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When you know ANN-based AI generally comes as

What can we simulation people do with AI?

There is an classical Chinese joke:

拿着一把锤子，看谁都是钉子
When your best tool is a hammer, 
every job looks like a nail.



H2 is Important in Multiple Aspects of Astrophysics
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Formation, Evolution, and Star Formation
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Major Formation Channels of H2



Turbulences? Not perfect morphological match

Hmmmmm...



Dust Grains Have Multiple Roles...



... Consistently, with More Observables 

DPMD

for Atomic 
Interactions

KMC for 
“Medium” 
Scale Modeling

Astrophysical 
Simulations for 
Observables

Microscopic 
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Processes

Macroscopic 
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Grains Dominats H2 Formation... But How?



How to Quantify Tunneling?



Which part shall we seek help from AI?

• Chinese joke (wisdom): 铁路警察，各管一段
Railway securitymen only serve their own sectors

• Electronic structures are definite, eigensystem problems
respond instantly to the atomic structures

• Functions of , errors will fade away

• In contrast, particle dynamic (and hydrodynamic)
systems are basically hyperbolic

• Functions of , errors will sustain and accumulate



Also applicable in reaction flow surrogate models
(from another talk 2 days ago...)



The same philosophy in the current stage of AI4S

Hydrodynamics
or MHD

Radiative 
Transfer

Thermochemistry or 
Thermonuclear Reactions

Post Processing with 
Constraints 

Molecular Dynamics or 
Monte-Carlo for Atoms (Relaxation)

Electron Structure and 
Atom Interactions

Sampling the Actions 
(Path Integral)

Elliptic/Parabolic, Definite:
AI Surrogate Models

Dynamics, Hyperbolic Parts: 
Traditional Methods

Rest Parts:
Traditional Methods



The Idea of DPMD

Wang, H., Zhang, L. F., Han, J. Q. & E, W. N.
DeePMD-kit: A deep learning package for
many-body potential energy
representation and molecular dynamics. 
Comput. Phys. Commun. 
228, 178-184 (2018).

Deep Potential Molecular Dynamics: A Scalable
Model with the Accuracy of Quantum Mechanics
Linfeng Zhang, Jiequn Han, Han Wang, 
Roberto Car, Weinan E
Phys. Rev. Lett., 2018, 120, 143001.



How to Quantify Tunneling? (cont.)
Yang, Wang, 

Li & Xu, 2025,
arXiv:2509.25070 





How to Quantify Tunneling? (cont.)
Yang, Wang, 

Li & Xu, 2025,
arXiv:2509.25070 



Results of NQE: Significantly Lower Barriers 
Yang, Wang, 

Li & Xu, 2025,
arXiv:2509.25070 



Results of NQE: More Accurate Coefficients
Yang, Wang, 

Li & Xu, 2025,
arXiv:2509.25070 



Astrophysical Implications
Yang, Wang, 

Li & Xu, 2025,
arXiv:2509.25070 



Astrophysical Implications: Partition of Energy

50 K, 26 trajectories, 1500 steps, 0.2 fs, P=64.



When you know ANNs are high-dimensional 

functions in general,

What can we simulation people do with AI?

A better applicable nail 

when you get a hammer, is probably the

 part of the system that are .



Take-homes
and 

Future Works


