AGN science
in the era of all-sky surveys (...or so)

M. Salvato (MPE)

For: COSMOS, CANDELS, LH, EGS, XUDS, STRIPE82X, ROSAT,
eROSITA, EMU, EUCLID, PS, SPIDERS, SPLASH, Athena and more




__The structure of the talk:

AGN: why bother ?
AGN: why do we need more !

AGN: how do we find them ?

The challenges that we face (a.k.a my work)

how ﬁ can help



AGN: just interesting or actually important ?

(cit: J. Miller)

Hubble Space Telescepe
Wide Field Planectary Camera 2

Interesting: A solar-region size up
to several hundred time brighter

than the entire galaxy
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Important: every galaxy
is/was/will be (?) an AGN

NGC 4486B @

log bulge stellar mass (solar)

Magorrian+98, Kormendi&Richstone95,
Nuker team
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AGN: A complete census is heeded but...

How do we find them!
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0.5-2 keV flux limit [cgs]
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it “‘simple’’: let’s start from X-ra
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d®/d logLy [h3, Mpc—® dex~!]
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Yet, even using
data combining the surveys we
are not able yet to disentangle

from different models

Miyaji+2015

See also e.g: Lehmann+01, Myiaji,Hasinger,Schmitt00, Hasinger+05, Gilli+07, Aird+10, Ueda+ 14,

Buchner+15, Gerogakakis+15,Vito+ 14, Fotopoulou+15



X-ray AGN: how do they evolve ?

Buchner+2015 (but see also Aird+15)
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... and at high redshift ?
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eROSITA coming to rescue in

the soft X-ray...

point sources
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... and in the hard X-ray

Compilation from Capelluti+09 and Mateos+08
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eROSITA on SRG: The mission

T 2 cROSITA
' MPE

Pl.: P Predhel
PS.: A. Merloni

Navigator
NPO Lavochkin

- eROSITA hardware mostly completed. Calibration/assembly/tests till ~NDecember
- Launch: Spring 2017 from Baykonour (Zenit+Fregat)

- 3 Months: flight to L2, verification and calibration phase

- 4 years: 8 all sky surveys eRASS:|-8 (scanning mode: 6 rotations/day)

- 3.5 years: pointed observation phase, including ~20% GTO. | AO per year
- Proprietary data rights shared 50/50 between MPE (Germany) and IKI (Russia)

German (MPE) half: proprietary period maximum 2 yrs Periodic Release of German all-sky data



The second ROSAT all-sky survey catalo Boller et al. 2015

~135000 sources down to a detection likelihood of 6.5:
e Additional Bright sources and less
e more reliable Faint sources

The largest and most reliable X-ray All-sky survey before eROSITA
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X-ray data alone are not enough

We need redshifts but:

Sources are rare and faint:
difficult to convince a TAC to use MOS for AGN only

FoV of Multi-Object spectrographs (MOS) are still small
(4MOST available only in 2021-2026)

Sources at high-z have the lines used for identification in the NIR: still few
MOS available at longer wavelength

Let’s use

BN photometric
< redshifts!

photo-z

.' ;\‘i‘.“."qn:“-. 3_-~... .

=« s Salvato+09, Salvato+1 |

spectro-z

specltro-z



How photometric-redshift works:

| | via SED fitting:
o1 } LU 1 based on a grid of
' | templates+extinction+redshift

0.01 F

0.001 F

for galaxies see e.g.:
Bolzonella+00, Wolf+04, lIbert+06,
Grazian+06, Dahlen+13 for a review

0.0001 F

Flux (arbitrary units)

1e-05 ki

106 L . . .
10000 100000
wavelength (Angstrom)

machine-learning: use a VERY large number of sources with precise

redshift, to guess the redshift of sources with the SAME photometric set
(see e.g. Budavari+, results from SDSS collaboration, Brescia+, Cavuoti+...)
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Normalized distribution

Lesson: every X-ray survey samples

different population of AGN
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Multi-wavelength coverage of wide area surveys:
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roach used for

does not work

revious surveys

X-ray detected sources

Point-like
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or varying?

yes

correction for
variability

o

Normal galaxies
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(Salvato et al. 2009)
4
with prior
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AGN-dominated
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¥
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Figure 8, Flow chart of the procedure adopted to compute photo-2 for Xeray-detected sources.
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Morphological analysis on ground-based

data is an issue. And P(z) will not help!
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Figure 2: GALMS, extended varying, mag absolute between -8 and -24



Then change strategy, from scratch

AO13 EXT VAR GALMS Galaxy shifts

!

We are getting there!

b ey work in progress
e (Ananna+ | 6)
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Figure 2: GALMS., -20 to-30, galaxy shifts



Variability will also be an issue

~25% of point like, isolated XMM-COSMOS sources are
varying in at least one band, in Pan-STARRS
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Assembling data over years:

bad idea...
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... but do we know which is the
right counterpart?

<Brusa+07
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X-ray to multi-wavelength

. 5 Salvato, Buchner + 2015
assocliation |
See also Pineau+ for ARCHES

 eROSITA positional error improved on ROSAT but still not optimal for a easy
multi-wavelength association

* New code:

e based on Budavari & Szalay (2008) expression of Bayesian approach on distance
e applicable to N catalogs simultaneously. with the

* possibility to use PRIORS (Magnitude, colors...)
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X-ray to multi-wavelength
Salvato+ 2015
association Dwelly+ 2015

 eROSITA positional error improved on ROSAT but still not optimal for a easy

multi-wavelength association
* New code:

e based on Budavari & Szalay (2008) expression of Bayesian approach on distance

e applicable to N catalogs simultaneously, with the

» possibility to use PRIORS (Magnitude, colors...) 11643 ROSAT ctp in DR12
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Association getting more difficult from

eRASS: | to eRASS:8

ROSAT eROSITA
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WISE gets too shallow for eROSITA: we need to find other
priors for increasing the probability to get the right counterpart:

P.S.:What will we do for Athena!???



Resolution will be a problem as well
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The Summary

eROSITA(2017+) and later ATHENA(2028+)

will deliver samples of AGN large enough to study evolution as a function
various properties, from z, to, L, N, Ms, SFR

However, we need to prepare for the challenges:

| )identify the counterparts
2)measure the redshift
3)decompose the SED

For you : There are opportunities for
developing new methods: get involved!
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Active Galactic Nuclei: what’s in a name?

To be held at ESO, Garching, June 27 - July 1, 2016
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