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Scope of the Talk

1. Large Scale Structure in X-ray AGNs: Intro

2. Two point Correlation Function Measurements
from X-ray data: Basics and Practice

3. Summary of Correlation Function results
from various surveys

4. Some Cosmological Implications
5. Other approaches
6. Summary



1. Large Scale Structure in X-ray
Surveys: Introduction
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Miyaji & Boldt 1990
» Matter in the universe has a structure.
Galaxies, AGNs, Clusters of galaxies etc.
trace the underlying structure in mass.



Clustering properties of AGNs provide yet
another clue to understanding the formation
and evolution of Supermassive Blackholes

(SMBH).

Simple characterization of how AGNs trace
underlying mass: bias parameter

byay=(9p/<p>) s/ (8PI<P>);a5
(contrast enhancement factor)

Bias b >l when a tracer samples high tips
of underlying mass density (Kaiser '84).

Biasing of theoretical Dark Matter Halos
(DMH) depends is mass dependent.



2. Two—point Correlation Function on X-
ray data: Basics and Practice

e Excess number of pairs separated by r or 6 over random
distribution

@ Joint probability 6P of finding an object in both of the solid
angle elements separated by r/ 0 is represented by:

Angular: O6P=r’[1+w(8)]69 ,60.,, 3D: 6P=r’[1+&(r)] 6V,6V,

« EWO point 3-D correlation function is related to bias parameter
e

Exan( )by Srass (1)

> Estimators (DD, RD, and RR are normalized numbers of source-
source, source-random and random—random pairs respectively):

~ (0)=(DD/RD)-1 (Efstathiout 1991)

est

- (0)=(DD RR)/(DR DR)-1 (Hamilton 1993)

est

- (0)=(DD-2RD-RR)/RR  (Landy & Szalay 1996)

est

> They give basicly the same results, with some different
error properties.



Depending on the availability of redshitt
information

Angular Correlation function w(@), poor man’s measure,

signal diluted by projection effects. No redshift
information, but redshift distribution can be modeled.
Use Limber’'s equation to de—project to &(r)

Projected distance correlation function "%(fb)

Redshift information, even photo—-z. Use with
redshift-divided samples to improve S/N.

Correlation function 1n 2 paramater space (projected
dist and redshift space) &(r,

3-D correlation function in redshift space &(s) with
Saqqf+ﬂ?‘used when spect—-z s are available. Redshift

distortion
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» Error/Covariance Matrix Estimations

~Poissonian of the number of pairs (1+w)/sqrt(DD) or full
Poisson expression (fit with C-stat) if the number of
pairs are smll

~ Jackknife resampling (can create covariance matrix)
(needs large number of independent regions)

~ Random Monte—Carlo scaled by (1+w) (TMt, '07)
~Monte—carlo using mock catalogs (including clustering)

» Integral constraint gives an offset to w for estimated in
finite area. Correction is model dependent.

//westdgﬂ = 0.

» Amplification bias (Vikhlinin & Forman %) due to PSF
smoothing: several percent effect for typical medium—depth
)S(MM survey (Basilakos04,05;TM+ 07). Negligible in Chandra

urveys

*» Random sample generation



Random Sample Generations

* Sensitivity varies over the field, possibly producing
spurious clustering signal.

* This can be compensated by applying the same sensitivity
cut to the random sample.

1. Full X-ray Image simulation and source detection
(Murray+’06,Gandhit+’ 06, T™M+ 07, Carreratsubmitted)

Requires a Log N-Log S model/Computationally demanding.

2. The CR of the random source is drawm fram an

externally given Log N-Log S relation (Basilakost 04,
Pucettit+ 06, Carrerat)

1.Good sensitivity map and Log N-Log S model.

3. Take the Countrate (CR) distribution from actual
sources (TM+ '07)

Good sensitivity map. Cood for, e.g., investigate
subsamples.

4. Make survey as uniform as possible by dense tiling
(XMM-COSMOS  year—2, C—OOSviOS%O



Comparing Random

Sample Methods (XMM-

COSMOS 23 field data)

- Having a Good Sensitivity map and
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LLimber De—-Projection to 3D-
Correlation Function

The 2-D ACF is a projection of the real-space 3-D ACF of the sources (£(r]}] along the
line of sight. The relation is expressed by the Limber’s equation:

wof - f (i—”) NeaG@ap + e/ an ai oz,

where ds(z) is the angular distance at the redshift z, N is the total number of sources and
dN/dz is the redshift distribution (per z) of the sources. The redshift evolution of the 3-D
correlation function is customarily expressed by:

E(r,z) = (r/m) L z) "5 ) .
blusterlng evolution

In the above expression, ¢ = —3 corresponds to the case where the correlation length is

constant in the physical coordinates and € = v — 3 corresponds to the case the clustering is
constant in the comoving coordinates.

The relationship between zero-redshift 3-I) correlation length vy and the 2-D correlstion
length #, is then:

c

§ = H, [ (207, (25©) 7 g1 4+ 2)ed

_ Tlin-1)/2T0/2
H, = S0

g = (N?/5) 807,
2

where 7({z) is the look back time. All dependences on cosmological parameters are included
in dalz) and v(z).



(dN,/dz) /N

Model Redshift Distribution

For de—projection of the angular ACF/CCF, we need the
redshift distribution of the sources.
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Redshift distributions of the
XMM-COSM(S X-ray sources
detected in the three bands used
in the de—projection, calculated
using Ueda et al. (2003, ApJ
598, 836;U03) model except the
thin red solid line, which is
from Hasinger, Miyaji, Schmidt
(2005, A&A 441, 417;H05)

From TM+ 07 for XMM—COSMOS



3. AGN/QSO Correlation Function
Measurements and Comparlsons
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Summary.orf -Correlation Lengths

Survey Band Ny 2> Method 4 ry/s, b Mpc Ref
RASS 0.1-2.4 keV 2096 0.15 w(6) 1.8% 6.5t1.0 Akylast’ 00
AERQS 0.1-2.4 keV | 392 w/z 0.06 é(s) 1.56 8.612.0 Graziant' 04
RASS-NEPS 0.1-2.4 keV 219 w/z 0.22 &(s) 1.8% 7.441.8 Mul list’ 04
XW-2dF 0.5-2 keV 432 1.19 w(6) 1.8% 16.4+1.3 Basi lakost, 05
. 2-10 keV 171 0.75 1.8% 19.0+3.0 Basi lakost, ' 04
XWM-COSMOS 0.5-2 keV 1037 1.07 1.8% 9.4+0.8 ™' 07
- 2-4.5 keV 545 0.87 1.8% 6.9(+2.2;-3.1) u
4.5-10 keV 151 0.60 1.8 [12.7(+2.3;-2.7)
XMM-ELAIS ST 0.5-2 keV 395 1.00 1.8% 12.8+4.2 Puccett i+’ 06
: 2-10 keV 205 0.85 c 1.8% 17.914.8 i
CXO-CLASXSHCDF 2-8 keV 168 w/z 0.45 &(s) | 1.940.3 7.940.9 Yangt' 06
151 w/z 0.92 c 1.4£0.2 | 10.1(4+1.1;-1.0)
77 w/z 1.26 2.0£0.7 | 8.4(+1.8;-2.4)
89 w/z 2.07 : 1.7+£0.5 12.4(42.7;-3.4)
CXO-CDFS 0.5-10 keV | 97 w/z 0.84 w,(r,) 1.330.14 10.3t1.7 Gillit'05
CXO-CDFN . 160 w/z 0.96 1.50£0.12 5.5+0.6 u

£(r)=(r/r,)7 (real-space) or &(s)=(s/s,)7 (redshift—space),

*comoving coordinates
*Assuming clustering evolution fixed in comoving coord.



Comparison with Other work and Bias

Parameters ot AGN clustering
(TM+07 approach)

Convert the 3-D correlation functions to the
RMS density fluctuations in 8S8h' Mpc”-:c%iﬂm(z)

osacn = J [E(ry —r2])dVidVo/V?

Direct comparison with DM fluctuation: ox/Xz).

Insensitive to assumed slope, when y is fixed.

Convert AGN/QSO ACF mesurements from literature
to the same oy - AN

Plot against the effective mean redshift of the
sample from various works.,



Ogaon(Z), 05D(2)

Density Fluctuation and Bias
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Trends

> No evidence for difference between obscured

and unobscured AGNs (by X-ray colors)
(directly by Gillit+ 05, Yangt 06,
indirectly by some XMM w(©) s)

> CDF-S has stronger clustering amplitude (=
x1.6) than HDF/CDF-N (Gilli+'05).. Cosmic
Varilance

* A weak dependence of clustering amplitude
with Lx (Yang +'06)



4. Some Cosmological Implications

Typical Mass of Dark Matter Halo that these

AGNs reside
*» Typical Mass of the Dark

. z)= : av*\/a+ 0. a(av?)(1-9)
Matter Halo is a function of "*? waﬁﬁd 'JHO5J:|)
bias parameter (e.g. Mo & White I S
1996; Sheth, Mo, Tormen 2001) @2 +0.5(1— o)l —c/2)
* For XMM-AGNs along with some
CXO AGNs in literature: Sheth, Mo, Tormen 2001

by <24, Mia1o~103-10" I,

n(>M,, )~10°-10" ' Mpc™ (Halo MF by Jenkins+2001,
Warrent2006)

This is 1-10 times the number density of AGNs
(unobscured+tobscured) (log Lx>~42.5 at z~1) approximately
represented by the sample.

cf. Luminous Optical QSOs: M, = a few x10“M_ (e.g. Croomt05, )



Lifetime of AGN activity

Lifetime of QSO activity tg (Martini & Weinberg 01;

Haimann & Hui 01) can be estimated assuming. . ..
1. At most ane active QSO at a time in a halo.

2. QS0 luminosities are associated with halo mass monotonically
3. The existence of SMBH is the only requirement for QSO

activity
QSO Bias — <M _ >
Duty cycle~n(>Lyg, yin)/MOMalo,nin) = o/ thalo

> Works for luminous QSOs, (e.g Croomt05, td%IOSWO

®* Crudely for XMM-Newton X-ray AGNs at z=1, log Lx>=42.5,
n ~a few x10® h! Mpc™ , duty cycle =0.1-1
o At 0.8<z<2, t,u= Gyr

» Some of the above assumptions are not valid. (A single

halo contains multiple galaxies and each of them has a
SMBH )



wp(r‘p) (h-tMpc)

108

107

10

Current popular halo model for

e e e

galaxies

> Two point Correlation
Function=

S e e S l-halo termt2-halo term

Zehavit 2004, pi¢ with Halo Occupation Model

A@ﬂ<A4MO> (Cooray & Sheth’02
- for review)

1 For local SDSS galaxies, more

. & . than one galaxy per halo for
A M, a few x107% M,

Pott)

H-fLa—Fj-L_b}“;"T\Li*A similar result at 0.4<z<0.8

0.1

ot vt 3 (e, g, Phelpst’ 06/Combo-17)

* Apply to X-ray AGN to galaxy
Cross—correlation?



Further Cosmological Implications?

CosMOLOGICAL PARAMETERS FROM THE LIKELIHOOD ANALYSIS

Data Q. W O, b, x°/dof
XMM-Newton ........ ceee. 028 £ 003 w= —1 0.75 £0.03 2.0 0.90
XMM-Newton/SN 1a ...... 0.26 = 0.04 —0.907,2 0.73 2.0 0.87

Basilakos & Plionis 2006

> Basilakos & Plionis (2005, 2006) went further by
fitting w(6) with a model involving cosmological

parameters assuming:

~Linear biasing (b (z)) is scale independent. here is a
redshift dependence.

«AGN bias at z=0 (b,) is a free parameter of fit.

~ Dependence of cosmology is solely in slope/shape of
ACF
~Sensitivity of the results to linear biasing
assumption?
+~ In excellent agreement with the WMAP results!



5. Other Approaches

° Cross—correlation function with other
classes of obJects:

> gagn—gal gal fmass
= With clusters.

~ Cappel luti+'05 in cluster fields,+ 07 in NEPS.

« With galaxies (better statistics for precise
investigations, also traces more local
environments):

=~ TM+ in XMM—-QOSMOS/E-CDFS
~Coil+ in H3S (this session)
~ Francket poster
Ly-break gal vs X-ray src bAGN“6 @ z=3
~See also Cheng, Kauffmannt 06 (SDSS NLAGN+Galaxies)



Galaxies vs X-ray Source

0.3 [T T T T T
[ 0.5-2keV, 0.1<pz<0.4 T 2-4.5 keV, 0.1<pz<0.4 T 4.5-10 keV, 0.1<pz<0.4 ]
0.2 —+ -+ -+ .
o1l I I + 3
B + + ' T + " T + + + . h Angular CCF ECDF X—AGN vs Combo—17 ecdfs***agnsell_wran_th_MPI3.cci
[ " I L I o ] . R — - S
ob———— ., T APy LI T, I _l _____ Ay e A 08 F ' Soft-x, 0.3<z<1.4 L ' Hard-x, 0.3<z<14 ]
0.3 [ttt e 03| + E
B + 0.5-2keV, 0.4<pz<0.8 T 2-4.5 keV, 0.4<pz<0.8 T | 4.5-10 keV, 0.4<pz<0.8 ] g-f } . ;i " E
0.2 B T T 7 -0:—-+-——-—.—I—-—--I-II-I-I—I—I—I—I——:: -+-*——.—-—-—-—--I-II-I-I—I—I—I—-——:
“r T T ] -0.1 - + E
i + I . TR T
o1l * T + T h 08 b ' Soft—x, 0.3<z<0.6 ' Hard—x, 0.3<z<0.8
[ I I ; ] 0.3 [ + .
[ T T ] 0.2 | 3 3
B L " m i u + F + 3
- — — = — - —_REEN 0.1
= 02_ + *-+_ ._.' 1 o R ——+—+—H—.—I-.-.-I—I—-—I—I—I—-——:: ———t*—j—-—l-.-.l--I—I—l—l—-——:
~= 0. “ ‘ - __—o1 I I E
o i 2-4.5 keV, 0.8<pz<l. \ /J 5 177 ﬁ (C3 e
[ V] i (‘ 2 ) ) = T ! Hard—x, 0.8<z<0.8
0.2 - — . Ta i = ) F 3
[ 1 i o2 f + F + 3
- T . 0.1 + 3
0.1 _+ 1T N 0:———+—+—*—l—-—---.-.--—-—l—l—l—.——::———+—+—r-—l111rrFFH1——:
[ I ] 0.1 T =
LA L + toena, T + fra. ] 8 fE b ::::?-_+= -+
0 -+ L LT 147 nmnn e L —+— —— S asee ¥ 05 ! Seft—x, 0.8<za<11 ! Hard—x, 0.B<z<1.1
0.3 HHHH——+HHHH—— - — o3 b + E
[ 0.5-2keV, 1.2<pz<2.0 2-4.5 keV, 1.2<pz<2.0 T | 4.5-10 keV, 1.2<pz<2.0 ] 0z + 4 + + } -
- I ] 0.1 = 3
02| 1 . 0 ;il———*—*—-—l—.—ni.-l—-—-—-—-—-— —+ ———*—*—-—l—.—II.—I—I—I—I—I—I——:
I 1 - -0.1 + 3
[ T ] _0'2:_+: ——+HHHH f——HHH—— ::::{_': —HHHH———— - — ::::_:
0.1 _+ I _ 08 1 ! Soft—x. 1.1<z<14 | ' Hard-x.'l.1<z<14
[ ; T 4 ] 03 f 3 3
i 1 0.2 3 3
o it—-—-'-l—--ln—n-.i —+—.—' LNy ey -*i—.—I—r-—I-l-—. 0.1 F $++ = +++ -
L Ll ol NIRRT RRRTT| 1l R TIT BN ||{ L1 ||||||.| Ll —O?Z __*_._._-_._._.'—._._-_H_.____ ___h_-_._-_..—._._._._-_.____
1 10 100 1 10 100 1 10 100 o2F | | 3 | | E
8[arcmin] d[aremin] é[aremin] 0.1 1 10 o.1 1 10
8[arcmin]

XMM-COSMOS v Galaxies ECDFS AGN vs Combo-17 galaxies



> Eccess Variance

+ Yangt 03, LHNW (CLASXS): hard band sources are
more strongly clustered, but see their own
recent &(s) studies. ..

- Stewart, poster: 2XMM catalog. 16% of excess
variance for Sx>le-14 cgs, by=2.6 @z=1-2.

° Galaxy counts around X-ray AGNs and
comparison with environments of non—AGN
galaxies

+~ 31 AGNs in 0.4<z<0.6 have the same local
environmet (<500 kpc) as galaxies with similar

morphologies. Minor merger for fueling
(Waskett+ 06)?

- b3 X-ray AGNs at z=1 avoid underdense regions.

AGN with blue host reside in denser environment
than galaxies in AEGIS (Georgakakist 06)



Tgaon(Z), 05D(2)

bAGN

A

UHD O CDF-S&N (Gilli05)

w AERQS (Grazian04)
A RASS (Akylas00)
X NEPS (Mullis04)

%

|
 (a) ® XMM-COSMOS SFT % XMM-2dF (Basilakos04/05) x CLASXS+CDFN (Yang06)
O XMM ELAIS-S (Puccetti05) % 2dF-opt. QS0 (Porciani04) |
% 2dF-opt. QS0 (Croom05)

Lookback Time T [(h/0.7)"! Gyr]

Francke, CCF
O—with Ly-break

T — Stewart

Excess Variance



Summary

Current status of qorrelation function and
environmental studies in X-ray surveys are
reviewed.

Technical aspects of of two—point correlation
functions are discussed

box=2 1n local universe, b,,=2-6 at z>1

The by, values of AGNs at z=1 suggest
associations with 10°-10" M_ dark matter

halos.

Cross—correlation with galaxies and galaxy
counts around AGNs are starting to give clues
to local environment, leading to the
understanding of fueling mechanism.



