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Optical IDs for DR2
● Summarizing published paper
● See arXiv:2309.00102

for many more details



04/06/24 Martin Hardcastle 3

Optical ids for DR2
● ‘Nothing so useless as a radio source’
● To understand & model the radio source 

population we need to find the optical 
sources corresponding to each radio object

● Radio structures can be physically much 
larger than host galaxy in the case of radio 
AGN → can’t just use positional 
crossmatching

● Start from DESI Legacy Survey and 
WISE...
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DESI Legacy Survey coverage
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‘Decision tree’ for optical IDs

LR/auto
RGZ
No id
Faint
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Citizen science for DR2
● Following on from successful 

Radio Galaxy Zoo project 
using FIRST and WISE 
images

● Volunteers simultaneously 
‘associate’ radio sources – say 
which ones go together – and 
‘identify’ them – what is the 
optical counterpart to a given 
possibly composite radio 
source

● 189,375 sources sent to 
classification by citizen 
scientists (at 5 views each)

● 957,374 classifications
● 13,711 distinct volunteers
● About 3 years to run!!!
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Citizen science outputs
● Association usually fairly good
● Optical identification could be 

poor even on ‘obvious’ sources…
● Examples to the right – crosses 

show positions of citizen science 
ID clicks. Top two successfully 
IDed, bottom two failed even 
though host is clear
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Volunteer population stats
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Consensus vs classification count
● Most optical IDs are majority 

decisions so hard to achieve 
a high consensus score 
even if you are right all the 
time – unless you refuse to 
classify anything remotely 
doubtful

● ‘Experts’ do not have clearly 
higher consensus scores 
than citizens

● Some enthusiastic 
participants were not seeing 
the same things as 
everyone else…

● Final ID voting was weighted 
by a user’s consensus score
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Expert inspection and ridge line code
● Inspect sources that:

– Have duplicate optical IDs
– Have ‘too zoomed in’ or blend flags in 

RGZ or pre-filter
– Are larger than 1 arcmin

● Around 150,000 inspections by a small team 
of ‘experts’

● Several different interactive workflows to 
allow the editing of the PyBDSF source 
decomposition and optical IDs

● Ridge line code of Barkus+22 then applied to 
search for optical counterparts missed in 
visual inspection for sources > 15 arcsec and 
brighter than 10 mJy
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DR2 optical ID fraction
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Lessons learned from the citizen science project
● Task is hard!
● Citizens have very varying degrees of 

(a) engagement and (b) correctness. 
These two may not correlate…

● Slow to complete because of 
(relatively) small engaged volunteer 
pool and large number of sources

● Optical IDs a particular challenge – 
choice of Legacy rather than WISE as 
optical image didn’t help

● For DR3 need to vastly reduce 
number of images sent to visual 
inspection

● Can machine learning save us? Maybe 
– see Mostert+22, Mostert, Oei+24
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Output DR2 catalogue
● 4,116,934 sources in DR2/Legacy overlap
● 85% optical/WISE ID fraction
● 58% good redshift fraction (84% of sources 

with IDs in Legacy catalogue)
● 305,000 spec-z from SDSS and DESI – 

lots more to come from future DESI 
releases (2025+) and WEAVE-LOFAR 
(same??).

● 1,856,041 good mass estimates
● By far the largest optically identified 

catalogue ever (order of magnitude 
improvement on DR1)

● Right, some > 2 Jy FRIIs from DR2
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DR2 z and luminosity distribution
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● Drake+ (in prep: D24) are using BPT-
type emission-line diagnostics to 
classify 150k DR2 sources with SDSS 
spectra as radio-excess (radio 
luminosity exceeds expectation from 
Halpha) and HERG/LERG.

● Classification is consistent with 
expectations from WISE colour-colour 
plots

● Bright AGN and HERGs lie in the same 
location as SFG

● Not safe to select AGN as in 
Hardcastle+19 with cuts in WISE colour 
space!

● But W2/W3 vs radio luminosity is more 
interesting...

Emission-line classifications (1)
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Emission-line classifications (2)
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AGN selection

● Start from flux-complete sample with S > 1.1 
mJy, good z > 0.01 (963,764 objects)

● W3-radio diagram allows us to select different 
classes of objects (although note that many 
objects are undetected in W3)

● Quasars and HERGs lie to the right of this plot 
(W3 luminosity from the torus – cf Gurkan et al 
2014)

● SDSS DR16 quasars populate the far right 
including a clear ‘RQQ’ branch

● Not clear whether these should or should not 
be excluded! But we can remove them for 
consistency with Hardcastle+19

● Net result is a plot with two cuts in this space.
● Can decide whether a W3 detection is required 

or use limits – overall around 600,000 AGN.
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Masses: AGN host galaxy mass relation to luminosity and size
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Cores: match with VLASS
● Can start to look at the radio core properties of 

extended AGN
● Some interesting results here with samples of 

tens of thousands of resolved AGN
● Care needed as heavily biased to steep-

spectrum cores
● Can use VLASS to investigate variability of 

central AGN in extended sources
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Restarting radio galaxies
● If jets switch on and off again then we will see pairs of inner and outer lobes ('double-double' radio 

sources)
● No evidence that sources that

do this are different from the
general population
(Mahatma+19)

● Implies that brief (few Myr)
interruptions to jet energy
supply with return to
a similar level are normal

● Important selection effects
● Fraction is low (few %)

because double-double
phase can only be seen
for a short time.

Right: candidate restarting sources from Horton+ in prep.
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Restarting radio galaxies



04/06/24 Martin Hardcastle 22

Restarting radio galaxies
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Restarting radio galaxies
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Restarting radio galaxies
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Restarting radio galaxies
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Summary
● DR2 optical ID catalogue exists: see 

Hardcastle+23 and https://lofar-surveys.org/ 
● Probably reasonably complete for bright radio 

AGN below z=1 and massive SFG with z<0.3
● We plan to keep updating the DR2 catalogue 

through and past the DR3 LoTSS release
● Improved method of AGN selection currently 

using WISE data – WEAVE will enable much 
more by providing emission lines

● ~ 600,000 sources should be enough for a lot 
of robust statistical analysis!

● Work to follow on:

– Morphology and relation to emission-line 
class

– Jet power inference as a function of 
environment

https://lofar-surveys.org/
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