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X-rays/HI in GPS sources

Vink+ 2006 Ostorero+ 2017
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Measuring Nni

Linking observed optical depth to HI column density

Allison+ 2016
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Measuring NH

Linking observed spectral absorption to H column
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Measuring NH

Linking observed spectral absorption to H column
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Measuring NH

Linking observed spectral absorption to H column

Lot PKS 1814-63
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FLASH: ASKAP
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FLASH: BETA

BETA
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PKS 1740-517

Strong HI absorption in the radio .
galaxy PKS 1740-517 at z=0.4413 »
became the first new discovery by ~:’-..+
ASKAP (Allison+, 2015) A e T '

® Followed up with DDT on Gemini- ik Ml ;
South to investigate the optical
properties of the host

® Features unusual X-ray properties: Lo 3
Ny ~1.2x%x102cm“2andl ~0.8
g i
® Highlighted the discovery potential of = | | | | L hosoEeN
ASKAP even in commissioning! e S \posomsiovenos: |
I T A

Energy (keV)

® See James' talk (next!) for more

PKS 1740-517 - AN ASSOCIATED HI ABSORBER AT Z=0.4413: ALLISON+ (2015)
Energetics and Life-Cycles of Radio Sources, 27th March 2018 13




3XMM DR4 catalogue

ALL-SKY 3XMM DR4: ESA/XMM-NEWTON/EPIC/M. WATSON
Energetics and Life-Cycles of Radio Sources, 27th March 2018 14




XMM: HI absorbers

X-ray spectra of HI absorbers
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SPECTRAL PROPERTIES OF HI ABSORBERS FROM 3XMM DR4: MOSS+ (2017)
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XMM: HI non-absorbers

X-ray spectra of non-absorbers
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XMM: average properties

H1 absorbers vs. HI non-detections
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Optical depth and X-rays
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The BETA X-ray sample
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A SAMPLE OF X-RAY SELECTED RADIO-BRIGHT SOURCES TO BE OBSERVED WITH BETA
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HI absorption at z = 0.42!
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PKS 1657-298 in X-rays
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Spectrum of PKS [657-298
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SPECTRAL ENERGY DISTRIBUTION FROM NED: A STEEP-SPECTRUM SOURCE
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Spectrum of PKS [657-298

PKS 1657-298
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MWA DATA AND IMAGE FOR THE NEW HI DETECTION: J. CALLINGHAM/GLEAM TEAM
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Characterising the host

Can use detected WISE colours i ' !
to differentiate between different o ]
types of galaxies 35
® Background image: Wright+ y N (N
(2010) showing the location of = . W
- : e .\ WGaS/LINERS . 0 -
different classes of object = @  ObscuredAGN @ !
® PKS 1657-298 is well into the S . asos
AGN region, probably 5 Seyfert _1:_ ................... .....................................
galaxy based on ALLWISE data T N
:Stars
- : Splrals : |
® Existing large multi-wavelength ()_E"'pt'as .......... - LIRG |
datasets provide diagnostics for SR i N N
potentially understanding HI ! [4%]_ (127 in iag !

absorption hosts quickly

WISE COLOUR-COLOUR CLASSIFICATION OF PKS 1657-298
Energetics and Life-Cycles of Radio Sources, 27th March 2018 25




Future work: PKS 1657-298

J. Buchner - T. Pursino
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FURTHER INVESTIGATION INTO THE PROPERTIES OF PKS 1657-298
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Spectroscopic follow-up
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FURTHER INVESTIGATION INTO THE PROPERTIES OF PKS 1657-298
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X-ray sample for ASKAP
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INVESTIGATING THE X-RAY SELECTED RADIO-FAINT SOURCES
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KEY POINTS SO FAR

In a sample of 94 HI absorbers and non-detections,
the HI absorbers are also more absorbed in X-rays

Survival analysis suggests correlation between X-ray
hardness and optical depth at a significance of 4.7¢

Our BETA sample ot 5 galaxies resulted in a detection
towards PKS 1657-298, the most X-ray absorbed galaxy

Understanding the multi-wavelength properties ot the
AGN hosts is vital to probing the X-ray/H| connection
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Launch: late 2018!

eROSITA Missiori{Pl
v . . o

Home

Viscal eROSITA MPL

More

This page provides general mission planning information and tools to support

q eROSITA/SRG observation planning.
ROSITA

The current focus is on the CalPV phase, the first scientific phase of eROSITA.
The SRG launch is planned for September/October 2018 (alternative window in
March/April 2019). The CalPV phase starts roughly 65 days after launch and has
a duration of about 50 days (30 days Cal + 20 days PV, mixed observations).

The CalPV time frame may change by up to 10 days independent of the launch
date. Make sure your targets have suitable visibilities.

EROSITA LAUNCH AS PART OF SRG IN 2018
Energetics and Life-Cycles of Radio Sources, 27th March 2018 31




FLASH + eROSITA

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

This translates to an X-ray sensitivity
requirement of ~4 x 10'2 erg cm2? s
for complete coverage in eRosita

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

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

Energetics and Life-Cycles of Radio Sources, 27th March 2018
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SEAFOG: eROSITA/FLASH

Obscured GO OXIeS

® 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

SEAFOG: CONNECTING OBSCURED GALAXIES IN FLASH AND EROSITA
Energetics and Life-Cycles of Radio Sources, 27th March 2018 33




FLASH + eROSITA

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
Energetics and Life-Cycles of Radio Sources, 27th March 2018 34




SEAFOG: pilot fields

SPT
XXL Collaboration
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XMM-XXL South A (2000
Deep XMM-Newton field ASKAP Early Science
~220 pointings, ~12,000 AGN Deep fields at 864/1272/1320 MHz
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The future for HI+X-ray

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

Redshift coverage (Hl 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
Energetics and Life-Cycles of Radio Sources, 27th March 2018 36




The SKA/Athena era

25N T Y T
i ~ iRu
® Currently limited to the most extreme 2001~ Jﬂ i
AGN in the (relatively) nearby Universe o 1
i
® Sensitivity to radio sources at 0.25 mJy HE
(millions of radio galaxies) and z < 3
® \With Athena, we can identify lower ol =
Redshin
luminosity, obscured AGN up to z ~ 6 Predicted redshift distribution for continuum
. brighter than 50 mJy at 843 MHz, from
n nd (Aird+ 201 SOUTEE
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SKA + ATHENA: SCIENCE SYNERGY FOR ABSORPTION
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CURRENT FUTURE DIRECTIONS

Extension of BETA X-ray sample to wider Universe:
1) northerh + 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+)



For more, see Moss+ 2017
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Conclusions

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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