
The gaseous natal environments 
of GPS & CSS sources with ASKAP-

FLASH
James Allison (University of Oxford)

given on behalf of the FLASH Survey Science Team 

1



Why care about an HI absorption survey?H I 21-cm absorption in AGN 29

Fig. 11 Left: scaled velocity integrated optical depth (1.823⇥1018tdv) of the H I absorption vs. the linear
extent of the radio source size. Black symbols are detections while red symbols are upper limits (taken
from Curran and Whiting 2010). Right: cartoon of the possible geometry of the disk structure producing
the H I absorption in CSS/GPS sources. Suggested by Pihlström et al. (2003)

(Maccagni et al. 2017). To further study this, Maccagni et al. (2017) have stacked the
central emission spectra of the those early-type galaxies from the ATLAS3D sample
that were undetected in emission and found a detection of H I emission equivalent
to a column density of NHI ⇠ 2.1⇥ 1019 cm�2. This is quite low, confirming the
presence of a population of early-type galaxies with genuinely a limited amount of
H I. H I at these low column densities likely has Ts well above 100 K (Kanekar et al.
2011) which makes it even harder to detect these low column densities in absorption.
Indeed, the limits reached by the stacking of H I absorption spectra discussed above
is not yet low enough to detect such columns in absorption and this is one of the tasks
for the future large surveys.

4.3 H I absorption in galaxy clusters

Some of the radio galaxies where H I absorption has been found (e.g. Hydra A and
Cygnus A) are located in the centre of a galaxy cluster. Cold gas is now often detected
in clusters, in particular thanks to the improved sensitivity and resolution provided by
ALMA. This is especially the case in the central regions of cool-core clusters (see e.g.
Edge 2001; Salomé et al. 2006; Russell et al. 2017 and refs. therein). In some cases
the detected molecular gas is extended and likely represents the end product of hot
gas lifted by the radio jets and cooling rapidly as result of instabilities.

The information on H I absorption in cluster galaxies is still limited and heteroge-
neous. As a result, very little is known about to what extent the observed properties
depend on the dynamical state of a cluster or whether H I absorption more often in, for
example, cool-core clusters. The only attempt of a more systematic study of H I ab-
sorption in clusters has been done by Hogan (2014). This has addressed the presence
of H I absorption in samples (albeit small) of Bright Central Galaxies in clusters. In
general this study finds that many H I absorption profiles of galaxies in clusters show

HI absorption probes kinematics on 
sight-line to the radio AGN à outflows, 
infalling clouds, circumnuclear disks

Morganti & Oosterloo 18

HI absorption selected radio sample should 
preferentially select intrinsically compact 
AGN 

Curran+ 13
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• A wide-field HI absorption survey with the Australian SKA Pathfinder
• One of ten ASKAP surveys
• 3 - 5 mJy per beam per 6 km/s
• 95 μJy per beam continuum
• 34,000 square degrees
• 700 – 1000 MHz
• zHI = 0.4 – 1.0

4 McConnell et al.

square and hexagonal4. The square footprint provides a
better match to the shape of the field-of-view, whereas
the hexagonal pattern has lower sensitivity ripple and
polarimetric aberration. For the first epoch of RACS
observations, beams were arranged in a 6◊6 square grid
with a 1.05 degree centre-to-centre separation (pitch) as
shown in Figure 2. At the highest frequency in the band
(1032.5 MHz) the maximum beam spacing (along the
grid diagonal) is equal to the beam full width at half
maximum (FWHM). See Section 3.3.1 for estimates of
true beam shapes across this footprint.

2.3 Sky coverage

To sample the sky with uniform sensitivity we construct
a tiling of the celestial sphere with square tiles sized to
match the beam footprint. For adjacent non-overlapping
tiles, tile placement is such that beam separation across
tile boundaries is unchanged. Figure 2 shows beams of
adjacent tiles for the non-overlapping case.

Tiles are arranged in rows along lines of constant dec-
lination; the number of tiles in each row is the minimum
needed to span 360 degrees of right ascension without
gaps; successive rows are spaced in declination using the
same criterion of no gaps but minimal overlap. Within
about 20 degrees of the pole this pattern is replaced by
a quasi-rectangular grid centred on the pole. Figure 3
illustrates this scheme.

The absolute northern limit of telescope pointing,
” = +48¶, is set by the observatory’s latitude (26.7
degrees South) and the 15 degree mechanical elevation
limit of the ASKAP antennas. ASKAP is sensitive to the
sky up to 3 degrees from its pointing direction, and so
RACS will cover the sky from the south celestial pole to
a declination of ” = +51¶(although the data presented
here are south of ” = +41¶).

Overlap between tiles is unavoidable, and varies with
declination. Averaged over the sphere, about six per cent
of the surveyed area appears within the full-sensitivity
bounds of more than one tile. This fraction is only mildly
dependent on tile size (within the range useful with
ASKAP) and on the chosen boundaries of the polar cap.
As mentioned above, even for minimal overlap between
tiles, the beam spacing is nowhere greater than it is
within each tile, so that image sensitivity is maintained
over tile boundaries. In regions of overlap the sensitivity
is improved.

Many sources will be detected in more than one tile,
and many more will be detected in several beams. These
multiple detections will be used in the analysis of beam
and tile-specific systematic errors, and the tile-tile over-
laps will give some visibility of variability on the radio
sky.

4These are referred to as square_6x6 and closepack36

Figure 2. ASKAP field-of-view using the square_6x6 beam foot-
print. The positions of the 36 beams (numbered 0–35) are shown
as idealised circles at their contour of half-power at 1032 MHz. In
practice the total-intensity beams are close to circular at field cen-
tre, but become increasingly elliptical towards the edge of the field
with typical eccentricity of e . 0.4. The PAF sensitivity is greatest
at the field centre, varies slowly over most of the field, and declines
steeply at the edges; the outer grey contour shows the estimated
locus of 50% sensitivity. Beams of adjacent non-overlapping tiles
are also shown in grey.

Figure 3. An orthographic view of the celestial sphere showing
the arrangement of the RACS observing tiles. Ranks of tiles are
centred on a series of declinations from +37.6 to -68.7 degrees,
giving full sensitivity from ≠71.3 to +40.2 degrees. South of (and
overlapping with) the ≠71 degree margin tiles are placed as for
the equator, but centred on the pole.

First Large Absorption Survey in HI (FLASH)

https://askapsurveys.wixsite.com/flash

FLASH sky coverage

Allison, Sadler+ in prep.
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FLASH science goals 
• About ~ 1000 intervening and ~ 1000 associated/intrinsic absorbers

Key science goals include:
1) Cosmological evolution of HI in galaxies – particularly the cold phase (CNM) HI
2) The nature of HI-absorption-selected galaxies and their environments
3) Mechanisms for triggering and feedback in distant radio-AGN
4) Multi-phased gas in distant radio- AGN through e-ROSITA synergies

FLASH

  

However, this is about to change. Crucially, recent developments in radio instrumentation, driven by 
the international Square Kilometre Array project, mean that we now have the wide fields of view and 
band widths available to carry out the first statistically significant absorption surveys for cold 
hydrogen gas to cosmological distances [e.g. 1]. 
2) Identify evolutionary models for the cold gas supply driving central black hole growth 
Strongly linked to understanding the global role of cold gas in galaxy evolution is the crucial role that 
it plays in driving a causal link between galaxies and their central black hole. A major unsolved 
question in astrophysics is whether supermassive black holes (more than one million solar masses) 
are vital to galaxy evolution or merely a by-product of evolution. The tight correlation observed 
between the central black hole mass and properties of the stellar bulge in massive galaxies [21] 
could either be the result of feedback due to brief episodes of extremely luminous activity in the 
galactic nucleus (known as “quasar-mode” feedback; [22]) or simply a natural consequence of 
several major galaxy mergers averaged over time [23]. Supermassive black holes are also thought 
to prevent further stellar mass build-up in the most massive elliptical galaxies by regularly heating 
the surrounding gas through radio-emitting plasma jets (“radio-mode” feedback) [24]. Establishing 
the role of cold gas in triggering active galactic nuclei (AGN) is key to understanding the physical 
mechanisms that build these relationships.  
Radio galaxies follow the underlying accretion-rate dichotomy in active galactic nuclei (AGN), 
dividing into high excitation (HERG) and low excitation (LERG) sub-populations based on the 
luminosity of high-ionisation optical emission lines [10]. HERGs have efficient accretion and ongoing 
central star-formation that must be supported by an adequate supply of cold gas from either secular 
processes [25] or galaxy mergers [26]. Conversely, LERGs have inefficient accretion, little star 
formation and may accrete their gas stochastically via local thermal instabilities that cause the hot 
gas to condense first into cold filaments and clouds [27]. Direct evidence in support of these 
mechanism can only be achieved by studying the kinematics and abundance of cold gas near to the 
AGN. Uniquely, HI absorption towards spatially-compact radio emission traces the kinematics of cold 
gas close to the central AGN, unambiguously determining in-falling and outflowing gas that would 
not be possible in emission-line surveys. However, as yet such studies have been limited in scope 
to the nearby Universe [28]. I am using the new Square Kilometre Array (SKA) pathfinder surveys to 
measure the cold gas in radio galaxies at cosmological distances, determining for the first time 
whether this paradigm holds as a function of radio power throughout cosmic history [e.g. 3]. 

 
Figure 1: A recent early result from the FLASH survey (Allison et al. submitted). HI absorption 
(spectrum) was discovered towards a background radio source (white contours) at the edge of an 
early-type galaxy (colour image) over 4.5 billion light years away. Evidence of blue star forming 
regions at the same galacto-centric radius suggests that the absorber is part of a massive disc of 
cold gas. FLASH will establish a census of this fuel for star formation at cosmological distances. 
To achieve these objectives, I propose the following programme of research, delivered through five 
work packages (WPs). The first goal will be to gather the vast quantities of radio data that are 
required to provide evidence of the physical mechanisms being tested and to produce robust 
statistical models (WP1). From year 2 of this fellowship, a PDRA will be recruited to understand how 
the cold gas is distributed in front of the complex structure of a background radio source (WP2). This 
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Peaked spectrum sources with FLASH

• PS sources are intrinsically compact within the galactic stellar disk à more 
likely to intercept cold HI gas
• Expected detection rates about 30% (versus 15% for extended sources)

from low redshift surveys (Maccagni + 2017)
• Assuming a 20% compact population à FLASH should detect several 

hundred HI absorbers associated with PS sources out to z = 1
• Any significant deviation from this expectation would point towards an 

evolution in the gas content of the population of young radio AGN towards 
cosmic noon
• Interpretation requires multi-wavelength follow up (i.e. optical spectral 

classification of the AGN and host galaxy)
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PKS1740-517: Case study

1.5 arcseconds

zphoto~ 0.5

Gemini-South
Allison+ 19 MNRAS (arXiv:1810.08507)6



PKS1740-517: ASKAP HI discovery spectrum
z = 0.4

z = 1.0

z = 0.4413

Allison+ 19 MNRAS (arXiv:1810.08507)7



PKS1740-517: Radio properties
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tsrc ~ 2 kyr

P1.4GHz = 3.0 x 1027 W Hz-1

L5GHz = 6.6 x 1043 erg s-1

~

(L2-10keV = 6.2 x 1044 erg s-1)
(NH,X = 1.2 x 1022 cm-2) 8



PKS1740-517: Emission line AGN (HERG)

Blue diagram for high-z (Lamareille+ 10) 

zAGN = 0.4418 Gemini-South
Allison+ 19 MNRAS (arXiv:1810.08507)

GMOS spectrum

L[OIII] = 3 x 1041 erg/s 9



PKS1740-517: Gas reservoir (ionized) 

12 J. R. Allison et al.

Figure 10. The H I 21-cm absorption, oxygen and H� emission lines in
the rest frame defined by the systemic redshift of the galaxy (zsys =
0.44230 ± 0.00022). In all cases the continuum has been subtracted
from the spectrum. The vertical dashed lines denote the location of
H I absorption components 1 (left) and 3 (right), which correspond to
the most prominent features. The red horizontal error bar indicates the
±46 km s�1 uncertainty in the systemic velocity.

(Arnaud 1996). We found that the X-ray spectra are well fit-
ted by a standard absorbed power-law model. Because of the
relatively low Galactic latitude of b = �11.

�
5, we incorpo-

rate an additional fixed absorption component in our model
due to the Galactic foreground, estimated within XSPEC to
be NH,Gal = 1.09 ⇥ 10

21
cm

�2. Using this model, we
obtain an estimate of the intrinsic column density towards
PKS B1740�517 of NH,X = 1.21

+0.61
�0.43 ⇥ 10

22
cm

�2, a pho-
ton index of � = 0.80

+0.28
�0.24 and a 1 keV normalization of

4.8
+2.8
�1.5 ⇥ 10

�5 photons cm�2 s�1 keV�1. While the intrinsic
column density is consistent with that measured for other X-
ray observed GPS radio sources, the photon index is harder8,
possibly indicating an obscured Compton-thick AGN, similar
to that seen for PKS B1607+26 (Tengstrand et al. 2009). If the

8 h�i = 1.66, �� = 0.36 for the sample of 16 X-ray observed GPS
sources discussed by Tengstrand et al. (2009).

Figure 11. Top: an extract of the two-dimensional spectrum showing just
the [O III] �5007 line. The axes show the pixels from the arbitrary start
of the cut-out. The spatial axis pixels increase in a roughly northerly
direction (consult Fig. 7 for the orientation of the slit on the sky). The
two apertures used to examine the spatial profile of the emission line are
shown, one for each peak of the �5007 line. Bottom: the spatial profile
averaged over each aperture, after subtracting the average profile across
the entire cut-out. The colour of the profile matches the aperture shown
in the 2D spectrum. Also plotted (in black) are Gaussian fits to the profile
used to estimate the peak location for each pixel. The profiles are plotted
as a function of distance from the peak of the average profile, with the
pixel values indicated for comparison (positive offsets are in a roughly
northerly direction).

observed spectrum is indeed arising from reflection of the pri-
mary X-ray emission off a Compton-thick obscuring medium,
then sight-lines to the AGN may instead have column densi-
ties in excess of 1024 cm�2. Using the above best fitting model
to the XMM-Newton spectra we estimate an X-ray luminosity
of L2�10 keV ⇡ 4.3 ⇥ 10

43 erg s�1, consistent with the dis-
tribution of luminosities measured for other GPS radio sources
(Tengstrand et al. 2009).

4.2.2 An X-ray upper limit on the HI spin temperature

Combining the X-ray derived total column density of elemental
hydrogen and the 21-cm opacity data allows us to estimate an
upper limit on the H I spin temperature, and compare this with
direct measurements of the spin temperature in other galaxies.
In the absence of any H I emission, the 21-cm optical depth is
given by

⌧21 = � ln

✓
1 +

�S

cf Scont

◆
, (12)

c� 2015 The Authors, MNRAS 000, 1–18

500 km s-1
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PKS1740-517: Gas reservoir (neutral)
0

20

40

60

80

100

120 C
O

(1
°

2)
ab

so
rp

ti
on

[p
er

ce
n
t]

°750 °500 °250 0 250 500 750
v [km s°1]

0

2

4

6

8

10

12

H
I

ab
so

rp
ti
on

[p
er

ce
n
t]

HI [ASKAP]

CO (1-2) [ALMA]

Allison+ 19 MNRAS (arXiv:1810.08507)11



PKS1740-517: Gas reservoir (neutral)

Allison+ 19 MNRAS (arXiv:1810.08507)

6 J. R. Allison et al.

Figure 3. Left: An r0-band optical image centred on PKS B1740�517 from observations using the Gemini South Telescope (A15). At least one candidate
companion galaxy (b) is evident, and a possible tidal interaction. The diagonal blue lines indicate the position and width of the slit. Overlaid are ALMA
152 GHz continuum contours at 20 per cent intervals of the peak continuum (S152GHz = 74.3mJy). Right: Gemini spectra extracted at the position of
PKS B1740�517 (a) and candidate companion galaxy (b). Identified spectral lines are as labeled.

Figure 4. The integrated SED of PKS B1740�517 at radio and mm wave-
lengths, compiled from literature data. The frequency axis is given in the ob-
server rest-frame. The dashed line denotes a best-fitting model that includes
optically thick and thin power-law spectra, and a continuous-injection break
at frequencies higher than 20 GHz. References for the data: Hur17 – Hurley-
Walker et al. (2017); Jac11 – Jacobs et al. (2011); Int17 – Intema et al.
(2017); Lar81 – Large et al. (1981); Cam94 – Campbell-Wilson & Hunstead
(1994); Mau03 – Mauch et al. (2003); Tin03 – Tingay et al. (2003); Wal75
– Wall et al. (1975); Mas08 – Massardi et al. (2008); Wri94 – Wright et al.
(1994); McC12 – McConnell et al. (2012); Gregory et al. (1994) – Gre94;
Hea07 – Healey et al. (2007); Ric06 – Ricci et al. (2006); Lop07 – López-
Caniego et al. (2007); Pla11 – Planck Collaboration VII (2011); Kem14 –
Van Kempen et al. (2014), All17 – This work.

similar double-peaked structure in the [O III]�5007 emission line,
separated by �v ⇠ 500 km s�1 and resolved into two spatially dis-
tinct components separated by 1.3 kpc, indicating a possible ionised
counterpart to the neutral gas seen in absorption.

4.2.2 Satellite gas from a tidal stream?

We consider next the physical origin of the blue-shifted narrow
H I absorption. The velocity distribution and absence of molecu-
lar gas suggests that this component has a physically different ori-
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Figure 5. An enlarged version of the absorption spectrum shown in Fig-
ure 2, highlighting the velocity structure at v ⇠ 0 km s�1 that may indicate
illumination of a gaseous ring or disk.

gin to the circumnuclear gas discussed in ??. The peak is offset by
�v ⇠ �100 km s�1 with respect to the broader absorption, and
centroid of the [O III] �5007 emission line, so that the absorbing
gas must be moving radially away from the AGN. However, the
width of the narrow component (�v . 5 km s

�1) is inconsistent
with the jet-driven gas outflows that are typically found associated
with compact radio sources (e.g. Holt et al. 2008, Morganti et al.
2005). Hydrodynamic simulations of these jet-cloud interactions
(e.g. Wagner et al. 2012, 2016) predict velocity widths between
⇠100 and 1000 km s�1, resulting from turbulence generated as the
jet passes through the ambient gas. It is unlikely that circumnuclear
cool gas could be accelerated by the jet to a few 100 km s�1 and
still retain such a low dispersion.

While a jet-driven neutral outflow is ruled out as the direct
cause of the blue-shifted H I absorption, it may instead be indicative
of cooling gas in the wake of such an event. Hydrodynamic simu-
lations predict that for high redshift galaxies in dense environments
there should be shell of absorbing gas around the system, expand-
ing at a velocity of ⇠ 200 km s�1 with column densities in excess
of 1021 cm�2 (Krause 2002). The natal environments of compact

MNRAS 000, 1–9 (2017)

NHI = NH2 ~ 1020 cm-2  MHI (r<2kpc) ~ 107 M◉ MH2 (r<2kpc) ~ 108 M◉

= 300pc

12



PKS1740-517: Interaction feeding reservoir 

Companion (b) SFR ~ 0.1 M◉ yr-1

ÞMstellar ~ few 109 M◉
ÞMHI+H2 ~ few 108 M◉

tdyn ~ 50 Myr
tsrc ~ 2 kyr Allison+ 19 MNRAS (arXiv:1810.08507)13



PKS1740-517: Interaction feeding reservoir
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tdyn ~ 50 Myr
tsrc ~ 2 kyr 14



FLASH Pilot: The first 1000 square degrees
• Pilot field observations completed in early 2021
• Data team currently working through processing and QA

Image credit: Hyein Yoon
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FLASH Pilot: The absorber detections
• Six absorbers in fraction of data processed so far
• At least three are associated with AGN

Compiled by Renzhi Su

Intervening 

Associated

Intervening

Intervening or Associated
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FLASH Pilot: Peaked spectrum sample

Brandon Venville - Cold gas in CSS/GPS sources from the FLASH pilot survey
Work in progress: 2021 undergraduate Honours project (Swinburne Univ.) 
• Combine Callingham et al. (2017) MWA peaked-spectrum objects with newly-identified 

GPS sources from GLEAM/RACS/ATPMN/AT20G 
• Search for HI absorption (at 0.4 < z < 1) in the ASKAP HI spectra of these peaked sources
• Use photometric redshift estimates from IR WISE data if no spectroscopic redshift 

available

Questions to address: 
- Is the detection rate of HI absorption higher in CSS/GPS sources than in the general 

radio- galaxy population? How common are objects like PKS 1740-517?
- Do the HI absorption properties of CSS/GPS sources evolve with redshift? (i.e. how do 

the HI properties at z > 0.4 compare with those seen in local samples at low redshift?)  

17



FLASH Pilot: Peaked spectrum sample

Peaked Spectrum 
(in Callingham+ 17 sample) Peaked Spectrum

Data from GLEAM, TGSS, 
SUMSS, NVSS, AT20G

18

z = 0.6745 z = 0.5810



FLASH Pilot: Peaked spectrum sample
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• 2/3 associated HI absorbers in peaked spectrum radio AGN, 
consistent with relative detection rates in nearby RGs (Maccagni+ 17)
• Profile asymmetries consistent with non-circular gas kinematics seen 

in nearby compact radio galaxies (Gereb+ 15) 
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Summary

• HI absorption maps the kinematics of neutral gas in the central regions of 
active galaxies; outflows, infalling clouds 
• FLASH is an ASKAP survey for HI absorption in galaxies out to z = 1
• We expect several hundred HI absorbers in peaked spectrum sources
• Aim to determine evolution of gas in the population
• In early science we detected PKS1740-517; a young (GPS) radio AGN in a 

massive host & triggered by interaction with gas rich companion
• Interpretation requires multi-wavelength follow up (optical spectroscopy, 

VLBI radio continuum, ALMA CO imaging)
• First 1000 sqd now complete and being processed, stay tuned for many 

detections
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