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FLASH:  ASKAP
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FLASH: BETA

B A S E L I N E S  F O R  B E TA ,  C O L O U R - C O D E D  B Y  B A S E L I N E  L E N G T H
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Intervening X-ray GPS/CSS 2 Jy Red quasar

BETA observations
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S A M P L E S  O B S E R V E D  F O R  H I  A B S O R P T I O N  W I T H  A S K A P - B E TA
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Linking observed optical depth to HI column density

Measuring NHI

D E T E R M I N I N G  N H I  U S I N G  H I  A B S O R P T I O N
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Radio 21cm measurements are 
particularly sensitive to cold HI (spin 
temperature TS < 200K)   

HI column density HI spin 
temperature Covering 

factor
Optical depth

NHI = 1.823⇥ 1018

Ts

f

� Z
⌧ dV

0.410 0.415 0.420 0.425 0.430

�0.05

0.00

PKS B1657-298

Allison+ 2016
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Linking observed spectral absorption to H column

Measuring NH

D E T E R M I N I N G  N H U S I N G  S O F T  X - R AY  A B S O R P T I O N
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Ricci+ 2011
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X-rays/HI in GPS sources

V I N K +  ( 2 0 0 6 ) ,  O S T O R E R O +  ( 2 0 1 0 ,  2 0 1 5 ) :  C O R R E L AT I O N  B E T W E E N  H I  A B S O R P T I O N  A N D  X - R AY S
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Vink+ 2006 Ostorero+ 2010
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3XMM DR4 catalogue

A L L - S K Y  3 X M M  D R 4 :  E S A / X M M - N E W T O N / E P I C / M .  W AT S O N
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XMM: HI absorbers

S P E C T R A L  P R O P E R T I E S  O F  H I  A B S O R B E R S  F R O M  3 X M M  D R 4 :  M O S S +  ( S U B M I T T E D )
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XMM: HI non-absorbers

S P E C T R A L  P R O P E R T I E S  O F  H I  N O N - A B S O R B E R S  F R O M  3 X M M  D R 4 :  M O S S +  ( S U B M I T T E D )
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Optical depth and X-rays

O P T I C A L  D E P T H  V S .  X - R AY  R AT I O  F O R  A B S O R B E R S / N O N - A B S O R B E R S :  M O S S +  ( S U B M I T T E D )
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The BETA X-ray sample

A  S A M P L E  O F  X - R AY  S E L E C T E D  R A D I O - B R I G H T  S O U R C E S  T O  B E  O B S E R V E D  W I T H  B E TA
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HI absorption at z = 0.42!

A  N E W  D E T E C T I O N  O F  H I  A B S O R P T I O N  W I T H  B E TA  I N  T H E  X - R AY  S A M P L E
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Peak optical depth = 0.05 Line-width = 75 km s-1 NHI = 7.3 x 1020 cm-2
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PKS 1657-298 in X-rays

X M M  X - R AY  S P E C T R U M  T O W A R D S  P K S  1 6 5 7 - 2 9 8

• Observed serendipitously 
with XMM towards X-ray 
binary V* V2134 Oph 

• Well-fit by an absorbed 
power-law model  

• NH ~ 8 × 1021 cm−2 

• Photon index Γ ~ 1.9 
(consistent with ~1.6 
Tengstrand+ 2009) 

• NHI = 0.1 NH (Ts effect or 
ionised gas fraction?)
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Spectrum of PKS 1657-298

S P E C T R A L  E N E R G Y  D I S T R I B U T I O N  F R O M  N E D :  A  S T E E P - S P E C T R U M  S O U R C E
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Spectrum of PKS 1657-298

M W A  D ATA  A N D  I M A G E  F O R  T H E  N E W  H I  D E T E C T I O N :  J .  C A L L I N G H A M / G L E A M  T E A M
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Characterising the host

W I S E  C O L O U R - C O L O U R  C L A S S I F I C AT I O N  O F  P K S  1 6 5 7 - 2 9 8
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• Can use detected WISE colours 
to differentiate between different 
types of galaxies  

• Background image: Wright+ 
(2010) showing the location of 
different classes of object 

• PKS 1657-298 is well into the 
AGN region, probably a Seyfert 
galaxy based on ALLWISE data 

• Existing large multi-wavelength 
datasets provide diagnostics for 
potentially understanding HI 
absorption hosts quickly
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(C) HI Absorption Database
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e.g. Gereb+ 2014
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The 2 Jy Sample is a great 
example to follow!

V. Moss, J. Allison, S. Curran,  A. Edge, M. Glowacki, F. Maccagni, 
E. Mahony, R. Morganti, T. Oosterloo, E. Sadler, M. Zwaan…

CHAD

CHAD
CONSOLIDATED HI ABSORPTION DATABASE
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(C) HI Absorption Database

24
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X-ray sample for ASKAP

I N V E S T I G AT I N G  T H E  X - R AY  S E L E C T E D  R A D I O - FA I N T  S O U R C E S
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A checklist for near future

PAT H W AY S  T O  T H E  F U T U R E

26

Low-frequency data < 700 MHzVLBI continuum/spectral

Mid-frequency 1-25 GHzSpectral X-ray (all-sky) data High-frequency 35-100 GHz

Redshifts over 0 < z < 1

???

?

?

?

Multi-wavelength all-sky data
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SEAFOG: eROSITA/FLASH

S E A F O G :  C O N N E C T I N G  O B S C U R E D  G A L A X I E S  I N  F L A S H  A N D  E R O S I TA

27

• MoU collaboration between CAASTRO and eROSITA_DE  

• Approved as of 5th June 2017 by the Management Committee 

• Current timescale planned: June 2017 - December 2019 

• Will serve as useful preparation for SKA/Athena synergy beyond this time
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FLASH + eRosita

F L A S H  +  E R O S I TA :  S P E C S  O F  A  C O M B I N E D  S T U D Y  

28

• FLASH: 150,000 sources > 50 mJy  
(~1000 associated, ~1000 intervening) 

• eRosita: all-sky mapping, 15”-30”, five 
bands covering 0-10 keV 

• X-ray luminosity typically ~104 brighter 
than radio luminosity (see e.g. Chang+ 
2012, Panessa+ 2015) 

• This translates to an X-ray sensitivity 
requirement of  ~4 x 10-12 erg cm-2 s-1 
for complete coverage in eRosita 

• CAASTRO/eRosita MoU: check for X-
ray absorbed spectra whenever HI 
absorbers are detected with ASKAP

Chang+ 2012

Merloni+ 2012
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FLASH + eRosita

F L A S H  +  E R O S I TA :  S Y N E R G I E S  I N  S C I E N C E

29

• What do we learn from a combined 
FLASH/eRosita survey? 

• Connection between radio AGN with/
without X-rays: emission mechanism 

• What kinds of galaxies have: 1) radio 
AGN, 2) X-ray AGN, 3) HI absorption? 
Trace multi-wavelength properties 

• Comparable angular resolution studies 
(20” FLASH, 20-30” eRosita) 

• NH vs. NHI for a large sample (100s of 
galaxies most likely) 

• Studies of variability in radio/X-rays

+

=
😁
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The future for HI+X-ray

T H E  F U T U R E  W I T H  S K A  A N D  AT H E N A

30

A D VA N C E D  T E L E S C O P E  F O R  
H I G H  E N E R G Y  A S T R O P H Y S I C S  

( AT H E N A )

S Q U A R E  K I L O M E T R E  A R R AY  
M I D - F R E Q U E N C Y  

( S K A  M I D )

Redshift coverage (HI line): 0 < z < 3 
Channel sensitivity (SKA1-SCI-5): 0.25 mJy at 2” (2 years)

Spectral coverage (WFI): 0.2-15 keV at ~80 keV resolution 
Sensitivity: 10x XMM-Newton



HI Absorption Workshop, 16th June 2017

101 102 103 104

X-ray hardness ratio

10�2

10�1

100

101

102

S
1

G
H

z
(J

y)

1740-517

1657-298

NGC 5090

3C 353

PKS 1814-63

NGC 0612

Known HI absorbers

Non-HI absorbers

Radio-bright candidates

Radio-faint candidates

The SKA/Athena era

S K A  +  AT H E N A :  S C I E N C E  S Y N E R G Y  F O R  A B S O R P T I O N  

31

• Currently limited to the most extreme 
AGN in the (relatively) nearby Universe 

• Sensitivity to radio sources at 0.25 mJy 
(millions of radio galaxies) and z < 3 

• With Athena, we can identify lower 
luminosity, obscured AGN up to z ~ 6 
and beyond (Aird+ 2013) 

• SKA Low will potentially cover 50-650 
MHz, extending redshift coverage 

• Goal: trace both low and high column 
systems across 12 billion years of 
Universe evolution

Predicted redshift distribution for continuum 
sources brighter than 50 mJy at 843 MHz, from 

the SKADS simulated sky (Wilman+ 2008) 



C O S M I C  E V O L U T I O N :  N A S A / E S A / A .  F E I L D  ( S T S C I )
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The SKA/Athena era

T H E  Q U E S T I O N S  O F  T H E  S K A / AT H E N A  E R A

33

• What large-scale evolution do we see 
from z = 3 to the present Universe? 

• How do the properties of obscuration 
change in low-luminosity AGN versus 
high-luminosity AGN?  

• Detection fraction of HI absorption vs. 
X-ray absorption to z = 3, as well as 
tracing evolution in NHI vs. NH  

• Multi-wavelength properties of the 
systems with 1020 cm-2 vs. > 1022 cm-2 

(probing the DLA-type absorbers) 

• Exploring unknown parameter space

Neeleman et al. (2016)
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Redshifts over 0 < z < 3

A checklist for future future

PAT H W AY S  T O  T H E  F U T U R E  F U T U R E

34

Low-frequency data < 700 MHzVLBI continuum/spectral

Mid-frequency 1-25 GHzSpectral X-ray (all-sky) data High-frequency 35-100 GHz

Multi-wavelength all-sky data
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• Extension of BETA X-ray sample to wider Universe: 
1) northern + southern hemisphere  
2) lower redshifts (0 < z < 0.4) 
3) middle redshifts (0.4 < z < 1)  
4) higher redshifts (1 < z < 3+)  
5) effect of environment: clusters/groups  
6) high angular resolution studies in HI and X-ray  
7) lower radio/X-ray luminosities/column densities  
8) variability studies in HI and X-ray  
9) FLASH + eRosita (2018+) 
10) SKA + Athena (2028+) 
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Moss+ 2017 (almost!)

36
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Conclusions

37

• We are searching new parameter 
space for distant HI in galaxies 

• We find evidence supporting the 
connection between hydrogen 
absorption and X-ray absorption 

• Our BETA pilot sample revealed 
new HI absorption at z = 0.42 

• FLASH/eRosita will allow us to 
conduct detailed population 
studies for the first time 

• SKA/Athena will take us orders of 
magnitudes further, to the dawn 
of a new radio/X-ray era!


