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Outline

* Obscured AGN and how to identify them.

* XMM-Newton catalogue data: X-ray colors vs automated
spectral fitting.

* Chandra deepest survey: MIR to optical flux ratio selection,
automated spectral fitting, and Bayesian approach to derive
the CT fraction.

* BUXS: MIR and X-rays to infer the CT fraction.@
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Compton-Thick AGN

* Most of the accretion in the universe is obscured, sometimes by
extreme column densities over 1024 cm-2, the Compton-Thick (CT) AGN.

* Detecting and characterizing this population is key to study the growth
of SMBH across cosmic time and galaxy/SMBH co-evolution.

* There are several multi-wavelength techinques so search for CT AGN,
but X-rays remain the most capable of ensuring their CT nature either
by measuring these large column densities directly form their X-ray
spectra, or by the detection of a high EW Fe K, line.
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Challenges

* High SNR needed and/or high energy (>10 keV) coverage to constrain N,,.

* Even at high SNR: results are (very) model dependent and even multi-
epoch observations can be necessary (see for example Yagoob 2012, Liu et

al. 2015).
: mytdrus(Murphy&Yaqoob 2009)
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AIMms

* To develop/optimise X-ray selection techniques for obscured
AGN, and especially CT AGN, that fulfill:

— Can be apply to large samples.

- Low to medium quality spectra.

— As less model dependent as possible.
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XMMFEITCAT/XMMPZCAT/XMMFITCAT-Z

* XMMFITCAT (Corral+15): A catalogue of spectral-fitting results for more than
100,000 sources within the XMM-Newton Serendipitous Source Catalogue.
Current version of XMMFITCAT uses 3XMM-DRY: ; )
http://xraygroup.astro.noa.gr/Webpage-prodex/ 1

* XMMPZCAT/XMMFITCAT-Z (Ruiz+18): photo-zs, and Z-fits.';_
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http://xraygroup.astro.noa.gr/Webpage-prodex/

XMMFITCAT: Highly absorbed candidates

* Sample: ~ 1000 AGN with spectroscopic redshifts from 3XMM/SDSS-DRY.

* Fourinitial selection criteria based on automated spectral-fitting results.
— FLATH:I'<1.4in 2-10 keV rest-frame, FLATA: I'<1.4, HABS: N, > 5x1023 cm-
2, HEW: EW > 500 eV

* Manual testing (most SDSS CT’s are well studied).

* Results:
FLATH+HABS/FLATH+HEW: 80% efficiency in selecting obscured AGN. But
difficult to estimate how many we are missing (~ 10% from literature).
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XMMFITCAT: Highly absorbed candidates

* Selection reliability:

- Automated fits and hardness ratios (Brightman&Nandra 2012; Iwasawa

2012) similar efficiency, but by using hardness ratios more low N, AGN
are included within the highly obscure wedges.

— Both methods cannot separate CT from highly obscured, and some CT
still missed.

* Next: technique to pinpoint all CTs, and not classify CT AGN.
Also, derive the CT fraction.
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Chandra Deep Field South (CDF-S)

* Deepest X-ray observation to date
— XMM-Newton 3Ms

catalogue: Ranalli+13
— Chandra 7Ms

catalogue: Luo+17

* To ensure a spectral quality as good
as possible, we restricted this
analysis to the sources detected the
hard (2-8 keV) band in the 2Ms
(Luo+08).

* Simit(2-8 keV) ~ 1.3x10-16 erg cm-2 s-1

CDF-S 7TMs Chandra image (E. Pouliasis)
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* Many previous works on CT AGN in the CDF-S: Tozzi+06, Comastri+11
Georgantopoulos+13, Buchner+14, Brightman+14, Liu+17...

* Three analyses/approaches to CT AGN in the CDF-S:

— Take advantage of the multi-wavelength coverage to study DOGs.

- Use the 7Ms unprecedented data quality to improve the automated
selection technique.

— Derive the CT fraction by using N,, probability distributions instead of
best-fit values.
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CDF-S: Dust Obscured Galaxies (DOGs)

* Selection based on f,,,,/fz>1000 supposed to select CT AGN.

* Tested by using deep Chandra and XMM-Newton data
(Corral+16).

* SEDs form optical to far-IR + X-ray spectral fits.

* Results: Including X-ray not detected DOGs, CT fraction <
44% among all DOGs. Caution: flat spectra can come form
only moderate absorption.
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CDF-S: X-ray sample

* 265 sourcesin Luo+08 hard sample 257 with redshifts

(177 spectroscopic, 81 photometric, Hsu+14)
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CDF-S: Highly absorbed selection

* Pinpoint highly absorbed sources by using simple-model parameters: (high) N,,, (flat)
photon index 2-10 keV (rest-frame and observed), (high) line EW.

* Parameters’ range optimised from simulations:
— Compton-thin: plcabs (Yagoob+97)

— Compton-thick: mytorus (Murphy&Yaqgoob+09)

» Selection/simulations: we don’t miss any CT AGN, most are highly absorbed (N,,> 102
cm?-2, 90% efficiency ) , but some are not.

* Applying this to the CDF-S sample we select 59 highly absorbed
candidates.
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* Following Akylas+16:

0.03
—

Fit a torus model, using Bayesian inference

and MCMC to derive P(CT).

0.02
—

Probability Density

0.01
—

* We do not classify sources as CT.

36 of selected candidates have
probabilities > 5% (20 with
P(CT) >90%).

Effective number of CT = 27.
BUT: from the simulations we
could be missing up to 14%
for sources with <100 counts
in the hard band: 6 sources.
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CDF-S: Number density

We build the logN-logS for our 36 candidates weighting them by their P(CT)
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We used simulations to estimate how Akylas et al. 2012: 15% CT + 5% reflection
many we missed because of data Akylas et al. 2012: 25% CT
quality. Ueda et al. 2014
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* Improved automated selection, efficient but high still unable
to separate CT from highly absorbed AGN.

* Moderate fraction of CT < 25%, but not X-ray detected AGN
are not being considered, only the ones missed because of
data quality (dominant factor).
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BUXS: Bright Ultra-hard XMM Survey (

* Sample: 252 non-BL Lac AGN with spectroscopic redshifts
(98% spectroscopic identification rate):

+ 172 optical type 1 AGN N
/A 80 optical type 2 AGN g . ! o
* Flux limited sample: 3 |
fio10 1y = 6X104ergcm2s -1 Eg'
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BUXS: torus and luminosity (

* Does the (intrinsic) fraction of obscured AGN decrease with luminosity?

* 199 BUXS AGN (z<1):

— Distributions of covering factors (f,) for each AGN.

— Optical type V2 classification.

 f,combined over the total AGN population == intrinsic type 2 AGN fraction
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The intrinsic fraction of type 2 AGN ~ 60%

The luminosity dependence of the covering factor
is much weaker than previously thought.

Upper limit in the CT AGN fraction ~37 %
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BUXS: X-ray classification

* Aim: to derive the intrinsic type 2 fraction by using the full N, probability
distribution instead of a binary type 2 optical classification.

* Optimised automated fits: Applied Bayesian inference to the X-ray
spectral fits, and to the best-fit model selection, and MCMC to derive
posterior distributions of all variable parameters.
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summary

* | have developed several selection techniques in X-rays to
identify highly absorbed and CT AGN based on simple automated
fits that can be applied to low quality spectra: 90% efficiency.

* To reduce the model dependence, we replaced CT classification
by P(CT): CT fraction ~ 25%.

* Work in progress: to use a full Bayesian approach to combine {2
and NH distribution to derive the intrinsic type 2 (and CT) AGN

fraction.
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XMMFITCAT: Highly absorbed candidates

* Comparison with hardness-ratio selections of Brightman & Nandra (2012)
and lwasawa (2012).
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