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Chandra Deep Field South:  
The deepest X-ray image of the sky ever taken (Xue et al. 2011) 

Every dot is a (supermassive) black hole! 

Accreting black holes
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Comastri & Setti 1995; Gilli+2007; Treister+ 2009; Akylas+ 2012; Aird+ 2015 
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X-ray luminosity function

Merloni, AGN13, 10/2018 

Aird et al. 2015;   
See also Ueda et al. 
2014; Buchner et al. 
2015 Myiaji et al. 2015 

-  Explore a wide range in Luminosity AND redshift 
-  Understand selection function and absorbing column distribution 
-  Combine different surveys 
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SMBH growth broadly traces 
evolution of Star Formation Rate in 

galaxies 

Aird et al 2015; Ueda+ 2003; Marconi+ 2004; Merloni & Heinz 2008; Ueda+ 2014; 
Delvecchio+ 2014; Buchner+ 2015; Myiaji+ 2015, Merloni 2016, etc. 
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Most SMBH growth in radiatively 
efficient flows (Soltan argument) 
and behind a veil of obscuration 

BH accretion history
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Hickox & Alexander (2018) 

BH census, matter of contamination
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AGN selection basics: contrasts
Assume: (1) MBH/M*=A0 ; (2) logSFR = α(z)(logM∗ −10.5)+β(z) 

Hopkins+ 2009  
Merloni (2016) 

(BH-galaxy scaling relation) (“Main sequence” of star formation) 
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λ	  = Eddington ratio 



AGN selection basics: contrasts
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Cri$cal	  Eddington	  rate	  
[M*=105	  Msun]	   “visible	  

frac$on	  

z=0	   z=1	  

X-‐ray	   ≈	  2*10-‐5	   ≈	  2*10-‐4	   ~	  80%	  	  

Radio	  (ηj=ε)	   ≈	  3*10-‐5	   ≈	  2*10-‐4	   ALL?	  10%?	  

MIR	   ≈	  0.015	   ≈	  0.13	   ALL	  

Opt/UV	   ≈	  0.025	   ≈	  0.2	   <50%	  
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Optical/NIR mixing diagram

Hao et al. 2012;  
Bongiorno et al. 2012 
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Galaxy dominates 

AGN dominates 
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Radio mixing diagram
Ching et al. 2016 

Merloni, AGN13, 10/2018 

LARGESS data catalogue and optical spectroscopy 23

Figure 14. The (gmod − imod) colour as a function of redshift for the LERGs (red open circles), HERGs (blue open triangles), AeB
objects with strong, broad Balmer emission lines (cyan open inverted triangles) and contours for SF galaxies. We show the tracks of two
LRG models from (Wake et al. 2006) (model 1, green dashed line; model 2, grey dash-dot line; see text for details) and median observed
colours for QSOs (dotted line) with iPSF < 18.0 from the SDSS DR3 QSO catalogue (Schneider et al. 2005; Croom et al. 2009) on this
plane. All three classes of radio galaxies have different spectral energy distributions (SEDs). The distribution of colour with redshift for
AeB sources are quite flat with redshift suggesting a power-law SED, which is consistent with them following the QSO track. LERGs
tend to follow the LRG track. The HERGs lie somewhere in between the LERG and AeB classes.

The LERGs in our sample are typically the reddest ob-
jects at all redshifts, with redder (gmod − imod) colours at
higher redshift. This is consistent with most LERG hosts
being galaxies with an old, passively-evolving stellar popu-
lation, i.e. Luminous Red Galaxies (LRGs; Eisenstein et al.
2001). Figure 14 also shows colour-redshift tracks for the
two LRG models used by Wake et al. (2006) and derived
using the Bruzual & Charlot (1993) stellar population syn-
thesis code. Model 1 (green dashed line) is for a single 10
Gyr starburst, and evolves passively without any further
star formation. Model 2 (grey dash-dot line) has 95% of the
final mass in a single burst and 5% as a continuous level of

star formation. Most LERGs lie near or in between these
tracks, though a few LERGs scatter to much redder and
bluer colours (especially at higher redshift) than models 1
and 2 respectively.

The HERGs generally lie in between the colours of the
AeB and LERG classes at all redshifts, with bluer colours
than the LRG model 2 and redder colours than typical
QSOs. There are several plausible reasons why HERG host
galaxies might have bluer optical colours than LERG hosts
at the same redshift:

(i) Some optical light may come from a blue AGN con-

MNRAS 000, 1–35 (2016)
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XMM-COSMOS AGN

Bongiorno et al. 2012;	  	  
Brusa+ 2010; Salvato+ 2009; Lusso+ 2011, 2012; Merloni+ 2014 

Merloni, AGN13, 10/2018 

•  1555 X-ray selected AGN (XMM; flim~ 5×10-16[0.5-2]; 3×10-15[2-10]) 
•  100% redshift complete (54% specz; 46% photoz) 
•  602 Unobscured (71% specz); 953 Obscured (42% specz) 
•  Parent sample ~200k IRAC galaxies (photoz, M*; Ilbert et al. 2010) 

•  Uniquely rich multi-
wavelength photometry 
used to decompose 
AGN and host galaxy 
light in SED fitting 
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Specific accretion rate distributions

Merloni, AGN13, 10/2018 

AGN fraction at fixed LX/M* ~independent on galaxy 
mass! Normalization increases as ~(1+z)4 [cfr. sSFR 
density]. Break consistent with ~Eddington limit? 

SLOPES ~ -1 

“Specific Accretion rate” (Aird et al. 2012) 
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Eddington rate functions

Georgakakis et al. 2017; Aird et al. 2017, see also Bongiorno et al. 2016 

Merloni, AGN13, 10/2018 
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Figure 6. Specific accretion-rate distribution, P (�, z) of AGN across the full stellar mass range considered in the paper, logM/M� =
8 � 13. Each panel corresponds to a di↵erent redshift interval, z = 0.0 � 0.5, 0.5 � 1.0, 1.0 � 1.5, 1.5 � 2.0, 2.0 � 3.0, 3.0 � 4.0. The
mean redshift of each bin is labelled on each panel. The blue hatched regions are the non-parametric observational constraints on P (�, z)
from the analysis presented in this paper. The extent of the blue hatched regions correspond to the 5th and 95th percentiles of the
P (�, z) probability distribution function. The parametric specific accretion-rate distribution estimated by Aird et al. (2012) is also shown
with the red line. This relation applies to z <⇠ 1 and therefore we choose not not extrapolate beyond z > 1.5. The black line shows the
power-law fits of Bongiorno et al. (2012) to their AGN samples in the redshift intervals 0.3� 0.8, 0.8� 1.5 and 1.5� 2.5.

Figure 7. Same format as Figure 6. The red hatched histogram in each panel is the specific accretion-rate distribution of the lowest
redshift bin, z = 0.0� 0.5. This relation is shifted upwards by the logarithmic o↵set marked in each panel under the redshift label. The
o↵set is not estimated by a fitting process, instead it is empirically visually determined to demonstrate that a simple re-normalisation of
the P (�, z = 0.0� 0.5) approximates in a rough manner the redshift evolution of the specific accretion-rate distribution of AGN.

at higher redshifts. In each panel of this figure an arbitrary
vertical shift has been applied to the P (�, z = 0.0 � 0.5)
distribution to facilitate the comparison. The amplitude of
this shift is indicated in each panel of Figure 7. We empha-
sise that these shifts are empirically visually estimated to
demonstrate that the observed redshift evolution of the spe-
cific accretion-rate distribution of AGN can be represented

in a rough manner by a change of the normalisation of the
P (�, z = 0.0� 0.5).

An implication of the evolutionary scheme in which the
fundamental shape of the P (�, z) distributions are roughly
redshift independent is that the typical specific-accretion
rate of the AGN population does not evolve strongly with
redshift. One way to show that point is using the the quan-
tity �P (�, z), in which the linear power-law slope of the

MNRAS 000, 1–27 (2016)
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AGN mocks in LSS

Georgakakis et al. 2018, submitted 

Merloni, AGN13, 10/2018 

The AGN halo occupation 3

Figure 1. Graphical representation of the semi-empirical AGN model construction. The top set of panels are slices of a cosmological
simulation box from the MultiDark project (Klypin et al. 2016; Comparat et al. 2017) at a snapshot redshift z = 0.75. It shows the
positions of particles (e.g. left-top panel: dark matter halos; middle-top panel: galaxies; top-right panel: AGN) within the simulation box.
Each particle in the simulation is represented by a dot (top-left panel: dark matter halos are shown with black; top-middle panel: galaxies
are plotted in blue; top-right panel: AGN are shown in red). Darker regions mark a high density of particles, i.e. rich environments in the
simulation. The construction of the AGN semi-empirical model proceeds from left to right in this graphical representation: dark-matter
halos (black dots in the top-left panel) in the simulation box are populated with galaxies (blue dots in the top-middle panel) using
empirical relations between dark-matter halo mass and stellar mass (e.g. Behroozi et al. 2013b). Accretion events are then distributed
in these galaxies using observationally determined probabilities that a galaxy with a given stellar mass hosts an AGN with a given
accretion luminosity (e.g. Georgakakis et al. 2017b; Aird et al. 2018). The feature of this approach is that it starts from the simulated
mass function of dark-matter halos in the Universe (red-dashed curve in bottom-left panel) and reproduces by construction the observed
stellar mass function of galaxies (middle-bottom panel: blue circles are observations from Moustakas et al. 2013, red-dashed curve is the
model), and the luminosity function of AGN (right-bottom panel: blue points are observations from Georgakakis et al. 2017b, red-dashed
is the simulation).

specific star-formation rates, cosmic star-formation history)
match the plethora of observational data currently avail-
able (Moster et al. 2010; Behroozi et al. 2010, 2013b; Moster
et al. 2017). Statistical and systematic e↵ects may also be
accounted for, e.g. uncertainties in the determination of stel-
lar masses from observations, or the scatter between stel-
lar mass and halo mass (e.g. Moster et al. 2010; Behroozi
et al. 2010). The mock galaxy catalogues produced via the
abundance-matching methods above reproduce by construc-
tion the observed galaxy stellar-mass function evolution.

Large extragalactic survey programmes (e.g. Brandt
& Hasinger 2005) that combine information from di↵erent
parts of the electromagnetic spectrum have made possible
the identification of large samples of AGN and the deter-
mination of key properties of their host galaxies, such as
the stellar mass and the star-formation rate (e.g. Brandt &
Alexander 2015). This data have recently been used to esti-
mate the specific accretion-rate distribution of AGN, which
measures the probability of a galaxy hosting an active nu-
cleus with specific accretion-rate � (e.g Bongiorno et al.
2012, 2016; Aird et al. 2012, 2018; Georgakakis et al. 2017b).
The latter quantity is defined as the ratio between the in-

stantaneous AGN accretion-luminosity and the stellar mass
of its host galaxy. Under certain assumptions, the specific
accretion rate can be viewed as a proxy of the Eddington
ratio of the active black hole. The specific accretion-rate
distribution of AGN provides an empirical tool to populate
galaxies within a cosmological volume with specific accretion
rates and hence, accretion luminosities. A feature of this ap-
proach is that the AGN luminosity function in the resulting
mock catalogs matches the observed one.

In this work we use the abundance-matching approach
to populate the dark matter halos of cosmological N-body
simulations with galaxies. These are then assigned accretion
luminosities using observed specific-accretion rate distribu-
tions from the literature. The key assumption of the method
is that there is no direct physical connection between the
incidence of AGN and their position on the cosmic-web,
apart from any indirect and possibly weak correlations im-
posed by the stellar-mass dependence of the adopted specific
accretion-rate distributions (see Section 2.2).

We acknowledge concerns on the ability of abun-
dance matching methods to reconstruct accurately the ob-
served correlation function of stellar-mass selected galaxy

MNRAS 000, 1–19 (2018)
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AGN mocks and LSS

Georgakakis et al. 2018, 
submitted 

Merloni, AGN13, 10/2018 
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Figure 3. The projected cross-correlation function, wp, of RASS
AGN and LRGs is plotted as a function of scale, rp. The data-
points are the observational results of Miyaji et al. (2011) for
their full sample of RASS AGN with logLX(0.1 � 2.4 keV) >
43.7 (units erg s�1). The red curve corresponds to the projected
cross-correlation functions for the mock RASS AGN and LRGs
in the MDPL2 simulation box (see Appendix A). The width of
the shaded regions correspond to the 1� uncertainties determined
using jackknife resampling.

Figure 4. The projected cross-correlation function of the RASS
AGN and the SDSS Main galaxy sample selected in the red-
shift interval 0.06 < z < 0.16 and absolute magnitude range
�20.0 < Mr < 21.0mag. The data-points are the observational
results of Krumpe et al. (2012). The red curve corresponds to
the simulated data described in the Appendix C. The width of
the shaded regions correspond to the 1� uncertainties determined
using jackknife resampling.

Figure 5. The projected cross-correlation function of the SDSS
Main galaxy sample and the AGN selected in the 0.5-10 keV band
of the XMM/SDSS survey (Georgakakis & Nandra 2011). The
redshift interval of the two samples is 0.02 < z < 0.2. The data-
points are the observational results presented by Mountrichas &
Georgakakis (2012). The red curve is the cross-correlation func-
tion of the simulated XMM/SDSS AGN and SDSS Main galaxy
sample described in Appendix C. The width of the shaded regions
correspond to the 1� uncertainties determined using jackknife re-
sampling.

Figure 6. The projected cross-correlation function, wp, of the
XMM-XXL AGN and the VIPERS galaxies is plotted as a func-
tion of scale, rp. The data-points are the observational results of
Mountrichas et al. (2016). The red curve corresponds to the mock
XMM-XXL AGN and VIPERS galaxies in the MDPL2 simulation
box (see Appenix B). The width of the shaded regions correspond
to the 1� uncertainties determined using jackknife resampling.

MNRAS 000, 1–19 (2018)

6 Georgakakis et al.

Figure 3. The projected cross-correlation function, wp, of RASS
AGN and LRGs is plotted as a function of scale, rp. The data-
points are the observational results of Miyaji et al. (2011) for
their full sample of RASS AGN with logLX(0.1 � 2.4 keV) >
43.7 (units erg s�1). The red curve corresponds to the projected
cross-correlation functions for the mock RASS AGN and LRGs
in the MDPL2 simulation box (see Appendix A). The width of
the shaded regions correspond to the 1� uncertainties determined
using jackknife resampling.

Figure 4. The projected cross-correlation function of the RASS
AGN and the SDSS Main galaxy sample selected in the red-
shift interval 0.06 < z < 0.16 and absolute magnitude range
�20.0 < Mr < 21.0mag. The data-points are the observational
results of Krumpe et al. (2012). The red curve corresponds to
the simulated data described in the Appendix C. The width of
the shaded regions correspond to the 1� uncertainties determined
using jackknife resampling.

Figure 5. The projected cross-correlation function of the SDSS
Main galaxy sample and the AGN selected in the 0.5-10 keV band
of the XMM/SDSS survey (Georgakakis & Nandra 2011). The
redshift interval of the two samples is 0.02 < z < 0.2. The data-
points are the observational results presented by Mountrichas &
Georgakakis (2012). The red curve is the cross-correlation func-
tion of the simulated XMM/SDSS AGN and SDSS Main galaxy
sample described in Appendix C. The width of the shaded regions
correspond to the 1� uncertainties determined using jackknife re-
sampling.

Figure 6. The projected cross-correlation function, wp, of the
XMM-XXL AGN and the VIPERS galaxies is plotted as a func-
tion of scale, rp. The data-points are the observational results of
Mountrichas et al. (2016). The red curve corresponds to the mock
XMM-XXL AGN and VIPERS galaxies in the MDPL2 simulation
box (see Appenix B). The width of the shaded regions correspond
to the 1� uncertainties determined using jackknife resampling.

MNRAS 000, 1–19 (2018)

The AGN halo occupation 7

Figure 7. The projected cross-correlation function, wp, of the
SDSS-DR7 QSOs and BOSS/CMASS galaxies is plotted as a
function of scale, rp. The data-points are the observational results
of Shen (2013) for their full QSO sample. The red shaded region
corresponds to the mock QSO/CMASS-galaxy cross-correlation
function (see Appendix D for details). The width of the shaded
regions correspond to the 1� uncertainties determined using jack-
knife resampling. At small scales (rp <⇠ 0.5h�1 Mpc) there are
not enough pairs in the mock catalogue to estimate the cross-
correlation function. This is related to the fact that the mock
light-cone is smaller in area (706 deg2) compared to the real ob-
servations of Shen (2013, 6248 deg2). The reader is referred to the
Appendix D for details.

times. Also, the selection function of X-ray surveys is rela-
tively easy to quantify and reproduce in simulations to con-
trol against potential sample-selection biases. The statistic
we use as diagnostic of the AGN clustering is the 2-point
correlation function that has been extensively used in the
observational literature.

Many observational studies choose to infer the clus-
tering properties of AGN by estimating the 2-point cross-
correlation function with a tracer population of galaxies (e.g.
Coil et al. 2009; Krumpe et al. 2012; Mountrichas et al.
2013). The motivation for this choice is practical. Random
and cosmic-variance errors are minimised when estimating
the cross-correlation of a typically sparse and small X-ray
AGN sample with a larger tracer-sample of galaxies (e.g.
Coil et al. 2007). The calculation of the AGN/galaxy cross-
correlation function in simulations requires knowledge on the
halo distribution of both the AGN and the galaxies. For the
latter population this is possible if there is observational con-
straints on its Halo Occupation Distribution (HOD), which
can then be applied to the dark matter halos in the simu-
lated box to create tracer galaxy mocks.

In this section we compare the simulation results with
observational studies on the AGN/galaxy cross-correlation
function, for which information on the HOD of the galaxy
tracer-population is available. Miyaji et al. (2011) estimate
the cross-correlation function between the AGN in the RASS
(ROSAT All Sky Survey Voges et al. 1999) and the SDSS

Luminous Red Galaxies (LRGs Eisenstein et al. 2001) with
g-band absolute magnitude Mg < �21.2mag in the red-
shift interval z = 0.16 � 0.36. Krumpe et al. (2012) built
on the work of Miyaji et al. (2011) to estimate the cross-
correlation function between RASS AGN and galaxies in
the redshift interval 0.06 < z < 0.5. Here we focus on the
Krumpe et al. (2012) results that use the Main Galaxy Sam-
ple of the Sloan survey (Strauss et al. 2002) at redshifts
0.06 < z < 0.16. Mountrichas & Georgakakis (2012) also use
the Main Galaxy Sample of the SDSS to study the clustering
of low and moderate luminosity AGN (LX ⇡ 1042 erg s�1) in
the serendipitous XMM/SDSS survey (Georgakakis & Nan-
dra 2011). Mountrichas et al. (2016) cross-correlated AGN
selected in the equatorial field of the shallow XMM-XXL sur-
vey (Pierre et al. 2016; Liu et al. 2016) with galaxies from
the VIPERS (Vimos Public Extragalactic Survey, Guzzo
et al. 2014) sample in the redshift interval z = 0.5 � 1.2.
In addition to the X-ray AGN samples above we also com-
pare the mocks with the observed clustering properties of
the UV-bright QSO sample presented by Shen (2013). They
measured the cross-correlation function between SDSS-DR7
QSOs (Schneider et al. 2010) and the SDSS-DR10 CMASS
galaxies (i.e. ”constant mass”, Dawson et al. 2013) in the
redshift interval z = 0.3� 0.9.

The reproduction in the simulations of the selection
function of the AGN and galaxy samples above requires red-
shift information for individual mock sources, i.e. distances
from a fiducial observer. For that purpose the simulation
boxes need to be projected to the sky to produce light-cones
(e.g. Fosalba et al. 2008), which can then be treated as mock
observations of the Universe. Appendices A to D describe the
construction of the light cones from the simulation boxes
for the AGN and galaxy samples described above, RASS-
AGN and SDSS-LRGs or SDSS Main Galaxies, XMM-XXL
AGN and VIPERS galaxies, XMM/SDSS AGN and SDSS
Main Galaxies, SDSS-DR7 QSOs and CMASS galaxies. The
light-cones are used to estimate the projected AGN/galaxy
cross-correlation functions in redshift-space. The uncertain-
ties are calculated using the jackknife resampling technique.
The simulated light-cone is first split into NJK equal-area
subregions (typically 30-100). The correlation function is
then estimated NJK times from the NJK � 1 subregions,
i.e. by excluding one subregion at a time. The NJK correla-
tion functions are then used to determine the corresponding
co-variance matrix (e.g. Krumpe et al. 2010). The uncertain-
ties of the projected correlation function at a given scale are
the diagonal elements of this matrix.

Figures 3, 4, 5, 6 and 7 compare the projected correla-
tion function estimated from the light-cones with the corre-
sponding observational results. The agreement is remarkable
and shows that the mock catalogues of Section 2 are con-
sistent with at least a subset of the current observational
constraints on the large-scale distribution of X-ray selected
AGN and UV-bright QSOs at z < 1. Therefore the scheme of
populating dark-matter halos with galaxies and then assign-
ing them accretion luminosities based on empirical relations
generates AGN populations with realistic clustering prop-
erties, as measured by the two-point correlation-function
statistic. Next we use the semi-empirical model to explore
the halo occupation properties of mock-AGN and make in-
ferences about the real Universe.

MNRAS 000, 1–19 (2018)
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Figure 8. Mass distribution of the dark-matter halos that host AGN as a function of X-ray luminosity. The top set of panels is for the
MDPL2 simulations boxes (1h�1 Mpc) and the lower set of panels corresponds to the smaller (0.4h�1 Mpc box size) SMDPL simulation.
The panels in each row correspond to the redshifts of the simulation boxes used in this work, z = 0.25, 0.75 and 1.25. The contour levels
are chosen to enclose 68, 95 and 99% of the total number of mock AGN in the simulation box. The red solid line is the median of the
distribution at fixed X-ray luminosity. The dotted lines mark the 1 sigma scatter (16th and 84th percentiles) around the median.

Figure 9. The mass distribution of the dark-matter halos in the MDPL2 simulation that host AGN with X-ray luminosities LX(2 �
10 keV) > 1042 erg s�1 (red-dashed line) and > 1044 erg s�1 (blue-soled line). Each panel corresponds to the redshift of the simulation
boxes used in this work, z = 0.25, 0.75 and 1.25. For clarity we only show results for the MDPL2 simulation box using the Georgakakis
et al. (2017b) specific accretion-rate distributions. Using the smaller SMDPL-simulation box or the Aird et al. (2018) specific accretion-
rate distributions to populate halos with AGN does not change the shape of the plotted histograms.

MNRAS 000, 1–19 (2018)
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Take home messages #1

•  Accretion rate distributions are key 
diagnostics of AGN evolution and 
connection to triggering 

•  Globally, they can be constrained with state 
of the art X-ray survey data 

•  Little evidence of ‘typical’ AGN being 
different that overall galaxy population 

•  A stochastic phenomenon; some particular 
condition may enhance this probability: 
mergers, central vs. satellite, etc., but 
evidence is tantalizing 

Merloni, AGN13, 10/2018 16 



The need for larger samples
•  X-ray surveys provide the least biased view of AGN (against obscuration/

extinction and galaxy dilution) 

•  We have probed most of the accretion history in the Universe (at least in mass-
averaged terms) 

•  Still, existing X-ray surveys are limited by the sample size (~a few 103), mainly 
because of the limited field of view of sensitive, focusing, X-ray telescopes. 

•  Larger samples are mandatory to accurately study DISTRIBUTIONS of AGN vs. 
L, z, λ, NH, SFR, M* (stochasticity of AGN phenomenon) 

•  The next step forward will be to bring the study of AGN evolution to the level 
of statistical significance that galaxy evolution studies enjoyed since the advent 
of SDSS (-> 106) 

•  WISE has already ushered us in this era, and next generation radio surveys 
(ASKAP, LOFAR, MeerKAT, APERITF, JVLA) will provide a great step forward 

Merloni, AGN13, 10/2018 17 



eROSITA
•  eROSITA: Next Generation all-sky X-ray survey

•  0.5-2 keV: 30× deeper than ROSAT 
•  2-10 keV: 100× deeper than HEAO-1; 10× XMM Slew 

•  Large FoV (~1degree), small focal length (1.6 m) 
•  Image quality, effective area comparable to XMM-Newton, 

better spectral resolution 
•  Driving science: detect 100,000 clusters (LSS, cosmology) 
•  Built by consortium led by MPE; eROSITA is ready 
•  All SRG flight H/W ready. Final tests underway; Launch  04/19

Merloni, AGN13, 10/2018 18 



Effective Area and Grasp

-  Effective area at 1keV comparable with XMM-Newton 
-  Factor ~7-8 larger surveying speed (and 4 years dedicated to all 

sky survey) 
-  Survey FoM≈Aeff*FoV/(θ*Bkgn) (courtesy of Wik & Horsheimer) 

Merloni, AGN13, 10/2018 

Effective Area: ~1700 cm2 (FoV avg. @1keV) 
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SRG: Mission Profile

-  Launch: From Baykonour, Proton–Block-DM 
-  3 Months: flight to L2, PV and calibration phase 
-  4 years: 8 all sky surveys (eRASS:1-8; scanning mode: 6 rotations/day) 
-  2.5 years: pointed observations, including ~20% GTO. 1 AO per year 
-  Ground Segment: 2 x 70m antennas (Bear Lakes and Ussirisk), daily 
contact (up to ~4 hours); telemetry transfer directly to MPE via Moscow 
NPOL/IKI Control Center 

eROSITA 
MPE 

ART-XC 
IKI  

Navigator 
NPO Lavochkin 
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eROSITA Cadence Map

Merloni, AGN13, 10/2018 

8 10 20 60
#	  of	  daily	  eROSITA	  visits	  over	  4yrs	  

1 daily visit ! F0.5-2~4×10-14 erg/s/cm2 ! 
LX>1043 at D<1.5 Gpc (z~0.3); LX>1044 at D<4.5 Gpc (z~0.7) 
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eROSITA surveys in context

All sky:  10-14 (0.5-2 keV) 
 2×10-13 (2-10 keV) [erg/cm2/s] 

All sky:  3.4 x 10-14 (0.5-2 keV) 
Merloni et al. 2012 

Merloni, AGN13, 10/2018 

Point sources sensitivity Extended sources sensitivity 
eRASS:1=aYer	  6	  months	  
eRASS:8=aYer	  4	  years	  
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eRASS:1=aYer	  6	  months	  
eRASS:8=aYer	  4	  years	  
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At the end of its first year of operations, 
eROSITA will have detected as many 
new sources as have been catalogued in 
50 years of X-ray astronomy (~1M)



Merloni, AGN13, 10/2018 

3 Million AGN
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-  The most luminous AGN, 
tracers of large scale 
structure: the “quasar” 
mode of AGN feedback 

-  (Obscured and Un-
obscured) accretion history 

-  High-z AGN 
-  SED vs. L, L/LEDD 
-  All-sky reference 
-  >95% identified to i~24 

(~80% at i~22) 
-  High complete 

spectroscopy with SDSS-V 
(r~21.5) and 4MOST (r~23) 

-  All-sky reference for LSS 
tomography via clustering 
redshift 
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3 Million AGN
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eROSITA will tell us…
•  Incidence of accreting SMBH (and BH growth rate itself) in: 

–  The (z<1) galaxy population overall (Wide area optical/NIR surveys: 
DES, HSC, LSST, Euclid) 

–  Merging galaxies and other morphological freaks (high quality 
optical/NIR imaging: HSC, LSST, Euclid) 

–  Radio galaxies (and jetted AGN of various classes) 

–  Voids, filaments, groups, clusters (synergy with SZ surveys, CMB 
lensing, and X-ray clusters surveys, including eROSITA itself)  
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M.Salvato,*IAUS.319,*Hawaii,*8/2015

eROSITA Extragalactic sky

Wide-area census of galaxy clusters (105) and active galactic nuclei (106) 

Image credits: MPE, eRosita_DE consortium, XMM-XXL 
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M.Salvato,*IAUS.319,*Hawaii,*8/2015

eROSITA Extragalactic sky

Wide-area census of galaxy clusters (105) and active galactic nuclei (106) 

Image credits: MPE, eRosita_DE consortium, XMM-XXL 

Simulation of 30x4 deg2 field, 0.3<z<0.7 
folded through eRASS:8 response 

Red circles: Clusters and Groups 
Blue crosses: AGN 



Working with eROSITA
•  eROSITA is a PI instrument
•  All-sky data reduced and calibrated at MPE with own pipeline 
•  Scientific exploitation of data shared between the partners: 50% MPE 

and 50% IKI, West/East (gal. coord.) 
•  German data public after 2 yrs, 3 releases (‘21, ‘23, ‘25; TBC) 
•  Proprietary access via eROSITA_DE (/RU) consortium 
•  In DE, Projects/papers regulated by working groups. Currently 

counting about 120 members + 20 EC 
•  Working Groups: 
•  Clusters/Cosmology, AGN, Galaxies, Compact objects, Diffuse 

emission/SNR, Stars, Solar System, Time Domain Astrophysics 
•  Collaboration policy (German Consortium):
•  Individual External Collaborations (proposal to WGs) 
•  Group External Collaborations (team-to-team MoUs) 

•  CAASTRO->AAL (Australian Community); HSC SSP; SDSS-IV -> 
SDSS-V; J-PAS; Chilean “DeROSITAS” survey team 
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–  Number density (~100/deg2) and median optical magnitude of counterparts 

(r~21.5) is well matched to existing and upcoming multi-object spectroscopic 
instrument (designed for BAO/LSS/cosmology/GAIA) 

–  SDSS-V (2020-2025) www.sdss.org/future/ - J. Kollmeier (Director)
•  “Black Hole Mapper” S. Anderson (PS), Y. Shen, A. Merloni  

•  SDSS + LCO full-sky coverage complete follow-up of early eROSITA survey 
over ~10,000 deg2 (300k AGN spectra to r=21.5, 80k galaxies in 10k clusters) 

•  Multi-epoch spectroscopy of SDSS QSO (Changing look QSO, etc.) 

•  Reverberation Mapping in 5 deep fields 

–  VISTA/4MOST (2023-2027) www.4most.eu - R. De Jong (PI)
•  Complete, systematic follow-up of both Clusters and AGN from  eROSITA: 

reach >90% completeness for eRASS:8 (down to r~22.8) 
•  ~800k AGN spectra 0<z<6 
•  Both medium- (R~5000) and high-resolution (R~20000) spectra 
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Spectroscopic follow-up
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– 4 –

Fig. 1.— Schematic representation of STSS: an all-sky, multi-epoch spectroscopic facility and its science programs. Survey
operations will be carried out in two hemispheres, at Apache Point Observatory (APO) and Las Campanas Observatory (LCO).
Multi-object fiber spectroscopy will be carried out with two 2.5 m telescopes, each feeding an near-IR APOGEE spectrograph
(300 fibers, R ⇠ 22,000) and an optical BOSS spectrograph (500 fibers, R ⇠ 2,000). Ultra-wide field integral field spectroscopy
will be carried out with smaller telescopes at these observatories, with ⇠2,000-fiber bundles feeding three optical spectrographs
in each hemisphere. This schematic also outlines the three primary science programs: the Milky Way Mapper (§3.1), drawing on
both APOGEE (red) and BOSS (blue) spectra; the Black Hole Mapper (§3.2), taking BOSS spectra of fainter targets; and the Local
Volume Mapper (§3.3), performing IFS mapping of the ionized ISM in the MW and nearby galaxies.

SDSS-V
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-  Two ~identical set of robotic 
positioned Optical (BOSS) +IR 
(APOGEE) Multi-object 
spectrographs 

-  North (APO) and South (LCO) 
2.5mt wide-field telescopes  

-  5-years All-sky survey program 
to complement space and 
ground based programs 

-  Focus on bright, transient sky 
-  Short “quanta” of ~15 

minutes exposure: visit ~the 
whole sky in 1 year 

-  Start operations in mid-2020 
-  Juna Kollmeier, Director 

(Carnegie); Hans-Walter Rix 
Project Scientist (MPIA). 



Conclusions
•  X-ray (and radio) surveys provide the least biased 

(and ‘cleanest’) view of the AGN evolution 
•  Soltan-like arguments reveal that most BH mass is 

grown in radiatively efficient discs 
•  Current samples reveal AGN as stochastic 

phenomena occurring in all kind of galaxies 
•  Sample size are still small to unambigously reveal 

trends with galaxy properties and large scales 
•  Future of AGN studies with multiwavelength large 

surveys (WISE, eROSITA, LOFAR, ASKAP, DESI, 
4MOST) is bright: larger sample will allow new 
phenomena to be pinned down  
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Image	  courtesy	  of	  K.	  Dolag	   Merloni, AGN13, 10/2018 

Thank	  you	  
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