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Abstract

Despite substantial effort, the precise physical processes that lead to the growth of super-massive black holes in the
centers of galaxies are still not well understood. These phases of black hole growth are thought to be of key importance in
understanding galaxy evolution. Forthcoming missions such as eROSITA, HETDEX, eBOSS, BigBOSS, LSST, and Pan-
STARRS will compile by far the largest ever Active Galactic Nuclei (AGNs) catalogs which will allow us to measure the
spatial distribution of AGNs in the universe with unprecedented accuracy. For the first time, AGN clustering measurements
will reach a level of precision that will not only allow for an alternative approach to answering open questions in AGN
and galaxy co-evolution but will open a new frontier, allowing us to precisely determine cosmological parameters. This
paper reviews large-scale clustering measurements of broad line AGNs. We summarize how clustering is measured and
which constraints can be derived from AGN clustering measurements, we discuss recent developments, and we briefly
describe future projects that will deliver extremely large AGN samples which will enable AGN clustering measurements
of unprecedented accuracy. In order to maximize the scientific return on the research fields of AGN and galaxy evolution
and cosmology, we advise that the community develops a full understanding of the systematic uncertainties which will, in
contrast to today’s measurement, be the dominant source of uncertainty.
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1 Introduction

Large area surveys such as the Two Degree Field Galaxy
Redshift Survey (2dFGRS; Colless et al. 2001) and the
Sloan Digital Sky Survey (SDSS; Abazajian et al. 2009)
have measured positions and redshifts of millions of
galaxies. These measurements allow us to map the 3D
structure of the nearby universe1.

Galaxies are not randomly distributed in space.
They form a complex cosmic network of galaxy clus-
ters, groups, filaments, isolated field galaxies, and voids,
which are large regions of space that are almost devoid
of galaxies. The current understanding of the distribu-
tion of galaxies and structure formation in the universe
is based on the theory of gravitational instability. Very
early density fluctuations became the “seeds” of cosmic
structure. These have been observed as small temper-
ature fluctuations (δT/T ∼ 5 × 10−5) in the cosmic
microwave background with the Cosmic Background
Explorer (Smoot et al. 1992). The small primordial
matter density enhancements have progressively grown
through gravitational collapse and created the complex
network seen in the distribution of matter in the later
universe.

During a galaxy’s lifetime different physical pro-
cesses, which are still not well understood, can trigger
a mass flow onto the central super-massive black hole
(SMBH). In this phase of galaxy evolution, the galaxy is
observed as an Active Galactic Nucleus (AGN). After
several million years, when the SMBH has consumed
its accretion reservoir, the central engine shuts down,
and the object is again observed as a normal galaxy.
The AGN phase is thought to be a repeating special
epoch in the process of galaxy evolution. In recent years
it has become evident that both fundamental galaxy
and AGN parameters change significantly between low
(z < 0.3) and intermediate redshifts (z ∼ 1 − 2), e.g.,
global star formation density (Hopkins & Beacom 2006)
and accretion rate onto SMBHs. For example, the con-
tribution to black hole growth has shifted from high
luminosity objects at high redshifts to low luminos-
ity objects at low redshifts (AGN “downsizing”; e.g.,
Hasinger et al. 2005). It has also become clear that
SMBH masses follow a tight relation with the mass
or velocity dispersion of the stars in galactic bulges
(Magorrian et al. 1998; Gebhardt et al. 2000; Ferrarese
& Merritt 2000). These observational correlations moti-

1A visual impression is given in this video: http://vimeo.com/4169279
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vate a co-evolution scenario for galaxies and AGNs and
provide evidence of a possible interaction or feedback
mechanism between the SMBH and the host galaxy.
The interpretation of this correlation, i.e., whether and
to what extent the AGN influences its host galaxy, re-
mains controversial (e.g., Jahnke & Macció 2011).

Since AGNs are generally much brighter than (inac-
tive) galaxies, one major advantage of AGN large-scale
(i.e., larger than the size of a galaxy) clustering mea-
surements over galaxy clustering measurements is that
they allow the study of the matter distribution in the
universe out to higher redshifts. At these redshifts, it
becomes challenging and observationally expensive to
detect galaxies in sufficient numbers. Furthermore, as
the distribution of AGNs and galaxies in the universe
depends on galaxy evolution physics, large-scale cluster-
ing measurements are an independent method to iden-
tify and constrain the physical processes that turn an
inactive galaxy into an AGN and are responsible for
AGN and galaxy co-evolution.

In the last decade the scientific interest in AGN
large-scale clustering measurements has increased sig-
nificantly. As only a very small fraction of galaxies
contain an AGN (∼1%), the remaining and dominat-
ing challenge in deriving physical constraints based on
AGN clustering measurements is the relative small sam-
ple size compared to galaxy clustering measurements.
However, this situation will change entirely in the next
decade when several different surveys come online that
are expected to identify millions of AGN over ∼80% of
cosmic time.

We therefore review broad-line AGN clustering mea-
surements. A general introduction to clustering mea-
surements is given in Sections 2 & 3. In Section 4 we
briefly summarize how AGN clustering measurements
have evolved and discuss recent developments. In Sec-
tion 5 we discuss the outlook for AGN clustering mea-
surements in future upcoming projects.

2 Understanding Observed Clustering
Properties

In our current understanding, the observed galaxy and
AGN spatial distribution in the universe – i.e., large-
scale clustering – is caused by the interplay between
cosmology and the physics of galaxy evolution.

In the commonly assumed standard cosmological
model, Lambda-CDM, the universe is currently com-
posed of ∼70% dark energy, ∼25% dark matter (DM),
and ∼5% baryonic matter (Larsen et al. 2011). Dark
matter plays a key role in structure formation as it is
the dominant form of matter in the universe. Bary-
onic matter settles in the deep gravitational potentials
created by dark matter, the so-called dark matter ha-
los (DMHs). The term “halo” commonly refers to a

bound, gravitationally collapsed dark matter structure
which is approximately in dynamical equilibrium. The
parameters of the cosmological model determine how
the DMHs are distributed in space (Fig. 1, left panel,
A-branch) as a function of the DMH mass and cosmic
time. Different cosmological models lead to different
properties of the DMH population.

Figure 1: Current conceptual model of the physical
processes involved in large-scale galaxy and AGN clus-
tering. Left: The two branches (A and B) in the di-
agram show the primary causes of clustering: (A) the
properties of the dark matter halo population, which are
based on the cosmological model, and (B) the physics
of complex processes in galaxy formation and evolution,
which lead to a distinct baryonic population within col-
lapsed dark matter halos. Figure adapted from Wein-
berg 2002. Right: Illustration of the spatial distribution
of galaxies within a dark matter halo. The picture maps
the galaxy cluster Abell 1689, where an optical image
showing the galaxy cluster members is superimposed
with the distribution of dark matter shown in purple.
Credit: NASA, ESA, E. Jullo, P. Natarajan, and J-P.
Kneib.

Inside DMHs, or within halos inside another DMH,
called sub-halos, the baryonic gas will radiatively cool.
If the gas reservoir is large enough, star and galaxy
formation will be initiated. The gas can also be ac-
creted onto the SMBH in the center of the galaxy. On
scales comparable to the size of the galaxy, the AGN
can heat and/or eject the surrounding gas, preventing
star formation, and eventually removing the gas fuel-
ing the AGN itself. All the galaxy evolution processes
described here determine how galaxies and AGNs are
distributed within DMHs (Fig. 1, left panel, B-branch).
This distribution of AGN and galaxies within DMHs
(Fig. 1, right panel) is described by the halo occupation
distribution (HOD; Peacock & Smith 2000). In addi-
tion to the spatial distribution of AGN and galaxies in
DMHs, the HOD describes the probability distributions
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of the number of AGNs and galaxies per DMH of a cer-
tain mass and the velocity distribution of AGNs and
galaxies within a DMH.

The interplay between cosmology and galaxy evolu-
tion causes the observed large-scale clustering of galax-
ies and AGNs. The goal of AGN and galaxy cluster-
ing measurements is to reverse the causal arrows in the
Fig. 1 (left panel), working backwards from the data
to the galaxy & AGN halo occupation distribution and
DMH population properties, in order to finally draw
conclusions about galaxy and AGN physics, as well as
to constrain fundamental cosmological parameters.

3 Clustering Measurements

The most common statistical estimator for large-scale
clustering is the two-point correlation function (2PCF;
Peebles 1980) ξ(r). This quantity measures the spatial
clustering of a class of object in excess of a Poisson dis-
tribution. In practice, ξ(r) is obtained by counting pairs
of objects with a given separation and comparing them
to the number of pairs in a random sample with the
same separation. Different correlation estimators are
described in the literature (e.g., Davis & Peebles 1983;
Landy & Szalay 1993).

The large-scale clustering of a given class of objects
can be quantified by computing the angular (2D) corre-
lation function, which is the projection onto the plane
of the sky, or with the spatial (3D) correlation function,
which requires redshift information for each object. Ob-
taining spectra to measure the 3D correlation function
is observationally expensive, which is the main reason
why some studies have had to rely on angular correla-
tion functions. However, 3D correlation function mea-
surements are by far preferable, since the deprojection
(Limber 1954) of the angular correlation function in-
troduces large systematic uncertainties. Despite these
large caveats and the already moderately low uncer-
tainties of current 3D correlation measurements, the
use of angular correlation functions might still be jus-
tified when exploring a new parameter space. How-
ever, the next generation multi-object spectrographs
(e.g., 4MOST (de Jong et al. 2012), BigBOSS (Schlegel
et al. 2011), and WEAVE (Dalton et al. 2012)), will
make it far easier to simultaneously obtain thousands
of spectra over wide fields. Hence, measurements of the
3D correlation function will soon become ubiquitous.

As one measures line-of-sight distances for 3D cor-
relation functions from redshifts, measurements of ξ(r)
are affected by redshift-space distortions due to peculiar
velocities of the objects within DMHs. To remove this
effect, ξ(r) is commonly extracted by counting pairs on
a 2D grid of separations where rp is perpendicular to
the line of sight and π is along the line of sight. Then,
integrating along the π-direction leads to the projected

correlation function, wp(rp), which is free of redshift
distortions. The 3D correlation function ξ(r) can be re-
covered from the projected correlation function (Davis
& Peebles 1983).

The resulting signal can be approximated by a power
law where the largest clustering strength is found at
small scales. At large separations of >50 Mpc h−1 the
distribution of objects in the universe becomes nearly
indistinguishable from a randomly-distributed sample.
Only on comoving scales of ∼100 Mpc h−1 can a weak
positive signal be detected (e.g., Eisenstein et al. 2005;
Cole et al. 2005) which is caused by baryonic acoustic
oscillations (BAO) in the early universe.

The spatial clustering of observable objects does not
precisely mirror the clustering of matter in the universe.
In general, the large-scale density distribution of an ob-
ject class is a function of the underlying dark matter
density. This relation of how an object class traces the
underlying dark matter density is quantified using the
linear bias parameter b. This contrast enhancement
factor is the ratio of the mean overdensity of the ob-
servable object class, the so-called tracer set, to the
mean overdensity of the dark matter field, defined as
b = (δρ/〈ρ〉)tracer/(δρ/〈ρ〉)DM, where δρ = ρ− 〈ρ〉, ρ is
the local mass density, and 〈ρ〉 is the mean mass den-
sity on that scale. In terms of the correlation function,
the bias parameter is defined as the square root of the
2PCF ratio of the tracer set to the dark matter field:
b =

√
ξtracer/ξDM. Rare objects which form only in the

highest density peaks of the mass distribution have a
large bias parameter and consequently a large cluster-
ing strength.

Theoretical studies of DMHs (e.g., Mo &
White 1996; Sheth et al. 2001) have established a solid
understanding of the bias parameter of DMHs with re-
spect to various parameters. Comparing the bias pa-
rameter of an object class with that of DMHs in a cer-
tain mass range at the same cosmological epoch allows
one to determine the DMH mass which hosts the object
class of interest. A halo may contain substructures, but
the DMH mass inferred from the linear bias parameter
refers to the single, largest (parent) halo in the context
of HOD models.

3.1 Why are we interested in AGN
clustering?

AGN clustering measurements explore different physics
on different scales. At scales up to the typical size of
a DMH (∼ 1 − 2 Mpc), clustering measurements are
sensitive to the physics of galaxy and AGN formation
and evolution. Constraints on the galaxy and AGN
merger rate and the radial distribution of these objects
within DMHs can be derived. On scales larger than
the size of DMHs, the large-scale clustering is sensi-
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tive to the underlying DM density field, which essen-
tially depends only on cosmological parameters. Con-
sequently, with only one measurement both galaxy and
AGN co-evolution as well as cosmological parameters
can be studied.

Future high precision AGN clustering measurements
have the potential to accurately establish missing fun-
damental parameters that describe when AGN activity
and feedback occur as a function of luminosity and red-
shift. Since they will precisely determine how DMHs
are populated by AGN host galaxies, these measure-
ments will also improve our theoretical understanding
of galaxy and AGN evolution by enabling comparisons
to galaxy measurements and cosmological simulations.
Here, we elaborate on some (though not all) of the
critical observational constraints which are provided by
AGN clustering measurements:

• AGN host galaxy – AGN cannot be more clus-
tered than the type of galaxies they reside in.
Thus, AGN clustering measurements determine
the host galaxy type in a statistical sense for the
entire AGN sample, regardless of the AGN’s lumi-
nosity. Comparing the observed AGN clustering
to very accurate galaxy clustering measurements,
which depend on different galaxy subclasses (mor-
phological, spectral type, luminosity), constrains
the AGN host galaxy type.

• External (mergers) vs. internal triggering – Dif-
ferent theoretical models (e.g., Fry 1996; Sheth
et al. 2001; Shen 2009) of how AGNs are trig-
gered predict very different large-scale clustering
properties with AGN parameters such as luminos-
ity and redshift. Moderately precise AGN cluster-
ing measurements allow us to distinguish between
these different models (Allevato et al. 2011). Fur-
thermore, the validity of different models can be
tested for different luminosities and cosmological
epochs.

• Fundamental galaxy/AGN physics – AGN large-
scale clustering dependences with various AGN
properties could potentially be a key source of
independent constraints on galaxy/AGN physics.
Comparing the observed AGN clustering prop-
erties with results from simulations with differ-
ent inputs for galaxy/AGN physics could identify
the physics that links the evolution of AGNs and
galaxies.

• AGN lifetimes – AGN clustering measurements
allow us to estimate the AGN lifetime at different
cosmological epochs (Martini & Weinberg 2001).
The underlying idea is that rare, massive DMHs
are highly biased tracers of the underlying mass
distribution, while more common objects are less
strongly biased (Kaiser 1984). Therefore, if AGNs

are heavily biased they must be in rare, massive
DMHs. The ratio of the AGN number density to
the host halo number density is a measure of the
“duty cycle”, i.e., the fraction of the time that the
object spends in the AGN phase.

• Cosmological parameters – As AGN clustering
measurements extend to much higher redshifts
than galaxy clustering measurements, they can
be used to derive constraints on cosmological pa-
rameters (e.g., Basilakos & Plionis 2009) back
to the time of the formation of the first AGNs.
Currently, the detection of the BAO imprint on
clustering measurements at different cosmological
epochs is of great interest to constrain the equa-
tion of state of dark energy. AGN large-scale clus-
tering measurements with very large AGN sam-
ples can detect the BAO signal in a redshift range
that is not accessible with galaxy clustering mea-
surements.

4 AGN Clustering Measurements:
Past and Present

Until the 1980s, studies had to primarily rely on small,
optically-selected, very luminous AGN samples for clus-
tering measurements. Then the main question was
whether AGNs are randomly distributed in the uni-
verse (e.g., Bolton et al. 1976; Setti & Woltjer 1977).
The extremely small sample sizes did not allow clus-
tering measurements at scales below ∼50 Mpc, where
a significant deviation from a random distribution is
present. Thanks to the launch of major X-ray mis-
sions in the 1980s and 1990s such as Einstein (Giacconi
et al. 1979) and ROSAT (Truemper 1993), much larger
AGN samples enabled successful detections of the AGN
large-scale clustering signal. A detailed review on the
history of X-ray AGN clustering measurements is given
in Cappelluti et al. (2012).

Although AGN clustering measurements are far
from being as precise as galaxy clustering measure-
ments, some general findings have emerged in recent
years. Interestingly, over all of studied cosmic time
(z ∼ 0 − 3), broad-line AGNs occupy DMH masses of
log (MDMH/[h

−1M�]) ∼ 12.0−13.5 and therefore clus-
ter like groups of galaxies. More detailed information
about the current picture of broad-line AGN clustering
is presented in Section 6.6 of Krumpe et al. (2012).

Some puzzling questions remain. For example, at
z < 0.5 a weak X-ray luminosity dependence on the
clustering strength is found (in that luminous X-ray
AGNs cluster more strongly than their low luminos-
ity counterparts, e.g., Krumpe et al. 2010; Cappelluti
et al. 2010; Shen et al. 2013). However, at high red-
shift it seems that high luminosity, optically-selected
AGNs cluster less strongly than moderately-luminous
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X-ray selected AGNs. Whether this finding is due to
differences in the AGN populations, an intrinsic lumi-
nosity dependence to the clustering amplitude, or an
observational bias is yet not understood.

We note that different studies have used different re-
lations to translate the measured linear bias parameter
to DMH mass, as well as different σ8 values. Therefore,
instead of blindly comparing the derived DMH mass,
re-calculating the masses based on the same linear bias
to DMH mass relation and the same σ8 is essential when
comparing measurements in the literature.

4.1 Recent Developments

In the last few years several new approaches have been
used to improve the precision of AGN clustering mea-
surements or their interpretation. We summarize these
developments below.

Cross-correlation measurements:
Auto-correlation function (ACF) measurements of
broad-line AGNs often have large uncertainties due to
the low number of objects. Especially at low redshifts,
large galaxy samples with spectroscopic redshifts are
frequently available. In such cases, the statistical un-
certainties of AGN clustering measurements can be re-
duced significantly by computing the cross-correlation
function (CCF). The CCF measures the clustering of
objects between two different object classes (e.g., broad-
line AGNs and galaxies), while the ACF measures the
spatial clustering of objects in the same sample (e.g.,
galaxies or AGNs). CCFs have been used before to
study the dependence of the AGN clustering signal with
different AGN parameters. However, these values could
not be compared to other studies as the CCFs also de-
pend on the galaxy populations used and their cluster-
ing strength. Only recently has an alternative approach
(Coil et al. 2009) allowed the comparison of the results
from different studies by inferring the AGN ACF from
the measured CCF and ACF of the galaxy tracer set.
The basic idea of this method, which is now frequently
used (e.g., Krumpe et al. 2010, 2012; Mountrichas &
Georgakakis 2012; Shen et al. 2013), is that both pop-
ulations trace the same underlying DM density field.

Photometric redshift samples:
Large galaxy tracer sets with spectroscopic redshifts are
not available at all redshifts. Some studies therefore rely
on photometric redshifts. The impact of the large un-
certainties and catastrophic outliers when using photo-
metric redshifts is commonly not considered but it can
be essential. The use of the full probability density func-
tion (PDF) of the photometric redshift fit, instead of a
single value for the photometric redshift, has been used
in some studies (e.g., Mountrichas et al. 2013). Here,
photometric galaxies samples are used as tracer sets to
derive the CCF between AGN and galaxies. Each ob-

ject is given a weight for the probability that it is actu-
ally located at a certain redshift based on the fit to the
photometric data.

Figure 2: In the conceptual model of the HOD ap-
proach, there are two contributions to the pairs that
account for the measured correlation function. Pairs of
objects (black stars) can either be located within the
same DMH (pink filled circles), such that their mea-
sured separation contributes to the 1-halo term (red
solid line in the large DMH), or can reside in different
DMHs, such that their separations (green dotted line)
contribute to the 2-halo term.

AGN Halo Occupation Distribution Modeling:
Instead of deriving only mean DMH masses from the
linear bias parameter, HOD modeling of the correlation
function allows the determination of the full distribu-
tion of AGN as a function of DMH mass. The derived
distribution also connects observations and simulations
as it provides recipes for how to populate DMHs with
observable objects.

In the HOD approach, the measured 2PCF is mod-
eled as the sum of contributions from pairs within in-
dividual DMHs (Fig. 2; 1-halo term) and in different
DMHs (2-halo term). The superposition of both com-
ponents describes the shape of the observed 2PCF bet-
ter than a simple power law. In the HOD description, a
DMH can be populated by one central AGN or galaxy
and by additional objects in the same DMH, so-called
satellite AGN and galaxies. Applying the HOD ap-
proach to the 2PCF allows one to determine, e.g., the
minimum DMH needed to host the object class of inter-
est, the fraction of objects in satellites, and the number
of satellites as a function of DMH mass. Instead of us-
ing the derived AGN ACF from CCF measurements,
Miyaji et al. (2011) utilize the HOD model directly on
high precision AGN vs. galaxy CCF and achieve addi-
tional constraints on the AGN and galaxy co-evolution
and AGN physics.
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Theoretical predictions:
Only recently have several different theoretical mod-
els been published which try to explain the observed
AGN clustering with different physical approaches (e.g,
Fanidakis et al. 2013; Hütsi et al. 2014). The key to ob-
servationally distinguish between these models are their
different predictions for the clustering dependences of
different AGN parameters. In addition to theoretical
models of the observed clustering, other very recently
developed models predict the halo occupation distri-
bution of AGNs at different redshifts, e.g., Chatter-
jee et al. (2012). The major challenge presented by
all of these models is the urgent need for observational
constraints with higher precision than can be provided
with current AGN samples. In the future, progress in
AGN physics and AGN and galaxy evolution will be
achieved through a close interaction between state-of-
the-art cosmological simulations and observational con-
straints from high precision clustering measurements.
Simulations which incorporate different physical pro-
cesses will lead to different predictions of the AGN and
galaxy large-scale clustering trends and their halo oc-
cupation distributions. Observational studies will then
identify the correct model and consequently the actual
underlying physical processes.

5 The future of AGN clustering
measurements

AGN clustering measurements from several upcoming
projects will significantly extend our knowledge of the
growth of cosmic structure and will also provide a
promising avenue towards new discoveries in the fields
of galaxy and AGN co-evolution, AGN triggering, and
cosmology. For example, eROSITA (Predehl et al. 2010;
launch 2015/2016) will perform several all-sky X-ray
surveys. After four years the combined survey is ex-
pected to contain approximately three million AGNs.
HETDEX (Hill et al. 2008; start 2015) will use an array
of integral-field spectrographs to provide a total sam-
ple of ∼20,000 AGNs without any pre-selection over an
area of∼ 450 deg2. The SDSS-IV/eBOSS and BigBOSS
builds upon the SDSS-III/BOSS project and will use a
fiber-fed spectrograph. Over an area of 14,000 deg2, it
will observe roughly one million QSOs at 1.8 < z < 3.5.
In addition to these projects, there will be other ma-
jor enterprises such as LSST (LSST collaboration 2009)
and Pan-STARRS (Kaiser et al. 2002) which will detect
several million AGNs but currently lack dedicated spec-
troscopic follow-up programs.

In the following we will focus on eROSITA, as this
mission will compile the largest AGN sample ever ob-
served. Figure 3 shows that eROSITA AGN detections
will outnumber current galaxy samples with spectro-
scopic redshifts at z > 0.4. Using a large number

of AGNs that continuously cover the redshift space,
will allow us (in contrast to galaxy samples) to mea-
sure the distribution of matter with high precision in
the last ∼11 Gyr of cosmic time. To fully exploit the
eROSITA potential for AGN clustering measurements,
a massive spectroscopic follow-up program is needed.
Several spectroscopic multi-object programs and instru-
ments are currently planned or are in an early construc-
tion phase (e.g., SDSS-IV/SPIDERS and 4MOST).

Figure 3: Number of expected eROSITA AGNs (red)
and currently available galaxies with spectroscopic red-
shifts (black solid line at z < 0.4 – SDSS data re-
lease 7; black dotted line – PRIMUS (Coil et al. 2011);
black solid line at z ∼ 1 – DEEP2 (Davis et al. 2003)
and VVDS (Le Fèvre et al. 2005)). Instead of the
full sky area, we consider only the expected number
of eROSITA AGNs with spectroscopic redshifts from
4MOST over 14,000 deg2.

eROSITA AGN clustering measurements at z ∼
0.8 − 1 will even allow for the detection of the BAO
signal. The feasibility of such a measurement can be
estimated using the BAO detection found with ∼46,000
SDSS LRGs (〈z〉 = 0.35) over 3,816 square degrees
of sky (0.72 h−3 Gpc3) as a standard for comparison
(Eisenstein et al. 2005). The observed AGN X-ray lu-
minosity function (Gilli et al. 2007) and the eROSITA
sensitivity determine the number density of eROSITA
AGNs. In the abovementioned redshift range, the
eROSITA AGN area density will be comparable to that
of SDSS LRGs at lower redshifts. Therefore, the co-
moving volume number density of eROSITA AGNs will
be five times lower than that of SDSS LRGs. Since
eROSITA will conduct an all-sky survey, the increased
sky area will counterbalance the lower volume density.
Given the signal-to-noise ratio (S/N) of the BAO de-
tection of Eisenstein et al. (2005) and an assumed
spectroscopic area of 14,000 deg2, we expect a ∼3σ
BAO detection using eROSITA AGNs only in the red-
shift range of z ∼ 0.8 − 1. This is consistent with
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Kolodzig et al. (2013), who use a different approach
based on the angular power spectrum for estimating the
significance of a BAO detection with eROSITA AGNs.

With the much larger AGN datasets that will exist
in the future, the statistical uncertainties in clustering
measurements will be significantly decreased. System-
atic uncertainties will then be the dominant source of
uncertainty. The impact and level of different system-
atic uncertainties can only be carefully explored and
quantified through simulations. Thus far, there has not
been a need for such studies because the AGN samples
to date are i) drawn from surveys that (with excep-
tions) cover a rather moderate sky area and are there-
fore likely to suffer from the problem of cosmic variance2

and/or ii) comprised of up to several thousand objects
and are consequently Poisson noise dominated. Both
limitations will be removed in future AGN clustering
measurements with the upcoming extensive AGN sam-
ples covering extremely large sky areas. However, to
derive reliable constraints on AGN physics and cosmol-
ogy, as well as to avoid any possible misinterpretations
of future unprecedented high precision AGN clustering
measurements, we have to fully understand and be able
to correctly model the impact of the systematic uncer-
tainties. Only then can we maximize the scientific re-
turn of future AGN clustering measurements and have
a major impact in the field of cosmology and galaxy
and AGN evolution.
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