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Cosmic evolution

Big Bang
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Background (Planck) galaxies form galaxy formation: cosmic noon today

300 000 years ~ ~200 million years ~2 billion years 13.7 billion years
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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 & mapping underlying X to observed yin the
presence of n:
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Many scientific inference tasks involve solving inverse problems

Consider model @ mapping underlying quantity of interest x to observed data y in the
presence of noise n:
y = ®(X)+n

forward model

Yy——— X

inverse inference
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Leveraging Al...
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Leveraging Al... without hallucinations
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Scientific Al framework
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Example: mapping the invisible dark matter of the Universe

Visible matter

Generative modelling for mass-mapping with fast uncertainty quantification
(Whitney et al. 2024; arXiv:2410.24197)
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Visible matter Dark matter
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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
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Differentiable programming Probabilistic programming GPU acceleration
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Open-source codes

Dar ing the dark
Alightweight that p darke
matter reconstruction techniques

© web ) (0 ainus )

harmonic: Learnt harmonic mean estimator
for Bayesian model selection

Compue the Bayesian evidence (marginal likelinood) from posterior samples
generated by any sampling approach.

6w [0

LeAl: Learned image reconstruction in
astronomy

learned unrolled methods.

© Ginub |

OptimusPrimal: A lightweight primal-dual
solver

Alightweight proximal splitting Forward Backward Primal Dual based solver for
convex optimization problems.

nested ing for
il i ian model

evidence for log by PREX

proximal nested sampling

Jason McEwen

PURIFY: Next generation radio

terferometr| aging

PURIFY provides functionality to perform radio interferometric imaging, ie. to
recover images from the Fourier measurements taken by

© v ) (G omn

QuantifAl: Scalable Bayesian uncertainty
ation with data-driven (learned)

with for

S2BALL: Differentiable and accelerated
wavelets on the ball

S2BALL is a JAX package for computing the scale-discretised wavelet transform
on the ball and rotational bal. It leverages autodiff to

6w [0

erentiable and accelerated
spherical transforms

S2FFT is 2 JAX package for computing Fourier transforms on the sphere and
rotation group. I leverages autoif to provide

© web ) (© Gitus
S2SCAT: Differentiable and accelerated 7 7%
herical scattering ‘,50
S2SCATIs for. the )
he JAX. It exple todiff to provide differentiable

Dif i and
spherical wavelets
S2WAV is a JAX package for computing wavelet transforms on the sphere and

fotation group. It leverages autodiff o provide

SILC: Scale-discretised directional wavelet

SILG provides functionalityto perform a novel internal linear combination (ILC)
algorithm for foreground separation using directional,

© we ) (O Gitnb

snmachine: Classifying supernovae light
curves

[© wer) (O omn

SOPT: Sparse optimisation
'SOPT provides functionality to perform sparse optimisation using state-of-the-
art convex optimisation algorithms.

stringgen: Fast emulation of cosmic string
signatures
Emulate CMB cosmic string maps.

i
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PhD project: Differentiable probabilistic deep learning with generative denoising

diffusion models

® Forward / noising process

Sample data p(x,) =+ turn to noise

NS * p—
Po(Xo) i ? g pr(Xp)~N(0,1

Clean X7_1 X Pu.re
sample noise

® Reverse [ denoising process

[ *UC) Further details
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