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Accurate isotopologue line lists are essen6al for modelling and interpre6ng high-resolu6on 
astronomical spectra, par6cularly for molecules like carbon monoxide (CO) that play a key role in the 
atmospheres of exoplanets, brown dwarfs, and cool stars. Exis6ng approaches to isotopologue 
extrapola6on used by ExoMol typically apply correc6ons based on varia6onal calcula6ons for the 
main isotopologue, assuming mass-dependent shiQs and shared residuals across isotopologues.[1] 
While this method is effec6ve and has proved useful,[2] it can struggle with higher accuracy 
requirements at elevated vibra6onal or rota6onal states, and/or for minor isotopologues. 

  

In this work-in-progress, the applica6on of machine learning (ML) techniques is explored to improve 
isotopologue extrapola6on for CO. Predic6ng isotopologue rovibra6onal energy levels and transi6on 
frequencies using ML on a combina6on of varia6onal calcula6ons, hybrid line list data, and available 
experimental results. By learning paYerns in the residuals between computed and corrected energy 
levels, these models are expected to generalize to isotopologues with sparse experimental data, such 
as 12C17O, 13C17O or 13C18O. Several machine learning architectures are currently being evaluated 
including kernel-based methods and neural networks, with plans to benchmark against tradi6onal 
extrapola6on techniques in terms of accuracy and robustness across a range of energy levels. 
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