
Sergey N. Yurchenko and Jonathan Tennyson 

Physics and Astronomy Department 
University College London 

The Status of Spectroscopic Data  
for the EChO Mission 



H2O CO H3
+ NO2 TiO 

C2H2 CO2 HCN O2 VO 

C2H4 CrH HDO O3 

C2H6 FeH N2O PH3 

CH3D H2 NH3 SO2 

CH4 H2S NO TiH 

ECho molecules 



H2O 
CO2 

O3 
O2 

NH3 
HDO 
H3+ 

H2 
CO 

TiO 
SO2 
NO 

HCN 
H2S 
CH4 

PH3 
C2H2 

NO2 
N2O 
FeH 

CH3D 
VO 
TiH 
CrH 

C2H4 
C2H6 

1 2 3 4 5 6 7 8 9 

H2O 
CO2 

O3 
O2 

NH3 
HDO 
H3+ 

H2 
CO 
TiO 

SO2 
NO 

HCN 
H2S 
CH4 
PH3 

C2H2 
NO2 
N2O 
FeH 

CH3D 
VO 
TiH 
CrH 

C2H4 
C2H6 

TRL = “Technology Readiness Level” 

J. Tennyson and S. Yurchenko, 
Technical note for the ECho 

Yellow book.  
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Sharp and Burrows, ApJ Supp. Ser. 168 (2007) 140 
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Absorption of H2O: BT2 line list 

BT2 (Barber et al. 2006) 

TRL=9 

HD189733b 



1 10
1E-30

1E-28

1E-26

1E-24

1E-22

1E-20

1E-18

in
te

ns
ity

, c
m

/m
ol

ec
ul

e

 wavelength, µm

 1000K
 600K
 300K

Absorption spectra of CH4: Temperature effect 
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A. Campargue et al. / Icarus 219 (2012) 110–128 

CH4: Assignment is very difficult! 
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Methane (T=300 K): J<40 

less than 500,000 lines 

more than 9,000,000,000 lines TRL=7 
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Absorption of ammonia (T=300 K)  

Less than 30,000 NH3 lines are known experimentally: our list 
contains 1.1 billion lines, or about 40,000 times as many! 

 BYTe  

TRL=8 
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Absorption of CO2  and HCN (T=300 K)  

TRL=7 
ExoMol 

TRL=9  
(HITEMP) 

3 µm 4.25 µm 14 15 µm 

HCN/HNC: Barber et al , to be submitted. 



Absorption of HCN (300K) 

HCN/HNC: Barber et al , to be submitted. 
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TRL Sharp and Burrows, ApJ Supp. Ser. 168 (2007) 140 

Absorption of molecules (T=1600 K)  
4.67 µm 

ExoMol 

ExoMol 

HITEMP 
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Absorption of H2S (T=300 K)  

TRL=7 

Azzam et al, to be published  2013 
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Absorption of phosphine (T=300 K)  

 ExoMol 

Sousa-Silva et al  J. Mol. Spectrosc. 288 (2013) 28-37 

13.7 million 

~20,000 lines 

TRL=6 
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Absorption: CrH, TiH, FeH 

TRL=5 (FeH) 

TRL=4 (TiH) 

Sharp and Burrows, ApJ Supp. Ser. 168 (2007) 140 

TRL=4 (CrH)      
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Absorption of VO and TiO 

Ram et al. (2002) 

Schwenke 
TRL=7 
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Sharp and Burrows, ApJ Supp. Ser. 168 (2007) 140 
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TRL Campargue et al, PCCP  14 (2012) 802 

Absorption of H2 (T=296 K)  

TRL=8 
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Collision-induced absorption (CIA) 

Sharp and Burrows, ApJ Supp. Ser. 168 (2007) 140 

Richard et al. (2012) 

TRL=6 
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O3 (SMPO) 

N2O (HITRAN) 

Absorption of  O3 and N2O (T=300 K)  

SMPO = Spectroscopy & Molecular Properties of Ozone 

TRL=8 

TRL=5 

9.6 µm 6.2 
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Absorption of C2H2 and C2H6 (T=300 K)  

TRL=6 
Brussels 

TRL=3 

13.7 µm 3 µm 12.1 
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Abundances 
Mixing fractions (P=1 atm)  



Other Contributions 

Atomic species 
• NIST 
•  VALD (Alkali) 
•  Kurucz  
 
Rayleigh 

TRL=9 

TRL=9 
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We propose to build an ECho 
dedicated database of 

molecular data (EChoMol?) and 
connect it with EChoSim 
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