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Astrophysical Anomalies

• Astrophysical sources with morphologies that are rare in large morphology 

catalogues.

ESA/Hubble: Antennae Galaxy Merger Zooniverse: Jellyfish Galaxy ESA/Hubble: Gravitational Lens

Excellent probes of galaxy evolution and cosmology.
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Current Search Efforts

1. Foundation models.

➢ Algorithms such as Zoobot. 

2. Citizen Scientists / Expert Labelling.

3. Novel software methods.

➢ Astronomaly – exploring feature spaces.
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AnomalyMatch: Semi-Supervised Learning

Labelled data (order 10-100s)

Lens Galaxy Artifact

Unlabelled Data (order 100s – 1000s)

Model leveraging all data

Galaxy

Result: need a tiny (< 10) 

labelled anomaly set to find 

more.
+

AL
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An Intuitive UI

• Fully available as its own python package + example Jupyter Notebooks.
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Applying to the HLA

×

• Contains all observations from HST.
➢ All filters, from raw data to science mosaics, all 

instruments.

• Select F814W filters, only final product 

data.

~99.6 million sources.
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A Small Training Set

Anomalous Images ~15

Nominal Images ~1000

Anomalous Images ~100
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Trawling Hubble Legacy Archive

Mergers

Lenses

Odd Morphology

Gravitational Arcs

Jellyfish

Overlapping Galaxies

Unknown / Artifact(?)

Ring Galaxies

Lensed Quasars
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Trawling the HLA: Table

Full paper on ArXiv: 

O’Ryan & Gómez 2025 (2505.03508)

AnomalyMatch description paper:

Gómez et al. 2025 (2505.03509)
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Applications to Euclid Q1

• Searching for jellyfish galaxies.

• Measure jellyfish properties vs 

cluster & field galaxies.

• Searching for merging galaxies.

• Aim: measure merger rates & 

benchmark AnomalyMatch.

Euclid Q1 Data IllustrisTNG Mock Data

• Both projects showing excellent progress with 

objects of interest being discovered.
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Potential Application to JWST
• Focus on leveraging direct access to JWST 

observations using ESA Datalabs to trawl 

through all public data.

➢ Searching for gravitational lenses.

➢ Similar method to the HST project.

• Will be able to search through manyJWST 

observations & surveys. 

➢ CEERS

➢ JADES

➢ COSMOS-Web

• Proposal review is ongoing and will be in 

touch if successful! Excerpt of Figure 4 from Nightingale+25 (160 identified).

Excerpt of Figure 1 from Cerny+25.
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Conclusions & Future Work

• Current work on anomaly detection is plagued by many issues.

➢ Limited examples for training.

➢ Subjectivity.

➢ Previous knowledge of morphology required.

• AnomalyMatch addresses this with semi-supervised methods to leverage both 

labelled and unlabelled data.

➢ ‘Plug & Play’ model – fully integrated into ESA Datalabs.

➢ Updates also coming.

• Initial tests on HLA show potential.

• Next step: Euclid and JWST. 

Thank you for listening!

Contact:

David O’Ryan: David.Oryan@esa.int

Pablo Gómez: Pablo.Gomez@esa.int

Sandor Kruk: Sandor.Kruk@esa.int 
Jan Reerink: Jan.Reerink@esa.int 

mailto:David.oryan@esa.int
mailto:Pablo.Gomez@esa.int
mailto:Sandor.Kruk@esa.int
mailto:Jan.Reerink@esa.int
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Extra Slides
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Introducing AnomalyMatch

+
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Benchmarking

• Use MiniImageNet and GalaxyMNIST.
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Benchmarking

MiniImageNet detection performance: hourglass. GalaxyMNIST detection performance: unbarred spiral.

Mini-ImageNet GalaxyMNIST
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