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Why z > 6 radio galaxies”
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Deep HST ACS image of the high-redshift

radio galaxy (HzRG) “Spiderweb”, at the

centre of a protocluster at z = 2.2 (Miley et
al. 2000)
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Radio sources at highest-z

TN J0924-2201
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Highest-z radio galaxy
known, z=5.19 (van
Breugel et al. 1998)




Radlo sources at highest-z

K-band image with
radio contours
superimposed

a (365-1400) =
1.63
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Highest-z radio galaxy
known, z=5.19 (van
Breugel et al. 1998)
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| ow radio frequency surveys
for HzZRG searches



| ow radio frequency surveys
for HzZRG searches

Spectral index vs redshift

i Cygnus Az =0.05

1000

Observed steepening of spectral index
with redshift suggests high-z radio
sources are brighter at low frequencies
(Miley & De Breuck review



| ow radio frequency surveys
for HzZRG searches

LOFAR all-sky surveys
will offer unparalleled
e Ar 008 sensitivities at low
frequencies
e Two observing modes -
LBA and HBA

Spectral index vs redshift

Observed steepening of spectral index
with redshift suggests high-z radio
sources are brighter at low frequencies
(Miley & De Breuck review



| ow radio frequency surveys
for HzZRG searches

LOFAR all-sky surveys
will offer unparalleled
sensitivities at low
frequencies
Two observing modes -
LBA and HBA
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Observed steepening of spectral index
with redshift suggests high-z radio
sources are brighter at low frequencies
(Miley & De Breuck review

The Swedes love the HBA antennal



Before merrily pointing the telescope and
hoping for the best, let us try and model
what we might see at high redshifts...



Radio luminosity function at
Z=0

Inner Structure of an Active Galaxy

01 lightyears

Shock Radio galaxies, like quasars, are
Relatiistic Jet \ powered by accretion on to the
\ .

central supermassive black hole.

Supermassive Black Hole

Black hole mass and accretion rate
have an important effect on the jet
doner Rsglon power, and thus, the radio luminosity
of an object.

Accretion Disk

Model (the thin accretion disk solution)!

Qjer = 2% 10% (M) (5) 2

(Blandford & Znajek, 1977; Meier, 2002, Orsi et al. 2016)



Radio luminosity evolution: model
prescriptions

Based on Kaiser & Best (2008)



Radio luminosity evolution: model
prescriptions

Based on Kaiser & Best (2008)

1. Growth of radio lobe size with time assuming a
B-model for the ambient gas density, o around the
radio galaxy.



Radio luminosity evolution: model
prescriptions

Based on Kaiser & Best (2008)

1. Growth of radio lobe size with time assuming a Formation of extragalactic jets

from black hole accretion disk

B-model for the ambient gas density, o around the
radio galaxy:.

2. Synchrotron emission losses: dominate early in
the life-time of a source when the lobe size is small
and the magnetic field strength around the black
hole is high.




Radio luminosity evolution: model
prescriptions

Based on Kaiser & Best (2008)
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3. Adiabatic losses: Once the source ke
grows larger, the magnetic field strength
falls and adiabatic losses begin to
dominate.

Radle Galaxy 3C31
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VLA 3.6cm radio image
on HST WFPC2 optical
copyright (¢c) NRAO 1998




Radio luminosity evolution: model
prescriptions

Based on Kaiser & Best (2008)

1. Growth of radio lobe size with time assuming a Formation of extragalactic jets
: . from black hole accretion disk

B-model for the ambient gas density, o around the
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3. Adiabatic losses: Once the source = i Y

grows larger, the magnetic field strength
falls and adiabatic losses begin to
dominate.

Radlo Galaxy 3C31
NGC 3863

4. Inverse Compton losses due to
interaction with the CMB. Once the oyt SN
sources is large enough, CMB photons A R o
(which are hotter at high-z) begin to play | .
a role.

VLA 3.6cm radio image
on H5T WFPC2Z optical
copyright (c) NRAO 1998




Turn the crank -> Results



Turn the crank -> Results

Input: black hole masses and Eddington
ratios at z=6, taken from the tantastic work
of Willott et al. (2010)

Edd.Raﬂo




Turn the crank -> Results

Input: black hole masses and Eddington
ratios at z=6, taken from the tantastic work
of Willott et al. (2010)

rack the growth of each
source In the simulation in time
steps of 0.1 Myrs, applying the
aforementioned energy loss
prescriptions...




Turn the crank -> Results

Input: black hole masses and Eddington
ratios at z=6, taken from the tantastic work
of Willott et al. (2010)
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Number density prediction

Taking the luminosity function at a mean source age of 1.92 Myr...



Numpber density prediction

Taking the luminosity function at a mean source age of 1.92 Myr. ..
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level of 0.1 mdy at 150 MHz



Numpber density prediction

Taking the luminosity function at a mean source age of 1.92 Myr. ..

— Best fit powér law : _
® @® Power law evolution model | Number density compared

W W Analytical model with a simple power law
: ‘ : : ‘ evolution model.

The z = 2 radio luminosity
function is evolved using a
power-law consistent with
optically selected quasar
density evolution, which is
better constrained at z > 5.
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Number densities for objects with 50 detection at a noise
level of 0.1 mdy at 150 MHz



Number counts prediction anao
comparison

Noise level
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Number counts prediction anao
comparison

Noise level

— 100 ply
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The LOFAR ‘Lrge rea’survy s the best to
detect a large number of HzRGs at z > 6!

Redshift (z)



summary

* Radio galaxies, especially at high redshitts, are important
laboratories to study the epoch of reionisation and massive
galaxy and proto-cluster formation.

* We have constructed a model to predict the radio luminosity
function at z=6 taking into account simple energy loss
prescriptions.

* The model takes black hole mass function and Eddington ratio
distribution as input and In principle, can be extended to every
redshift.

* The model predictions match remarkably well with a power law
density evolution consistent with optical quasars.

To do:
* Introduce orientation angles in the luminosity function calculation.

* Spectral aging?



HIZESP!

We have a large observational program in place!
The High-Z Extreme Spectrum Project

Initial analysis based on the TGSS ADR
(Intema et al. 2016). Analysed the area
co-inciding with the FIRST survey to
look for potential HzRGs.

Found interesting candidates and
follow-up high-res radio and K-band
iImaging proposals are in te pipeline!



Ihanks and stay
tuned!
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