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Why Physical Priors Matter？

• Generative models often violate physics laws (energy, momentum, PDEs)

• Consequences: unrealistic simulations, poor generalizability

sample from numerical solver sample generated from diffusion models
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Bridging Physics and Generative Models

Distributional Priors
• Goal:

Respect fundamental symmetries
(e.g., rotaion/translation invariance)

• Solution: 
Equivariant diffusion models

• Impact: 
Generated dynamics are invariant to 
irrelevant transformations

• Example:
3D particle system rotating with fixed 
pairwise distances

Physical Constraints
• Goal:

Enforce laws (PDEs, energy/momentum 
conservation)

• Solution:
Constraint decomposition + penalty loss

• Impact:
Avoids unphysical outputs 
(e.g., energy drift)

• Example:
conservation law: 

Injecting priors ensures that generated dynamics are both realistic and physically plausible.

Injecting Priors into diffusion

• The integration of priors into the 
generative process is a complex 
task that necessitates a deep 
understanding of the relevant 
mathematical and physical 
principles.

• Distributional Priors
• Physical Feasibility Priors

• predictive models: predict

• generative models: sample



Method: Distributional Priors

molecular graph conformations

protein generation point cloud generation

Example: 

SE(3)- and permutation-invariant 

Distribution Backbone

SE(n)-invariant SO(n)-equivariant
Translational-invariant

Permutation invariant Permutation invariant
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Prior types:
• Conservation laws: 

conservation of momentum, energy, flux, …
• PDE constraints: 

Darcy flow equations, Burger equations, …

• conservation of energy:

• PDE constraints:

Examples:

Method: Physical Feasibility Priors

Advection:
Darcy flow:

Burger:

Diffusion loss

Tweedie’s formula

Jensen’s gap (main difficulty)
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Apply the penalty loss on                     : Examples: 

conservation of energy:

Method: Physical Feasibility Priors

Handling Jensen’s gap:

Case analysis of constraints

• Linear / convex / reducible nonlinear:

• Multilinear:

• General nonlinear:

multilinear
reduction

convex
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Experiments: PDE Datasets
Darcy flow:Burger:

Prediction, RMSE compared with ground-truth

Generation, RMSE of PDE constraints

generated shallow water sample
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three-body:

five-spring:

Experiments: Particle Dynamics Datasets
energy

conservation

Baseline method Our method Conservation over time
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Generation under Physics Feasibility Priors

A framework to generate physics-compliant dynamics 
by integrating priors into diffusion models.

This advances AI4Physics by:
• Ensuring feasibility through principled constraint 

enforcement.
• Enabling generalization via equivariant 

architectures.

Thanks!
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