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«w High-redshift radio galaxies (HzRGs)
High-redshift: z > 2
Radio-powerful: Legompu, > 1047 WHz ™1

Massive host galaxies: ~1011 — 1012 M5

* 1 or more episodes of rapid SF, quenched or recycled by AGN activity

Often reside in over-dense environments
« They can influence these environments via powerful jets (up to ~Mpc)
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« Ultra-high-redshift radio galaxies (UHzRGs)

« z > 5, fewer than 5 known: important value for cosmology and EoR

 Traditional selections via ultra-steep spectrum (USS)
 Using frequencies above/below 1GHz (a < —1.3), often compact (CSS)

van Breugel+1999,
TN J0924-2201 at
z=>5.19 (VLA
4.85 GHz atop
Keck K-band).
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VLA 1.4 GHz
LBT K-band

Saxena+2018,
TGSS

@ J1530+1049 at
_ z=15.72 (VLA
1.4 GHz atop
LBT K-band).
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«w Alternative low-frequency selection

10* %

P ’_‘*\\

Low-frequency turnover modelled
below GLEAM coverage, Drouart+2020

102 101 10° 10! 102 103

Frequency (GHz)

» Selected to be compact and ultra-steep spectra (USS) or a
turnover below 70MHz

* Young radio sources, jets pushing through interstellar medium (ISM), redshifted
peaked-spectrum sources

* Not detected in shallow near-infrared (NIR) surveys (e.g. VIKING)

« K — z relation for powerful radio galaxies — higher magnitude (fainter flux) in the
K-band (2.2-um) suggests the host is more distant
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«w Alternative low-frequency selection

* Pilot study of four candidates in GAMA 09
* Yielded GLEAM J0856+0224 (z = 5.55), J0917-0012 (z = 3.00)
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RA (J2000) RA (J2000)
Drouart+20 Seymour+24 (accepted)
Red: 100 GHz, Blue: CO emission Red: 2.2 GHz VLBI, green: [Oll] emission

* Broderick et al. 2022 (B22) sample contains 51 new candidates
35 with HAWK-I follow-up at K.~23 AB
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«w Observations of our sample (53 sources)
y FREQUENCY
—
42-68 MHz ~880-1600 MHz ~84-115 GHz / 3mm Shallow ~0.9-2.2 ym
2/53 src 53/53 src 16/53 src 53/53 src

(dedicated) (surveys) (dedicated) (surveys)

S

~70-230 MHz | . ~1-9GHz Deep ~2.2 um . ~0.3-1.0um
53/53 src 53/53 src 35/53 src 51/53 src
(surveys) (dedicated (dedicated) (surveys)
and surveys)
WAVELENGTH
—



«n  Obtaining redshifts with ALMA

* Observations of 14 K > 22 AB mag sources

 5X tuning observing setup: full ALMA Band 3 coverage
« Targeting molecular CO transition emission lines

e ~84-115 GHz at 7.8 MHz channel resolution
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«n  Obtaining redshifts with ALMA

* Observations of 14 K > 22 AB mag sources

 5X tuning observing setup: full ALMA Band 3 coverage
« Targeting molecular CO transition emission lines

Rotational transitions are
approximately an integer multiple of
the fundamental frequency,

Veog-j-1) = J X Vco1-0)
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«n  Obtaining redshifts with ALMA

jo00ED z=4_340
j0042 z=7 \2cor7-6) \

s J0053z=3879 1 2CO(6B- m

0216 z=3.547

 ALMA CO-ladder of
sources with
prominent molecular
gas emission
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«n SED modelling of host galaxies
 Force-fit photometry method, utilising flux detections/limits
In 2 arcsecond apertures, enabled by DES + HAWK-|

» Spectral energy distribution (SED) modelling using the
Bayesian Analysis of Galaxy SEDs (BEAGLE) code

DES i, Ac=0.783 um
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«w SED modelling of host galaxies
* Force-fit photometry method, utilising flux detections/limits
In 2 arcsecond apertures, enabled by DES + HAWK-|

» Spectral energy distribution (SED) modelling using the
Bayesian Analysis of Galaxy SEDs (BEAGLE) code

mass = 10.53+9:65

J0053a, z = 3.879

Some K-faint
HzRGs areat z < 5
and less massive?
(less than the
typical
1011~1012M@)

050 0.75 1.00 125 150 175 200 225 250
Aobs / UM
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«w Radio constraints on BH mass

« Max jet power for M. assuming,
* Due to spin of BH (e.g. ADAF, a = 1)
« Maximum jet efficiency
 High accretion efficiency (0.26 for high

prograde spin) s
« Eddington accretion ©
» Convert jet power t0 Li 4cHz
(Cavagn0|0+ 10) GLEAM J0053 (30 limit, z= 3.88)
] TGSS J1530 (30 limit, z=5.72)
« Extrapolate to Lsgomuz USING moderately _ 2 <z<5 HzRGs [31]

— e local galaxies [14]
Steep a=-07 dwarf galaxies [30]

LsoomHz/W Hz ™!

* Lower limit to BH mass, given jet power!
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Two AGN populations with under-massive hosts
 LRDs: AGN(’?), red - @ J0053-3256 (2=3.879)

J0006—-2946 (z=4.34)

emiSSion dominating over J0216-3301 (z=3.545)
hOSt gala)(y J0917-0012 (z=3.00)

TNJ1338
HzRGs (1.8 <z< 2.6)
—— RV15: AGN
—— RV15: ELL
@ JWST Little Red Dots

|Cﬁgn

« K-faint z < 5 HzZRGs:
Type-ll radio-loud AGN
with clearly faint/under-
massive host galaxy, not
obstructed by AGN
emission
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 Both: correlated with local
vt - 10'° 10M!
elliptical M-o relation Galaxy Mass [solar units]

The radio-loud analogues to Little Red Dots, AJ Hedge Deep24: Beyond the Edge of the Universe | Sintra, Portugal | 25/10/2024 13




«w HOW are they related?

By prioritising faint K-band fluxes, a bias toward the same
parameter space as LRDs emerges

 Did these HzRG BHs have larger seeds than LRDs?
 HzRGs seen to grow through mergers, is it an environment difference?

* HZRG host galaxy under-massive due to mechanical feedback
from young radio jets — recent or on-going quenching!
« More frequent episodes of young jets sustaining quiescence?

* Should there be LRDs with “switched-on” AGN radio emission?

« Consider BH spin, ADAF vs TD accretion, fraction of time the radio is
on. Maybe... need wide-area surveys!

* If not LRDs, then what are they?

* Infrared-faint radio sources with ridiculous dust-obscuration posing as
UHzRGs? How rare would this be?
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e« FUtUre prospects of HzZRGs

 Easily find the rarer, most massive systems at any redshift

 Future Euclid deep NIR photometry across (almost) the

whole extra-galactic sky to synergise with:
* Present deep radio surveys (e.g. EMU with ASKAP, GLEAM-X
with MWA)
* Next-gen radio surveys (KSPs for SKA-Low/Mid)

e Future LSST optical bands

* With a good method for obtaining redshifts, HzRGs will be
the best follow-up for detailed galaxy-BH co-evolution

« Currently limited by sky area of deep optical-IR surveys’
photometry or expensive spectroscopy...
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DES | HSC Wide & RACS-Low

Future Euclid-Wide IR coverage
(GLEAM-X + EMU to match
southern skies), many more
HzRGs and UHzRGs to find!

nnnnnnnnnnnnnn
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« North Galactic Pole

Dec. (2000)

Current deep optical synergy with radio

R.A. (2000)

The 15,000 deg.? Euclid Wide Survey, the 53 deg.? Euclid Deep Survey, and the 6 deep auxiliary fields (6.5 deg.?) [Mollweide Celestial]

1 Euclid Wide Survey region of interest : 16 Kdeg.? compliant with a 15 Kdeg.? surve:

y reg g 9 p! g Y @m"d @esa
Euclid Deep Fields : North=20 deg.?, Fornax=10 deg.?, South=23 deg.?

Consortium / Planck Collaboration / A. Mellinger

& Euclid deep auxiliary fields (GOODSN=0.5, AEGIS=1, COSMOS=2, VVDS=0.5, SXDX=2, CDFS=0.5 deg.?) Background Image: Euclid Consortiu
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«w EXtreme analogue: interesting on its own!

J0053-3256 (2=3.879)
J0006-2946 (z=4.34)
J0216—-3301 (z=3.545)

J0917-0012 (z=3.00)
TNJ1338 L

HzRGs (1.8 <z < 2.6)
—— RV15: AGN
—— RV15: ELL
@ JWST Little Red Dots
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2.2-um magnitude (AB)
21.4

-
-

B22 sample: 2.2-pm 30 limits (other sources)
B22 sample: 2.2-um detections
TN J0924-2201 (z=5.19)
Ratio =10% GLEAM J0856+0223 (z=5.55)
- TGSS |]1530+4+1049 (z=5.72; 2.2-um 3o limit)
C0S-87259 (z=16.85)
Literature HzRGs; 3<z<5

150-MHz flux density (m]y)

-

B22 sample: 2.2-pm 3o limits (best UHzRG candidates)

10 100
2.2-um flux density (uJy)

Radio-NIR flux plot from deep K-band follow-up with HAWK-I@VLT of the
B22 sample (Broderick+2024, accepted).

Deep24: Beyond the Edge of the Universe | Sintra, Portugal | 25/10/2024 17




Additional serendipitous CO — a cluster?

ICRAR
J0053 HAWK-I / ALMA CO sources

A @ chan:1320

BN B @ chan:1322

Bl C @ chan:1322

D @ chan:1322

-32°56'15" - mm E @ chan:1322

F @ chan:1337

G @ chan:1352

* 7 detections of in-field
CO emission aligned In
frequency!
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Protocluster at z~3.9

o.o.mml iyt e AT T
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«w Protocluster at z~3.9

J0053 rest-frame stacked CO(4-3) Probing sub-mm dust-reprocessed emission!
*[CINEP1-°Po)

”| i . J|_|||Jl.i |
| Y

Frequency (GHz)
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«w REesolved kinematics

* Furthermore, resolved kinematics for JO053’s CO suggest

there are two merging molecular gas clouds (presumed to
belong to separate host galaxies)

it T S e o 5 A B R er”

C s 5 =7 o )
e R 1) ' e

\‘\ ° s | \___} / l

©199.9%km/s 9 175.1%m/s

BI;Q:E peak

N D i,

L 73Rkmist

Flux (m])y)

—-1000 -500 0

Velocity (km/s)

-172%8.km/s | 19756.kmfs Cn22204.kmis 2472.kmis
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«w REsolved kinematics

* Furthermore, resolved kinematics for JO053’s CO suggest
there are two merging molecular gas clouds (presumed to
belong to separate host galaxies)
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wan  EXtremely massive galaxies too!

S
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 Force-fit photometry method, utilising flux detections/limits
In 2 arcsecond apertures, as before

» Spectral energy distribution (SED) modelling using the
Bayesian Analysis of Galaxy SEDs (BEAGLE) code

DES g, Ac=0.472 um DESr, A, =0.641 um
i i _ ] B ] z 1 "7 "'l n -.--u.‘ u. -"-
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«w EXtremely massive galaxies too!

» JOO53c has been modelled as an extremely massive,
quiescent galaxy ~101“Mg)!

» Our protocluster appears to have extreme members...

JO053c

11.2 114 116 11.8 12.0

— 313
125 150 175 200 225 2 logip mass =11.81103;

/\obs //Jm
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«an Protocluster core Iarger than the DRC?

= J0053 1.1' (ALMA FoV) 432 kpc :
= DRC: 0.7'=310 kpc
== SPT2349-56: 0.3'=130 kpc

* ALMA FoV constrains e e e
core” diameter = 400 kpc! [ESu———" *;’ ,,__.__* Sk
« Extremely rare W o e

 |llustrisTNG300 (z = 4), most
massive galaxy (1011"Mg)
less than JOO53c best-fit mass.

* DM halo 10***Mg

« Co-moving size 890 kpc

 z =0 DM halo 10*>*M, on
par with the Coma cluster

* Only JOO53c has strong S v il
host galaxy detection, the 700 Bl e
rest are “invisible”! RS

RA (J2000)
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«w 1€ Invisible protocluster

» Check for host galaxies fuelled by the molecular gas
« We use DES g, r, 1, z, Y* bands and our HAWK-| K-band data

* Majority are virtually undetected (optically and NIR-dark)
« JOO53a marginal, JOO53c detected (with old stellar population)

* Prime field for deeper space-telescope follow-up

« At conventional (wide) survey depths, this protocluster’s discovery
IS only possible by deep follow-up of the radio galaxy’s
environment.
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« Some candidate K-faint UHzRGs are z < 5 and have under-massive hosts
« EXist in similar parameter space to LRDs, albeit more massive

« SMBH radio emission informs us of recent/ongoing mechanic feedback via
jets, likely guenching star formation in these compact (young) radio
galaxies

* Future synergy between Euclid (+LSST) and deep radio surveys
« UHzRGs not elusive, just difficult to confirm their redshift amongst millions of radio
sources!

« Serendipitous NIR-dark proto-cluster discovered by observing the
environment of the radio galaxy with ALMA.

« Radio surveys still provide the largest sample of interesting sources by virtue of deep,
all-sky coverage.
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