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Abstract. The auto-correlation function of the X-ray backdiscrete sources. It is expected that some of these sources are
ground in the range of angular scal&s—20° is determined associated with clusters of galaxies. Thus, some portion of the
using theROSATAII-Sky Survey. In the power-law approxi- XRB is produced by the extended sources. AGNs (quasars and
mation, our best fit estimate i8(f) = (0°0058/0)*-. At the Seyfert galaxies) constitute roughly 80 % of the sources above
small separation end, this is substantially above previous ettie ROSATDeep Survey limitl(Schmidt et al. 1998). The red-
mates based dROSATpointings. The present upward revisiorshift distribution of the extragalactic objects inthe Schmidt ét al.
of the correlation amplitude results from variations in the backample is roughly flat between~ 0.2 and~ 2 with a tail ex-
ground intensity at angular scales larger than the field of vidending toz ~ 3. Although the redshift distribution of the XRB
of the X-ray telescope. flux itself (i.e. the integrated flux per redshift bin) is not well
Various assumptions for the local clustering amplitude, clusenstrained by observations, it appears that a substantial frac-
tering evolution rate and luminosity/density evolution of théon of the XRB comes from objects spread over a wide range of
sources producing the background are explored, and the pesishifts. The variations of the background flux on the celestial
dicted auto-correlation functions compared with the measurgghere depend on the spatial clustering and on the luminosity
fluctuations. We show that the large amplitude of the bac#ensity of these sources at all redshift. Thus measuring the XRB
ground angular auto-correlation function is incompatible witthuctuations allows us to study the clustering properties of high
the weak clustering amplitude observed for normal galaxigedshift sources (although in a diluted form due to the integra-
while it is marginally compatible with some measurements &ibn along the line of sight).
the AGN clustering amplitude at moderate redshifts. In turn, understanding the evolution of source clustering
as a function of redshift allows us to study galaxy forma-
Key words: cosmology: observations — cosmology: large-scal®n. In theoretical considerations (elg. Matarrese st al. 1997,
structure of Universe — X-rays: general Moscardini et al. 1998, Peacock 1998), galaxies are identified
to the peaks of the density fluctuations whose growth is driven
by gravitational instability in the non-linear regime. Within
this framework, galaxy clustering does not imitate that of the
dark matter. The so-called bias factor which relates the ampli-
The potential role of the X-ray background (XRB) for thdudes of the respective auto-correlation functions seems to in-
investigation of large scale structures in the Universe haggase with redshift (e.g. Bagla 1998, Moscardini et al. 1998),
been recognized in recent years and explored in various w&y this question is still very much under investigation (e.g.
(e.g.[Carrera et al. 1997, Barcons et al. 1998, Boughn 1998gmark & Peebles 1998). Information on the large scale dis-
Treyer et al. 1998). The total background at and belowkeV tribution of X-ray sources complemented by optical surveys of
is a mixture of extragalactic radiation and diffuse hot plasniagh redshift galaxies and quasars are crucial to measure the
emission unevenly distributed in the Galaky (Hasihger 199d)jas variations and - eventually - to understand the formation of
Away from the main regions of galactic contamination howevesfructures in the Universe.
alarge fraction of the soft XRB is now resolved into weak extra- In this paper we measure the XRB fluctuations from the
galactic sources. According[to Hasinger €t al. (1998), 70-80B®SATAII-Sky Survey (RASS) and try to evaluate the clus-
of the XRB is produced by~ 10% sources per sg.deg. It istering properties of the XRB sources by examining a range of
likely that the remaining fraction also originates in still faintemodels for their flux distribution and spatial clustering. The
auto-correlation function (ACF) is determined in the next sec-
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of [Soltan et al. (1996, herafter S96) but differs substantiallpcal emission (S96). We use the same method as S96 to isolate
from earlier estimates derived froROSATpointing observa- the ACF of the extragalactic component from the local contam-
tions by Sotan & Hasinger (1994). In Sect. 2.2 and in the Apination.

pendix we discuss this discrepancy and show that the lack of dataWe utilize RASS maps in two energy bands: R5 and R6 cen-
on large scale fluctuations in the pointing observations substéered at 0.83 and 1.15keV, respectively (Snowden et al. 1994).
tially lowered the ACF estimates of Sah & Hasinger (1994). The R6 band least affected by any non-cosmic contamination
The relationship between the spatial and the angular correlatigile the R5 band suffers occasionally from oxygemnfiiores-
functions as well as the effects of cosmic evolution in the sourcent line emission due to scattered solar X-rays (SSX). Though
luminosity function are discussed in Sect. 3. In Sect. 4, arangdltis component has been subtracted, there is anincreased uncer-
models describing the evolution of the source luminosity funtainty in the diffuse emission due to the high number of counts
tion and clustering properties are investigated, and the predictethe SSX component. Since the galactic component is signif-
ACFs compared with the observed fluctutions. We discuss acantly softer than the extragalactic one, it is possible to split
results in Sect. 5 and comment on the possible effects of neatty total fluctuations into local and extragalactic components
groups of galaxies on the ACF. described by two independent ACF’s. egtandn” denote the

total count rates in the RS¢f}) and R6 hard) energy channels
respectively. Photons of galactig“and extragalacticé” origin
contribute to these two energy bands in different proportions:
We quantify the angular fluctuations of the XRB intensity by

2. The auto-correlation function of the XRB

means of its angular auto-correlation function (ACF): n® = ng +mng 3)
h _ . h h
w(0) = ({m)I(n)) ) n= g e
()2 ’ The relative contributions of both (local and extragalactic) com-

where I(n) is the intensity of the XRB in the direction, ponents to each energy band depend on their spectral character-

I(n)I(n') is a product of intensities with angular separatiol§tics and is described by their “softness” ratios:

¢, and(...) denotes the expectation values of the correspongd- _ ns /nh

ing quantities. In X-ray astronomy, the radiation distribution is’ gy 4)
typically represented by an array of count rates per pixel. As dia = ng/ng.

estimator of the ACF, the expectation values are replaced by the |, 59,

: . : andr, are estimated at 5.0 and 0.66, respectively.
corresponding average quantities calculated from the avail v ° P y

a;t‘li!@(:ordingly, in the R6 band the mean galactic contribution,

data: nl', amounts to only- 3 % of the total count rate;”, while it
L I, reaches 22 % in the softer (R5) band.
0) = 72 -1, The ACFs of the galactic and extragalactic componentin the

_ ) . ) ) RASS mapsw,(#) andw.(6), are related to the ACFs of the
where; is the count rate in thé-th pixel and the overlines tota| counts in both bands;” () andw® (6) (we omit overlines
denote the sample average. for clarity) in the following way:

(n¢)? we(8) + (ng)* wy(0) = (n")*w" (6)

e g
s\2 5\2 _ s\2 ,,,8
The elaborate procedures used in constructing the )@6) we(8) + (15)" w0y (0) = (n*)"w* (6).
ray maps are described by Snowden étal. (1992, 1994), Fig[la shows the ACFs of the total counts in bands R5 and
Snowden & Freyberg (1993) and Plucinsky et al. (1993). TH6. Note the larger scatter here in both bands than in Fig. 2a
maps and their production itself are showr_in_Snowden let af. S96. This results from a slightly different treatment of the
(1995, 1997) for0’ and12’ spatial resolution, respectively. Indata. In S96 our main objective was to investigate the weak
the following analysis we use thi2’ resolution maps where correlation signal between the count rates and rich clusters of
point sources have not been removed but non-cosmic (diffusgélilaxies at separations larger tha2°. In order to minimize the
background (i.e. solar system and internal) contributions hastatistical noise inthe X-ray data, we had imposed a threshold for
been carefully modeled and subtracted (see_Snowden ettak, maximum count rates approximatély above the mean.
1997, and references therein). This is especially important fbnis cut-off significantly reduced the scatter but also slightly
studies of diffuse emission and autocorrelation analyses as redidhinished the amplitude of the ACF.
ual contaminations presentin the maps would diminish the ACF The ACFs of the galactic and extragalactic components are
signal. Visual inspection of these maps (S96) shows that tsigown in FiglLb. Note that each ACF describes the relative fluc-
fine features of the extragalactic component are outshinedtbgtions of the respective components. Despite the large ACF
the emission of hot galactic plasma over a large portion of taeplitude of the local component, the total XRB fluctuations in
sky. In the present investigation we use a region of the northehe R6 band are still dominated by the extragalactic signal be-
galactic hemispherer(° < I < 250° andb > 40°, approx- cause the local counts only represent a small fraction of the total
imately 1 steradian) which seems minimally contaminated fiyx. Consequently, the discrepancy between the ACF of the raw

2.1. Observational data and results at large angular scales

(5)
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001 premT T T T T T T T T T bly partially overlapping samples of objects and one may expect
0.008 ® a comparable slopes of the corresponding correlation functions.
e ] As the size of the area used in the analysis is much larger
0.006 & - than the maximum separation at which the ACF signal is de-
) C .° ° ] tectable, the data satisfy tlieir samplerequirement and the
< 0.004 - e %Q’%@ B ACF thus constitutes a representative estimate of the XRB fluc-
0002 & ‘s %&&@5@@ ° & . tuations. One should also note that the measured range of ACF
- ] amplitudes covers almost two orders of magnitude. This implies
0 C that potential fluctuations at still larger scales, i.eff at 20°,
0 2 4 6 8 10 12 14 16 18 20 should not affect the present estimate. At separations greater
0ol o T T T T T T T T than~ 6° however, the signal-to-noise ratio drops below 2 and
F o : therefore the present calculations only provide an upper limit to
008 @ o b - the ACF at these separations.
., 008 S %%?Enncuqsfzuu“%u o .
S 004 3 o 5 0 ged B E 2.2. Small angular scales
C % o ] The RASS data binned it2’ x 12’ pixels can be used to mea-
0.02 ® o e | sure the ACF at separations greater than®3. However, the
ok " . ] monotonic slope of the ACF over a wide range of separations
Clo b b b b b L L L b L] (Fig.[c) suggests that we may reasonably extrapolate it to the
0 2 4 6 8 10 12 14 16 18 20 smaller separations covered by R®SATPSPC pointings. Us-
coon T e ing a number of these pointing observations t8ol& Hasinger
0.01 ¢ C = (1994) derived an upper limit to the ACF at separations be-
F 3 tween~ 2’ and~ 20, shown by the dotted line in Fig. 1c.
& 0.001 L 7 a The strong signa}l of the RAS$ data extrapolated to thes_e _smaII
(<'n) | E angular separations substantially exceeds the upper limit de-
C f ] rived from pointings. This discrepancy can be explained at the
0.0001 T = light of the present measurement: the pointing estimates only
g { 3 describe fluctuations on scales smaller than the field of view.
10-5 i Ll Ll i The large scale variations which the present measurement re-
0.1 1 10 veal and which strongly affect the intensity averaged over the
0 [deg] individual pointings, are effectively removed from the pointing

_ _ calculation, hence a severe underestimate of the ACF amplitude
Fig. 1. aThe ACFs of the raw count rates in the energy band RS - opgfi this case. A detailed discussion of this question is given in
C|.rcl'es, gnd R6 - filled circledy The ACF of the gglactlc count rate yhe Appendix, where we show that after proper adjustment, the
distribution - open squares, and extragalactic - filled squarasie painting estimates can be reconciled with the RASS results. One
ACF of the extragalactic component - squares, the ACF of the raw sgould note also that the ACF estimate based on pointings was
count rates - crosses; note the logarithmic scale at both axes. . >,

calculatedafter removal of the discrete sources, what addition-

) ) ally reduced the ACF signal. The magnitude of this effect will
counts in the R6 band and that of the extragalactic componggtgiscussed in our next paper.

(Fig.[c) is small and only noticeable at separations larger than
~ 3°.

The error bars represemits uncertainties resulting from
pixel to pixel fluctuations in the count rates. Over the whol/e assume that the fluctuations in the XRB flux are generated
range of separations the ACF slope is slightly steeper thantirely by a non uniform distribution of discrete sources. The
the,,canonical” value of = —0.8. At separations smaller thanredshift distribution of known X-ray sources is very wide. Con-
4° the least square fit gives= —1.1 & 0.2, where the uncer- sequently, interpreting the angular fluctuations is not straight-
tainty is calculated using the measured deviations from the bfsgtvard and requires data on the statistical properties of the

3. Spatial vs. angular fluctuations of the XRB

fit shown by the solid line in Fi§l1c: sources as a function of redshift.

11 The total XRB flux density/ (E) at energyE, is the inte-
w(f) = (8/60) ’ (6) grated emission from consecutive redshift shells:
with 6y = (5?841822) x10~%. Asimilar slope of-1.1 wasfound B)— /Z“‘“ PICICRD) )
bylCress et al. (1996) for the ACF of radio sources brighter than Zmin dz

than 3 mJy in the FIRST radio survey. Most of these sources @fgere:
related to various classes of AGN and are distributed at cosngg-( 2, E) 4V

logical distances. Thus, both surveys probe similar and probaT =5 F(z, E), (8)
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ﬂ —w c D} 1 9) groupsia) evolving sources with a quasar-like rate of evolution,
dz H, (142)3 /T+ 202 and(b) nonevolving sources representing galaxies and clusters.

The relative local contribution of both components is not well
determined observationally. Because of the trivial constraint that
the total contribution from nonevolving and evolving sources in-
tegrated over redshift must amount to the observed intensity of

LEQ+2)](1+2) the XRB, the local contribution of the evolving population is
F(z,E) = dn D2 (10)  defined by its rate of evolution (see below).

o The systematic variations df, caused by the red-shift be-

is the flux density observed at enerfyproduced by sourcestween the emitted and observed energies kfheorrection) de-
within a volume of 1 Mpé (co-moving) at redshift; £.(E)is pend on the spectral energy distribution of the XRB sources. The

is the co-moving volume at redshiftwithin a solid anglew,
Dy, is the luminosity distance:¢ velocity of light, H,, - Hubble
constant, ang, - deceleration parameter), and:

the luminosity density at redshit ~ distribution of spectral indices in the considered energy range is
According to EqI(lL), the angular ACF of the XRB is giveRide because of the variety of emission mechanisms and, per-
by haps more importantly, because of the wide range of column
Zmax densities of cold gas absorbing soft photons at the sources. In
1 , dv . . ;
w(f) = [i3E S the calculations below we use a single energy index bfor
o Emin both evolving and nonevolving sources. Thdg[E(1 + z)] =
/ dz av (F(z,E)F'(¢,E))—1, (11) LE|(1+2)7L. As cosmic (Iuminosity/(.jensit.y).evolution ef-
Zmin dz fects strongly dominate the global redshift variations of the light

where the angular separation between the volume elements H@sﬂy (see below), this simpK—correction model does not
ducing F’ and F” is equal tod. One can express the ensembladnificantly affect our conclusions. o :
average of the flux produd (=, E) F'(+', E)) by the corre- _ As mentionned earlier, the AGN X-ray luminosity function

sponding product of luminosity densities which is related to tSUPIectto strong cosmological evolution. Using a combination
spatial correlation function of X-ray luminositie; [r-, 2] of the EinsteinMedium Sensitivity Survey (EMSS) and 5 deep
’ ROSATPSPC exposur€s, Boyle et al. (1994) considered several

(L.L.)=L2(1+&clr,2]), (12) evolutionmodels. They found thallaminosity evolutioiLE) of

the formLx ~ (1+2)* with k = 3.25 for 2 < 1.6 and constant

p ) ) comoving space density at higher redshifts satisfactorily de-
2 respectively separated by an angldn the equation above g the ohservations. However, the analyss by Miyaiji et al.
itis explicitly assumed tha[r, ] 7 0 for separations much (1 gggp) from a combination of variolROSATsurveys ranging
smaller than the characteristic scale of variation£ ofUsing .0 ihe shallowROSATAII-Sky Survey to the Ultra-Deep Sur-
standard approximations, Eds.](11) and (12) combined give %e;, reaching a flux limit of« 2 x 10~ ergs-t cm2, a pure
Limber equatior(Limber 1953): luminosity evolution model is practically ruled out, in favor of

A \2 prmex g aluminosity dependent density evolutiddDE).
w0 =(555) [ =%

wherer is the distance between two points at redshitind

Vv 4 1 ) X -

7 (142)7" (14 2g¢02) Inthe LDDE model, the density evolution rate is high for lu-
minous AGNs and drops at lower luminosities. The Miyaji et al.

(L.[EQ + 2)])? /dzlgg[T’(Z, 2',0),z],(13) model specifies the shape and redshift variation of the soft X-

ray luminosity function; in particular, it predicts that the number

whereA = %HL . The second integration covers the rangﬁf ObjeCtS increases up to redshift1.5 and remains stable at
T

where¢, # 0. In the rest of the paper we use a standard Frie@igher redshifts.

man cosmological model with/, = 100kms Mpc—! and These evolutionary effects introduce a strong redshift de-
go = 0.5 (all data quoted from the literature are scaled assuRgndence in the light density integral:

ing these parameters). Unless stated otherwise, X-ray fluxes and

luminosities refer to the energy rang&02 keV. L, = /Lx . (Lx)dLx . (14)

Denoting the luminosity density of nonevolving sources by
L™ and the local luminosity density of evolving sources/agy
The X-ray source population creating the XRB is nonhomogere have:
neous. The largest contribution comes from AGNSs, predomi- . .
nantly QSOs and Seyfert galaxiés (Hasinger 1998). A non ndg- = £ + L5 - £(z) , (15)
ligible fraction of the_XRB is also due to,,normal galaxm%/vhereé‘(z) is the evolution rate. Introducing = £¢/£", the
and clusters of galaxies. Although data on the rate of evolu-. . - . .
. . . r.%t{o of the local light densities from evolving and nonevolving
tion of galaxies and clusters are scarce, these objects exhsl It ces respectivel EG{15) takes the form:
at most weak evolutionary effects, while it is well established P Y '
that quasars are subject to strong evolution. For the purpose of 1+ fE(2)

the present analysis, we simply divide X-ray sources into two — Iy f (16)

3.1. Evolution of luminosity density



358 A.M. Sotan et al.: The large scale structure of the soft X-ray background. IlI

A A A LDDE). (The distributions are normalized to the total back-
ground.) Both models look quite similar despite the different

0.8 [ a ] assumptions involved. In particular, both distributions spread
i ] over a very wide range of redshift. This effectively dilutes the
0.6 = B fluctuations integrated over redshift and therefore the observed
B i angular auto-correlation signal is expected to be much reduced
0.4 - ~ . compared to the average amplitude of the spatial variations.
0.2 — —

3.2. Evolution of the spatial correlation function

di/dz

The spatial correlation functiofy: defined in Eq[{13) is the 2-
point correlation function of the luminosity density distribution.
This distribution may be different from the spatial distribution
of the sources themselves. To account for this distinction, one
should introduce a luminosity-source bias facbgr(zﬂ, relat-

ing the correlation functions of both distributions:

& = bz(2) € 17

where¢ is the 3D ACF of the source distribution. Reliable es-

timates orb.(z) are not available, and we assum€z) = 1.
Considering the various uncertainties already involved in our

0 1 2 3 4 5 . . L o
redshift models, we believe that this assumption is not critical for the
_ S ) present calculations.

Fig. 2a_and b.Redshift distribution of the XRB for twg evplutlonary The clustering properties of different classes of objects are

scenariosa based on the Boyle et al. (1994) pure luminosity eVOluuo\Widely discussed in the literature. We assume that the spatial

model.£ ~ (1 + )" for z < 1.6, and€ = const. at1.6 < z < istribution of the nonevolvin so. rces resembles that of the

2.7, b |Miyaji et al| (1998b) model of luminosity dependent densit;?jl ibutl .V ving sou .

evolution. Dashed lines - evolving objects, dotted lines - nonevolvi neral galaxy population. The 3D ACF of ggIaX|es at separa-

objects, solid lines - total contribution. See the text for details. ~ tions smaller than- 10-20 Mpc has a well defined power law
shapet = (r/r,)~" with a slopey =~ 1.8 and a correlation
lengthr, ~ 5Mpc (e.g..Groth & Peebles 1977, Ratcliffe et al.

Soltan et al. (1997) estimate of the X-ray luminosity spatially998, and references therein). At larger separations the ACF

correlated with optical light i, ~ 9 x 10*® ergs™* Mpc™, measurements are subject to increasing uncertainties; it is gen-

co b b by By T

comparable to the result|of Treyer & Lahav (1996). erally accepted that the function turns over abeve) Mpc, but
For f = 0 (no evolving population), the local (non evolvingthere are significant differences among various investigations.
population integrated over redshift produces roughl$0 % of Observational evidences of clustering evolution are usually

the XRB. To determingf in the|Boyle et al. model (LE), we expressed in the following form (e[g. Moscardini et al. 1998):
assume that the total luminosity density from both components (310
atz = 0 amounts to the above value 6f (Soltan et al. 1997), §[r 2] = &[r/(1+2),0] (1 + 2) ; (18)

and that the total flux from both populations integrated OV@f, e, denotes the comoving separation and all the evolution-

redshift amounts to the total observed intensity of the XR%ry effects are contained in the scaling fadtos- =) <. For the
Thisyields:f = 0.60 (i.e. the local light density of the evolving standard power-law modelr, 0] = (r/r.)~" EqLI8 becomes:

sources is 60 % that of the nonevolving sources).

We determinef differently for the[Miyaji etal. model £[r, 2] = £[r,0] (1 4 2)~ =7+, (19)
(LDDE). The local light density from the evolving popu- . ) )
lation can be computed directly from the X-ray luminosity Several studies of faint galaxy clustering seem to favour an
function: £¢ ~ 2.1 x 103 ergs ' Mpc—3. These sources "crease of the clustering amplitude with time at a rate com-
produce a;;proximately 56% of the total XRB. To obtaif@rable to the linear growth of fluctuations due to gravitational
the remaining fraction from the nonevolving objects requird@Stapility (although this correspondence seems to be acciden-
L7 ~ 1.2 x 10% ergs ' Mpc—3. The resulting local luminos- tal (Moscardini et al. 1998)). According to most investigations:
Ity density from both populations is thereforg, ~ 1.4 x ex~1+1 (eg Shepherd at al. 1997, Woods & Fahlman 1997,
103 ergs ' Mpc—3. This value is a factor of 1.6 larger than Roche & Eales 1998), albeit it is likely that the parameteri-

the/Solan et al. estimate, which we consider an acceptable d&tion used in E@.18 does not provide a good fit to the data

viation given the uncertainties involved in both investigations.: note that various definitions of bias factor specific to concrete prob-
This model yieldsf = 0.39. lems are used in the literature, and that the present definitibp(a

Fig[2 shows the redshift distribution of the XRB flud,/dz  is different than the bias factor relating the distribution of galaxies to
(Eq.[8) for the two evolution models described above (LE arnice mass density fluctuations.
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1000 Table 1. AGN luminosity and clustering models
100 & = Model Luminosity e 3DACF Clustering
i 1 evolution' evolution
10 e type®
i 1A LE 0.8 a v
A R N /B LDDE 0.8 a v
< g C LDDE  -1.2 c v
g o1 L 1 D LE -1.2 c Vv
I P E LDDE  -25 b v
r F LDDE -2.5 b h
0oL ¢ ERNc LDDE  -25 c h
g H LE -2.5 c h
0001 E 3 ! LE — luminosity evolution model, LDDE — luminosity dependent
b o 1 density evolution model,
0.0001 Ll Ll T A 2 Notation as in F|g:]3,
1

0. 1 ' 10 1003 Clustering evolution according to H@ L v (‘vertical’), and Eq20
Separation [Mpc] — h (horizontal’).

Fig. 3. Model 3D ACF used in the calculations. Solid curvas(db)

represent the ACF with low correlation length ~ 5 Mpc, usually ) _

ascribed to ‘normal’ galaxies; dashed curgpith higher normaliza- ‘Standard’ slope of-1.8. The observational constrains become

tion of o = 9Mpc is a model ACF for AGN. Dotted lines show theweak at separations larger than 20 Mpc. We consider two
respective correlation lengths. See the text for details. “cutoff lengths”: in modek the correlation function extends to
~ 30Mpc, while in modelsb andc it extends to~ 60 Mpc.

i o Modelsa andb are identical at small separations and in both
(Connolly et al. 1998). Fi12 shows that the contribution of t se€ = 1 at~ 4.5-5Mpc. Modelc has a higher normaliza-
nonevolving objects to the XRB decreases rapidly with redshiff, - with ¢ = 1 at 9 Mpc.

therefore the rate of clustering evolution only weakly affects the 11,4 clustering evolution law defined in Eq] 19 only allows

present calculations. for variations in the ACF normalization (a ‘vertical’ shift). To al-

Studies of AGN clustering and clustering evolution providg, ; tor nossible variations in the cutoff length, we also consider
results which are difficult to reconcile._Andreani & Cristiank, «hqrizontal’ shift:

(1992) found that QSOs were more strongly clustered than
galaxies, with a characteristic clustering lengthrof- 10Mpc  ¢[r, 2] = £[r(1 + 2) S ,0]. (20)
roughly constant in comoving coordinates. Extensive studies
of Seyfert galaxies extracted from the IRAS all-sky survefit low separations (in the power-law regime of the ACF), both
and several QSO samples selected using optical or UV c¥olution laws (Eq$.19 andP0) are equivalent. Differences arise
teria (Shanks & Boyle 1994, Georantopoulos & Shanks 199above the cutoff length where the ACF slope drops exponen-
Croom & Shanks 1996) confirmed that AGNs do not exhibitally. However simple, Eq§.19 aid120 qualitatively reproduce
strong clustering evolution in comoving coordinates, but that#¥e basic evolution patterns predicted by various numerical sim-
low redshiftthe AGN clustering amplitude is consistent with thadations (e.g. Matarrese etlal. 1997).
of normal galaxiesr(;, =~ 6 Mpc). More recently, Carrera et al.
(1998) argue that both the local clustering amplitude and tHe
clustering evolution of AGNs are similar to that of ‘normal’
galaxies|_Carrera et al.'s result is of special importance for tharious combinations of evolution models for both the luminos-
presentinvestigation because itis based solely on X-ray seledtgdensity and the clustering properties are inserted intg Bq. 13.
AGNSs, while all the previous results were based on samples serepresentative selection of models is listed in Table 1. The
lected at other wavelengths. Stable clusteringpimovingcoor-  resulting angular correlation functions are compared with the
dinates corresponds o~ —1.2. Stronger clustering evolution, observed one (Fig. 4).
with € &~ —2.5, has also been reportéd (La Franca ét al. 1998). Because the contribution of the nonevolving population to
The measurements of the AGN ACF slope are also subjecthe XRB decreases rapidly with redshift, the fluctuations due to
large uncertainties, but consistent with~ 1.8, as measured these sources are only weakly sensitive to the clustering evolu-
for galaxies. tion ratee. They are also little sensitive to the cuttoff length of
We try to assess the effects of clustering amplitude and evbe 3D ACF at the angular separations relevant here. Therefore
lution on the XRB fluctuations by examining various combinaxe now assign model ‘a’ (Figl 3) to thenevolvingoopulation
tions of clustering models. Three different local 3D ACFs aighis model adequately describes the clustering properties of the
used in the calculations (models a, b and ¢, shown infFig. §eneral galaxy population at low redshift), and pursue our in-
At small separations, all three functions are power-laws withvestigation by variyng thevolvingpopulation parameters only.

Models of the XRB fluctuations
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Models with positive values ef(models A and B) fall short 2° and5°B. In principle, this discrepancy could be resolved by
of the observed signal (Fid. 4a). In both these models, all theing still higher rates of clustering evolution and by radically
XRB sources are clustered like normal galaxies, and the aimereasing the 3D ACF amplitude at large separations. Alterna-
plitude of the spatial fluctuations increases linearly with retively, the strong signal betweel? and5° could result from
shift. Since models A and B only differ in their assumptionsther effects than the clustering of X-ray sources distributed at
regarding the evolution of the X-ray light density, and since tle@smological distances.
two light density evolution models considered here (LD from One possible explanation is related to the Local Superclus-
Boyle et all 1994 and LDDE from Miyaji et al. 1998b) are quit¢er (LS). The equatorial plane of the LS crosses the area of sky
similar (Fig[2), both models A and B generate similar 2D ACHkised for our investigation. Of the 54 small galaxy groups mem-
a factor of 2—3 below the observed signal in both cases. bers of the LS, 21-22 groups lie in the field we have used to

Models C and D (Fig:4a) assume a strong clustering ameasure the ACF_(de Vaucouleurs 1975). They roughly cover
plitude (curve c in Fid.13) stable in comoving coordinates=( 1/10to1/5 of the area under consideration. To produce an ACF
—1.2). Although the discrepancy between these two models asignal of~ 0.001 até < 5°, the mean X-ray flux enhancement
the observations is globally reduced, it is still significant at seproduced by these groups and averaged over the area of a typical
arations smaller tha®°. The models shown in Fifl 4b assumgroup, should amount 107-0.1x the average XRB intensity.
strong clustering evolution with= —2.5. In model E, the 3D The observed flux produced by a single group would have to
ACF evolves according to Eq.119 (‘vertical’ shift), as in modelbse of the order of1 — 2) x 10~ ergs* cm=2 (0.5-2.0keV)

A thru D, while in models F, G and H the correlation functionsver the typical extent of a group in the LS, say, 25 sq. deg.
evolves according to EQ. R0 (‘horizontal’ shift), which improve3 he luminosity of such group, assuming a distance of 12 Mpc,
the fit at small separations. We conclude from this investigatisould be~ 3 x 10*! ergs!. This is only slightly above the
that the observed angular correlation signal of the XRB seelaminosity expected from small groups of spiral galaxies, con-
to require a highly clustered population of sources, with mosédering a typical luminosity of a few 10%° erg s~! per galaxy
power on large scales than assumed here (due to the ‘cufeffj/Ehle et al. 1998). Using the X-ray data on nearby galaxies
length’) as well as stronger evolution than generally consideréa the[Fabbiano et al. (1992) catalogue, we find that the lumi-
nosities of these local groups are in the rafige 0%° - 2 x 1041,
5. Discussions again slightly below the value required by the XRB fluctuations.
Thus, it seems that the relatively large amplitude of the ACF
Despite the large uncertainties in the ACF estimates and ﬁteseparationgo — 5° cannot be fully accounted for by local
relatively narrow range of angular separations available in tBF‘oups of galaxies, although the contribution of these objects to
present analysis, we can draw general conclusions regardingifiexRB fluctuations is non negligible.
clustering properties of XRB sources. F1jj. 4b shows that, if the pespite our elaborate procedure to remove the contribution
XRB fluctuations are indeed produced by discrete sources gigm the galactic emission, there are still some uncertainties
tributed over a large range of redshift as observations suggggtthe residual galactic component. Our procedure performed
then these sources must be strongly clustered and increasingly
so at high redshift. However, using an observationally ‘reason? The possible discrepancies between the models and the observa-
able’ range of parameters to describe known X-ray source pofigns at larger separations are statistically insignificant (they do not
lations, we are notable to reproduce the observed signal betweareedo).
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in S96 obtainech” ~ 3% (SectZ]l). On the other hand, a SiRASS ACF estimate ofv(0°3) ~ 1.3 x 1072, we getf, ~
multaneous ASCA-ROSAT fit to the XRB with an extragalacti¢.3 x 10~2. The second moment of the total photon counts in
broken power-law component (with the power-law steepenstae ROSATpointing is (Peeblés 1980):

E < 1[keV]), hard-thermal component (Galactic halo), and a

putih 2
softthermal component (local bubble) prediefs~ 7-10%for |, _ n 4 (N> / dwr dwaw(612), (A1)
the sum of the two thermal components (Miyaji et al. 1998a). Q Q

However, the spectral fit depends on a specific form of the bigrere v denotes the average counts in a field of view of solid

ken power-law extragalactic component and the current quaIgMng andd,» is the angular separation betweésn anddws.
of the spectra is not good enough to separate galactic and\gf the above numerical values. we get:
tragalactic component with good enough statistical precision

for our purpose. While the separation procedure in S96 is the= (1i2)'/? ~ (N + 1.1 x 1072N?)1/2, (A2)

most reasonable way to remove thectuationfrom the galac- i
The average number of counts per pointing used by

tic component based on our current knowledge, the underlying i o .
assumption of S96 that the galactic structure has a uniform Spggjtan & Hasinger 1SN = 1250. Thus.the rms scatter in the
average counts due to source clusteringX) is of order0.1,

trum is not assured. This may cause some residual fluctuat ; : ; . 1)2
from our Galaxy. ex§e7ed|ng the Poissonian fluctuatio®é(*/<) by a factor of

Although the ROSAT data have allowed us to probe into The difference between the ACF determined using individ-

the large scale distribution of high redshift sources, data with %l pointings and the ‘true’ ACF can be estimated as follows
higher signal-to-noise ratio and free from the galactic comp?— W, denote the ACF calculated from theh pointing:

nent are required to draw more definite conclusions. One Wa(§/t
to reduce the uncertainties in the ACF measurement is to use a (Iim — L)L — T;)

much larger area of sky. In the present analysis we were cdh; = —————5— -, (A3)
strained to a solid angle ef 1 steradian because of the apparent 1;

foreground contamination by hot gas within the Galaxy outsig¢here’; ,, andI; ,, are the counts in thei-th andn-th pixels

of this limited area. An all-sky survey at energies above 4 keXspectively, and the overlines denote the average ovértthe
providing photon counts per unit area comparable to the RAS@8|d of view. The average counts differ from field to field
would allow us to exploit areas 3—4 times larger in both galacijgth the characteristic scatter defined in Eq. A2. To estimate the
hemispheres free from the galactic contamination. In this ngue ACF, we must calculate the ensemble average of the ACFs
spect, future missions similar BRI X AS would be of great in the individual fields:

importance. N2 )
W - <(N) m>+ (2)". ()

' . where N; are the counts in théth field, and(...) define the
The fullfield of view of theROSATX-ray telescope/PSPC COM-5\verage over a large number of pointings. The pointing analysis

bination has radius df7’.[Soltan & Hasingdr (1994) used only , -
. . : . " h I N; heref
the central circular region &0’ diameter contained within theOloesn t show any correlation betweBn and N, and therefore

PSPC window support structure. They calculated the XRB AcE ¢@n write:

as the weighted average of independent ACF measurementg;in, (W) + (1)2 . ”5)

46 such fields. This procedure is sensitive to the fluctuations N

on scales smaller than the field of view but effectively removeshis shows that the ACF estimated from individual pointings
information on the nonuniform distribution of the X-ray flux orwas likely to be underestimated by 0.01. Accounting for
larger scales. The average count rates in these fields exhihitig statistical upward correction, the pointing estimate and the

large scatter, due to intrinsic XRB fluctuations on scales CORASS estimate extrapolated to small separations become com-
parable to and larger than the field of view, and to fluctuatiopatible.
in the amount of particle contamination contributing to the total _
counts. Lack of information on the large scale fluctuations of tAgknowledgementsThe ROSATproject has been supported by the
XRB did not allow for a comprehensive analysis of this questidtfndesministeriumiir Bildung, Wissenschaft, Forschung und Tech-
inthe Sofan & Hasinger paper. The present results based on ﬂ%‘;’gf'el gB'\gBFf/ DQRS) and b¥ th:‘. Mhax"j.ltalr?fk'sc:jc'?ty‘ A.MIS IS
ROSATAII-Sky Survey (RASS) indicate that the extragalactitgJra el fo Frot. ©5. Hasinger for hus hospriaity and financial sup-
. . - . ort. This work has been partially supported by the Polish KBN grants
XRB fluctuations in fact produce a significant scatter in the ay-
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erage background level of the separate pointings. When this
effect is taken into account, the discrepancy between the ACF
estimates based on pointings and on the RASS are effecti@gferences
removed. Andreani P., Cristiani S., 1992, ApJ 398, L13
Let us assume that thirue ACF at separations smaller tharBagla J.S., 1998, MNRAS 299, 417
0°3 is given by:w(9) = (6/6y)7, with v ~ 0.8. Using the Barcons X., Fabian A.C., Carrera F.J., 1998, MNRAS 293, 60

Appendix A: ACF from the ROSATpointing observations
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