%RF MWA Project Meeting 2025

National Research | South African
Foundation | Astronomical Observatory

The M(agnificent)
W(idely-)A(waited) G4Jy Sample

Sarah White,
Senior Astronomer,
South African Astronomical Observatory

Katlego Sejake, Kshiti{ Thorat, Heinz Andernach, Tom Franzen, lvy Wong,
Anna Kapinska, Joe Callingham, Chris Riseley, Nick Seymour, Randall Wayth,
Lister Staveley-Smith, Rajan Chhetri, Natasha Hurley-Walker, John Morgan,
Paul Hancock, Fra Massaro, Abigail Garcia-Pérez, Ana Jiménez-Gallardo,
Harold Penha-Herazo, Moses Mogotsi, Rosalind Skelton,
Solohery Randriamampandry, Encarni Romero-Colmenero, Ned Taylor

8§ science | e

- o " 2

(==\ ——_"~"-5] RF —

\ /| Department: SQUARE KILOMETRE ARRAY 4%

o N7’ Science and Technology Nati i ) ¢
W\ 2 ational Research | South African Radio Africa
RERURLICOESOUTH ARG Foundation | Astronomy Observatory




Output from active galactic nuclei (AGN)

1. ‘Radio-loud’ AGN
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The brightest radio-sources in the southern sky
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Fainter radio sources
(lower power or higher redshift) The GLEAM 4-Jy (G4Jy) Sample

White et al. (2020a, 2020b)
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Creation of the G4Jy catalogue

[ GLEAM catalogue and |mages AlIWISE 6dFGS

N

Centroiding

£ NVSS (-40 < Dec / deg < +30)
4-\ SUMSS (Dec < -40 deg)
=~

Create and inspect overlays

_ l' Available on VizieR and at
Determine the morphology https://github.com/svw26/G4l)y

‘1, 1‘ (White et al. 2020a, 2020b)

Re-centroiding
Re-fitting

Determine the host galaxy | =7

‘1’ T ? Summed GLEAM flux-densities (72-231 MHz)
Exclude stars ? summed flux-densities at 843 MHz /1.4 GHz
‘L ? Angular sizes at 843 MHz / 1.4 GHz
? 4 sets of spectral indices
G4Jy catalogue and overlays ? Host-galaxy positions for 1,606 sources

% ? Mid-infrared magnitudes
RF
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https://github.com/svw26/G4Jy

Commissioning of SKA-Low

“You’ll be happy to know that we have used the G4Jy catalogue
as the basis for selecting target calibrators for commissioning of
SKA-Low. The additional info that comes from the cross-matching
(in particular the angular size from other catalogues and if
sources are single/multiple etc) made the process very easy,

so big thanks from the commissioning team!”

Credit: SKAO — Randall Wayth (SKAQ)
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127 new host-galaxy identifications

GLEAM (200 MHz)  NVSS (1.4 GHz)

VLASS (3 GHz)  RACS-low (888 MHz)
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Some host galaxies may be very dust-obscured

G4lJy 1525
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relative flux

Improving availability of redshifts over the southern sky

Southern African Large Telescope (SALT) spectra for 586 G4Jy sources
(Pl: White, ongoing multi-semester program)

R < 20.0, so 4 magnitudes deeper than the 6-degree Field Galaxy Survey
(6dFGS DR3: Jones et al. 2009)
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Improving avaiHability-of redshifts over the southern sky

fr (107" erg/s/cm®/Ang)

Survey: sdss Program: legacy Target: QSO_HIZ QSO_FIRST_CAP

RA=229 23583, Dec=18.50598, Plate=2793, Fiber=114, MID=54271
2=6.499640.00032 Class=QS0 50 1 —— Quasar spectrum (z= 0.581 +0.001)
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SDSS DR16, Ahumada et al. (2020) Re-fitted by White et al. (2025a)

Table 3. SDSS spectroscopic redshifts for five G4Jy sources, with new redshifts presented as a result of re-fitting the target spectrum (Appendix 3 and Figure 10).
The ‘SDSS best-fit’ values are where the reduced-x? metric is the global minimum (per source). Each of the sources listed are quasars.

Source name Redshift SDSS SDSS best-fit Alternative Reduced-x?>  Re-fitted redshift
origin objID redshift SDSS redshift ranking (this work)
G4Jy 148 SDSSDR16  1237679323928789061  2.78413 4-0.00024  1.97376 + 0.00034 2nd 1.965 + 0.005
G4Jy 176 SDSSDR16  1237666274203271475  1.68729 4-0.00086  1.63661 -+ 0.00034 5th 1.660 + 0.005
G4Jy 679 SDSSDR12  1237667254525952687  0.24639 4+ 0.00010  1.19644 + 0.00060 6th 1.196 4+ 0.001
G4Jy 845 SDSSDR12  1237658423552376915  2.46126 4+-0.00015 1.71835+ 0.00016 4th 1.706 4+ 0.001
G4Jy 1240 SDSSDR12  1237667967497077036  5.49964 4 0.00032  0.58067 + 0.00005 3rd 0.581 + 0.001
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Calculating intrinsic properties (e.g. the radio luminosity)
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Calculating intrinsic properties (e.g. the radio luminosity)
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Number

Calculating linear sizes = identify Giant Radio Galaxies

If considering the threshold
as > 700 kpc
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Number

Calculating linear sizes = identify Giant Radio Galaxies

—— GAlJy 1048 (Rpmog = 16.35)
100+ G4Jy 1048 = :::::-(:ysr:(ey;:leait;utr:mplate (z = 0.15314/-0.0009, Q = 1) E
80- KH G WgE Va g
g '+ . =
2 - @
o - o
2 < »n
. . 2 v —
If considering the threshold & S
=
I as> 700 kpc o
I A ' I
I 4500 5000 5500 6000 6500 7000 7500
| Full sample (2) Wavelength [A]
I [z single (2) Confirming a GRG (Sejake et al., in prep.)
I N double (Z) o 1 < 1 L
100 | ZA triple (2) -ED
E complex (2) =
| -32°45'- s
: 1 3CRR (z:p) A
Full sample (zsp) _ )
! single (zsp) " é
Lo d?uble (Zsp) - 48'- L+ &
triple (zsp) b= A v 8
\ complex (Zsp) g g -E
& £ 0
— =) : (&)
g sy -t 5
N e O
A7 K7 | g ®
0 500 1000 1500 2000 [
linear size / kpc +
I 54" =
White et al. (submitted) <
@ Ll
|
)
RF -

- »
National Research | South African 13hOémISS Obs 04’5455 365
Fouation | Astronomioa Observatory MWA Project Meeting 2025 - Sarah WhiteRight Ascension (J2000) 13



151-MHz radio-luminosity / W Hz!

RF

The radio-power —size, P—D, diagram

1030 -
102° ' ‘ V' 4
E A ° v
_ | v v
10%° 5 v A
] A
1027 -
; M [ | N -
] N g N y A a
] vy | &
1025 - V
] o * o single (zsp)
10% - P B double (zsp)
1 v A triple (zgp)
1 % complex (zsp)
1023 i
§ Vv  3CRR (zsp)
| |
0 250 500 750 1000 1250 1500 1750 2000

National Research | South African
Foundation | Astronomical Observatory

Projected linear size / kpc

White et al. (2025c, submitted)

MWA Project Meeting 2025 - Sarah White

14



Radio spectral curvature as an indicator of ‘age’
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Ready for studying active galaxies in the SKA era
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Low radio-frequencies: MWA (72-231 MHz) -> SKA-Low
Unbiased selection; study AGN lifetime via spectral curvature

The GLEAM 4-Jy Sample (White et al. 2020a, 2020b)

* 1,863 radio sources, 96% accessible by ALMA

*  MeerKAT (cf. SKA-Mid) follow-up of 140 sources with
‘enigmatic’ radio morphology (Sejake et al., 2023)

Multiwavelength data (White et al., 2025c, 2025d, tbc)
* New redshifts (e.g. Garcia-Pérez et al. 2024), including

those from SALT (White et al., 20253;

Sejake et al., in prep.)
* Currently0.0<z<3.6

from 34% spec-z
completeness

* Spectral curvature 2
radio-power — size — age
diagram
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https://github.com/svw26/G4Jy

You need the G4Jy Sample ;) J\i
and the G4Jy Sample needs youl! :

Do you have What for? Why? :P
experience with...?

The Karl G. Jansky Pin-pointing the host galaxies for  All of the subsequent science
Very Large Array (VLA)  sources that remain unidentified depends on robust IDs
GLEAM-X imaging Updating the low-frequency radio = More-accurate flux-densities
and the catalogue data, incl. visual inspection for studying spectral curvature
FORS2 on the Very Following up fainter (r > 19.5) Calculate intrinsic properties
Large Telescope (VLT) sources with optical/NIR spectra for sourcesat0<z< 4
RACS-high imaging Updating the angular sizes that Identify compact sources and
or MeerKAT follow-up were based on 45” resolution (with z) giant radio-galaxies

https://github.com/svw26/G4Jy
https://zenodo.org/communities/g4jy/records

% sarahwhite.astro@gmail.com
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