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Outline

Finding AGNs behind the Magellanic clouds is important

The current census in X-rays: XMM-Newton survey of the
Magellanic clouds

Characterisation of the sample (SMC, LMC: preliminary!)

Future prospects



Finding AGNs behind the Magellanic
Clouds

- Identifying AGNs behind the Magellanic clouds (MCs) is difficult because of the high stellar
density in these fields

. ~Only 80 quasars discovered behind the MC up to 2009 (Dobrzycki et al. 2005 & references
within)

- Many AGNs were found with the Magellanic Quasar Survey (MQS) (Kozlowski & Kochanek
2009; Kozlowski et al. 2011; 2013).

- Targets were selected from OGLE -1ll based on their mid IR colors, optical variability and a small
sample (~10%) X-ray selected sources from ROSAT survey. Spectroscopically confirmed 758
(565 LMC and 193 SMC) Quasars

- XMM-Newton survey of the SMC (Haberl et al. 2012) was used for association of X-ray point
sources with radio emission to select AGNs (Sturm et al. 2013)

> 1.4 million AGN from AIIWISE mid-IR survey (Secrest et al. 2015), Half Million Quasars,
MILLIQUAS (Flesch+15,+17)

- VISTA Magellanic Cloud Survey (Cioni et al. 2013, Ilvanov et al. 2016)



BULK of sources identified in the MCs expected to
be AGNs in X-rays: > 71% in SMC (Sturm et al. 2013)

Valuable sample of sources because..

- Interesting targets for investigations using multi-epoch and multi-wavelength
data

- ldeally suited for astrometric reference points, as needed to derive
precise coordinates: important to improve the quality of X-ray catalogs
of the MCs & proper-motion studies (Piatek et al. 2008; Cioni et al. 2014)

- The brightest sources behind the densest regions can be used to probe
absorption of interstellar medium in the MCs
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Using X-ray and IR for sample selection
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Mid-IR is insensitive to extinction. Can pick out heavily obscured
or even Compton-thick AGN.
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Hard X-rays (few keV ~10 keV) can also probe AGN activity & 2

almost uncontaminated by star formation process; & sensitive to
all but the most absorbed AGN (N >=10"" cm ") (Della Ceca et

al. 2008)

All sky sample of ~1.4 million AGN meeting a two-color mid-IR
photometric selection criteria from ALLWISE (Secrest el al. 2015)
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Correlation of MIR data based on color selection (ALLWISE) with
point sources from X-ray surveys (XMM-Newton) is an efficient

way to trace out AGN

Mateos+12: Selected
using BUXS
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X-ray selected AGN behind the SMC

SMC: ~6.67 deg? 3.4 Ms

148 XMM-Newton pointing (~ 20
ks each pointing)

4449 unique sources with at leas
one detection with detection
likelihood 210

2753 sources (94% ALLWISE +
HMQ/MILLIQUAS)

Also selected ALLWISE sources
with good-quality & S/Nz 3 in
ALLWISE




X-ray selected AGN behind the SMC

276 sources (probability of
chance coincidence < 0.01)
81 new candidates (S/N z 3 in

ALLWISE)
Used to perform astrometric
corrections on pointings




X-ray selected AGN behind the SMC

Reference Number of sources Comments

Secrest et al. (2015) 137 29 also included in HMQ/MILLIQUAS
HMQ/MILLIQUAS 58 None in ALLWISE

New candidates 81 catalogued as AGN candidates for the first time
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From XMM: Assuming homogenous
distribution~ 41 AGNs/ sq. degree




Astrometric boresight corrections of the
SMC fields
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- Qut of 148 XMM-Newton pointings, 9 could not
be astrometrically corrected due to lack of

reference sources; others >= 3 sources in the
field




Number of sources

N
o

Flux and z distribution

median flux is 7 x
10-1erg cm=2 s-1

Number of sources
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Luminosity distribution in X-rays and mid-
IR

25

Red: 0.2-12 keV
X-ray

Blue: (vLv) 6 um
IR luminosity:
unbiased
estimate of true
luminosity
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Stern+2015 (X-ray to MID-

. . . “ |R relation at 2-10 keV) .
X-ray luminosities found systematically

lower than predicted: presence of X-

ray obscuration? B

Addition obscuration of NH ~1021 &
1022 cm decreases flux by 9% and
30% in the energy range of 0.2-12 keV

logLy (0.2-12 keV)
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X-ray spectral characterlstlcs
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HRi=(Ri:1 - Ri)/(Ri+1 + Ri)
8HR2 + 3HR3 > -3 Sturm+13

> Brightman & Nandra+12 criterion for
obscured AGNSs:
20 sources identified (13 satisfy criterion for
Compton-Thick AGNs, 1 z =2.18)

|dentification of obscured and distant
quasars crucial to reproduce the shape of
the CXB and understand AGN/galaxy co-
evolution (Gilli+07, Lansuizi+14)

- Observed fraction is consistent with the
XMM survey of the LOCKMAN hole &
COSMOS field (Hasinger+01,07).
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Near-IR VISTA (VMC) counterparts

Searched for the nearest VISTA
counterpart for the ALLWISE/HMQ
selected source

274 out of 276 sources have VISTA
counterparts (secure identifications
for angular separation < 0.5")
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Near-IR variability
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Multi-wavelength properties
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Multi-wavelength properties
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Completeness of the sample

- BULK of sources identified in the MCs expected to be
AGNs: > 71% in SMC : 3158 of 4449 sources expected

> Only 276 identified!!!

> 1989 AGN candidates from Sturm+13 not confirmed in
this work

> Limitations of the selection criterion & the samples

- AGN wedge of Mateos+12 defined using BUXS; also
more sensitive to type | AGN than type Il



Completeness of the sample

0.8

Green: all ALLWISE
selected AGN within the
area

Blue: with X-ray
counterparts

Red: AGN candidate not
confirmed in this work
134 matches out of 1989
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Completeness of the sample
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X-ray selected AGNs behind the LMC

LMC: ~13 deg?

321 XMM-Newton
pointings

245 sources
identified

astrometric
corrections performed




Number of sources
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Flux and z distribution (PRELIMINARY)
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Near Future

The eROSITA view of the Magellanic Clouds - Multi-wavelength coverage
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increases the census of AGN / X ray assocratrons behmd the

SUMIVIARY

e . Fmdmg AGN behrnd the I\/Iagellamc Cfouds is not easy current st
Magellanrc Clouds srgnrflcantly A .;;.: Srlanoids ¢

o Exrstrng hlgh confrdence AGN catalogues (HIVIQ/MILLIQUAS)
' contarns only a small fractlon of X ray assoc1at|ons o

., Identrfred candrdate AGN (81) and obscured hrgh Iumlnosrty quasars
(13 CT AGN candldates) ——> dedlcated foIIowup i

Impo ,ﬁ'-htffor reference sources in. the MCs for the astrometry
‘ ; \ "o’ ¢
reference catalogue for eROSITA = -

S .. Bnght AGN can be studled wrth eROSITA

o Detatled study of AGrN populatlon behmd the LMC Wlth eROSITA



LMC
eROSITA survey:
Complete coverage
Multiple coverage
Similar exposure
after 4 years as XMM




eROSITA survey of the Magellanic clouds

LMC

XMM survey:
245 AGNs selected with
X-ray associations




eROSITA survey of the Magellanic clouds

SMC
eROSITA survey:
* Complete coverage
* 8 surveys
* 4 ks exposure (XMM ~
20 ks)




eROSITA survey of the Magellanic clouds

SMC

XMM survey

Complete coverage
¥ 270 AGNS identified with
g X-ray associations




AGN behind the SMC as seen with eROSITA

Brightest AGN in detected in SMC, 5+2 telescopes, sdtq, after 4 years
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From XMM: Assuming homogenous

distribution~ 41 AGNs/ sq. degree




AGN behind the LMC as seen with eROSITA

Brightest AGN in detected in LMC, 5+2 telescopes, sdtq, after 4 years
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