
Kinetic Langevin Diffusion for Crystalline Materials Generation

Experiments

Conclusion

Kinetic Langevin Diffusion for Materials (KLDM)
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Trivialized Diffusion Model [Zhu et al., 2024]

<latexit sha1_base64="18wi5FOuAVJ5R/nFivJjezNBmNs="></latexit>

pt|0(f t,vt|f0,v0)

= WNr

�
logm(f�1

0 f t)|µrt
,�2

rt

�
· Nv

�
vt|µvt ,�

2
vt

�

Velocities living on the Lie 
algebra (Euclidean space)
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KLDM is competitive on MP-20 and MPTS-52 using an 
EM sampler, and provides improved performance with a 
PC samples.

CSP

DNG
KLDM produces samples that are more stable and closer 
to the convex hull on average, but with slightly higher 
RMSD and fewer unique and stable samples.

Ablation study
(left) Variance of initial velocity, (center) simplified 
parametrization, and (right) zero-net translation velocity 
field.

 {François Cornet, Federico Bergamin}*, Arghya Bhowmik, Juan Maria Garcia Lastra, Jes Frellsen, Mikkel N. Schmidt 

In KLDM, fractional coordinates are 
modelled through a coupling with 
auxiliary variables representing 
velocities, leading to improved 
generative performance on both 
CSP and DNG tasks.

Forward process

Reverse process

Transition kernel

Auxiliary variables
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Linear ODE on the manifold
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Other modalities

Procedure remains simulation-free

Design choices
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fexpm(vdt) ! w(f + vdt)

1) Distribution of the initial velocities

2) Improved  score parameterisation
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p(v0) = �(v0) “Atoms are at rest”
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“With 1) in place”

(C) Continuous diffusion on one-hot encodings  
(C-AB) Continuous diffusion on Analog Bits 
(D) Discrete (masking) diffusion
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k vk = 03) Mean-free velocity field
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Brownian motion on a torus
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Transition kernel

Previous Work - Riemannian score-matching

We propose a novel diffusion model for crystalline 
materials generation, where the key innovation is a 
diffusion process to model the fractional coordinates, 
inspired by kinetic Langevin dynamics.

TL;DR

Problem setting
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Crystal Structure 
Prediction (CSP)

De-Novo 
Generation (DNG)

Tasks

Data

Fractional coordinates

Lattice vectors

Atomic species

Unit cell

Symmetries
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Permutation of atom indices

Rotation of lattice vectors

Periodic translation of fractional coordinates
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a = (a1, . . . , aK) 2 ZK

Usual SDE on the Lie algebra

Wrapped-Normal distribution

<latexit sha1_base64="2XRRRfWlNUMDKPvved509jzhTeM=">AAAB+XicbVA9T8MwEL2Ur1K+AowsFi0SU5V0AMYKFsYi0VKpjSrHcVqrjhPZTqUqyj9hYQAhVv4JG/8GN80ALU866em9O5/v+QlnSjvOt1XZ2Nza3qnu1vb2Dw6P7OOTnopTSWiXxDyWfR8rypmgXc00p/1EUhz5nD7507uF/zSjUrFYPOp5Qr0IjwULGcHaSCPbbmTD4pVM0iB388bIrjtNpwBaJ25J6lCiM7K/hkFM0ogKTThWauA6ifYyLDUjnOa1YapogskUj+nAUIEjqrys2JmjC6MEKIylKaFRof6eyHCk1DzyTWeE9UStegvxP2+Q6vDGy5hIUk0FWS4KU450jBYxoIBJSjSfG4KJZOaviEywxESbsGomBHf15HXSazXdq6b70Kq3b8s4qnAG53AJLlxDG+6hA10gMINneIU3K7NerHfrY9lascqZU/gD6/MHSeWTbg==</latexit>

1

<latexit sha1_base64="2XRRRfWlNUMDKPvved509jzhTeM=">AAAB+XicbVA9T8MwEL2Ur1K+AowsFi0SU5V0AMYKFsYi0VKpjSrHcVqrjhPZTqUqyj9hYQAhVv4JG/8GN80ALU866em9O5/v+QlnSjvOt1XZ2Nza3qnu1vb2Dw6P7OOTnopTSWiXxDyWfR8rypmgXc00p/1EUhz5nD7507uF/zSjUrFYPOp5Qr0IjwULGcHaSCPbbmTD4pVM0iB388bIrjtNpwBaJ25J6lCiM7K/hkFM0ogKTThWauA6ifYyLDUjnOa1YapogskUj+nAUIEjqrys2JmjC6MEKIylKaFRof6eyHCk1DzyTWeE9UStegvxP2+Q6vDGy5hIUk0FWS4KU450jBYxoIBJSjSfG4KJZOaviEywxESbsGomBHf15HXSazXdq6b70Kq3b8s4qnAG53AJLlxDG+6hA10gMINneIU3K7NerHfrY9lascqZU/gD6/MHSeWTbg==</latexit>

1

<latexit sha1_base64="2XRRRfWlNUMDKPvved509jzhTeM=">AAAB+XicbVA9T8MwEL2Ur1K+AowsFi0SU5V0AMYKFsYi0VKpjSrHcVqrjhPZTqUqyj9hYQAhVv4JG/8GN80ALU866em9O5/v+QlnSjvOt1XZ2Nza3qnu1vb2Dw6P7OOTnopTSWiXxDyWfR8rypmgXc00p/1EUhz5nD7507uF/zSjUrFYPOp5Qr0IjwULGcHaSCPbbmTD4pVM0iB388bIrjtNpwBaJ25J6lCiM7K/hkFM0ogKTThWauA6ifYyLDUjnOa1YapogskUj+nAUIEjqrys2JmjC6MEKIylKaFRof6eyHCk1DzyTWeE9UStegvxP2+Q6vDGy5hIUk0FWS4KU450jBYxoIBJSjSfG4KJZOaviEywxESbsGomBHf15HXSazXdq6b70Kq3b8s4qnAG53AJLlxDG+6hA10gMINneIU3K7NerHfrY9lascqZU/gD6/MHSeWTbg==</latexit>

1

<latexit sha1_base64="3lU2eYZlnQxX9f5TOD6m+9Ehg+M=">AAAB+nicbVA9T8MwEL2Ur1K+UhhZLFokpirpAIwVLIxFoi1SG1WO67RWHSeyHVAV8lNYGECIlV/Cxr/BTTNAy5NOenrvzud7fsyZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYVVEiCe2QiEfy3seKciZoRzPN6X0sKQ59Tnv+9Hru9x6oVCwSd3oWUy/EY8ECRrA20tCu1tNB/krq84Rmzaw+tGtOw8mBVolbkBoUaA/tr8EoIklIhSYcK9V3nVh7KZaaEU6zyiBRNMZkise0b6jAIVVemi/N0KlRRiiIpCmhUa7+nkhxqNQs9E1niPVELXtz8T+vn+jg0kuZiBNNBVksChKOdITmOaARk5RoPjMEE8nMXxGZYImJNmlVTAju8smrpNtsuOcN97ZZa10VcZThGE7gDFy4gBbcQBs6QOARnuEV3qwn68V6tz4WrSWrmDmCP7A+fwAcQpPm</latexit>

2

<latexit sha1_base64="3lU2eYZlnQxX9f5TOD6m+9Ehg+M=">AAAB+nicbVA9T8MwEL2Ur1K+UhhZLFokpirpAIwVLIxFoi1SG1WO67RWHSeyHVAV8lNYGECIlV/Cxr/BTTNAy5NOenrvzud7fsyZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYVVEiCe2QiEfy3seKciZoRzPN6X0sKQ59Tnv+9Hru9x6oVCwSd3oWUy/EY8ECRrA20tCu1tNB/krq84Rmzaw+tGtOw8mBVolbkBoUaA/tr8EoIklIhSYcK9V3nVh7KZaaEU6zyiBRNMZkise0b6jAIVVemi/N0KlRRiiIpCmhUa7+nkhxqNQs9E1niPVELXtz8T+vn+jg0kuZiBNNBVksChKOdITmOaARk5RoPjMEE8nMXxGZYImJNmlVTAju8smrpNtsuOcN97ZZa10VcZThGE7gDFy4gBbcQBs6QOARnuEV3qwn68V6tz4WrSWrmDmCP7A+fwAcQpPm</latexit>

2
<latexit sha1_base64="3lU2eYZlnQxX9f5TOD6m+9Ehg+M=">AAAB+nicbVA9T8MwEL2Ur1K+UhhZLFokpirpAIwVLIxFoi1SG1WO67RWHSeyHVAV8lNYGECIlV/Cxr/BTTNAy5NOenrvzud7fsyZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYVVEiCe2QiEfy3seKciZoRzPN6X0sKQ59Tnv+9Hru9x6oVCwSd3oWUy/EY8ECRrA20tCu1tNB/krq84Rmzaw+tGtOw8mBVolbkBoUaA/tr8EoIklIhSYcK9V3nVh7KZaaEU6zyiBRNMZkise0b6jAIVVemi/N0KlRRiiIpCmhUa7+nkhxqNQs9E1niPVELXtz8T+vn+jg0kuZiBNNBVksChKOdITmOaARk5RoPjMEE8nMXxGZYImJNmlVTAju8smrpNtsuOcN97ZZa10VcZThGE7gDFy4gBbcQBs6QOARnuEV3qwn68V6tz4WrSWrmDmCP7A+fwAcQpPm</latexit>

2


