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Figure 1. ACF of LGs in the redshift range 0.17 < z < 0.34. The
blue line is the total simulated ACF and the red and the green line
show the 1-halo and the 2-halo term, respectively. The error-bars
show the corresponding Poisson errors. We compare our simula-
tion to observations from Miyaji et al. (2011) and Masjedi et al.
(2006), shown as black symbols with error-bars.

1 INTRODUCTION

102K 108K Our simulation has a volume of (500Mpc)3,
which is very large compared to the high resolution. It con-
tains around 10000 AGN with LSXR > 1043erg/s at z = 0.3.

2 GALAXY SAMPLE

In observations, luminous red galaxies (LRGs) are often
cross-correlated with AGN to get better statistics. For this
analysis, we do the same, i.e. we select an LRG sample from
the simulation, which we will later use to cross-correlate
with the simulated AGN. However, we cannot use the same
selection criteria like in observations, because for cosmolog-
ical simulations it is a well known problem that the most
massive galaxies are in general often too blue compared to
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Figure 2. Mean number of the most massive galaxies in the red-
shift range 0.17 < z < 0.34. The sample was chosen such that the
number density is the same as the observed one from Miyaji et al.
(2011), i.e. 9.6 · 10�5h3Mpc�3. We show the total galaxy sample
(black solid curve), only substructures (black dotted curve) and
central galaxies (black dashed curve), as well as the fits used to
estimate the HOD parameters. The blue line is the best fit to the
linear part for the substructures, i.e. it gives the HOD slope �.
The red curve is the total HOD fit, which we used to estimate
Mmin and �Mmin

.

observations. To avoid this problem, we do not select only
red galaxies, but all massive galaxies from our simulation.
To mimic an observed LRG sample as good as possible, we
select the most massive galaxies of the simulation down to a
stellar mass threshold, which is chosen such that the num-
ber density equals the observed number density from Miyaji
et al. (2011), i.e. 9.6 · 10�5h3Mpc�3. This is the data we
will later use for a direct comparison between observed and
simulated AGN clustering properties.

In Fig. 15 we show the ACF of our simulated LRG sam-
ple (blue line), split up into 1-halo term (red line) and 2-halo
term (green line). The error-bars show the corresponding
Poisson errors. Down to distances of about 200kpc we are
in very good agreement with the observations from Miyaji
et al. (2011) and Masjedi et al. (2006), which are shown as
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Figure 1. The di↵erent columns visualize the gaseous and stellar component (colour-coded by the gas temperature and the stellar age,
respectively, as indicated by the colour-bar) of five di↵erent merging galaxies (di↵erent rows) in the 68Mpc/uhr simulation at z = 2.0
(left-hand panels), and their progenitors 0.5 Gyr, 1.0 Gyr, and 1.5 Gyr before z = 2 (columns towards the right-hand side). When the
galaxies host a SMBH, its instantaneous luminosity (log(L) in [erg/s]) value at the given snapshot is specified by the large
numbers in the bottom right of each panel. The small numbers above the large ones are the average AGN luminosity values
within a timeintervall z ± 0.01 around the given snapshots. The white circles and their numbers indicate the stellar merger mass
ratio and their positions correspond to the time at which the merger mass ratio has been determined.
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3.2.3 AGN merger fractions as a function of the AGN

luminosity

To understand whether the maximum probability that an
AGN was fuelled by a merger is related to the respective
AGN luminosity, in Fig. 6, we explore the total, major, and
minor merger fractions as a function of AGN luminosity
(blue solid, green dotted and red dashed lines, respectively)
at di↵erent redshift steps (z = 2.0, 1.0, 0.5, 0.1, panels from
top to bottom). To avoid low number statistics, we consider
only bins of AGN luminosity containing at least 20 active
galaxies. Fig. 6 shows that the global trends seen in Fig. 5,
namely that total, major, and minor merger fractions of ac-
tive galaxies are larger than that of inactive ones (illustrated
by the arrows on the left-hand side in each panel of Fig. 6),
remain the same for each AGN luminosity, irrespective of
the redshift step.

Turning to the dependence of the merger fractions on
AGN luminosity, at z = 2 the total, major, and minor
merger fractions strongly increase from less than 10, 8 and
2 per cent for faint AGN to up to more than 50, 30 and
30 per cent for most luminous AGN with Lbol � 1047 erg/s,
respectively. Towards lower redshifts, at z  1, the increase
of the merger fractions with AGN luminosity is significantly
weaker or even negligible, at maximum raising from 10 per
cent for faint AGN up to 20 per cent for more luminous
AGN. This trend may be due to the fact that at and below
z = 1, even our large 500Mpc/hr simulation run does not
contain su�cient statistics for AGN more luminous than
Lbol ⇠ 5 ⇥ 1046 erg/s at z = 1, Lbol ⇠ 5 ⇥ 1045 erg/s at
z = 0.5, and Lbol ⇠ 1045 erg/s at z = 0.1, impeding us
by construction to find any potential increase of the merger
fractions for these most luminous AGN.

Compared to observed major merger fractions of the
compilation of Fan et al. (2016, grey crosses and
grey shaded areas, illustrating the observed lumi-
nosity range and the uncertainty in the merger frac-
tion), including observations from Treister et al. (2012)
and Glikman et al. (2015, purple horizontal line and shaded
area), we find at z = 2 a qualitative (even if not quanti-
tative) agreement between the observed steep raise of the
merger fraction towards higher AGN luminosities and our
simulated AGN merger fractions. In contrast, at lower red-
shifts (z  1), the predicted dependence of the merger frac-
tion on AGN luminosity is significantly weaker than that
of Treister et al. (2012), despite their rather large scatter
at low redshifts (due to low number statistics). However,
most of the observed data-points cover a very large redshift
range, for example the grey crosses, making a compari-
son at specific redshifts di�cult. Furthermore, the dif-
ferent observed datapoints are the result of di↵er-
ently selected AGN samples. The compilation from
Treister et al. (2012), for example, consists of data-
points selected from X-ray, infrared (IR), and spec-
troscopic surveys. Fan et al. (2016) add datapoints
from dust-obscured, dust-reddened, and (mid-)IR-
luminous quasars (see Treister et al. 2012 and Fan
et al. 2016 for details). Compared to Villforth et al.
(2017, orange line with the arrow indicating the upper limit
of the merger fraction and the observed luminosity range),
our simulated major merger fractions of the most luminous
AGN at z = 0.5 are in good agreement with their maximum

Figure 6. Total, major, and minor merger fractions and the
corresponding binomial errors (blue solid, red dashed, and
green dotted lines and shaded areas, respectively) of AGN host
galaxies versus their bolometric AGN luminosity at di↵erent red-
shift steps (z = 2.0, 1.0, 0.5, 0.1, panels from top to bottom) com-
pared to that of inactive galaxies (depicted by the horizontal ar-
rows at the left-hand side of each panel). Simulation predictions
are compared to observed major merger fractions of AGN hosts
(compilation of Fan et al. 2016, including the datapoints
from Treister et al. 2012: grey crosses and grey shaded area,
the latter illustrates the entire observed luminosity range and the
error on the y-axis; Glikman et al. 2015: purple horizontal line
and shaded area; Villforth et al. 2017: orange line with the arrow
indicating the upper limit and the observed luminosity range).
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merger fraction towards higher AGN luminosities and our
simulated AGN merger fractions. In contrast, at lower red-
shifts (z  1), the predicted dependence of the merger frac-
tion on AGN luminosity is significantly weaker than that
of Treister et al. (2012), despite their rather large scatter
at low redshifts (due to low number statistics). However,
most of the observed data-points cover a very large redshift
range, for example the grey crosses, making a compari-
son at specific redshifts di�cult. Furthermore, the dif-
ferent observed datapoints are the result of di↵er-
ently selected AGN samples. The compilation from
Treister et al. (2012), for example, consists of data-
points selected from X-ray, infrared (IR), and spec-
troscopic surveys. Fan et al. (2016) add datapoints
from dust-obscured, dust-reddened, and (mid-)IR-
luminous quasars (see Treister et al. 2012 and Fan
et al. 2016 for details). Compared to Villforth et al.
(2017, orange line with the arrow indicating the upper limit
of the merger fraction and the observed luminosity range),
our simulated major merger fractions of the most luminous
AGN at z = 0.5 are in good agreement with their maximum

Figure 6. Total, major, and minor merger fractions and the
corresponding binomial errors (blue solid, red dashed, and
green dotted lines and shaded areas, respectively) of AGN host
galaxies versus their bolometric AGN luminosity at di↵erent red-
shift steps (z = 2.0, 1.0, 0.5, 0.1, panels from top to bottom) com-
pared to that of inactive galaxies (depicted by the horizontal ar-
rows at the left-hand side of each panel). Simulation predictions
are compared to observed major merger fractions of AGN hosts
(compilation of Fan et al. 2016, including the datapoints
from Treister et al. 2012: grey crosses and grey shaded area,
the latter illustrates the entire observed luminosity range and the
error on the y-axis; Glikman et al. 2015: purple horizontal line
and shaded area; Villforth et al. 2017: orange line with the arrow
indicating the upper limit and the observed luminosity range).
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problem of SF truncation or correct BH or stellar mass function,
but restrict the question solely to the genesis of the scaling re-
lations. As an input for SF and BH accretion, we use observed
relations, but prevent any recipes that implicitly or explicitly
couple BH and stellar mass growth per individual galaxy.

2. NUMERICAL SIMULATIONS AND MERGER TREES

In this paper, we use the Lagrangian code pinocchio (Monaco
et al. 2002) to construct high-resolution ΛCDM merger trees
(for a comparison between N-body codes and pinocchio see
Li et al. 2007). The simulation has a box size of 100 Mpc
and 15003 particles; this ensures a very high mass resolution,
mp = 1.01 × 107 M⊙. The construction of merger trees is
straightforward with pinocchio: the code outputs a halo mass
every time a merger occurs, i.e., when a halo with more
than 10 particles merges with another halo. From an initial
6.5 × 106 halos, we receive a resulting sample of 10,932 halos
with M > 1011 M⊙ at z = 0.

When two halos merge, the less massive one can either survive
and continue to orbit within the potential well of the larger halo
until z = 0 or merge with the central object. The averaging
process described above will only apply to this second category
of halos (the ones that actually merge). We then adopt the
dynamical friction formula presented in Boylan-Kolchin et al.
(2008) to compute the fate of a halo. The orbital parameters of
the halo are extracted from suitable distributions that reproduce
the results of N-body simulations as described in Monaco et al.
(2007). If the dynamical friction time is less than the Hubble
time at that redshift, we consider the halo to merge at a time
t = tdyn; if it is longer the satellite halo is removed from our
catalog. Each halo in our sample at z = 0 has formed by at least
200 mergers and the most massive ones have had more than
5 × 104 encounters.

3. CREATING SCALING RELATIONS: AVERAGING
AND MASS FUNCTION BUILD UP BY

HIERARCHICAL MERGING

The main message of this work is to demonstrate what
effect merging over cosmic time has on an ensemble of halos
with initially uncorrelated MBH and M∗ values. These values
change their distribution and converge toward a linear relation
by z = 0—in the absence of SF, BH accretion, disk-to-bulge
conversion, and hence any physical connection between the two
masses.

For this task, we follow DM halos through their assembly
chain. We assign a stellar and a BH mass to each DM halo
once its mass becomes larger than 108 M⊙;1 the corresponding
redshift in the following is called zf . We set our initial guesses
for M∗ and MBH as a fixed fraction of the DM mass plus
a (large) random scatter. We used M∗/MDM = 10−3 and
MBH/MDM = 10−7 for the initial ratio; the scatter is taken from
a logarithmically flat distribution of 3 dex for the two quantities
(blue squares in Figures 1 and 2).

We have no knowledge of any realistic seed mass scatter, but
take four orders of magnitude variations in the MBH/M∗ ratio as
a proxy for “uncorrelated.” Empirical constraints on the possible
parameter space for seed BH mass do not seem to support seeds
more massive than ∼105 M⊙ (Volonteri & Natarajan 2009);

1 We picked this mass since at lower masses halos likely did/do not form
stars at all (Macciò et al. 2010). The most massive progenitors of
z = 0 galaxies form according to this definition in the range z = 15–17,
while low-mass satellites can form as late as z ∼ 3.

Figure 1. Changes of MBH vs. M∗ from an initially uncorrelated (within
4 dex in each parameter) distribution at high z (blue points) to z = 0 purely
by mass assembly along the merger trees, i.e., without SF, BH accretion, and
disk-to-bulge mass conversion. A very tight correlation of slope 1.0 is created
by the merging, with smaller scatter for higher masses which experienced more
merger. The black line is the observed local MBH–M∗ relation from Häring &
Rix (2004) with slope = 1.12.
(A color version of this figure is available in the online journal.)

toward lower masses a few solar mass BHs are clearly being
produced by stars. Whether this matches the true distribution of
seed masses is not important, but by simply taking a large range
that is currently not ruled out represents a rather conservative
starting point for our demonstration. Halos are then propagated
along the merger tree to z = 0 (the red points in Figures 1
and 2). When two halos merge according to our dynamical
friction formula, we set the resulting stellar and BH masses
equal to the sum of the individual masses before the merger
(Volonteri et al. 2003). The final mass in MBH and M∗ as well
as the corresponding normalization is determined simply by the
sum of the individual halos contributing to a final halo.

Figure 1 shows that the hierarchical formation of galaxies
provides a strong inherent driver from the uncorrelated initial
distribution to a linear relation.2 This effect is independent of
the chosen initial conditions as Figure 2 demonstrates, where
completely different initial conditions result in a relation with
the same slope and very similar scatter.

This experiment shows that the dominating structural parts of
the observed MBH–M∗ scaling relation—i.e., (1) the existence
of such a correlation, (2) that it extends over several orders of
magnitude in mass, (3) the fact that the slope is near unity, and
(4) an increasing scatter to lower masses—can be explained by
this physics-, feedback-, and coupling-free process. A slope ∼1
scaling relation does not need any physical interaction of galaxy
and BH. In the next sections, we will show that this also holds
when adding “second-order” effects like actual SF and BH
accretion, as well as disk–bulge conversion.

2 The convergence is in fact too strong (see the next sections), as the scaling
relation it produces by z = 0 is much tighter than the observed 0.3 dex scatter.
In principle, the scatter has a

√
N dependency on the number N of merger

generations, but the relation gets complicated by the different masses of the
merging components and different merging times across the tree.

2

Jahnke & Maccio (2011)





Do galaxy mergers make AGN special?

Lisa K. Steinborn

… mostly not!

www.magneticum.org 
www.lisasteinborn.de 

Thanks for  
your attention!

http://www.magneticum.org
http://www.lisasteinborn.de


more information: 
www.magneticum.org

Our simulations include:
• thermal conduction (Dolag et al., 2004)
• star formation
• chemical enrichment
• supernova feedback (Tornatore et al. 2007)
• metals
• sixth-order Wendland kernel (Dehnen & Aly 2012)
• low viscosity SPH scheme
• magnetic fields (passive)
• BH growth and AGN feedback

Hirschmann+14, 
Steinborn+15, Teklu+15, 
Bocquet+15, Dolag+15, 

Steinborn+16, Remus+16

Appendix



12 Steinborn & Hirschmann et al.

merger fraction of less than 20 per cent, being significantly
lower than that of Treister et al. (2012) in the same lumi-
nosity range. We however emphasize that such a comparison
between observed and simulated AGN merger fractions is
complicated by a lot of caveats, not only due to the already
mentioned various selection criteria, but also because of dif-
ferent merger identifications in observations and simulations
(see section 6.3 for further discussion).

To summarize, except for very luminous AGN at z = 2,
our simulation predictions do not favour any prevalence
(>50 per cent) of mergers for fuelling nuclear activity in
AGN populations at z = 0 � 2, irrespective of the AGN
luminosity. Nevertheless, the probability for AGN hosts of
any AGN luminosity having experienced a major and/or
minor event in the last 0.5 Gyr, can be up to three times
higher than that for inactive galaxies. Such elevated merger
fractions of active galaxies still point towards a connection
between nuclear activity and merger events, even if merg-
ers do not appear to be the statistically dominant fuelling
mechanism for nuclear activity in our simulations.

4 THE DEPENDENCE OF AGN MERGER
FRACTIONS ON HOST GALAXY
PROPERTIES

In this section, we aim to understand the origin of (i) the
slightly enhanced merger fractions of active galaxies, com-
pared to that of inactive galaxies and (ii) the steep up-turn
of AGN merger fractions towards high AGN luminosities at
z = 2, as shown in the last two sections 3.2.2 and 3.2.3. We
explore to what extent these features of active galaxies can
be explained by a combination of an intrinsic dependence
of merger fractions on di↵erent galaxy properties, such as
stellar mass and specific SFRs, and of a bias of AGN pref-
erentially residing in galaxies with specific properties. To
reveal that, we compare, at fixed galaxy stellar mass or spe-

cific SFR, the merger fractions of active to that of inactive
galaxies, and we relate the former, the merger fraction of
AGN, with the respective probability that such AGN are
hosted by galaxies of a given stellar mass or specific SFR.

4.1 Galaxy stellar mass

Starting with the dependence of AGN merger fractions on
galaxy stellar mass, the bottom row in Fig. 7 visualises the
total AGN merger fractions (major and minor mergers) ver-
sus AGN luminosity at di↵erent redshift steps (di↵erently
coloured lines) separately for massive (M? > 5 ⇥ 1011M�,
left panel) and less massive host galaxies (1011M� < M? <
5 ⇥ 1011M�, right panel). As seen for all galaxies/AGN in
Fig. 6, also for a given stellar mass bin, the merger fractions
of AGN are elevated (by up to half a dex) at any redshift
and AGN luminosity, compared to that of inactive galaxies
(illustrated by arrows at the left-hand side of each panel).
This implies that at fixed galaxy mass (and thus, also at
fixed BH mass), AGN hosts are also more likely to have ex-
perienced a recent merger than inactive galaxies, and thus,
that nuclear activity of an AGN population can be fuelled
by merger events – to a low degree, though, hardly exceeding
20 per cent.

In addition, the bottom row in Fig. 7 shows that AGN

Figure 7. Top row: Fraction of AGN residing in galaxies
with M? > 5 ⇥ 1011M� and 1011M� < M? < 5 ⇥ 1011M�
(top left and right panels, respectively) versus AGN lu-
minosity at z = 0.5, 1, 2 (di↵erently coloured lines). The
shaded areas represent the corresponding binomial con-
fidence intervals, and the arrows at the left-hand side
of each panel indicated the fractions of inactive galaxies
(Lbol < 1043erg/s) in the two galaxy stellar mass bins.
Bottom row: the same as in the top row, but for total
AGN merger fractions (major and minor mergers) ver-
sus AGN luminosity at z = 0.5, 1, 2 (di↵erently coloured
lines).

merger fractions of massive hosts are larger, by a factor
of three at z = 2, than that of less massive ones, at a
given AGN luminosity and redshift. This di↵erence is largely
caused by the intrinsically up to half an order of magnitude
higher merger fractions of massive inactive galaxies com-
pared to less massive ones (left-hand arrows). This depen-
dence of merger fractions on the galaxy stellar mass is a
natural consequence of a hierarchically growing Universe,
in which massive galaxies experience a much more complex
merger history than low mass galaxies (e.g. Fakhouri & Ma
2008; Genel et al. 2009).

Interestingly, at a given host stellar mass the AGN
merger fraction is at any redshift largely independent of the
AGN luminosity. At z = 2, this is in stark contrast to the
strongly raising merger fractions of all AGN hosts towards
higher AGN luminosity, as shown in the top panel of Fig. 6.
To understand this di↵erence, we have to consider the prob-
ability that an AGN resides in a massive or less massive host
as a function of the AGN luminosity (see top row of Fig. 7).
While most luminous AGN (with Lbol > 3 ⇥ 1046 erg/s)
are preferentially hosted by massive galaxies at z = 2, less
luminous AGN are mostly living in less massive galaxies
(see lilac curves in top panels of Fig. 7). Thus, this bias in
AGN host stellar mass, together with the intrinsic depen-
dence of merger fractions on the galaxy stellar mass, can,
to some extent, explain the steep up-turn of AGN merger
fractions towards higher AGN luminosities at z = 2. In
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3.2.3 AGN merger fractions as a function of the AGN

luminosity

To understand whether the maximum probability that an
AGN was fuelled by a merger is related to the respective
AGN luminosity, in Fig. 6, we explore the total, major, and
minor merger fractions as a function of AGN luminosity
(blue solid, green dotted and red dashed lines, respectively)
at di↵erent redshift steps (z = 2.0, 1.0, 0.5, 0.1, panels from
top to bottom). To avoid low number statistics, we consider
only bins of AGN luminosity containing at least 20 active
galaxies. Fig. 6 shows that the global trends seen in Fig. 5,
namely that total, major, and minor merger fractions of ac-
tive galaxies are larger than that of inactive ones (illustrated
by the arrows on the left-hand side in each panel of Fig. 6),
remain the same for each AGN luminosity, irrespective of
the redshift step.

Turning to the dependence of the merger fractions on
AGN luminosity, at z = 2 the total, major, and minor
merger fractions strongly increase from less than 10, 8 and
2 per cent for faint AGN to up to more than 50, 30 and
30 per cent for most luminous AGN with Lbol � 1047 erg/s,
respectively. Towards lower redshifts, at z  1, the increase
of the merger fractions with AGN luminosity is significantly
weaker or even negligible, at maximum raising from 10 per
cent for faint AGN up to 20 per cent for more luminous
AGN. This trend may be due to the fact that at and below
z = 1, even our large 500Mpc/hr simulation run does not
contain su�cient statistics for AGN more luminous than
Lbol ⇠ 5 ⇥ 1046 erg/s at z = 1, Lbol ⇠ 5 ⇥ 1045 erg/s at
z = 0.5, and Lbol ⇠ 1045 erg/s at z = 0.1, impeding us
by construction to find any potential increase of the merger
fractions for these most luminous AGN.

Compared to observed major merger fractions of the
compilation of Fan et al. (2016, grey crosses and
grey shaded areas, illustrating the observed lumi-
nosity range and the uncertainty in the merger frac-
tion), including observations from Treister et al. (2012)
and Glikman et al. (2015, purple horizontal line and shaded
area), we find at z = 2 a qualitative (even if not quanti-
tative) agreement between the observed steep raise of the
merger fraction towards higher AGN luminosities and our
simulated AGN merger fractions. In contrast, at lower red-
shifts (z  1), the predicted dependence of the merger frac-
tion on AGN luminosity is significantly weaker than that
of Treister et al. (2012), despite their rather large scatter
at low redshifts (due to low number statistics). However,
most of the observed data-points cover a very large redshift
range, for example the grey crosses, making a compari-
son at specific redshifts di�cult. Furthermore, the dif-
ferent observed datapoints are the result of di↵er-
ently selected AGN samples. The compilation from
Treister et al. (2012), for example, consists of data-
points selected from X-ray, infrared (IR), and spec-
troscopic surveys. Fan et al. (2016) add datapoints
from dust-obscured, dust-reddened, and (mid-)IR-
luminous quasars (see Treister et al. 2012 and Fan
et al. 2016 for details). Compared to Villforth et al.
(2017, orange line with the arrow indicating the upper limit
of the merger fraction and the observed luminosity range),
our simulated major merger fractions of the most luminous
AGN at z = 0.5 are in good agreement with their maximum

Figure 6. Total, major, and minor merger fractions and the
corresponding binomial errors (blue solid, red dashed, and
green dotted lines and shaded areas, respectively) of AGN host
galaxies versus their bolometric AGN luminosity at di↵erent red-
shift steps (z = 2.0, 1.0, 0.5, 0.1, panels from top to bottom) com-
pared to that of inactive galaxies (depicted by the horizontal ar-
rows at the left-hand side of each panel). Simulation predictions
are compared to observed major merger fractions of AGN hosts
(compilation of Fan et al. 2016, including the datapoints
from Treister et al. 2012: grey crosses and grey shaded area,
the latter illustrates the entire observed luminosity range and the
error on the y-axis; Glikman et al. 2015: purple horizontal line
and shaded area; Villforth et al. 2017: orange line with the arrow
indicating the upper limit and the observed luminosity range).
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3.2.3 AGN merger fractions as a function of the AGN

luminosity

To understand whether the maximum probability that an
AGN was fuelled by a merger is related to the respective
AGN luminosity, in Fig. 6, we explore the total, major, and
minor merger fractions as a function of AGN luminosity
(blue solid, green dotted and red dashed lines, respectively)
at di↵erent redshift steps (z = 2.0, 1.0, 0.5, 0.1, panels from
top to bottom). To avoid low number statistics, we consider
only bins of AGN luminosity containing at least 20 active
galaxies. Fig. 6 shows that the global trends seen in Fig. 5,
namely that total, major, and minor merger fractions of ac-
tive galaxies are larger than that of inactive ones (illustrated
by the arrows on the left-hand side in each panel of Fig. 6),
remain the same for each AGN luminosity, irrespective of
the redshift step.

Turning to the dependence of the merger fractions on
AGN luminosity, at z = 2 the total, major, and minor
merger fractions strongly increase from less than 10, 8 and
2 per cent for faint AGN to up to more than 50, 30 and
30 per cent for most luminous AGN with Lbol � 1047 erg/s,
respectively. Towards lower redshifts, at z  1, the increase
of the merger fractions with AGN luminosity is significantly
weaker or even negligible, at maximum raising from 10 per
cent for faint AGN up to 20 per cent for more luminous
AGN. This trend may be due to the fact that at and below
z = 1, even our large 500Mpc/hr simulation run does not
contain su�cient statistics for AGN more luminous than
Lbol ⇠ 5 ⇥ 1046 erg/s at z = 1, Lbol ⇠ 5 ⇥ 1045 erg/s at
z = 0.5, and Lbol ⇠ 1045 erg/s at z = 0.1, impeding us
by construction to find any potential increase of the merger
fractions for these most luminous AGN.

Compared to observed major merger fractions of the
compilation of Fan et al. (2016, grey crosses and
grey shaded areas, illustrating the observed lumi-
nosity range and the uncertainty in the merger frac-
tion), including observations from Treister et al. (2012)
and Glikman et al. (2015, purple horizontal line and shaded
area), we find at z = 2 a qualitative (even if not quanti-
tative) agreement between the observed steep raise of the
merger fraction towards higher AGN luminosities and our
simulated AGN merger fractions. In contrast, at lower red-
shifts (z  1), the predicted dependence of the merger frac-
tion on AGN luminosity is significantly weaker than that
of Treister et al. (2012), despite their rather large scatter
at low redshifts (due to low number statistics). However,
most of the observed data-points cover a very large redshift
range, for example the grey crosses, making a compari-
son at specific redshifts di�cult. Furthermore, the dif-
ferent observed datapoints are the result of di↵er-
ently selected AGN samples. The compilation from
Treister et al. (2012), for example, consists of data-
points selected from X-ray, infrared (IR), and spec-
troscopic surveys. Fan et al. (2016) add datapoints
from dust-obscured, dust-reddened, and (mid-)IR-
luminous quasars (see Treister et al. 2012 and Fan
et al. 2016 for details). Compared to Villforth et al.
(2017, orange line with the arrow indicating the upper limit
of the merger fraction and the observed luminosity range),
our simulated major merger fractions of the most luminous
AGN at z = 0.5 are in good agreement with their maximum

Figure 6. Total, major, and minor merger fractions and the
corresponding binomial errors (blue solid, red dashed, and
green dotted lines and shaded areas, respectively) of AGN host
galaxies versus their bolometric AGN luminosity at di↵erent red-
shift steps (z = 2.0, 1.0, 0.5, 0.1, panels from top to bottom) com-
pared to that of inactive galaxies (depicted by the horizontal ar-
rows at the left-hand side of each panel). Simulation predictions
are compared to observed major merger fractions of AGN hosts
(compilation of Fan et al. 2016, including the datapoints
from Treister et al. 2012: grey crosses and grey shaded area,
the latter illustrates the entire observed luminosity range and the
error on the y-axis; Glikman et al. 2015: purple horizontal line
and shaded area; Villforth et al. 2017: orange line with the arrow
indicating the upper limit and the observed luminosity range).
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To understand whether the maximum probability that an
AGN was fuelled by a merger is related to the respective
AGN luminosity, in Fig. 6, we explore the total, major, and
minor merger fractions as a function of AGN luminosity
(blue solid, green dotted and red dashed lines, respectively)
at di↵erent redshift steps (z = 2.0, 1.0, 0.5, 0.1, panels from
top to bottom). To avoid low number statistics, we consider
only bins of AGN luminosity containing at least 20 active
galaxies. Fig. 6 shows that the global trends seen in Fig. 5,
namely that total, major, and minor merger fractions of ac-
tive galaxies are larger than that of inactive ones (illustrated
by the arrows on the left-hand side in each panel of Fig. 6),
remain the same for each AGN luminosity, irrespective of
the redshift step.

Turning to the dependence of the merger fractions on
AGN luminosity, at z = 2 the total, major, and minor
merger fractions strongly increase from less than 10, 8 and
2 per cent for faint AGN to up to more than 50, 30 and
30 per cent for most luminous AGN with Lbol � 1047 erg/s,
respectively. Towards lower redshifts, at z  1, the increase
of the merger fractions with AGN luminosity is significantly
weaker or even negligible, at maximum raising from 10 per
cent for faint AGN up to 20 per cent for more luminous
AGN. This trend may be due to the fact that at and below
z = 1, even our large 500Mpc/hr simulation run does not
contain su�cient statistics for AGN more luminous than
Lbol ⇠ 5 ⇥ 1046 erg/s at z = 1, Lbol ⇠ 5 ⇥ 1045 erg/s at
z = 0.5, and Lbol ⇠ 1045 erg/s at z = 0.1, impeding us
by construction to find any potential increase of the merger
fractions for these most luminous AGN.

Compared to observed major merger fractions of the
compilation of Fan et al. (2016, grey crosses and
grey shaded areas, illustrating the observed lumi-
nosity range and the uncertainty in the merger frac-
tion), including observations from Treister et al. (2012)
and Glikman et al. (2015, purple horizontal line and shaded
area), we find at z = 2 a qualitative (even if not quanti-
tative) agreement between the observed steep raise of the
merger fraction towards higher AGN luminosities and our
simulated AGN merger fractions. In contrast, at lower red-
shifts (z  1), the predicted dependence of the merger frac-
tion on AGN luminosity is significantly weaker than that
of Treister et al. (2012), despite their rather large scatter
at low redshifts (due to low number statistics). However,
most of the observed data-points cover a very large redshift
range, for example the grey crosses, making a compari-
son at specific redshifts di�cult. Furthermore, the dif-
ferent observed datapoints are the result of di↵er-
ently selected AGN samples. The compilation from
Treister et al. (2012), for example, consists of data-
points selected from X-ray, infrared (IR), and spec-
troscopic surveys. Fan et al. (2016) add datapoints
from dust-obscured, dust-reddened, and (mid-)IR-
luminous quasars (see Treister et al. 2012 and Fan
et al. 2016 for details). Compared to Villforth et al.
(2017, orange line with the arrow indicating the upper limit
of the merger fraction and the observed luminosity range),
our simulated major merger fractions of the most luminous
AGN at z = 0.5 are in good agreement with their maximum

Figure 6. Total, major, and minor merger fractions and the
corresponding binomial errors (blue solid, red dashed, and
green dotted lines and shaded areas, respectively) of AGN host
galaxies versus their bolometric AGN luminosity at di↵erent red-
shift steps (z = 2.0, 1.0, 0.5, 0.1, panels from top to bottom) com-
pared to that of inactive galaxies (depicted by the horizontal ar-
rows at the left-hand side of each panel). Simulation predictions
are compared to observed major merger fractions of AGN hosts
(compilation of Fan et al. 2016, including the datapoints
from Treister et al. 2012: grey crosses and grey shaded area,
the latter illustrates the entire observed luminosity range and the
error on the y-axis; Glikman et al. 2015: purple horizontal line
and shaded area; Villforth et al. 2017: orange line with the arrow
indicating the upper limit and the observed luminosity range).
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