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Starting thoughts

Foundation Models:

ÅMarketing.

ÅCall it what it is.

o E.g. Large scale pre-trained model

Å[ŜǘΩǎ ƴƻǘ ŘŜōŀǘŜ ǎŜƳŀƴǘƛŎǎ ŦƻǊ ŀ ǿƻǊŘ ǘƘŀǘ ƛǎ 
used to describe a paradigm that has 
emerged, rather than describing the 
paradigm we operate in.

Data Volume:

ÅBytes != Information

ÅThe information density of language is very 
high.

ÅάLƳŀƎŜǎέ ŀǊŜ ŎƻƴŘƛǘƛƻƴŀƭƭȅ very specific and 
optimized to human needs

ÅScience data is fundamentally different

ÅI am not entirely sure we have enough data 
to see the same results from scaling as 
language and computer vision have had.



The Data Challenge

ÅIncreasing data volumes (~700PB science data products per year for SKA)

ÅStatic research budgets

Physics can therefore be (at best) derived on a continuous function between: 
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Sample Count

e.g. Weak Lensing

e.g. Chemical Composition and distribution of stars in near by galaxies

Research Frontier

Shifts from adoption of improved approaches



Modern Radio Astronomy in 4 Steps

1)

2)

3)

4)



Inverse Problem in Interferometry

Upsides:

ÅScore based modelling

ÅInstrumentation built into 
the prior through custom 
kernel

ÅOperating in image space for 
guarantees

However:

ÅNot scalable

ÅLDM could begin to address 
scaling, but at what cost?

Noé Dia, M. J. Yantovski-Barth, Alexandre Adam, Micah Bowles et al. 

NeurIPS Workshop ML4Phys, 2023, https://arxiv.org/abs/2311.18012 

Astro paper in prep.

https://arxiv.org/abs/2311.18012


Radio Galaxies

ÅGalaxies but viewed in radio

o Primarily synchrotron emission from 

bremsstrahlung

ÅClassification for sample and feature 
selection

An image from the MeerKAT radio telescope reveals unusual thread-

like features stretching between the twin radio emission lobes of 

galaxy ESO 137-006. Rhodes University, INAF and SARAO

https://www.sarao.ac.za/media-releases/astronomers-stumble-upon-unexpected-features-in-a-distant-galaxy-using-meerkat-data/


Radio Galaxy Classification: Language in Science

ÅSemantically meaningful labels

o Improved interpretability

o Semantic meaning

o Fine grained control

ÅPreparing for LLMs

ÅData collection ongoing: 
https://www.zooniverse.org/projects/hongm
ing-tang/radio-galaxy-zoo-emu

Å>99k classifications so far

.ŜŦƻǊŜΥ άCwLLέ

bƻǿΥ      άƘƻǳǊƎƭŀǎǎέΣ άƧŜǘέ
Bowles+22 https://arxiv.org/abs/2210.14760

Bowles+23 https://arxiv.org/abs/2304.07171
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Radio Galaxy Classification

ÅSimple Classes

ÅInterpretable classification for 
adoption



Radio Galaxy Classification

ÅSimple Classes

ÅInterpretable classification for adoption

Bowles et al. 2020, MNRAS, https://arxiv.org/abs/2012.01248 

https://arxiv.org/abs/2012.01248


Bootstrap Your Own Latent (BYOL; Dino Precursor)

Grill et al. 2020, NeurIPS, https://arxiv.org/abs/2006.07733 

https://arxiv.org/abs/2006.07733


Radio Galaxy SSL

Slijepcevic++Bowles 
2023;https://doi.org/10.1093/rasti/rzad055

https://doi.org/10.1093/rasti/rzad055


Optical Astronomy SSL

Walmsley++Bowles 2022;https://arxiv.org/abs/2206.11927 ¢ƻǿŀǊŘǎ DŀƭŀȄȅ CƻǳƴŘŀǘƛƻƴ aƻŘŜƭǎ ǿƛǘƘ IȅōǊƛŘ 

/ƻƴǘǊŀǎǘƛǾŜ [ŜŀǊƴƛƴƎ

https://arxiv.org/abs/2206.11927


Multimodal Universe

ÅTraditional time spent wrangling:

o Data (30% of the time)

o People (70% of the time)

ÅLiving dataset (currently 120TB)

Done closely with Francois Lanusse, Polymathic and many other researchers from around the world.

NeurIPS 24 D&B https://arxiv.org/abs/2412.02527 

https://arxiv.org/abs/2412.02527


AION

Francois Lanusse, and Polymathic Team. Publication coming end of 2025.

{ŜŜ CǊŀƴŎƻƛǎΩ ǘŀƭƪ ŦǊƻƳ ȅŜǎǘŜǊŘŀȅΦ



What is the misspecified promise of FMs?

Adoption.
Language is the simplest UI.



Adoption: The misspecified promise of FMs.

What we want:

ÅLow adoption cost

ÅHigh physics value

ÅConceptually clear

ÅIntegrated into legacy systems

tƘȅǎƛŎǎ Caǎ ǿƛƭƭ ǘŀƪŜ ǘƛƳŜ ǘƻ ŀŘƻǇǘ ŀƴŘ ǘƘŜ Ŏƻǎǘǎ ŀǊŜ ƘƛƎƘϝ Χ

What do we do in the meantime?

ϝLΩƳ ƴƻǘ ǎŀȅƛƴƎ ǿŜ ǎƘƻǳƭŘƴΩǘ ōǳƛƭŘ ǘƘŜƳΦ Wǳǎǘ ǘƘŀǘ ǿŜ Ŏŀƴƴƻǘ ŜȄǇŜŎǘ ƛƳƳŜŘƛŀǘŜ ŀŘƻǇǘƛƻƴΦ
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True signal
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True signal

What we measure
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True signal

Everything else

What we catalog
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What We Don’t C
Representations for scientific discovery beyond VAEs



What We Don’t C
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What We Don’t C

Unconditional flow matching

Brian Rogers

DPhil University of Oxford

Brian Rogers

DPhil University of Oxford



What We Don’t C
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What We Don’t C
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What We Don’t C: Designed for Adoption.

ÅReuse existing VAEs

ÅSmall latent per data sample ς can often be processed on a laptop.

Å.ǳƛƭŘ ŜƳōŜŘŘƛƴƎǎ ƛƴǘƻ ŜȄƛǎǘƛƴƎ Řŀǘŀ ǎǘǊǳŎǘǳǊŜǎ όŎŀǘŀƭƻƎǎύ ǿƛǘƘƻǳǘ ŘǳǇƭƛŎŀǘƛƻƴ ƻŦ ŜȄƛǎǘƛƴƎ άƘŀƴŘ 
ŎǊŀŦǘŜŘέ ŦŜŀǘǳǊŜǎ

ÅDirect added value: data filtering, selection, visualization, outlier detection, etc.

This is explicitly designed to act as a steppingstone to help a community transition from 

άL ǘƘƛƴƪ L ƪƴƻǿ ǎƻƳŜƻƴŜ ǿƘƻ ǘǊŀƛƴŜŘ ŀ ±!9έ 

to 

ά!Lhb ƛǎ ŀ ƳŀǎǎƛǾŜƭȅ ƳǳƭǘƛƳƻŘŀƭ ƎŜƴŜǊŀǘƛǾŜ ŦƻǳƴŘŀǘƛƻƴ ƳƻŘŜƭ ǘƘŀǘ Ŏŀƴ ƛƴƎŜǎǘ Ƴȅ ŦŀǾƻǊƛǘŜ ŘŀǘŀέΦ



Funding

Thanks to:

ÅPolymathic

ÅAlan Turing Institute

ÅUKRI

ÅSchmidt Sciences

ÅBreakthrough Listen

And EIT for funding my trip here.



AI Research is hiring eit.org. Quick sell:

Å AI for science

Å AI for positive impact

Å Possible supervision of PhD students through the University of Oxford

Å Industry resources

Å AI Research led by Danilo Jimenez Rezende

EIT: Translating scientific discovery into real world impact

Thank you for listening.
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