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ALMA and 

molecular 

spectroscopy 

(Picture courtesy  

of  Python M) 
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ALMA and molecular spectroscopy… 

Spectrum from 

ALMA (Orion KL) 

Spectrum from 

molecular 

spectroscopy 

Analysis/Interpretation/Understanding/Assignment 

of ALMA spectra by comparison with „molecular 

spectroscopy“ (MS) spectra.  

S. M. Fortman, J. P. McMillan, C. F. Neese, S. K. Randall, A. J. Remijan, 

T. L. Wilson, F. C. De Lucia, Journal of Molecular Spectroscopy 280 (2012) 11–20 
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How can we generate MS spectra for 

comparison with ALMA? 

MS (CES) spectrum from S. M. Fortman, J. P. 

McMillan, C. F. Neese, S. K. Randall, A. J. Remijan, 

T. L. Wilson, F. C. De Lucia, Journal of Molecular 

Spectroscopy 280 (2012) 11–20 

1. Experiment 

2. Theory 

1a. Assigned experimental spectra 

      Example:  HITRAN 

2b. Unassigned experimental spectra 

      Example: CES 

 

       Quantum mechanically (QM) simulated 

      spectra       

      Example: TROVE 
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http://www.cfa.harvard.edu/hitran/ 

• Developed for atmospheric applications. 

• Intensities available. 

L.S. Rothman, I. E. Gordon, A. Barbe, D. Chris Benner, P. F. Bernath, M. Birk, V. Boudon, L. R. Brown, A. 

Campargue, J.-P. Champion, K. Chance, L.H. Coudert, V. Dana, V. M. Devi, S. Fally, J.-M. Flaud, R. R. 

Gamache, A. Goldman, D. Jacquemart, I. Kleiner, N. Lacome, W. J. Lafferty, J.-Y. Mandin, S.T. Massie, S.N. 

Mikhailenko, C. E. Miller, N. Moazzen-Ahmadi, O. V. Naumenko, A.V. Nikitin, J. Orphal, V.I. Perevalov, A. 

Perrin, A. Predoi-Cross, C. P. Rinsland, M. Rotger, M. Šimečková, M. A. H. Smith, K. Sung, S. A. Tashkun, J. 

Tennyson, R. A. Toth, A. C. Vandaele, J. Vander Auwera, Journal of Quantitative Spectroscopy & Radiative 

Transfer 110 (2009) 533–572 
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• Record laboratory spectrum. 

• Manually assign quantum numbers to initial and final state 

of each transition. 

• Manually determine area under line (integrated intensity); 

proportional to Einstein A coefficient (Ph.D. student required). 

• Publish list of the above, transition by transition, preferably 

on the web. 

Generating a „traditional“, 

experimentelly derived „line list“ 
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Example 
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• Is quantum number assignment of MS spectra necessary 

for comparison with ALMA spectra? 

• Not really, it would seem. 

• Can it be avoided? 

CES 
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Radiation 

 source 
Sample   

cell 

Monochromator 

Detector 

I0 I 

Basic quantitative spectroscopy 
L 

Molecular number density n 
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Transmission spectrum 

1.0 

0.0 
n0 

n 

Ttr 
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Basic CES equation 

Absorbance spectrum 

n0 

n 

A(n) 

Apeak dnD 
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Rearrange basic equation to 

and 

• nL/Q  and T determined from experimental spectrum and 

theoretical values of Sijm
2 and n0 (QM list). 

• Each line characterized by values of Sijm
2 and E(n). 

• These are determined „automatically“, no assignment. 

~ ~ 
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Example of  simulated ALMA spectrum 

„Laboratory“ spectrum from S. M. Fortman, J. P. 

McMillan, C. F. Neese, S. K. Randall, A. J. Remijan, 

T. L. Wilson, F. C. De Lucia, Journal of Molecular 

Spectroscopy 280 (2012) 11–20 
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Theoretical (QM) line list 

Ab initio: Solve 

Schrödinger 

equation for 

electrons 

 

PES: Potential 

energy surface 

 

DMS: Dipole 

moment surface 

Source: Website of Jonathan Tennyson, UCL, London 
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HITRAN = EXPERIMENT 

TROVE = THEORY 

 TROVE for NH3:  Absorption intensities 

at T=300K, 3.25 million transitions 

S. N. Yurchenko, W. Thiel, and P. Jensen, J. Mol. Spectrosc. 245, 126-140 (2007).  

S. N. Yurchenko, R. J. Barber, A. Yachmenev, W. Thiel, P. Jensen, and J. Tennyson. J. Phys. 

Chem. A 113, 11845-11855 (2009).  
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S. N. Yurchenko, R. J. Barber, A. Yachmenev, W. Thiel, P. Jensen, and J. Tennyson. J. Phys. 

Chem. A 113, 11845-11855 (2009).  

  NH3 line list simulations, T = 300 K 
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HITRAN 

TROVE 

 Absorption spectrum of  NH3 at  

   T = 300 K 
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 Absorption spectrum of  NH3 at  

   T = 300 K 
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 Absorption spectrum of  NH3 at  

   T = 300 K 
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 Absorption spectrum of  NH3 at T = 300 K 

(2n2/n4 bands)  
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Improvements are coming! 

 Absorption spectrum of  NH3 at  T = 300 K  

(2n2/n4 bands)  
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We hope for 

mutual benefits… 

… and I thank you 

for your attention! 


