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Radio Galaxies

+ Also known as Radio-Loud Active 
Galactic Nuclei (RLAGN).

+ AGN with radio emission strong 
enough to be detected.

+ In general, we focus on high-
redshift RGs à EoR epoch and 
AGN evolution.
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Issues with RGs
+ High-redshift AGN hard to detect.

+ Redshift determination (SED fit) takes long 
time.

+ Most detections in optical/NIR. We lack 
radio observations.

+ Future (and present) radio surveys produce 
large data volumes.

+ Traditional (radio) AGN detection 
methods will be inefficient.
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How can we try 
to solve some of 
these problems?
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We aim to obtain…

+High-redshift RG candidates
+AGN

+Radio emission

+Redshift

+Series of models
+Control over features

+Interpretability
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Data: HETDEX 
Spring Field

+ ~400 deg2 in the northern sky (as covered by LoTSS DR-1).

+ 6,729,647 detections in NIR (CatWISE2020, Marocco+2020).

+ Counterparts in:

+ Radio (LOFAR, GMRT, VLASS)

+ IR (AllWISE, 2MASS)

+ Visible+NIR (Pan-STARRS)

+ UV (GALEX)

+ X-ray (XMM-Newton)

+ Cross-match with Million Quasar Catalog (v7.2, Flesch 2021)
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Data Preparation

+Imputation: limiting magnitude 

(20 bands).

+Colours and magnitude ratios.

+Flags: AGN, radio, X-ray.

+32,365 identified AGN (0.48%)
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Models Preparation

+Train (90%) – Validation (10%)

+Feature selection with Boruta.

+Model stacking.

+Fix unbalance for radio model.

O C T O B E R  2 2 ,  2 0 2 1 D E B A T I N G  T H E  P O T E N T I A L  O F  M L  I N  
A S T R O N O M I C A L  S U R V E Y S

<latexit sha1_base64="diBBg38WfNJLjaeRzZ/ivVXPUyg="></latexit>

�zN =
|ztrue � zpred|

1 + ztrue



Combining All 
Predictions
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Combining Predictions
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• SDSS Equatorial Strip in the 
Southern Galactic Cap (92 
deg2).

• Equal data collection as with 
HETDEX (minus LOFAR 150 
MHz).

• 369,093 objects in 
CatWISE2020

• 2,941 objects labelled as AGN.

AGN 
Prediction

Radio 
Prediction

Redshift
Prediction



D E B A T I N G  T H E  P O T E N T I A L  O F  M L  I N  A S T R O N O M I C A L  S U R V E Y S O C T O B E R  2 2 ,  2 0 2 1

AGN 
Detection

Radio 
Detection

Redshift
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0.564
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0.155

∆"!= 0.091A
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1,130 
AGN

All predicted radio AGN



Thus, we have 266 radio 
AGN candidates!
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�zN

etc…



Id: 180296
Prediction: Radio-

AGN z=2.786 
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VLASS (3 GHz)

WISE (W1)

VLA SDSS 82 (1.4 GHz)



We can also extract 
information from the 
models themselves!
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O C T O B E R  2 2 ,  2 0 2 1 D E B A T I N G  T H E  P O T E N T I A L  O F  M L  I N  
A S T R O N O M I C A L  S U R V E Y S

Feature Importances
AGN detection Radio detection Redshift value

Can we do better 
than this?



Shapley Values

+From Game Theory (Shapley, 
1953).

+They show how each feature 
impacts the final prediction 
(per source).

+High Shapley value increase 
probability of detection or high 
redshift.

+Allows analysis of interplay 
between features.
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AGN detection

X-ray
detection

X-ray
non-detection

X-ray è AGN

Positive 
impact

Negative 
impact



Final Thoughts
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Final Toughts

+No need for fully clean data to obtain meaningful results.

+Some degree of transferability with minor changes in dataset.

+Using series of models useful to understand each step.

+ML models can give insight over probably hidden correlations 

among features (new discoveries?).
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Future Steps

+Include uncertainties

+Tackle imbalance (AGN, radio, z)

+Include morphological properties.
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Questions?
Comments?
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