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HI Absorption Workshop, 16th June 2017 6




CAASTAO BETA observations
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CAASIRD Measuring Nnj
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Linking observed optical depth to HI column density
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Measuring NH

Linking observed spectral absorption to H column
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LARSIRD - X-rays/HI in GPS sources

Vink+ 2006 'C_)s_tp‘r_ero+ 2010

T T 1 I]’III’ 1 T rritt] L) L ™TrrTrms 24 "__’ rY¥rrrrrr|rrrrrrrrrrrrrrrrrrrrorJprry 7> R L L L v/—l
o’ |
N i £ o~ 1
- e 4 1
o’ rd
- /' 7 .
10= - Ry /’
HlH o 4
- 7/
{1 — 23 s y =
- L ‘/. 7/
o | 7 7’
S £ [ :
% B * ) 7
O - » 7 ® 4
é — /. 7 “
— - . . -
Alo‘l - I } Ry 4 @ y {
o ; ] Z 22 2 ’ -
E | ] & °° r" b |
< I 1 o | —<e- I +« ‘e 0
z: - o — /. Kk P v
: - | (8)) . PO /
o) [ M s
» HIH 1 F s :
21 F, 7 . |
._'/ 7 y -
lon 3 - v 7
- - - 7 \?‘\ N
; J i ’ //\A 1
9 p ' 7 >
[ 5 A
i ' ' ' 2 4 “ll ' ' e e ‘A‘Al 2 . e 2 2 A AL \ A A A A A A A A A A A /- A A A A A A a A A A hnd e nd e e el e d A A A A a A A S A A A A A A A A A J
10® 0= 109 10%
19 20 21 22 23 24

N, (em-%) [X-ray]

VINK+ (2006), OSTORERO+ (2010, 2015): CORRELATION BETWEEN HI ABSORPTION AND X-RAYS
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LARIRD  3XMM DR4 catalogue

ALL-SKY 3XMM DR4: ESA/XMM-NEWTON/EPIC/M. WATSON
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CAASTAO XMM: HI absorbers
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X-ray spectra of HI absorbers
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CARSIAD - XMM: HI non-absorbers
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X-ray spectra of non-absorbers
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@ ARSIl - XMM: average properties
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H1 absorbers vs. HI non-detections
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Optical depth and X-rays
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LARIRl  The BETA X-ray sample
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CEIUMTID  HI absorption at z = 0.42!

FOR ALL-SKY ASTROPHYSICS
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A NEW DETECTION OF HI ABSORPTION WITH BETA IN THE X-RAY SAMPLE

HI Absorption Workshop, 16th June 2017 17



ARSIl  PKS 1657-298 in X-rays
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HI Absorption Workshop, 16th June 2017 18




ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

CEIUMT Spectrum of PKS 1657-298

There’s nothing quite as useless as a radio source

- Jim Condon (SPARCS - Sep 2013)
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LARIRD  Spectrum of PKS 1657-298
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MWA DATA AND IMAGE FOR THE NEW HI DETECTION: J. CALLINGHAM/GLEAM TEAM
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LABIND  Characterising the host

Can use detected WISE colours _ ! IR
to differentiate between different S, SRR WO NN S

: : Cool |
types of galaxies o —

® Background image: Wright+ b N e G
(2010) showing the location of = | . SR
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different classes of object =7 ~ ObsciredAGN | |
® PKS 1657-298 is well into the -t lesos.
AGN region, probably 3 Seyfert _1:_ ........................................................
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WISE COLOUR-COLOUR CLASSIFICATION OF PKS 1657-298
HI Absorption Workshop, 16th June 2017 29




@EAASTHU (C) HI Absorption Database

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

PRS J1657-298

\\ Y ‘“M‘*‘ M" vl i s "‘.;jjjj;j;jjgjjjj:jjjjjgijjjjjjjjjgjjjjjj;jjjgjj:jjjjjg

ULRGS/LINERs ]

Obscured AG:N ]

500 1000 5 :
: Seyferts : 1

requenc ¥y fer e resaees .
ksiaobINERS L]

o | e

CONSOLIDATED HI ABSORPTION DATABASE |-~

T ) . ke i [ e i i e e s B L O pr—_—

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

Flux Density (Jy)

=S|
Q
<

5
— g
[ 55'00.0"

e.g. Gereb+ 2014

The 2 Jy Sample is a great
example to follow!
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@EAASTHU (C) HI Absorption Database
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CHAD v.0

RA (sexa) 17:01:09.7
DEC (sexa) -29:54:42
FOV (arcmin) 3

Submit

o2

PUDDING SOLUTIONS 2017

HI Absorption Workshop, 16th June 2017 24
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LARIRD  X-ray sample for ASKAP
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CARSIAD - A checklist for near future
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Spectral X-ray (all-sky) data ~ Mid-frequency 1-25 GHz High-frequency 35-100 GHz

)1 9.0 0 _
1 90.0.0_¢ v
< 3 3 @ MURCHISON

P\ WIDEFIELD
( M M ARRAY

Al l-' S K8Y 5 ky Mew A

VIRGTA %
OBSERVALORY The Internet's Virtual Telescope

Multi-wavelength all-sky data

PATHWAYS TO THE FUTURE

HI Absorption Workshop, 16th June 2017 26



LAMIRD  SEAFOG: eROSITA/FLASH
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Obscuread Gc:lcxues

® Mol 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

SEAFOG: CONNECTING OBSCURED GALAXIES IN FLASH AND EROSITA
HI Absorption Workshop, 16th June 2017 27
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FLASH + eRosita

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

eRosita: all-sky mapping, 15"-30", tive
bands covering 0-10 keV

X-ray luminosity typically ~10% brighter
than radio luminosity (see e.g. Chang+
2012, Panessa+ 2015)

This translates to an X-ray sensitivity
requirement of ~4 x 102 erg cm™ s
for complete coverage in eRosita

1

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

Chang+ 2012
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FLASH + EROSITA: SPECS OF A COMBINED STUDY

HI Absorption Workshop, 16th June 2017
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CAASTAO FLASH + eRosita
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® \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)

® Ny vs. Ny for a large sample (100s of
galaxies most likely)

/,AA;

® Studies of variability in radio/X-rays =

FLASH + EROSITA: SYNERGIES IN SCIENCE
HI Absorption Workshop, 16th June 2017 29




ARl The future for HI+X-ray

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

SQUARE KILOMETRE ARRAY ADVANCED TELESCOPE FOR
MID-FREQUENCY HIGH ENERGY ASTROPHYSICS
(SKA MID) (ATHENA)

Redshift coverage (HI line): 0 <z < 3 Spectral coverage (WFI): 0.2-15 keV/ at ~80 keV resolution
Channel sensitivity (SKAT-SCI-5): 0.25 mJy at 2" (2 years) Sensitivity: 10x XMM-Newton

THE FUTURE WITH SKA AND ATHENA

HI Absorption Workshop, 16th June 2017 30
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The SKA/Athena era

® 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

Number of sources
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0
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Redshift

luminosity, obscured AGN up to z ~ 6
and beyond (Aird+ 2013)

Predicted redshitt distribution tor continuum
sources brighter than 50 mJy at 843 MHz, from
the SKADS simulated sky (Wilman+ 2008)

102

® SKA Low will potentially cover 50-650 2 e
PKS 1814-63 @ @ Radio-faint candidat
MHz, extending redshift coverage TP, e IR e
® Goal: trace both low and high column - T
systems across 12 billion years of
Universe evolution
Wﬂ

X-ray hardness ratio

SKA + ATHENA: SCIENCE SYNERGY FOR ABSORPTION
HI Absorption Workshop, 16th June 2017 31




C O S M l C E P O C H S ~700 million years e "’

after the Big Bang EUiation era

2000000 years:
“Dark'Ages-begi

s Kp ~400 million years: Stars
it and nascent galaxies form
s
;..' E .C.‘ 3
ey ~1 billion years: Dark ages end
4§\

~4.5 billion years: Sun, Earth, and solar system have formed

» 13.7 billion years: Present

COSMIC EVOLUTION: NASA/ESA/A. FEILD (STSCI)



CAASTAO The SKA/Athena era
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® \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 Ny vs. Ny

® Multi-wavelength properties of the
systems with 10?° cm™ vs. > 10%? cm™
(probing the DLA-type absorbers)

® Exploring unknown parameter space

Look-back Time (Gyrs)
0 5§ 8 10 11 115 12 124

Neeleman et al. (2016) '
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THE QUESTIONS OF THE SKA/ATHENA ERA

HI Absorption Workshop, 16th June 2017
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CARSIAD A checklist for future future

ARC CENTRE OF EXCELLENCE

FOR ALL-SKY ASTROPHYSICS

Mid-frequency 1-25 GHz High-frequency 35-100 GHz

AL 5kyy' 2
VIRGOAN 1ew

ORSERVATORY % The Internet's Virtual Telescope

Multi-wavelength all-sky data

PATHWAYS TO THE FUTURE FUTURE

HI Absorption Workshop, 16th June 2017 34



CURRENT FUTURE DIRECTIONS

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

) high angular resolution studies in Hl and X-ray

) lower radio/X-ray luminosities/column densities
)
)
0

o)

~

8) variability studies in Hl and X-ray
?) FLASH + eRosita (2018+)
10) SKA + Athena (2028+)
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ABIRl  Moss+ 2017 (almost!)

Mon. Not. . Awros Soc. 000, 000000 (000K Peated 15 Jone 20T MN PIX syle e v2.2

Connecting X-ray absorption and 21 cm neutral hydrogen
absorption in obscured radio AGN
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wal satwe of the clreumaaciear modicem of those distant palaxiks. To
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CAASTAO Conclusions

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

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 eral! —
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