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Evolution of Universe
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MACHINE LEARNING HELPS our
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Machine Learning Frameworks

Complete information of truth-labels is available for all images

No information about truth-labels is available for all images

Some information about truth-labels is available for all images

Complete information of truth-labels is available for some images

g Courtesy : EMU



Predicted z

i
IS

Predicted z

Predicted z

L0 Linear Regression

0.8

o
o

o
N
VI T~ MUCCACISS ., SO 1o, A

0.0%

1.0 Decision Tree

0.8 ’
A ———— ———
0 6 . “‘—r'—'é;“
e —_—
P g ———cray
- v ,....__',.'_...W
0.4 "
A \!n—?w-—~
S i s e
/
. e
0.2 e

107 "Random Forest

0.8

%%% 0.2 0.4 0.6 0.8
True 2

k-Nearest Neighbours

" Boosted Decision Tree

'Extremely Randomised Trees

1.0 0.0 0.2 0.4 0.6
True z

Redshift Estimations
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Problem description

Galaxy redshift surveys are among the main observational tools to probe cosmological models. The
leading methods measure the distance scale imprinted in the large-scale distribution of galaxies by
oscillations in the primordial baryon-photon plasma. This baryonic acoustic oscillation (BAO) sound
horizon can be used as a standard ruler to characterize the expansion rate of the Universe at different
times, thereby providing constraints on cosmological parameters such as the total matter and dark
energy densities. A precise measurement of the redshifts of galaxies is fundamental to extract this

Henghes et al. 2021
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Making High Resolution Simulations

Y. Li et al. 2021
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Sunyaev Zel’dovich (SZ) Effect

Spectral Distortion of CMB
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SZ Profile & Mass Predictions with Supervised Machine Learning
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Cosmic Microwave Background (CMB) — Galaxy Cluster Lensing

CMB very smooth on small scales: approximately a gradient

Last scattering surface What we see

GALAXY
CLUSTER

> 0.1 degrees 2

Credit: Lewis et al.
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Cosmic Microwave Background (CMB) — Galaxy Cluster

Convergence Profiles Predictions with Machine Learning leads to cluster masses!!
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Machine Learning Frameworks

Complete information of truth-labels is available for all images

No information about truth-labels is available for all images

Some information about truth-labels is available for all images

Complete information of truth-labels is available for some images
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Australian Square
Kilometre Array Pathfinder
(ASKAP)

Evolutlonary Map of Unlverse'
(EMU) will detect >40 million radio

gaIaX|es over next S years! ii
s\ X

Evolutlonary Map of the Umverse (EMU; Norris 2021)
e Covers 270 deg? of sky with declination
e RMS sensitivity of 25 — 35 uJy/beam
¢ Beamwidth of 13”7 x 11" FWHM
e ~41,000 complex radio components (~220K total)

1st Pilot Survey A\ @
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Radio Map (~6x3 deg?) — Evolutionary Map of Universe Pilot Survey

L2 Courtesy : EMU



Radio Map (~6x3 deg?) — Evolutionary Map of Universe Pilot Survey

Gupta et al. 2022 : arXiv2208.13997, PASA journal
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Machine Learning Frameworks

Complete information of truth-labels is available for all images

No information about truth-labels is available for all images

Some information about truth-labels is available for all images

Complete information of truth-labels is available for some images
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Citizen Science
=

Is the galaxy simply smooth and rounded, with no sign
of a disk?

Need some help with this task?

o6 O

Show the project tutorial
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Weakly-supervised Learning
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Machine Learning Frameworks

Complete information of truth-labels is available for all images

No information about truth-labels is available for all images

Some information about truth-labels is available for all images

Complete information of truth-labels is available for some images
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Semi-supervised Learning in Astronomy Examples

(1) feature extraction, (2) clustering/classification (few labels), (3) visual representation
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Slijepcevic et al. 2021
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Semi-supervised Learning
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Cosmology papers that include machine learning
methods In the abstract or title!
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