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• 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

Outline



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 -III 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 AllWISE mid-IR survey (Secrest et al. 2015), Half Million Quasars, 
MILLIQUAS (Flesch+15,+17)

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

Finding AGNs behind the Magellanic 
Clouds



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 

Ideally 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



AGNs separate cleanly from stars and other star forming galaxies 
in mid-IR color-space 

Mid-IR is insensitive to extinction.  Can pick out heavily obscured 
or even Compton-thick AGN. 

Hard X-rays (few keV ~10 keV) can also probe AGN activity & 
almost uncontaminated by star formation process;  & sensitive to 
all but the most absorbed AGN (NH >=1024 cm-2) (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) 

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

Using X-ray and IR for sample selection

Mateos+12: Selected 
using BUXS



SMC: ~6.67 deg2;  3.4 Ms 
148 XMM-Newton pointing (~ 20 
ks each pointing) 
4449 unique sources with at least 
one detection with detection 
likelihood ≧10 
2753 sources (94% ALLWISE + 
HMQ/MILLIQUAS) 
Also selected ALLWISE sources 
with good-quality & S/N≧ 3 in 
ALLWISE

X-ray selected AGN behind the SMC 

0.2-1.0 keV 
1.0-2.0 keV 
2.0-4.5 keV 



276 sources (probability of 
chance coincidence < 0.01) 
81 new candidates (S/N  ≧ 3 in 
ALLWISE) 
Used to perform astrometric 
corrections on pointings

X-ray selected AGN behind the SMC 

0.2-1.0 keV 
1.0-2.0 keV 
2.0-4.5 keV 



X-ray selected AGN behind the SMC Maitra et al.: AGNs behind the SMC

Table 2. AGN behind the SMC selected in this work.

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

Fig. 2. Mosaic image of all XMM-Newton observations used in the updated SMC survey. Red/green/blue: 0.2–1.0 / 1.0–2.0 / 2.0–4.5 keV intensities.
White circles denote the sources selected from Secrest et al. (2015), green circles those from the HMQ and MILLIQUAS survey (Flesch 2015,
2017), and red circles mark the 78 new AGN candidates which we identified. The magenta crosses indicate the candidates for obscured AGNs.
The circle radius is scaled with the uncertainty on the X-ray positions.

law spectral model with a photon index of 1.7 and a photo-
electric foreground absorption by the Galaxy of 6⇥1020 cm�2

(Sturm et al. 2013b). An additional obscuration of NH = 1021

cm�2 correspond to an increase in the absorption-corrected
luminosity of ⇠ 1% in the 2–10 keV energy range and 9% in
the 0.2–12 keV range. Similar factors corresponding to NH
= 1022 cm�2 are 8% and 30% respectively. We performed a
least-square polynomial fit to the data and derived a slightly
di↵erent relation than Stern (2015)

log Lx(0.2 � 12 keV) = 37.711 + 1.455x � 0.042x2,

where Lx is in units of erg s�1 and x ⌘ log(⌫L⌫/1041 erg266
s�1).267

3.1.3. X-ray Spectral characteristics268

The X-ray spectra of an AGN can typically be described by269
a power law with photon index of � ⇠ 1.75 (e.g. Tozzi et al.270

2006) and therefore show a hard X-ray spectrum compared 271
to Galactic stars. As shown by Sturm et al. (2013b), hard 272
X-ray sources can be selected e�ciently using the hardness- 273
ratio relation 274

8HR2 + 3HR3 > �3

or sources with HR2 > 0 if HR3 is not defined, due to lack 275
of statistics. Here, hardness ratios are derived by compar- 276
ing count rates in neighbouring XMM-Newton energy bands 277
(HRi = (Ri+1 � Ri)/(Ri+1 + Ri)). Here 1 ) (0.2–0.5) keV, 2 278
) (0.5-1.0) keV, 3 ) (1.0–2.0) keV, 4 ) (2.0-4.5) keV and 279
5 ) (4.5–12.0) keV. We extracted this information for the 280
AGN sample and plotted the HR2-HR3 hardness-hardness 281
diagram as shown in Fig. 6. We found that almost all the 282
sources (except a few with very large error bars) lie within 283
the specified region for AGNs in the HR2-HR3 plane pre- 284
scribed in Sturm et al. (2013b). This further validated the 285
robustness of our selection. 286
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From XMM: Assuming homogenous 
distribution~ 41 AGNs/ sq. degree
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Out of 148 XMM-Newton pointings, 9 could not 
be astrometrically corrected due to lack of 

reference sources; others >= 3 sources in the 
field

Astrometric boresight corrections of the 
SMC fields



Flux and z distribution

median flux is 7 x 
10-14 erg cm-2 s-1

median redshift is 1.06 
14 with z >=2

z information from HMQ, 
MILLIQUAS, very few from 
ALLWISE (only 29 out of 90)
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Luminosity distribution in X-rays and mid-
IR

Maitra et al.: AGNs behind the SMC

Fig. 5. Comparison of X-ray (0.2-12 keV, in red) and mid-infrared (6µm,
in blue) luminosity shown in Fig. 4. The blue line denotes the X-ray-
mid-IR luminosity relation from Stern (2015). The blue dot marks the
candidate for obscured AGN in the sample. The green line denotes the
relation derived from this work for the current sample.
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Fig. 6. Top: Hardness ratio diagram for the AGN sample. The dashed
line defines the spectral classification criterion in HR3 vs. HR2 by
Sturm et al. (2013b). Bottom: Same as the left figure. The solid wedge
and the dashed line defines the selection criteria for highly obscured
AGNs in Brightman & Nandra (2012).

3.2. Correlation with the SMC X-ray point source326
catalogue from 2013327

We correlated our sample with the SMC point source cat-328
alogue of Sturm et al. (2013b) which is based on a subset of329
the observations used for this work. We found that 201 of our330

276 sources are included in the catalogue. Forty of them were 331
already classified as AGNs. The remaining sources were ei- 332
ther unclassified or candidate AGNs. Our work further vali- 333
dates the candidate sources as real AGNs. Only eight were in- 334
cluded in the sample of AGNs with radio associations (Sturm 335
et al. 2013a). The very small overlap between the sample 336
selected from radio associations, and the present selection 337
methods indicate that they are perhaps sensitive to di↵erent 338
populations of AGNs (blazars and radio galaxies vs. Seyfert 339
galaxies). 340

3.3. Identification of near-infrared counterparts 341

It is well known that the AGNs are prominent in the near- 342
infrared band, and their variability can be used to identify 343
them (e.g. Edelson et al. 1987). 344

These two considerations prompted us to cross-identify 345
our objects with the point source catalogue of the VISTA 346
(Visual and Infrared Survey Telescope for Astronomy; 347
Emerson et al. 2006) Survey of the Magellanic Clouds sys- 348
tem (VMC; Cioni et al. 2011). VMC is an ESO public survey, 349
carried out with a wide-field near-infrared camera VIRCAM 350
(VISTA InfraRed CAMera; Dalton et al. 2006), mounted at 351
the European Southern Observatory’s (ESO) VISTA 4.1 m 352
telescope. More information about the telescope, the data 353
flow system and the archive access to the data is given in 354
Irwin et al. (2004); Emerson et al. (2004, 2006); Cross et al. 355
(2012) and, Cioni et al. (2011) provides a detailed description 356
of the VMC’s observing strategy. In short, the VMC covers 357
184 deg2 around the Magellanic Clouds, Bridge and Stream, 358
down to Ks=20.3 mag (S/N⇠10; Vega system) in three epochs 359
in the Y and J, and in 12 epochs (each of which consists of two 360
or more individual pawprint observations) in the Ks band, 361
spread over a year or longer. 362

At first we searched for the closest matches within 300 for 363
our 276 sources with the VMC Data release 4 and identi- 364
fied 274 matches. To evaluate the probability for random co- 365
incidence we repeated the search after moving the source 366
coordinates 30 to the east, and found 187 matches – these 367
constitute a reference sample. The colour-colour diagram of 368
the infrared counterparts with detections in all three bands 369
is shown in Fig. 7. The inset shows histograms of the angu- 370
lar separation for the main and for the reference samples. 371
Apparently, the cross-identifications with separations 0.500 372
are secure, and the random coincidences dominate the larger 373
separations. Therefore, we adopt 0.500 as a final matching ra- 374
dius in our X-ray to VMC cross correlation and the subse- 375
quent analysis. This limit guarantees virtually zero contami- 376
nation, as can be seen from the separation histogram (Fig. 7, 377
inset panel). Another conclusion we draw from this diagram 378
is that the reference sample consists mostly of stars, which 379
is clear from the similarity of the locus it occupies with the 380
stellar locus in Fig. 2 from Cioni et al. (2013). The location of 381
the counterparts strongly supports the AGN nature. 382

Next, we extracted from the VMC catalog the light curves 383
for all the identified counterparts. For each light curve we 384
calculated a linear fit of the KS magnitude versus time – this 385
is a simple parametrisation of the objects’ variability, follow- 386
ing Cioni et al. (2013) and Ivanov et al. (2016). The proper- 387
ties of the light curves of the target and reference samples are 388
summarised in Fig. 8. Clearly, the identified counterparts are 389
more variable than a randomly selected sample, as expected 390
for a sample dominated by AGNS – in good agreement with 391
the results of Cioni et al. (2013) and Ivanov et al. (2016). Note 392
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Stern+2015 (X-ray to MID-
IR relation at 2-10 keV)X-ray luminosities found systematically 

lower than predicted: presence of X-
ray obscuration? 

Addition obscuration of NH ~1021 & 
1022 cm-2 decreases flux by 9% and 
30% in the energy range of 0.2-12 keV

Red: 0.2-12 keV 
X-ray 
Blue: (νLν) 6 um 
IR luminosity: 
unbiased 
estimate of true 
luminosity



X-ray spectral characteristics

HRi=(Ri+1 - Ri)/(Ri+1 + Ri)
8HR2 + 3HR3 > -3 (Sturm+13)
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Brightman & Nandra+12 criterion for 
obscured AGNs: 
20 sources identified (13 satisfy criterion for 
Compton-Thick AGNs, 1 z =2.18) 

Identification 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). 

obscured AGN



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")

sources overlayed on VMC 
color-color diagram 

(Cioni+13)

Maitra et al.: AGNs behind the SMC

Fig. 7. VMC colour-colour diagram. The lines follow Cioni et al. (2013)
and show regions where: known quasars (upper left of the dashed black
lines) and planetary nebulae (left of the green wedge) were found. Our
objects are marked with red circles if they are newly identified, green
squares if they were identified in the WISE data, or blue triangles if
they were present in the HMQ/MILLIQUAS. The symbols are open
if there has been no spectroscopic follow up, and solid if the objects
have known redshifts from spectra. The reference sample is plotted with
black crosses. The inset shows histograms of the angular separations
between the objects and their counterparts for our sample (red) and for
the reference sample (black).

that the di↵erence in the slopes is apparent if we only con-393
sider objects observed with at least 15 epochs. Our exper-394
iments with the slopes indicated that a smaller number of395
observations produces less than reliable slopes.396

The counterparts of our sample tend to be brighter than397
the counterparts of the reference sample. The later conclu-398
sion accounts, at least partially, for the larger number of399
epochs of the counterparts to “real” objects than for the400
counterparts to the “random” objects. Finally, we note that401
no constraint was imposed on whether the VMC matches402
are point-like or extended. This was motivated by the fact403
that some of the confirmed low redshift quasars in Ivanov404
et al. (2016) were classified as extended, e.g. the VMC has405
enough spatial resolution to see the host. Furthermore, back-406
ground quasars can be contaminated by imperfectly aligned407
forgreound VMC stars, giving the quasars an extended ap-408
pearance.409

3.4. Multi-wavelength properties410

To investigate the distribution of the sources in the mid-411
infrared (ALLWISE) and near-infrared (VISTA) parameter412
space as a function of the total X-ray flux (0.2-12 keV) and413
the infrared (ALLWISE and VISTA) magnitudes, we plot-414
ted colour-colour diagrams as shown in Figs. 9 and 10. We415
found that the sample is homogeneously distributed within416

the ALLWISE (x ⌘ log ( f 12µm)
( f 4.6µm) versus y ⌘ log ( f 4.6µm)

( f 3.4µm) ) and417

VISTA (Y � J and J � K) colour-colour space as a function418

of their X-ray fluxes and the ALLWISE and VISTA magni- 419
tudes. From Fig. 9 it can be seen that most of the sources 420
are clustered around x = 0.4 � 0.5 and y = 0.1 � 0.2 consis- 421
tent with Mateos et al. (2012). A positive correlation is ob- 422
served between the integrated X-ray flux (0.2-12 keV) and 423
the ALLWISE and VISTA magnitudes. From Fig. 11 it can 424
be seen that the brightest objects in X-rays correspond to the 425
brightest objects in W1, W2 and W3 bands of the ALLWISE 426
data, and the Y , J, and Ks magnitudes in the VISTA data. 427

3.5. Identification of new candidates 428

We identified 81 new AGN candidates from a sample that 429
was selected using the ALLWISE mid-infrared selection cri- 430
teria of Mateos et al. (2012) albeit with a lower S/N of 3, and 431
had a corresponding X-ray association. This sample is not in- 432
cluded in any of the large all-sky AGN catalogues of Secrest 433
et al. (2015) and Flesch (2015, 2017). To ensure that they 434
have not been reported previously, we searched within 300 of 435
all the source positions in the VizieR database3. We found 436
that for 31 of the 81 sources, the corresponding ALLWISE 437
counterparts were identified in the ARCHES (Astronomical 438
Resource Cross-matching for High Energy Studies) database 439
(Motch et al. 2016) although source classification was not 440
performed. 22 of the 31 were however included in Kozłowski 441
& Kochanek (2009) as AGN candidates. This makes 59 new 442
sources catalogued as AGN candidates for the first time. 443
The X-ray, mid-infrared and near-infrared colours of the 444
sources, as well as the variability in the near-infrared band 445
strongly indicate their validity as AGN and the level of con- 446
tamination is likely to be almost negligible. The new can- 447
didates therefore make a very promising subset for optical 448
spectroscopic follow-up and are listed in Table A.1. 449

3.6. Comparison of the sample with the expected 450
population of AGN 451

Seventy-one percent of the point sources detected in the SMC 452
X-ray point-source catalogue are expected to be AGN behind 453
the SMC (Sturm et al. 2013b). This implies that ⇠ 3158 of the 454
4449 detected unique sources are AGN. Our identification 455
of 276 sources constitute only a small fraction of the entire 456
expected population. This can be attributed to the limitations 457
of the selection criterion used in this work as well as the data 458
sets which were used for the identification of the sample. 459

The AGN selection wedge was defined using the Bright 460
ultra-hard XMM-Newton survey (BUXS). This is one of the 461
largest complete flux-limited samples of bright (flux between 462
4.5–10 keV > 6.0⇥10�14 erg cm�2 s�1) and ultra-hard (4.5–10 463
keV) X-ray selected AGN. The sample selected in this work is 464
heavily biased towards these properties of the AGN which is 465
evident by the fact that the median flux of the sample is very 466
close to the BUXS value. Mateos et al. (2012) further noted 467
that the selection completeness was significantly smaller for 468
type 2 AGN at X-ray luminosities (2–10 keV ) < 1044 erg s�1 469
than type 1 AGN. This is mainly attributed to di↵erent lu- 470
minosity distributions for the two classes of AGN, with type 471
2 being intrinsically less luminous. Further a sharp decrease 472
in the X-ray detection fraction of ALLWISE objects are ex- 473

pected at log ( f 12µm)
( f 4.6µm) & 0.7 � 0.8. This is also seen in our sam- 474

ple (Fig. 12), when comparing the AGN identified using the 475

3 http://vizier.u-strasbg.fr/
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Near-IR variability

Variability pattern in the near-IR 
band can be used to identify AGN 
(Cioni+13, Ivanov+16) 
Multi-epoch Ks band data 
Reference sample less variable 
and less luminous

Maitra et al.: AGNs behind the SMC

Fig. 8. Properties of the VMC KS band light curves for the counterparts to our targets (red solid line) and of the light curves to the counterparts
to the reference sample (black dotted line). The top panel shows histograms of the linear fits’ slopes for objects with 15 or more epochs, so only
reliable slopes are considered in the comparison. The black dashed line is the same as the black dotted, but scaled to match the level of the first
bin. The middle panel shows histograms of the number of available KS epochs, and the bottom panel – the KS band apparent luminosity functions.

ALLWISE criterion in this work with the entire sample of476
ALLWISE sources identified within the area of the XMM-477
Newton survey which fulfilled the criterion of Mateos et al.478
(2012).479

In order to illustrate the limitations of the data sets which480
were used for the identification of the sample, we correlated481
the sample of AGN candidates from Sturm et al. (2013b)482
which were not confirmed in this work, with the ALLWISE483
catalogue (using sources with S/N � 3 in W1, W2 and W3484
bands & cc flags ==‘0000’). Out of 1989 sources only 134485
were found to have a secure ALLWISE counterpart (shown486
in Fig. 12). The small fraction of the AGN candidates iden-487
tified with an ALLWISE counterpart is consistent with the488
fact that only 276 AGN were identified when correlating the489
entire unique source list of the XMM-Newton SMC survey490
with the ALLWISE catalogue. The most intriguing point is491
that almost all of these sources overlap with the horizontal492
sequence of normal galaxies in the ALLWISE colour-colour493
space. This points to the fact that most of these sources be-494
ing at the faint end of the X-ray flux (near the detection limit495
of the XMM-Newton survey) may have contribution from the496
host galaxy in the mid-infrared emission, so that they fall497
outside the selection wedge and overlap with normal galax-498
ies (Mateos et al. 2012; Mountrichas et al. 2017, and refer-499
ences therein). This is further ascertained in Fig. 11 which500
shows that the new AGN candidates which are identified in501
this work selected albeit a lower S/N threshold, tend to be502
intrinsically less luminous sources which lie near the detec-503
tion thresholds in both the X-ray and infrared bands. As504

the correlation between the X-ray and infrared bands is not 505
very tight, it is possible that many of these sources fall below 506
the detection threshold in the ALLWISE bands even though 507
they are at the detection threshold in the X-ray band. This is 508
supported by the very small fraction of ALLWISE counter- 509
parts identified for the AGN candidates from Sturm et al. 510
(2013b). We further searched for the ALLWISE counter- 511
parts of the 58 sources exclusively selected from the HMQ 512
and MILLIQUAS catalogue using the same criteria as above. 513
Only 10 sources were found to have a secure ALLWISE 514
counterpart, plotted in Fig. 12. As in the case of AGN can- 515
didates from Sturm et al. (2013b), all of these sources lie in 516
the horizontal sequence of normal galaxies in the ALLWISE 517
colour-colour space. This is in further support of the fact 518
that not all AGN lie with the ALLWISE selection wedge of 519
Mateos et al. (2012). 520

4. Summary & Conclusions 521

In this paper we present a catalogue of 276 AGNs behind 522
the SMC by correlating an updated X-ray point source cat- 523
alogue of the XMM-Newton SMC survey with already known 524
AGNs from literature or are selected using ALLWISE mid- 525
infrared colour criteria. Ninety sources in the sample have 526
confirmed redshifts, and the redshift distribution indicates 527
that we detect sources from nearby Seyfert galaxies to dis- 528
tant quasars. We investigated the X-ray luminosity distribu- 529
tion (not corrected for absorption) of the sources and com- 530
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Multi-wavelength properties
Maitra et al.: AGNs behind the SMC

Fig. 9. Scatter plots showing the distribution of the sample in the ALLWISE two-colour selection plane (Mateos et al. 2012). x ⌘ log ( f 12µm)
( f 4.6µm) and

y ⌘ log ( f 4.6µm)
( f 3.4µm) . X-ray flux (Fx) is in units of 10�11 erg cm�2 s�1 in the energy range of 0.2-12 keV.

pared it with the infrared luminosity distribution (both in531
the rest-frame).532

We identified near-infrared counterparts of the sources533
from the VISTA database, and confirmed that the VISTA534
colours and variability are compatible with that expected535
from AGNs. We also confirm that the X-ray hardness ra-536
tios are compatible with that expected typically for AGNs.537
The above two results validate the robustness of our selec-538
tion. We found the sources to be homogeneously distributed539
in the ALLWISE and VISTA colour-colour space where the540
AGNs are expected to be located. A positive correlation was541
observed between the integrated X-ray flux (0.2-12 keV) and542
the ALLWISE and VISTA magnitudes.543

The sample contains 81 newly identified candidates (with544
59 being introduced for the first time as AGN candi-545
dates) which were selected using the ALLWISE mid-infrared546
colours but with a lower S/N criterion than used by Secrest547
et al. (2015). We also identified possible candidates for dis-548
tant obscured quasars behind the SMC. All of these make549
a very promising subset for optical spectroscopic follow-up550
to confirm the nature of the sources, and/or X-ray spectral551
analysis to determine the degree and nature of obscuration552
towards the source.553

In this work ⇠ 75% of the sources are identified using554
mid-infrared colour selection criteria. This technique is very555
useful in finding the most luminous and obscured AGNs.556

However, the sample is expected to be incomplete at lower 557
luminosities where the contamination from the host galaxy 558
begins to dominate and renders the mid-infrared colours 559
bluer so that they fall outside the selection wedge (Mateos 560
et al. 2012; Mountrichas et al. 2017, and references therein). 561
Therefore, we possibly miss the faint AGNs using these crite- 562
ria which become indistinguishable from star forming galax- 563
ies. 564
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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 I AGN than type II



Completeness of the sample

Maitra et al.: AGNs behind the SMC

Fig. 11. Plots showing the relation between the X-ray flux and the ALLWISE and VISTA magnitudes. X-ray flux (Fx) as in Fig. 9. Blue dots mark
the new candidates identified in this work.

Fig. 12. Distribution of sources in the ALLWISE two-colour selection
plane (Mateos et al. 2012). x ⌘ log ( f 12µm)

( f 4.6µm) and y ⌘ log ( f 4.6µm)
( f 3.4µm) . Blue cir-

cles are 218 AGN identified using the ALLWISE criteria. Green crosses
are all ALLWISE sources identified within the XMM-Newton survey
area which fulfilled the criterion of Mateos et al. (2012). Red circles are
AGN candidates from Sturm et al. (2013b) which were found to have
an ALLWISE counterpart. Cyan stars are HMQ/MILLIQUAS sources
which were found to have an ALLWISE counterpart.

12

x≣log(f12um)/(f4.6um) & y≣log(f4.6um)/
(f3.4um)

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
Cyan: ALLWISE 
counterparts of HMQ 
selected sources
10 matches out of 58

Horizontal sequence of 
normal galaxies in the 
ALLWISE colour-colour 
space 



Completeness of the sample

Blue: new candidates: faint sources : Many 
sources near the detection thresholds 

missed?

Maitra et al.: AGNs behind the SMC

Fig. 11. Plots showing the relation between the X-ray flux and the ALLWISE and VISTA magnitudes. X-ray flux (Fx) as in Fig. 9. Blue dots mark
the new candidates identified in this work.

Fig. 12. Distribution of sources in the ALLWISE two-colour selection
plane (Mateos et al. 2012). x ⌘ log ( f 12µm)

( f 4.6µm) and y ⌘ log ( f 4.6µm)
( f 3.4µm) . Blue cir-

cles are 218 AGN identified using the ALLWISE criteria. Green crosses
are all ALLWISE sources identified within the XMM-Newton survey
area which fulfilled the criterion of Mateos et al. (2012). Red circles are
AGN candidates from Sturm et al. (2013b) which were found to have
an ALLWISE counterpart. Cyan stars are HMQ/MILLIQUAS sources
which were found to have an ALLWISE counterpart.
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LMC: ~13 deg2 
321 XMM-Newton 
pointings  
245  sources 
identified  
astrometric 
corrections performed

X-ray selected AGNs behind the LMC 

0.2-1.0 keV 
1.0-2.0 keV 
2.0-4.5 keV 



Flux and z distribution (PRELIMINARY)

median flux is 7 x 
10-14 erg cm-2 s-1
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median redshift is 1.1 
19 with z >=2

From XMM: Assuming homogenous 
distribution~ 19 AGNs/ sq. degree



Near Future



SUMMARY

Finding AGN behind the Magellanic Clouds is not easy..current study 
increases the census of AGN / X-ray associations behind the 
Magellanic Clouds significantly

Existing high confidence AGN catalogues (HMQ/MILLIQUAS) 
contains only a small fraction of X-ray associations

Identified candidate AGN (81) and obscured high luminosity quasars 
(13 CT AGN candidates) ——> dedicated followup

Important for reference sources in the MCs for the astrometry 
reference catalogue for eROSITA 

Bright AGN can be studied with eROSITA,

Detailed study of AGN population behind the LMC with eROSITA



eROSITA survey of the Magellanic clouds

9.6 ks

12.5 ks

15.4 ks

18.3 ks

24 ks

30 ks

         LMC
     eROSITA survey:
• Complete coverage
• Multiple coverage
• Similar exposure  

after 4 years as XMM



9.6 ks

12.5 ks

15.4 ks

18.3 ks

24 ks

30 ks

eROSITA survey of the Magellanic clouds

         LMC
     XMXMM survey:
• 245 AGNs selected with 

X-ray associations



24 ks

30 ks

4.0 ks

3.9 ks

         SMC
     eROSITA survey:
• Complete coverage
• 8 surveys
• 4 ks exposure (XMM ~ 

20 ks)

eROSITA survey of the Magellanic clouds



24 ks

30 ks

4.0 ks

3.9 ks

         SMC
    XMM survey
• Complete coverage
• 270 AGNS identified with 

X-ray associations

eROSITA survey of the Magellanic clouds
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From XMM: Assuming homogenous 
distribution~ 41 AGNs/ sq. degree



AGN behind the LMC as seen with eROSITA

        5 X 200nmAI_200nmPI
        2 X 100nmAI_200nmPI
 

flux ~ 3 x 10-12 erg cm-2 s-1 Γ=1.88 
± 0.09

2 x 0.11 c/s ;  5 x 0.10 c/s
500 s  visit: 360 counts

after 4 years: 14400 counts
median flux of the sample ~ 10-14 

erg cm-2 s-1 : 144 counts
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