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BEACONS OF GALAXY FORMATION IN EARLY UNIVERSE
▸ In the nearby Universe, radio galaxies 

regulate gas cooling in massive 
haloes and ultimately limit galaxy 
growth (Croton+ 06)

▸ In the high redshift (z > 2) Universe, 
powerful RGs are located in regions 
of massive galaxy formation

▸ Significant role in triggering star 
formation (Emonts+ 14) & driving fast 
outflows of gas (Nesvadba+ 08)
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(2013), the kinematics of the CO(1-0) emission appears to
follow the velocity distribution of several satellite galaxies
in the same region, hence the extended part of the CO(1-0)
is likely associated with (interacting/merging) satellites or
the inter-galactic medium (IGM) between them.

Figure 4 shows high-resolution ATCA data of
MRC0152-209 (Emonts et al in prep), which is a follow-
up study of our original low-resolution work (Emonts et al.
2011a). MRC0152-209 is a gas-rich major merger system
at z = 2, with a double nucleus and prominent tidal tails in
HST/NICMOS and WFPC2 imaging (Pentericci et al. 2001,
Emonts et al in prep). While the bulk of the CO(1-0) emis-
sion is co-spatial with the main body of the host galaxy, part
of it seems to follow the optical tidal features. Interestingly,
the small radio source appears to be aligned with the NW
component of the o↵-nuclear CO(1-0) emission.

Galaxy mergers and interactions thus seem important
to explain the CO(1-0) distribution in both MRC0152-209
and MRC1138-262. This is consistent with the suggestions
by Ivison et al. (2012) that galaxy mergers are ubiquitous
among starburst radio galaxies at high-z

3.2.2 ‘O↵-source’ CO(1-0) emission

For the remaining three CO-detected sources in our sam-
ple (MRC0114-211, MRC0156-252 and MRC2048-272), the
CO(1-0) emission is o↵set from the radio galaxy. As can be
seen in Fig. 5, for all three sources the CO(1-0) emission is
located along the radio axis, on the side of the brightest
radio emission, and found beyond the outer radio hot-spot.
The alignment of the CO with the radio jet axis is within
20� for the three sources. A fourth case may be the NW
‘o↵-source’ component of CO(1-0) emission in MRC0152-
209 (Sect. 3.2.1 and Fig. 4), as it shows a similar alignment
with the small radio jet. These alignments resemble earlier
results by Klamer et al. (2004) and Nesvadba et al. (2009).
It suggests that there is a causal connection between the
propagating radio jets and the presence of large amounts of
cold molecular gas in the halo environment of these sources
(which we will discuss further in Sect. 4.2).

The peak of the CO(1-0) emission is located at an ap-
parent ⇠10, 30 and 40 kpc distance from the radio hot-spot
for MRC0156-252, MRC0114-211 and MRC2048-272, re-
spectively. However, the synthesized beam-size of our data
corresponds to 60 - 70 kpc at these redshifts, and un-
detectable lower surface brightness radio plasma may be
present beyond the hot-spot, so sensitive high resolution CO
observations and deeper low-frequency radio imaging are re-
quired to further investigate how close the cold gas is located
to the radio source.

While L
0
CO of these three o↵-nuclear CO-emitters is

similar to what is found in submillimetre galaxies (SMGs;
see Sect. 4.4), Fig. 5 shows that no Spitzer/IRAC 4.5µm
emission is found at the location of the CO(1-0) to a level
of one to two magnitudes below L

⇤ (see Galametz et al.
2012; Wylezalek et al. 2013). For MRC0114-211, however,
the CO(1-0) emission is co-spatial with a very faint optical

of the original data presented in Emonts et al. (2013) have not yet
been confirmed due to poor weather conditions during the new
observations, hence they are not included in Fig. 3.

MRC 0156-252

MRC 0114-211
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MRC 2048-272
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Figure 5. Spatial distribution of the CO(1-0) emission associ-
ated with MRC0114-211, MRC0156-252 and MRC2048-272. The
red contours show the CO(1-0) emission at 2.8, 3.5, 4.2, 4.9�
level (with � = 0.094, 0.095 and 0.080 Jy beam�1 ⇥ km s�1 for
MRC0114-211, MRC0156-252 and MRC2048-272, respectively).
The black contours represent the 7mm radio continuum (lev-
els: 42, 52, 62, 72, 82 mJy beam�1 for MRC0144-211; 6, 8, 10
mJy beam�1 for MRC0156-252 and 1.6, 2.2, 2.8 mJy beam�1

for MRC2048-272). The radio continuum and CO(1-0) emission
were obtained from the same data set, so their relative astrom-
etry is accurate. The lowest radio contour was chosen to repre-
sent the beam-size of the observations. The background plots are
Spitzer/IRAC 4.5µm images from Wylezalek et al. (2013) and
Galametz et al. (2012). The white circle shows the location of
the radio galaxy from HST/NICMOS imaging (Pentericci et al.
2001), while the diamonds indicate the location of the radio hot-
spots in high resolution radio imaging (⌫obs = 8GHz; Pentericci
et al. 2001; De Breuck et al. 2010). The dotted line visualises the
extrapolated radio jet axis.

c� 2013 RAS, MNRAS 000, 1–??
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21-CM LINE ABSORPTION
▸ The HI line 

C. Struve and J. E. Conway: An H I absorbing circumnuclear disk in Cygnus A

Fig. 1. Top panel: continuum image at 1340 MHz. The lowest contour is at 2 mJy beam−1 with subsequent contours increasing by factors of 2.
The effective beam FWHM (see Sect. 2) is indicated in the lower right corner. Bottom left panel: integrated absorption spectrum from the blanked
cube with the velocities shifted to the rest frame of Cygnus A (see Sect. 4.1). The dashed line shows the two component Gaussian fit. Bottom right
panel: contours show continuum. Grayscale shows the mean opacity over the rest frame velocity range −80 to +170 km s−1. The thick dark line
shows the un-blanked region over which the integrated absorption spectra (shown in the bottom left panel) is calculated.

Gaussian components, yielding centroid velocities of 16 916 ±
10 km s−1 (z = 0.05639 ± 0.00003) and 16 986 ± 5 km s−1

(z = 0.05662 ± 0.00002), with FWHM = 231 ± 21 and
29 ± 10 km s−1 respectively (after correcting the line widths to
the rest frame of the host galaxy). The second, narrow compo-
nent has a FWHM velocity width similar to our velocity reso-
lution and hence we consider this velocity width as an upper
limit of the true line width. The presence of two components
in the integrated spectrum suggests that the H I absorption con-
sists of two different overlapping structures. Despite small dif-
ferences in the flux scale (for continuum and absorption spec-
trum) the VLBA data agree in absorption width, profile shape
and radial velocity with the VLA A- and B-array observations
of Conway & Blanco (1995). These authors found slightly dif-
ferent Gaussian fits for the absorption spectrum, their data how-
ever potentially suffers from bandpass calibration and continuum
subtraction problems (since two IFs – only slightly overlapping
in velocity – had to be used to achieve sufficient spectral resolu-
tion and velocity coverage). Given these issues we conclude that
both data sets agree within the noise of both observations so that
we have recovered the full absorption seen by the VLA. The dif-
ference seen in flux scale between our VLBI and the published
VLA observations are likely due to inaccuracies in amplitude
calibrations of the VLA. This instrument, unlike VLBI, did not
record the antenna system temperatures which are greatly en-
hanced due to the presence of the bright radio lobes of Cygnus A
in the primary beam of each antenna, complicating the amplitude
calibration.

Inspection of the data cube shows that the absorption is spa-
tially resolved and is detectable over 95 mas in angle along the

radio axis (i.e. ∼3 effective beam FWHMs). Below the second
contour of the continuum image it is not possible to constrain the
H I absorption because the background is too weak. The deep-
est absorption measured in mJy is toward the counter-jet and
unresolved core but the highest opacities occur for the broad
velocity component on the counter-jet side (see Fig. 1, bottom
right). We find no indication of changes in spectral line absorp-
tion profiles in directions perpendicular to the jet axis – which
is as expected given the small jet width (Krichbaum et al. 1998)
compared to our effective resolution; this means we need to only
consider the spectral profile as a function of position along the
jet axis as shown in Fig. 2. In this figure the top panel shows
the rotated continuum image while the middle panel shows the
absorbed flux density (contours) and absorbed flux/continuum
ratio (colours; note: saturated over 0.2) versus velocity and posi-
tion along the jet.

The highest contours in the middle panel of Fig. 2 belong
to the narrow velocity absorption component at recession veloc-
ity 16 986 km s−1 seen against the core. At the same velocity
a slight extension on the jet-side is detectable, consistent with
having the same τ ≈ 0.1 opacity as seen on the core. Because
of the rapid fall-off of continuum intensity further along the jet
and counter-jet further information about the spatial distribution
of the narrow velocity component is limited. That is to say that
the underlying continuum is not strong enough to detect the nar-
row velocity absorption component even if the opacity remains
τ ≈ 0.1.

The broad absorption component in Fig. 2, middle panel
(seen at velocities around 16 900 km s−1) is detected from the
core position out to 65 mas along the counter-jet. Over this

Page 3 of 9
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▸ Several factors determine absorption detectability 

HI ABSORPTION SURVEY FOR HZRGS WITH MWA

DETECTABILITY

The line-integrated fractional 
absorption ΔS/Scont i.e. the observable

The total HI column density

The fractional area of source
covered by the absorber

The harmonic mean excitation (“spin”) 
temperature for the 21-cm line
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THE EXPECTED NUMBER OF BRIGHT Z > 5 HZRGS
▸ Need sufficient population of radio-

loud (S200 > 100 mJy) background 
radio sources

▸ Saxena+ 17 modelled the evolving 
radio AGN population based on:
▸ Evolving SMBH mass function
▸ Eddington ratio distribution
▸ Various energy loss mechanisms

▸ Expected number ~10 at z > 5

10 A. Saxena et al.

be better suited to describing the evolution of space densities
of radio sources out to high redshifts.

4.4 Implications of radio luminosity function at z
= 6

We now use the modelled RLF at z = 6 to make predictions
about number counts in current and future low-frequency
radio surveys. Expected number counts are essential for de-
signing surveys and observing strategies that target the iden-
tification of the highest-redshift radio galaxies.

4.4.1 Number count predictions

To calculate expected number counts, we integrate the RLF
at z = 6 down to flux limits chosen to represent various
surveys at 150 MHz with instruments such as LOFAR1,
GMRT2, and MWA3, which are shown in Table 1. It is clear
that the current and upcoming surveys with LOFAR will
be the way forward to detecting a large number of z > 6
sources. The preliminary LoTSS direction-independent (DI)
survey covers roughly 350 sq. degrees (Shimwell et al. 2017)
and may lead to detection of around 32 radio galaxies at
z > 6. Direction-dependent (DD) calibration, which takes
care of e↵ects such as varying ionospheric conditions and
errors in beam models, is currently ongoing on the LoTSS
fields and will result in high-fidelity images at full resolution
and sensitivity (Shimwell et al. 2017). On completion, the
LoTSS direction-dependent survey shall provide a large sky
coverage (Dec > 0), leading to potential detection of more
than 12000 z > 6 sources. The current highest-resolution
survey at 150 MHz covering a very large area on the sky
is the TGSS ADR, which covers around 37,000 sq. degrees
above a declination of �53 (Intema et al. 2017). In this sur-
vey, one could expect to detect around 92 sources at z = 6.

The probability of 21-cm absorption arising from the
neutral intergalactic medium at z > 6 depends on the op-
tical depth of neutral hydrogen, ⌧ , that pervades the uni-
verse. This in turn depends on a number of key parameters
such as the temperature of the CMB, spin temperature of
neutral hydrogen and the neutral hydrogen fraction (Car-
illi et al. 2002). The detection of such features in the radio
continuum of z > 6 sources, however, depends on a number
of instrumental properties too. Ciardi et al. (2013) investi-
gated whether 21cm absorption can be detected by LOFAR
and found that by using 48 stations and assuming the sys-
tem temperature to be 200 K at an observing frequency of
around 150 MHz, 21cm absorption features can be observed
for a source at z = 7 with a flux density of 50 mJy, along
a line-of-sight with ⌧ = 0.12. Such a detection would re-
quire an integration time of 1000 hours using a bandwidth
of 5 kHz. Using a larger bandwidth may bring down the re-
quired integration time. Detection of a source with a flux
density of 50 mJy at z > 6, however, is very unlikely but
there may be more than 30 sources with flux densities > 15
mJy that could indeed be used for 21cm absorption studies

1 http://www.lofar.org/
2 http://www.gmrt.ncra.tifr.res.in/
3 http://www.mwatelescope.org/

Figure 11. Number of high-z radio sources expected to be de-
tected as a function of flux density limits reached in a fixed ob-
serving time of 100 hours, using standard LOFAR configuration.
The upper x-axis shows sky coverage in the given observing time
at a particular flux density limit. Also shown are the 5� limits of
current and future low-frequency surveys. The LoTSS DI and DD
surveys seem to be ideal to detect a large number of z > 5 sources.
This comparison further demonstrates that going too deep is not
the best strategy as a large area of the sky needs to be surveyed
to increase the number of detections.

(Carilli et al. 2002). The on-going direction-dependent all-
sky survey with LOFAR will be extremely e�cient in laying
the groundwork for future 21cm absorption studies with the
SKA, when much fainter sources can be used for detection
of 21cm absorption.

4.4.2 Observing strategies: Coverage area vs. depth

To compare what the ideal trade-o↵ between depth and sky
coverage would be that maximises the detection of z > 6
sources in current and upcoming surveys, we calculate the
total number of sources that could be detected in a set ob-
serving time. A few assumptions go into this calculation:
a) we assume that it takes 8 hours to reach depths of 0.1
mJy and b) each ‘pointing’ of the radio telescope covers 20
sq. degrees on the sky. These assumptions are based on the
quoted values for LOFAR (Shimwell et al. 2017).

For a fixed observing time of 100 hours, the expected
number of sources for di↵erent noise levels achievable is
shown in Figure 11. Quite clearly, the LoTSS DI and DD
surveys would be ideal to detect sources at z > 5. The lu-
minosity functions at z = 5 and z = 7 are obtained by
assuming pure density evolution with q = �0.49, which was
found to best-fit our z = 6 RLF prediction in the previ-
ous section. There clearly lies a ‘sweet-spot’ in the coverage
area vs. depth trade-o↵, which covers a large enough area
and goes deep enough in a way that maximises detection of
high-z radio sources. Note that the 4⇡ sr. limit is achieved
just after a flux density limit of 1 mJy in the given observing
time.

MNRAS 000, 1–13 (2015)
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Figure 9. The median linear size of radio sources at z = 6 with
S150 > 0.5 mJy at 150 MHz in our simulation was found to be
around 20 Kpc, shown as a blue square. Also shown are sizes of
HzRGs taken from Blundell et al. (1999) (purple points), Singal &
Laxmi Singh (2013) (cyan points) and van Breugel et al. (1999)
(orange points), which have been updated using the cosmology
used in this study. The dashed line shown for representative pur-
poses is the evolution of the parameter DIC , which we show to
be a function of redshift (Equation 8). Our predictions seem to
be in line with the generally decreasing trend of linear sizes with
redshift.

lection e↵ects that may a↵ect linear size determination that
our model does not take into account. Additionally, the flux
limits of the above mentioned samples may have implica-
tions on linear sizes being probed, as radio power and size
seem to be correlated, as seen through the P-D tracks and
as reported by Ker et al. (2012). Regardless, the sizes pre-
dicted by our model seem to be in line with the observed
trend.

4.3 Comparison with exponential evolution of
space densities

For further analysis, we take into consideration the predicted
z = 6 radio luminosity function (RLF) at an average source
age of ⇠ 0.32 Myr. At this time step, the functional form of
the RLF is well behaved and samples a broad range of lu-
minosities. The resulting luminosity function is well fit with
a double power law of the form

�(P ) = �? ⇥
"✓

P

P?

◆
↵

+

✓
P

P?

◆
�
#�1

(10)

with parameters log �? = �9.05 Mpc�3 dex�1, logP? =
27.91 W Hz�1, faint end slope ↵ = 1.04 and bright end
slope � = 2.92.

We now compare the predicted RLF with a simple den-
sity evolution model for steep-spectrum radio sources ob-
tained by evolving the relatively well constrained radio lu-
minosity function at z ⇠ 2 determined by Rigby et al.
(2015). Again, the space densities have been scaled to 150
MHz from 1.4 GHz at which they were originally calculated.
The resulting space densities at 150 MHz are best fit with
a double power-law, with parameters �? = 1.80 ⇥ 10�8

Mpc�3 (logP150)
�1, logP? = 28.95 W Hz�1, ↵ = 0.72

Figure 10. Comparison of the radio luminosity function at z = 6
predicted by our model (black points) and the RLF obtained by
using a pure density evolution model from z = 2 (solid curve).
The dashed curve shows the luminosity function at z = 2 deter-
mined by Rigby et al. (2015). The evolutionary parameter found
to best match our prediction at z = 6 is q = �0.49, which in-
dicates stronger evolution for radio galaxies but is within the
observed evolution of optical and Xray quasar space densities
at high redshifts. The shaded region shows RLFs expected with
�0.59 < q < �0.43.

and � = 2.74. We then assume an exponential decline
in space density with redshift, which can be written as
�(P150, z) = �(P150, 2)10

q(z�2.0), where q is the evolution-
ary parameter. Several studies of quasars at various wave-
lengths have inferred the value of q to range from �0.59 to
�0.43 (Fan et al. 2001; Fontanot et al. 2007; Brusa et al.
2009; Willott et al. 2010a; Civano et al. 2011; Roche et al.
2012). Assuming the evolution of radio galaxies to match
the evolution of optically-selected quasars at high redshifts,
it seems reasonable to scale the radio luminosity function
using an exponentially declining model that seems to work
for quasars.

We find that q = �0.49 fits our predicted RLF best,
which is shown in Figure 10. The dashed region repre-
sents �0.59 < q < �0.43. The evolution we find is slightly
stronger than what is observed in quasars. This is not sur-
prising, as the dependence of radio luminosity on size and
lifetime should introduce deviations from the evolution ob-
served for quasars. Our model over-predicts space densities
at the faintest end. This could be due to the fact that the
faint-end slope of the black hole mass function we use as in-
put is poorly constrained, which is most likely a↵ecting the
faint-end of our predicted RLF too. At the highest luminosi-
ties, space densities predicted by our model are lower than
those expected from pure density evolution by a factor of
0.67 dex in the luminosity bin logP150 = 28.5 � 28.5 and 2
dex in the bin logP150 = 28.5�29.0, where our model barely
predicts any sources. This is most likely due to the increas-
ing dominance of inverse Compton losses at high redshifts,
which lowers the space density of the brightest sources that
grow and lose energy quicker. This e↵ect is not accounted
for by pure density evolution, suggesting that a luminosity-
dependent density evolution (LDDE) model (Dunlop & Pea-
cock 1990; Willott et al. 2001; Rigby et al. 2011, 2015) may

MNRAS 000, 1–13 (2015)

Saxena+ 17
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EXTREME HZRG CANDIDATE SAMPLE 
▸ Parent sample (Callingham+17):

▸ Bright S200 > 160 mJy

▸ MHz-peaked radio sources 

▸ High-z analogues of GPS 
sources (Copperjans+ 16)

▸ Ultra-steep spectra (⍺ < -1) 
based on the known ⍺ vs z 
relationship

▸ à Radio source embedded in a 
dense environment at z > 2 Callingham+17
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EXTREME HZRG CANDIDATE SAMPLE 
▸ Further multi-wavelength selection

▸ No spectroscopic redshift and no detection in the visible

▸ No detection in the mid-IR (All-sky WISE; Wright+ 10)

z

The WISE properties of complete samples of radio-loud AGN 7

Figure 4. Plot of 3.4µm magnitudes versus redshift. A black dash line shows the best fit.

Figure 5. Plot of 3.4µm luminosity (left) and 4.6µm luminosity (right) versus redshift. Upper limits are indicated as arrows.

whether any of this mid-IR emission could originate from warm
dust heated by star formation. Therefore, we investigated any con-
tribution of a starburst at the 22-µm waveband. In the most ex-
treme case the integrated IR luminosity of a starburst is around
1046 erg s−1 (Elbaz et al. 2011). We used the relation log(LIR)
= 1.02+0.972×log(L12µm ) given by Takeuchi et al. (2005) to es-
timate the luminosity at 22-µm band. This value is around 1045 erg
s−1. Any object brighter than this cannot be a starburst. This allows
us to rule out this possibility for most of our objects. Most of the
remaining sources are LERGs and NLRGs, but these do not present
starburst colours on the colour-colour diagrams of Figure 3. Star-
bursts would occupy the right bottom corner. LERGs have redder
colours and sit in the bottom left region on the plots. Furthermore,

a continuum between the properties of sources above and below
1045 erg s−1 is apparent in the 12- and 22-µm luminosity versus
redshift plots. We conclude that star-formation activity cannot con-
tribute significantly to the observed mid-IR emission and continue
on the assumption that it is related primarily to AGN activity.

3.4 Quasar-radio galaxy unification

In standard AGN models, optical/UV emission obscured by dusty
structures around the accretion disc is re-radiated in the mid-IR.
Thus, hidden quasars can be inferred by means of mid-IR observa-
tions. It can be clearly seen in Figure 6 that there is more scatter
in the 12µm luminosities than in the 22µm luminosities. The old

c⃝ 2011 RAS, MNRAS 000, 1–15

Gurkan+ 14
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KNOWN EXAMPLE: TN J0924-2201 
▸ Highest redshift radio galaxy (z = 5.19; van Breugel+ 99)
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Fig. 1.— Upper: The GMRT continuum image
at 232 MHz of J0913+5919 at z = 5.11±0.02. The
source continuum flux density at this frequency is
30±3mJy. The spatial resolution is 23”×16′′ with
major axis position angle= 16o. The contour lev-
els are a geometric progression in the square root
of two starting at 4 mJy. Negative contours are
dashed.Lower: The GMRT continuum image at
229 MHz of J0924-2201 at z = 5.202± 0.001. The
source continuum flux density at this frequency is
0.55± 0.05Jy. The spatial resolution is 26”× 15′′

with major axis position angle= 59o. The contour
levels are a geometric progression in the square
root of two starting at 30 mJy. Negative contours
are dashed.

0913+5919

Optical redshift range 

0913+5919
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Fig. 2.— Upper: The continuum subtracted
GMRT spectrum of J0913+5919 at z = 5.11±0.02
at 40 km s−1 resolution. The source continuum
flux density at this frequency is 30 ± 3mJy. The
horizontal bar shows the redshift range dictated
by the uncertainty in the optical redshift (= 2000
km s−1). Lower: The same spectrum, smoothed
to 164 km s−1 resolution.
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0924-2201 Feb04

CO velocity range 
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Fig. 3.— Upper: The continuum subtracted
GMRT spectrum of J0924–2201 at 20 km s−1 res-
olution for data taken in February 2004. The
source continuum flux density at this frequency
is 0.55 ± 0.05Jy. The host galaxy redshift is
z = 5.202 ± 0.001, determined from CO emission
(Klamer et al. 2005). The horizontal bar shows
the redshift range dictated by the width of the CO
emission line (=250 km s−1). Middle: The same
as above, but for data taken in November 2005
over a narrower bandwidth. Lower: The com-
bined spectrum from November 2005 and Febru-
ary 2004.
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GMRT HI (opd < 3%)
Carilli+ 07
– 10 –

Fig. 1.— Spectra of the continuum-subtracted CO (1-0) (shaded region) and CO (5-4) (dashed

line) transitions, through the peak of their respective velocity-integrated emission shown in Figure 2.

The CO (1-0) spectrum is unbinned (32 km s−1 bins; spectral resolution 72 km s−1 ) whilst the

CO (5-4) spectral channels have been re-binned into 30 km s−1 bins (original spectral resolution

15 km s−1 ). The velocity axis is defined with respect to the Lyman-α derived redshift of z = 5.1989

and the bars in the top left and right corners show the rms noise level in the CO (1-0) and CO

(5-4) cubes respectively.

ATCA CO
Klamer+ 05

Carilli+ 07

Callingham+ 17
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FINAL SAMPLE & BAND SELECTION
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GLEAM Name

J161536 � 025543
J154110 + 154400
J152146 � 192028
J092012 + 215109
J082737 � 170020

J051347 + 005514

J054829 � 203216

J150254 � 323228

J094126 � 111220

6810121416
zHI▸ Final selection 

based on 
integration time 

▸ Detect NHI > 5 x 
1020 cm-2 atomic 
gas clouds

▸ Take into account

▸ Source SED

▸ Tsys vs freq.
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DATA PROCESSING “PIPELINE”
▸ Fully automated multi-step pipeline 

▸ Uses existing tools developed by Andre Offringa and the 
GLEAM team 

▸ Experience from Chenoa Tremblay’s doctoral work

▸ Wide-field continuum imaging & deconvolution 

▸ Subtract MF CLEAN component model from visibilities 

▸ Full spectral resolution imaging only at position of target 

▸ Image-based subtraction of residual broad-band signal
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EARLY RESULTS – PHASE II COMPACT “HEX” ARRAY

GLEAM J103338-193406
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EARLY RESULTS – PHASE II COMPACT “HEX” ARRAY

GLEAM J103338-193406
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SUMMARY
▸ High redshift radio galaxies  are signposts to proto cluster 

& massive hierarchal structure formation in early Universe

▸ Targeted survey for HI 21-cm absorption towards 
candidate high redshift radio galaxies

▸ First data obtained and early results promising. 

▸ Further developments required à peeling very bright 
sources, better continuum subtraction, extended MWA  …

▸ Interested in helping? Please chat with me 
(james.allison@sydney.edu.au)


