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z ~1100 6 2 0

We are here!
D = 28 Gpc

1) 4MOST

Two routes for this tutorial: 

1) Low-z: Classification (4MOST) 
2) High-z: Inference (SKA)

2) Intensity Mapping (SKA-Low)
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Machine Learning for Astrophysics - Tutorial
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1) Low-redshift (late time): Classification of 4MOST spectra

4MOST: On-the-fly classification of spectra (1D)

Goal: Data-driven classification pipeline layer (galactic & extragalactic sources) 

Classification infrastructure working group, led by: N. Napolitano & C. Heneka

@SDSS

Benchmark with
SDSS archival spectra:

Caroline Heneka, 28.05.2024, ML for Astrophysics, ICTP Trieste

See now our tutorial!



4

4MOST: On-the-fly classification of spectra (1D)

Goal: Data-driven classification pipeline layer (galactic & extragalactic sources) 

Classification infrastructure working group, led by: N. Napolitano & C. Heneka

For class:
Convolutional
network variants

For class uncertainties:
Bayesian neural networks 
and contrastive learning 

++ competitive with template fitting

Zhong, Napolitano, Heneka+ arXiv:2311.04146Probabilistic multi-classifier
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This is what one wants to beat!

1) Low-redshift (late time): Classification of 4MOST spectra



5Caroline Heneka, 28.05.2024, ML for Astrophysics, ICTP Trieste

1) Tutorial classification challenge: 4MOST spectra

See tutorial part: 


https://github.com/csheneka/ML-for-Astro-tutorial 

spectral_classifier.ipynb

https://github.com/csheneka/ML-for-Astro-tutorial
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1) Tutorial classification challenge: 4MOST spectra

More data (Credit: Fucheng Zhong):


https://huggingface.co/datasets/Fucheng/GaSNet-II-SDSS-dataset/tree/main/
train_data

https://huggingface.co/datasets/Fucheng/GaSNet-II-SDSS-dataset/tree/main/train_data
https://huggingface.co/datasets/Fucheng/GaSNet-II-SDSS-dataset/tree/main/train_data
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z ~1100 6 2 0

We are here!
D = 28 Gpc

1) 4MOST

Two routes for this tutorial: 

1) Low-z: Classification (4MOST) 
2) High-z: Regression (SKA)

2) Intensity Mapping (SKA-Low)
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2) High-redshift: Regression for the Square Kilometre Array (SKA)



Why care?

Tomography of >80% of the Universe

Square Kilometre Array - true ‘Big Data’

non-linear, non-Gaussian signal

1), 2) Intensity Mapping (SKA-low)

4) 4MOST

3) SKA-mid

Tutorial: Introspection on regression with networksExpected data SKA rate: 

TB/s, few EB/day

Archive: ~700 PB/yr 

@SKAO
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2) High-redshift: Regression for the Square Kilometre Array (SKA)



1), 2) Intensity Mapping (SKA-low)

4) 4MOST

3) SKA-mid

21cm signal 

a tracer of neutral hydrogen:
Why care?

Tomography of >80% of the Universe
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2) High-redshift: Regression for the Square Kilometre Array (SKA)
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2) Brief Introspection basics for our tutorial
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2) Brief Introspection basics for our tutorial
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2) Tutorial part 1: Network visualisation

See tutorial part: https://github.com/csheneka/introspection-tutorial/blob/main/
visualisation_3D-21cmPIE-Net.ipynb
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2) Tutorial part 1: Network visualisation

See tutorial part: https://github.com/csheneka/introspection-tutorial


visualisation_3D-21cmPIE-Net.ipynb

https://github.com/csheneka/introspection-tutorial
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2) Tutorial part 2: Saliency maps

See tutorial part: https://github.com/csheneka/introspection-tutorial


attention_exercise.ipynb

https://github.com/csheneka/introspection-tutorial
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2) Tutorial part 2: Saliency maps

See tutorial part: https://github.com/csheneka/introspection-tutorial


attention_exercise.ipynb

https://github.com/csheneka/introspection-tutorial

