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	   	   	   	   	   	  	  	  	  	  	  	  	  The	  correla*on	  func*on	  
	  
	  
	  
auto-‐correla7on	  func7on	  (e.g.	  Gilli	  et	  al.	  2009,	  Starikova	  et	  al.	  2011,	  Allevato	  et	  al.	  
2011,	  Koutoulidis	  et	  al.	  2013)	  
	  
	  
	  
cross-‐correla7on	  func7on	  (e.g.	  Coil	  et	  al.	  2009,	  Mountrichas	  &	  Georgakakis	  2012,	  
Krumpe	  et	  al.	  2012,	  2013)	  
	  
	  
	  
A	  new	  method	  that	  uses	  photometric	  redshi4	  Probability	  Distribu7on	  Func7ons	  (PDFs;	  
Myers	  et	  al.	  2009,	  Hickox	  et	  al.	  2011,	  2012)	  for	  AGN	  and	  galaxies	  to	  es7mate	  the	  real-‐
space	  cross-‐correla7on	  func7on	  (Mountrichas,	  Georgakakis,	  et	  al.	  2013,	  Georgakakis,	  
Mountrichas,	  et	  al.,	  2014).	  
	  
	  
	  



DD(r)=DD(r)	  +	  1	  (classical	  approach)	  

DD(r)=DD(r)+fi,1fi,2	  

ξ(r)=DD(r)/DR(r)	  –	  1	  (Davis	  &	  Peebles	  1983)	  
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Figure A1. Projected auto-correlation function of galaxies plotted as a func-
tion of scale. The filled (blue) triangles correspond to the wp(σ) of spectro-
scopic galaxies selected from the DEEP2 and DEEP3 surveys of the AEGIS
field with R < 24.1 and redshifts in the range 0.6 − 1.4. The open (red)
triangles are estimated by applying the generalised clustering estimator de-
scribed in section 3 to the photometric redshift PDFs of CFHTLS-D3 galax-
ies. The open (black) circles correspond to the auto-correlation wp(σ) of
the same sample of CFHTLS-D3 galaxies estimated by replacing the pho-
tometric redshift PDFs with a single value, the photometric redshift best-fit
solution, and then treating them as spectroscopic redshifts in the clustering
analysis. The galaxy sample used to estimate the black open circles and the
red open triangles is selected to have R < 24.1 and the optical colour cuts
proposed by Newman et al. (2012) to exclude galaxies below z ≈ 0.6. As a
result, the photometrically selected CFHTLS-D3 galaxy sample used in the
analysis has similar properties (i.e. redshift and optical luminosity distribu-
tions) to DEEP2/3 spectroscopic galaxies. The errorbars are estimated using
NJK = 8 Jackknife regions. For the shake of clarity the open red triangles
and black circles are offset in the horizontal direction by ∆ log σ = −0.02
and +0.02 respectively.

Figure A2. Projected cross-correlation function between X-ray AGN and
galaxies plotted as a function of scale. The filled (blue) triangles correspond
to the classic approach of estimating the cross-correlation signal, which
requires spectroscopy for both samples. Spectroscopic X-ray AGN in the
AEGIS-XD field (total of 148) are correlated with DEEP2 and DEEP3 spec-
troscopic galaxies (≈ 6, 500) in the same field. The redshift range of both
samples is limited to 0.6 − 1.4. The open (red) triangles are the projected
cross-correlation function estimated by applying the generalised clustering
estimator described in section 3. The spectroscopic redshifts of the 148 X-
ray AGN in the AEGIS-XD field are replaced by their corresponding pho-
tometric redshift PDFs. These are then correlated with the photometric red-
shift PDFs of 23,000 CFHTLS-D3 galaxies with R < 24.1 and the optical
colour cuts proposed by Newman et al. (2012) to exclude galaxies below
z ≈ 0.6. The open (black) circles correspond to the cross-correlation
wp(σ) of the same sample of X-ray AGN and CFHTLS-D3 galaxies es-
timated by replacing the photometric redshift PDFs with a single value,
the photometric redshift best-fit solution, and then treating them as
spectroscopic redshifts in the clustering analysis. The errorbars are es-
timated using NJK = 8 Jackknife regions. For the shake of clarity the
open red triangles and black circles are offset in the horizontal direc-
tion by ∆ log σ = −0.02 and +0.02 respectively.
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•  Using	  the	  photo-‐z	  best-‐fit	  solu7on,	  underes7mates	  the	  signal	  
•  The	  photo-‐z	  method	  is	  geared	  toward	  large	  sample	  sizes	  

Specz:	  	  	  b =1.63!0.05+0.07 (6,500	  galaxies)	  

Photo-‐z:	  b =1.72!0.15
+0.24 (23,000	  galaxies)	  



	   	   	   	  	  	  	  	  	  	  	  	  Required	  accuracy	  of	  photo-‐z	  es*ma*ons	  
X-‐Ray	  photoz	  errors:	  
C-‐COSMOS:	  σΔz/(1+z)≈0.016	  
AEGIS-‐XD:	  σΔz/(1+z)≈0.04	  
	  
Using	  AEGIS	  specz	  X-‐ray	  AGN,	  convolve	  them	  with	  a	  Gaussian	  filter	  with	  σΔz/(1+z)	  in	  the	  	  
range	  0.01-‐0.08	  and	  cross-‐correlate	  them	  with	  photoz	  galaxies	  (CFHTLS-‐D3).	  	  
The	  photo-‐z	  method	  breaks	  down	  for	  σΔz/(1+z)	  >	  0.04	  (πmax	  is	  not	  stable).	  	  
This	  accuracy	  for	  AGN	  photoz	  es*ma*ons	  is	  challenging,	  par*cularly	  for	  bright	  AGN	  samples.	  
	  
Galaxies	  in	  C-‐COSMOS:	  σΔz/(1+z)=0.01	  (0.03	  for	  CFHTLS	  in	  the	  AEGIS-‐XD).	  	  
In	  this	  case	  the	  photo-‐z	  method	  recovers	  the	  clustering	  signal	  even	  when	  AGN	  photoz	  
uncertain*es	  are	  up	  to	  σΔz/(1+z)=0.08.	  
	  
	  
	  
	  
	  
	  
	  
	  
A	  galaxy	  sample	  with	  accurate	  photo-‐z	  can	  compensate	  	  
for	  larger	  photo-‐z	  uncertain*es	  of	  the	  AGN	  sample.	  
	  
	  

The	  uncertain7es	  of	  the	  inferred	  bias	  are	  
nearly	  independent	  of	  the	  AGN	  σΔz/(1+z).	  	  
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Compare	  the	  Dark	  MaUer	  Halos	  of	  X-‐ray	  AGN,	  star-‐forming	  and	  passive	  galaxies	  at	  z≈1	  

	   	   	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  DATA:	  
X-‐ray	  AGN:	  	  	  	  	  	  	  	  	  	  Chandra	  800ks	  AEGIS-‐XD	  /	  C-‐COSMOS	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Specz:	  DEEP2+DEEP3	  /	  VIMOS-‐zCOSMOS	  +	  Magellan-‐IMACS	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Photoz:	  Nandra	  et	  al.	  (in	  prep)	  /	  Salvato	  et	  al.	  (2009,2011)	  
	  
Far-‐IR	  galaxies:	  	  PEP	  programme	  
	  
Passive	  galaxies:	  	  

Dark matter halo mass measurements using photometric redshifts 3

0.2 0.6 1.0 1.4 1.8
V − J (mag)

0.2

0.8

1.4

2.0

2.6

U
−

V
(m

ag
)

0.6 < z < 1.4

AV = 1

Figure 2. U − V vs V − J diagram of galaxies (black contours) in the
AEGIS-XD and C-COSMOS fields with R < 24.5 and either spectro-
scopic or photometric redshift estimates. For sources with photometric red-
shifts we use the full PDFs to determine the corresponding U − V , V − J
probability distribution functions. The different contour levels correspond
to 1000, 700, 400, 200 and 100 galaxies within bins of size 0.1 mag. The
dashed lines correspond to U −V = 0.88 (V −J)+0.69, U −V > 1.3,
V − J < 1.6 (Williams et al. 2009). Galaxies are distributed into two
distinct populations, i.e. quiescent and star-forming. The wedge, as defined
above, marks the transition region between these two galaxy populations.
The arrow shows the reddening vector with AV = 1 for the Calzetti et al.
(2000) law. This is parallel to the quiescent galaxy selection wedge. Dusty
star-forming galaxies are therefore separated from quiescent systems.

sive follow-up spectroscopic programs targeting specifically X-ray
sources and (ii) deep multiwavelength imaging (UV, optical, in-
frared) for the determination of photometric redshift Probability
Distribution Functions (PDFs) for galaxies and AGN. In the sub-
sequent analysis we focus on the part of the AEGIS field which has
been surveyed by Chandra for a total of 800 ks (AEGIS-XD, Nan-
dra et al. in prep). In the COSMOS field we use the region covered
by the Chandra observations performed between November 2006
and June 2007 (C-COSMOS, Elvis et al. 2009). Combining clus-
tering measurements from two extragalactic survey fields gives a
better handle on the impact of cosmic variance on the results.

2.1 The galaxy samples

The AEGIS-XD field lies within the D3 region of the deep syn-
optic Canada-France-Hawaii Telescope Legacy Survey (CFHTLS).
The optical photometry (ugriz bands) of the T0004 data re-
lease is used, which includes photometric redshift measurement
and their corresponding PDFs with an estimated dispersion at the
limit i < 24mag of σ∆z/(1+z) ≈ 0.03 (Coupon et al. 2009).
Regions of unreliable photometry (CFHTLS catalogue parame-
ter FLAG TERAPIX> 1) because e.g. of contamination by bright
stars, are masked out. In the analysis we only use CFHTLS optical
sources classified as galaxies (CFHTLS parameters OBJECT and
FLAG TERAPIX equal to zero), with reliable photometric redshift
estimates (CFHTLS parameter ZP RELIABLE �= −99).

For the C-COSMOS field we use the version 1.8 of the pho-
tometric redshift catalogue of Ilbert et al. (2009), which includes
PDFs for the photometric redshifts and is based on an improved

version of the photometry originally presented by Capak et al.
(2007). The accuracy of the photometric redshifts to i = 24mag
is σ∆z/(1+z) ≈ 0.01 (Ilbert et al. 2009). Spatial masks defined in
the B, V , i and z photometric bands have been used to identify
and exclude from the analysis sources which lie in regions with
unreliable photometry. Optical sources with Spectral Energy Dis-
tributions (SEDs) that are best-fit by stellar templates (Ilbert et al.
2009) are also excluded.

In the clustering analysis presented in the later sections the
photometric galaxy samples in the AEGIS-XD and C-COSMOS
fields are limited to redshifts z >∼ 0.6. The B−R and R− I photo-
metric criteria for redshift pre-selection defined by Newman et al.
(2012, i.e. B − R < 2.35 (R − I) − 0.45, R − I > 1.15,
B − R < 0.5) are adopted to exclude galaxies below z ≈ 0.6.
The resulting redshift distribution is plotted in Fig. 1. Nearly 80%
of the galaxy sample lies in the redshift interval 0.6 < z < 1.4. For
the application of the above colour cuts the AEGIS-XD/CFHTLS
and C-COSMOS filtersets are transformed to the BRI photomet-
ric bands used by Newman et al. (2012) following the methods de-
scribed in Mountrichas et al. (2013). Unless otherwise stated the
galaxy samples used in the following sections are also limited to
the magnitude range 18 < R < 24.5mag to ensure reliable photo-
metric redshift determinations and PDFs (Ilbert et al. 2009; Coupon
et al. 2009). In the clustering measurements described below only
the part of the galaxies’ photometric redshift PDF in the range
0.6 < z < 1.4 is used.

2.2 Far-infrared galaxies

Herschel far-infrared (far-IR) data are from the PACS Evolution-
ary Probe (PEP; Lutz et al. 2011) programme, which has surveyed,
among others, the AEGIS-XD and C-COSMOS fields at 100 and
160µm. We use the PEP source catalogues constructed by fitting
the PACS PSF at the positions of sources detected on archival
Spizter MIPS 24µm data following the method of Magnelli et al.
(2009). The 3σ depths at 100/160µm in the AEGIS-XD and C-
COSMOS fields are approximately 4/8 and 5/11 mJy, respectively.
The PEP source positions were matched to the closest optical coun-
terpart using a search radius of 1.5 arcsec. The false identification
rate at the limit i = 24mag is 3.5%. Total IR luminosities , LIR, in
the wavelength range 8 − 1000µm are determined from the PEP
100/160µm flux densities assuming the LIR = 1011 L⊙ template
of Chary & Elbaz (2001).

The prime interest of this paper is the clustering properties
of infrared galaxies at z ≈ 1. We therefore select PEP sources in
the redshift interval 0.6 < z < 1.4. For sources with photomet-
ric redshift measurements we only use the part of the PDF that lies
within that redshift range. We do not apply any IR luminosity cut
to the sample. At the redshift interval 0.6 < z < 1.4, the PEP sur-
vey depths of the AEGIS-XD and C-COSMOS fields correspond
to LIR

>∼ 1011 L⊙. For the typical stellar mass of the PEP far-IR
selected galaxies (≈ 1011 M⊙; see later sections) the luminosity
limit above corresponds to galaxies on or just above the main se-
quence of star-formation (Santini et al. 2009) at z ≈ 1. Table 1
shows for each field the number of PEP far-IR selected galaxies
used for clustering measurements.

2.3 The X-ray AGN samples

We use X-ray data from the Chandra 800 ks survey of the AEGIS-
XD field (Nandra et al. in prep) and the 2006-2007 Chandra sur-

c� 0000 RAS, MNRAS 000, 000–000

Sample	   Number	  of	  sources	  

X-‐ray	  AGN	   1269	  (430)	  

PEP	  far-‐IR	  galaxies	   1032	  (576)	  

UVJ	  passive	  
galaxies	  

4883	  (796)	  

galaxies	   68,690	  dashed	  line:	  U-‐V=0.88(V-‐J)+0.69,	  U-‐V>1.3,	  V-‐
J<1.6	  (Williams	  et	  al.	  2009)	  
arrow:	  the	  reddening	  vector	  

Tracer	  sample:	  CFHTLS-‐D3	  /	  v1.8	  of	  Ilbert	  et	  al.	  (2009)	  	  
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Figure 6. Left: Cross-correlation function with galaxies of (i) X-ray AGN (solid red circles), (ii) IR sources (empty blue circles) and (iii) UV J passive
galaxies (black crosses), in the combined AEGIS-XD and C-COSMOS fields. The errorbars are Jackknife. The solid red symbols are offset in the horizontal
direction by log = ±0.03 for clarity. Right: Auto-correlation function of galaxies (R < 24.5mag) in the combined AEGIS-XD and C-COSMOS fields. The
uncertainties of individual datapoints are estimated from NJK = 16 Jackknife sub-regions.

et al. (2009, 2011) manage to minimise this problem for AGN by
applying priors based on source properties, e.g. optical extent, X-
ray flux. Depending on those priors only subsets of their full tem-
plate library are used to estimate the photometric redshifts and the
corresponding PDFs for individual sources. As a result of narrow-
ing down the template space the photometric redshift PDFs for the
AGN sample are typically narrower than those of the galaxy popu-
lation.

Finally, for passive galaxies we also present clustering re-
sults using the classic cross-correlation and auto-correlation
functions based on spectroscopy only (see Section 4.2). For this
calculation we use πmax = 50Mpc.

4.1 Clustering of X-ray AGN and far-IR galaxies

The cross-correlation function of X-ray and far-IR selected sources
with galaxies is determined by applying the generalised clustering
estimator methodology presented in the previous sections to the
AEGIS-XD and C-COSMOS fields. The number of sources used
in the calculation are listed in Table 1. The combined correla-
tion function is determined by equation 4, where DD and DR in
this case are the sum of the data-data and data-random pairs, re-
spectively, in the two fields. Motivated by Figures 4, 5 the πmax is
set to 450 Mpc. This value is also appropriate for the far-IR se-
lected galaxy sample. The πmax behavior of that sample is not
plotted in Figures 4, 5 for clarity. For the interpretation of the cross-
correlation function we also measure the auto-correlation function
of the galaxy sample following the methodology of section 3. In
this calculation we use πmax = 700Mpc (see Figures 4, 5).

The uncertainties of the correlation function at a given scale
are estimated by dividing the two fields into a total of NJK =
16 sections (8 for each of the two survey fields). The projected
cross-correlation functions with galaxies of X-ray AGN and far-
IR selected star-forming galaxies are shown in Figure 6-left. The
amplitude, r0, and exponent, γ, of the best-fit power-law at scales

1-10 Mpc are presented in Table 2. The relative cross-correlation
function bias of the two populations is bAGN/bIR = 0.97± 0.20.
Within the errors the two populations have consistent clustering
properties.

We further estimate the mean dark matter halo of X-ray AGN
and far-IR sources detected in the PEP survey. This calculation re-
quires knowledge of the galaxy auto-correlation function, which
can then be factored out of the cross-correlation function. In this
calculation it is assumed that b

2

CCF = bsample bgal, where
bsample is the bias of either X-ray AGN or far-IR sources de-
tected in the PEP survey, bgal is the galaxy bias inferred from
their auto-correlation function and bCCF is the bias estimated
from the cross-correlation function. Figure 6-right plots the pro-
jected auto-correlation function of galaxies. This is also fit with
a single power-law at scales 1-10 Mpc. The resulting best-fit pa-
rameters and the corresponding galaxy bias are listed in Table 2.
Using these results we estimate a mean dark matter halo mass of
about logM/(M⊙ h

−1) ≈ 13.0 for both X-ray AGN and far-IR
sources respectively. For the latter population the above dark matter
halo mass is consistent with recent estimates by Magliocchetti et al.
(2011, 2013). Using PEP survey data, they infer a mimimum halo
mass for their sources of logM/M⊙ ≈ 12.0 − 12.4. The appar-
ent discrepancy with our results is related to the method adopted to
infer dark matter halo masses from the measured correlation func-
tion. Applying our methodology (see section 3) to the amplitude
and power-law index of the real-space correlation functions deter-
mined by Magliocchetti et al. (2011, 2013), we estimate a mean
halo mass logM/(M⊙ h

−1) ≈ 13.0, i.e. similar to the value we
infer via the cross-correlation with galaxies.

Next, we split X-ray AGN into subsamples with and without
IR counterparts and their clustering signal is estimated. Because of
the small number of sources in the subsample of X-ray AGN with
far-IR counterparts the corresponding clustering signal is noisy.
The relative bias of X-ray AGN with and without IR counterparts

c� 0000 RAS, MNRAS 000, 000–000

Sample	   median	  	  redz	   log	  DMHM	  (h-‐1M¤	  )	  

X-‐ray	  AGN	   	  	  	  	  	  	  0.95	  	  

PEP	  far-‐IR	  
galaxies	  

	  	  	  	  	  	  0.90	  

UVJ	  passive	   	  	  	  	  	  	  0.84	  

13.0!0.4
+0.3

13.0!0.5
+0.4

13.1!0.4
+0.4

Results	  

bgal =1.6!0.2
+0.1
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Figure 7. J-band absolute magnitude distribution of X-ray AGN (red solid
histogram), far-IR selected star-forming galaxies from the PEP survey (blue
dashed histogram) and UVJ-selected quiescent galaxies (dotted black his-
togram) in the redshift interval 0.6-1.4. Rest-frame magnitudes are esti-
mated using K-CORRECT (Blanton & Roweis 2007). For sources with pho-
tometric redshifts we use the full PDFs to determine the corresponding MJ

probability distribution functions, which are then added up to produce the
distribution of the entire population.

We attempt to explore the importance of stellar mass to X-
ray AGN clustering by splitting the AEGIS-XD and C-COSMOS
X-ray sources into two nearly equal subsamples at MJ =
−23.25mag. We caution that we exclude from these samples X-
ray sources for which the SED fits of section 2.3 suggest signifi-
cant AGN contamination of the underlying host galaxy light. For
those sources MJ may not be a proxy of stellar mass. We then
estimate the cross-correlation function with galaxies following the
methodology of section 3. We estimate an AGN bias of 2.1+0.7

−0.9
and

1.6+0.5

−1.0
for MJ -bright (total of 499; MJ < −23.35mag; mean

redshift 1.08) and MJ -faint (total of 687; MJ > −23.35mag;
mean redshift 0.97) X-ray AGN respectively. Unfortunately, the
uncertainties are large and do not allow firm conclusions. Never-
theless, taking the estimated biases at face value there is tentative
evidence that the MJ bright subsample is more clustered than the
MJ faint one. The corresponding dark matter haloes for the two
sub-samples are logMDMH/(M⊙ h

−1) ≈ 12.9 and 12.5. If this
result is confirmed by larger samples it may offer a straightforward
interpretation to the clustering properties of AGN. As is the case for
galaxies, the clustering of AGN may simply depend on the stellar
mass of their hosts.

6 CONCLUSIONS

We present a novel method for determining the projected corre-
lation function of extragalactic populations that uses photomet-
ric redshift PDFs and is least dependent on spectroscopy. We ex-
plore the performance of the method in the case of the X-ray AGN
projected cross-correlation function with galaxies. We argue that
sample sizes at least 10 times larger than spectroscopic ones are
needed to recover the clustering signal at the same level of accu-

Figure 8. AGN/galaxy cross-correlation bias, bCCF , as a function of the
accuracy of the AGN photometric redshifts, parametrised by the dispersion
σ∆z/(1+z). The spectroscopic redshifts of X-ray AGN in the C-COSMOS
survey field are convolved with a Gaussian filter of dispersion σ∆z/(1+z).
The resulting PDFs are then cross-correlated with the photometric redshift
PDFs of galaxies in the C-COSMOS survey

racy. This requires photometric redshifts accurate at a level bet-
ter than σ∆z/(1+z) ≈ 0.04 for both AGN and galaxies. Larger
AGN photometric redshift errors, e.g. σ∆z/(1+z) ≈ 0.08, re-
quire a galaxy sample with photometric redshift dispersion better
than σ∆z/(1+z) ≈ 0.01. These requirements place constraints on
follow-up photometric programmes of future large-area X-ray sur-
veys, such as the eROSITA All Sky Survey. Using the projected
cross-correlation function with galaxies, we compare the cluster-
ing properties of X-ray AGN, far-IR selected star-forming galaxies
and passive systems in the AEGIS-XD and C-COSMOS surveys.
It is found that each of the three populations live in dark matter
haloes with similar mean masses, MDMH/(M⊙ h

−1) ≈ 13.0. We
demonstrate that this is because the galaxies in the three samples
have similar stellar mass distributions, approximated by J-band lu-
minosity. We hence, conclude that the mean clustering properties
of X-ray AGN are determined by the stellar mass of their hosts.
We further speculate that claimed trends between AGN properties,
such as accretion luminosity or level of obscuration, may be driven
by differences in the stellar mass of AGN hosts.
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All	  3	  samples	  have	  similar	  distribu7ons	  in	  J-‐band	  luminosity	  (stellar	  mass).	  
X-‐ray	  AGN,	  far-‐IR	  and	  passive	  galaxies	  trace	  massive	  systems	  with	  log	  M*/M¤>10.5(MJ=-‐21.5	  mag,	  
Bell	  &	  Jong	  2001),	  which	  are	  expected	  to	  have	  similar	  clustering	  proper7es	  (Mostek	  et	  al.	  2012).	  
	  
Large-‐scale	  structure	  of	  X-‐ray	  AGN	  is	  closely	  related	  to	  the	  stellar	  mass	  of	  their	  hosts.	  	  
	  

Recent	  studies	  have	  shown	  that	  the	  galaxy	  clustering	  is	  a	  func7on	  of	  both	  stellar	  mass	  and	  SFR	  
(e.g.	  Meneux	  et	  al.	  2008,	  Foucaud	  et	  al.	  2010,	  Mostek	  et	  al.	  2012,	  Bielby	  et	  al.	  2013).	  
	  
At	  high	  stellar	  masses	  (log(M*/M¤>10.5),	  there	  is	  evidence	  that	  passive	  and	  SF	  galaxies,	  have	  
similar	  DMHMs	  (Mostek	  et	  al.	  2012).	  



Mj<-‐23.25	  mag,	  bAGN	  =	   2.1!0.9
+0.7

Mj>-‐23.25	  mag,	  bAGN	  =	  	  1.6!1.0
+0.5

	  ,DMHM=12.9	  h-‐1M¤	  	  

	  ,DMHM=12.5	  h-‐1M¤	  

If	  this	  result	  is	  confirmed	  by	  larger	  samples,	  it	  may	  offer	  a	  straightorward	  interpreta7on	  
to	  the	  clustering	  proper7es	  of	  AGN.	  As	  in	  the	  case	  for	  galaxies,	  the	  clustering	  proper7es	  of	  
AGN	  may	  simply	  depend	  on	  the	  stellar	  mass	  of	  their	  hosts.	  
	  
	  
	  
	  
	  
	  
	  
	  
	  	  	  	  	  	  Claimed	  trends	  between	  AGN	  proper7es,	  such	  as	  accre7on	  luminosity	  or	  level	  of	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  obscura7on,	  may	  be	  driven	  by	  differences	  in	  the	  stellar	  mass	  of	  AGN	  hosts.	  



Conclusions	  

•  Photometric	  Probability	  Density	  Func7ons	  can	  effec7vely	  subs7tute	  specz	  to	  recover	  the	  
clustering	  signal	  of	  extragalac7c	  popula7ons.	  
	  
	  
•  The	  photo-‐z	  method	  is	  geared	  towards	  large	  samples	  and	  requires	  accurate	  photo-‐z	  	  
es7ma7ons	  for	  the	  AGN	  and	  galaxies,	  σΔz/(1+z)≈0.04,	  or	  σΔz/(1+z)≈0.08	  for	  AGN	  if	  σΔz/(1+z)≈0.01	  for	  
galaxies.	  
	  
	  
•  X-‐ray	  AGN,	  star-‐forming	  galaxies	  and	  passive	  galaxies	  live	  in	  haloes	  with	  similar	  masses,	  
because	  they	  have	  similar	  stellar	  mass	  distribu7ons	  

	  
•  All	  galaxies	  that	  can	  poten7ally	  host	  X-‐ray	  AGN,	  because	  they	  have	  stellar	  masses	  in	  the	  	  
appropriate	  range,	  live	  in	  similar	  haloes	  independent	  of	  their	  SFRs.	  
	  
	  
	  
	  
	  
	  


