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Cosmic evolution
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Global climate and weather prediction
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Seismic imaging of the Earth’s deep interior
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Diffusion MRI of the brain
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Many scientific inference tasks involve solving inverse problems

Consider model Φ mapping underlying quantity of interest x to observed data y in the
presence of noise n:

y = Φ(x) + n

y forward model←−−−−−−−−− x

=


 + n

y −−−−−−−−−→
inverse inference

x
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Leveraging AI…
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Leveraging AI… without hallucinations
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Scientific AI framework

Scientific AI

Physical Statistical Interpretable

Statistical Uncertainties

Statistical Validity

Physical Properties

Physical Models

AI Priors

AI Models
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Example: mapping the invisible dark matter of the Universe

Visible matter

Dark matter Dark matter uncertainty

Generative modelling for mass-mapping with fast uncertainty quantification
(Whitney et al. 2024; arXiv:2410.24197)
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Leveraging modern computing paradigms

Differentiable programming Probabilistic programming GPU acceleration
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Open-source codes
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PhD project: Differentiable probabilistic deep learning with generative denoising
diffusion models

Further details
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