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Introduction
● Context: realistic astrophysical simulations 

    needs to compute  several processes 
       (gravity, fluid-dynamic, radiation and chemistry).
 

● Problem: non-equilibrium chemistry is among the most 
difficult tasks to include in astrophysical simulations:

● high (>40) number of reactions
● short evolutionary timescales 
● non-linearity and stiffness of the associate ODEs
● Load balancing for parallel computation

● Aim: Replacing of classical ODEs solvers 
     with fast deep learning based emulators
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especially in the study of InterStellar Medium (ISM)
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Deep Neural Operator Network
Grassi et al. 2014
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PDR test
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Some considerations
Coupling with simulations: 

Outliers (rel_err>50%) appear every 10^6 
inferences

Not clear how to manage the error propagation

Generalization: operator are better than functions. 
However…

More chemical species:

Dataset became huge!



  

Summary
● ISM (photo-thermo) chemistry represents a 

current challenge in astrophysical simulations
● We developed a Neural Operator based 

emulator to replace procedural solvers
● Accuracy around 1% 
● For the first time we include radiation field



  

Thanks!
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