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Astrophysical Anomalies esa

« Astrophysical sources with morphologies that are rare in large morphology

catalogues.
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Excellent probes of galaxy evolution and cosmology.
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Current Search Efforts

1. Foundation models. L

Algorithms such as Zoobot.

S £

T0S: Is there anything odd?

2. Citizen Scientists / Expert Labelling.

Euclid: The Early Release Observations Lens Search Experiment*

1. A. Acevedo Barroso*™ !, C. M. O'Riordan?, B. Clément!-?, C. Tortora®, T. E. Collett®, F. Courbin'-®7, R. Gavazzi®"
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Object ID: 960415

3. Novel software methods.

Astronomaly — exploring feature spaces.
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AnomalyMatch: Semi-Supervised Learning Eesa

Supervised
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with ground-truth label ¥ and prediction g

from weakly-augemented labeled data

Unsupervised
Pseudo-labeling

Predict pseudo-label ¢ on weakly-augmented )
unlabeled data

Consistency Regularization
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An Intuitive Ul

Save Model Load Model Save Labels Load Top Files

Filename: 4001012821032.jpeg | Score: 1.0000 | Index: 0 / 9197 | Label: None

Brightness === 1.00  Contrast == 1.00 RGB: M R g B
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Train Iterations (—— 500  BatchSize =if— 10000

Apply Unsharp Mask

Top 10 Mispredicted Test Images | Acc: 90.9% | AUROC: 1.000 | AUPRC: 1.000
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Version: 1.0.0

Memory: 10.12 GB | GPU: 0.05 GB [12:50:43]

Training Complete. Eval Acc: 90.91%

* Fully available as its own python package + example Jupyter Notebooks. .
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EUROPEAN SPACE AGENCY o' SCIENCE & TECHNOLOGY of  ESAC SCIENCE DATA CENTRE of

hubble science archive

y eHST NEWS

LATEST ESA NEWS

ADVANCED SEARCH

« Contains all observations from HST.

» All filters, from raw data to science mosaics, all
instruments.

« Select F814 W/ filters, only final product
data.
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ESA DATALABS

~99.6 million sources.
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A Small Training Set
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Nominal Images ~1000
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Anomalous Images ~160
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Trawling Hubble Legacy Archive
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Trawling the HLA: Table Eesa

Table 1. Breakdown of anomalies found n the development of the
AnomalyMatch algorithm.

Classification N Found N Referenced
Merging Galaxy 629 212
Gravitational Lenses 140 54
Odd Galaxy 164 60
Nominal Galaxy 163 60
Unknown Morphology 43 0
High Redshift Galaxy 28
Jellyfish Galaxy 35
Overlapping Galaxy 39
Gravitational Arc 39
Clumpy Galaxy 11
Galaxy Hosting a Jet 13
Galaxy Hosting AGN :
Ring Galaxy
Lensed Quasar
Collisional Ring Galaxy
Edge-On Protoplanetary Disk
Galaxy Hosting Supernova
Submillimetre Galaxy

Full paper on ArXiv:
O’'Ryan & Gomez 2025 (2505.03508)

AnomalyMatch description paper:
Gomez et al. 2025 (2505.03509)
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Applications to Euclid Q1 Eesa

« Searching for jellyfish galaxies. « Searching for merging galaxies.

* Measure jellyfish properties vs « Aim: measure merger rates &
cluster & field galaxies. benchmark AnomalyMatch.
bl @ e a e e[ Euclid Q1 Data lllustrisTNG Mock Data
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* 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!
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Excerpt of Figure 1 from Cerny+25.

Excerpt of Figure 4 from Nightingale+25 (160 identified).
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Conclusions & Future Work Eesa

« 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.

Thank you for listening!
Contact:
 |nitial tests on HLA show potential. David O’Ryan: David.Oryan@esa.int
Pablo Gomez: Pablo.Gomez@esa.int
Sandor Kruk: Sandor.Kruk@esa.int
Jan Reerink: Jan.Reerink@esa.int

* Next step: Euclid and JWST.
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Extra Slides Eesa
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Introducing AnomalyMatch Eesa

FixMatch: Slmpllfylng Sem1-Superv1sed Learmng

LR B

Data Augmentatlon CIaSS|f|catlon Loss

Labeled Data Weak Augmentations Supervised

Cross-entropy loss on labeled data, s t.
1 N
Le = N ZH(yuy-s)
i

with ground-truth label y and prediction

from weakly-augemented labeled data
-+

Unsupervised
Pseudo-labeling

Predict pseudo-label § on weakly-augmented

EfficientNet unlabeled data
Classifier Consistency Regularization \41'11

N
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. with prediction y from strongly-augmented d'ata I 1
PyTorch Implementations of

Eurosat RGB + MS, UCM Using Pillow, albumentations and imgaug EfficientNetB0-B3 and ¢ for thresholding

o * - * R
Pablo Gomez and Gabriele Meoni

14

| —— |

] @® | I Dz re— + —_— - » THE EUROPEAN SPACE AGENCY

PSS




Benchmarking Eesa

* Use MinilmageNet and GalaxyMNIST.

GalaxyMNIST Anomaly Classes in Red

Smooth § Smooth Smooth Sigooth Smooth Fdge-on Unbamred Unbarred Unbarred
s Round Round Cigar shaped Cigar-shaped Cigarshaped Disk Spiral Spiral * Spiral

.
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Benchmarking
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% of top-scoring predictions inspected % of top-scoring predictions inspected

% of Total Anomalies Found
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