



SiO2: Predicted 

for lava-planets

Alec Owens

…. but never 

considered in 

retrievals (no 

line list existed)
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Including PH3, CN, VO, H2S
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… with acetylene with a 
new line list from ExoMol



On Arxiv

Katy Chubb



And ExoMol



Acetylene spectrum



Acetylene  has a nice 

strong feature at 3 

mm



C2H2 is known to be present 
in carbon stars



This is C2H2 

at 3 um



ExoMol
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Most of the molecular data for ARIEL is 
from ExoMol
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molecules



ExoMol
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Most of the ExoMol data 

have been produced by 

the  ExoMol team

… to experiment

Some line lists have 

been outsourced  



The line list database 
contains >1 trillion lines



ARIEL opacity database



In form of cross-sections

R=15,000



and k-tables

R = 1000



Temperature and Pressure grids
had to be standardized



27 temperatures

22 pressures

ARIEL grid: 

594 T/P points



Different groups use different formats for 
opacities



Formats for retrieval codes were 
considered: 

ARCiS, TauREx, NEMESIS, 
petitRADTRANS



Because hdf5 is faster to 
load than e.g. pickle

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

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 hdf5 is faster 
to load



Volume of the data:

ExoMol line lists contains > trillion lines 
in ~20 Tb



TauREx3
Cross-sections: 348MB

NEMESIS:
K-tables 232MB
binaryARCiS: 

K-tables 89MB
.fits

petitRADTRANS:
K-tables 371MB 
hdf5



We are prepared to extend to other 
formats

… just contact us 

Katy Chubb: katy@sron.nl



All data will be open access



ARIEL opacities
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For all 80+ 

species

For 4 retrieval 

codes, contact 

us about your 

format

… let us know if  

something is 

missing


