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ABSTRACT

The four year X-ray all-sky survey (eRASS) of eROSITA tetgse aboard the Spektrum-Roentgen-Gamma satellite wikctdet3
million AGN with a median redshift oz ~ 1 and typical luminosity of gs_20kev ~ 10** erg s*. We show that this unprecedented
AGN sample, complemented with redshift information, wilipply us with outstanding opportunities for large-scaleicture re-
search. For the first time, detailed redshift and luminosgolved studies of the bias factor for X-ray selected AGN écome
possible. The eRASS AGN sample will not only improve the hiftlsand luminosity resolution of these studies but willabxpand
their luminosity range beyontys_ookev ~ 10*erg s, thus making possible direct comparison of clustering progs of lumi-
nous X-ray AGN and optical quasars. These studies will dtevally improve our understanding of AGN environment, ¢réging
mechanisms, growth of super-massive black holes and thawalution with dark matter halos.

The eROSITA AGN sample will become a powerful cosmologigahe. It will make possible detection of baryonic acousscilta-
tions (BAOs) for the first time with X-ray selected AGN. Withet data from entire extragalactic sky, BAO will be detectealz 100
confidence level in the full redshift range and wittBo- confidence in the .8 < z < 2.0 range, currently uncovered by any existing
BAO surveys. In order to exploit the full potential of the eB8 AGN sample, photometric and spectroscopic surveys @é larea
and a sticient depth will be needed.
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1. Introduction sented by the linear bias factor, S€¢t. 3) and the baryowigsac

. _ tic oscillations (BAOs, Sedi]4). For measuring the formestrg
Large-scale structure (LSS) studies are established @80T vy redshift accuracy of photometric surveys igfitient, there-
tant tool for studies in two major areas of astrophysics: cOg,e pias studies can be successfully conducted during@on s
mology and galaxy evolution. A k_ey of their success IS th_e Niter the time eRASS is finished. The BAO measurements, on
creasing number of surveys atfférent wavelengths with in- ye other hand, will be much morefficult to accomplish as the
creasing depths and sky coverages. In X-rays, many deep, & roscopic redshift accuracy over large sky areas witieh
tragalactic SUIVEYS have been peffofmed In th_e last decafifireqy. Note that sficient redshift accuracy can be also pro-
(Brandt & Hasinger_2005). However, in comparison t0 Oth&figeq by high quality narrow-band multi-filter photometsiar-
wavelengths, X-ray surveys with a large sky coverage ankl wi vS.

suficient depth are still rare. The previous X-ray all-sky sur- . - .

vey was performed by ROSET(Truempéil 1963 Voges etlal. In our previous work (Kolodzig et &l. 2012), we have studied

1999) more than two decades ago. Its succesgor with3p the statistical properties of the AGN sample of eRASS andl wil
adopt these results here. In the current work, we focus on the

times better sensitivity will be the four year long all-skyrgey ,
(eRASS) of the eROSITtelescope (Predehl et/al. 2010), to b&CN detected in the soft energy bandS0- 2.0keV) and on
extragalactic skylff > 10°, ~ 34 100 deg). In the following

launched aboard the Russian Spektrum-Roentgen-Gamnha s X > -
lited in 2014. calculations we will assume the four year average sertgiifi
- - i o1 x 104 erg s* cm? from|Kolodzig et al.[(2012, Table 1).

The major science goals of the eROSITA mission are _ : < . P EEE _
study cosmology with clusters of galaxies and active gmlact- ~ Optical followup surveys will be needed to provide identi-
clei (AGN) and to constrain the nature of dark matter (DM) anidcation and redshift information to a desired accuracy fior a
dark energy. For a comprehensive description of the eROSIBRASS AGN. Current optical surveys are nofislient in size
mission see the science book of eROSITA (Merloni ét al. 2012pndor depth. A sensitivity of ~ 225 mag R ~ 23.0 mag) is re-

In this work we explore the potential of studying LSS witifjuired to detect at least 95 % of the eRASS AGN (Kolodzig &t al.
the AGN sample to be detected in eRASS. We focus on two i3012). Many photometric and spectroscopic surveys with dif

portant aspects of LSS studies: the clustering strengfirdre ferent parameters have been proposed or are being already in
construction (e.g. Merloni et al. (2012)). For the purpokewr

! http://www2011.mpe.mpg.de/xray/wave/rosat/ investigation we will assume that redshifts are availablea|
2 http://www.mpe.mpg.de/eROSITA eRASS AGN. We will explore theffects of redshift-errors in
8 http://hea.iki.rssi.ru/SRG the forthcoming paper (Hutsi etlal. 2013, in prep.).
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model for AGN clustering of Hutsi et al. (2012), in partiaul
we will use their model Il. The details of our calculationg ar
summarized below.

We calculate the angular power spectrum as follows:

5

g

=

2 ci=2 [ Plg WK ok 1)

— T

2 10’ where the projection kernel is

o

=]

< 10 | W (k) = f (2 9(2 b(Mesr, 2) je(kr(2) dz (2)
1 1 1 ; Zmin

1 10 o1 1000 Hereby,P(k) is thez = 0 3D linear power spectrum, for which
Multipoles / we will use fitting formulae of Eisenstein & Hi (1898)(2) is

Fig.1. The angular power spectrum of the full eRASS AGNhe normalized radial selection functi@gz) is the linear growth
sample (soft band, four years) for the extragalactic digy (~  function (e.g. Dodelson 2003)(Mes, 2) is the AGN linear clus-
0.83) and 0< z < 5. The gray shaded area and the blue hi§ering bias factor and, are the spherical Bessel functions of
togram show thed uncertainty region (E@J]4) without and withorder¢, wherer(z) is the co-moving distance to redshif(e.g.
¢-binning, respectively. The horizontal dotted line shows t H0gg1999). . o _ _
level of shot noise, which was already subtracted from the an _The radial selection function is defined as the (normalized)
gular power spectrum. For multipoles above the verticahdds differential redshift distribution of AGN, which we calculate
line (representindmax ~ 500) our assumption of a linear clus-With the AGN X-ray luminosity function (XLF)¢(logL, 2), of

tering starts to break down. Therefore, we do not consiceseth Hasinger et &l (2008) It is the only quantity that contains the
multipoles in our further calculations. information about eRASS, since it depends on the survey-sens

tivity (S) as following:

0.00<2<5.00 1

(e.g/Hogg 1999).

The AGN linear clustering bias factob(Meg, 2), is com-
puted with the analytical model bf Sheth et al. (2001) by assu
ing an dfective masdM¢t of the DM halo (DMH) where the
AGN reside. Based on recent observations (e.g. Allevatb et a
2011; Krumpe et al. 2012; Mountrichas etlal. 2013), we assume
an dfective mass oMer = 2x 1083h ™t M.

In our work, we only focus on the linear clustering regime.
Fig.2. Same as Fid.]1 but additionally with the angular powerherefore we restrict our calculations to the spatial cosmgp
spectra for various narrow and broad redshift ranges (sseales larger thaknax ~ 0.2hMpc™, corresponding to wave-
Sect[2.P). lengths larger thar 30h~* Mpc. The associated multipole num-

ber istmax(2) = kmax r(2) and depends on the median redshift
) ) of the considered redshift bin. At the median redshift of &SA

We assume for this work a flatCDM cosmology with the AGN sample this igmax(z ~ 1) ~ 500. Thus, for our calculations
following parametersto = 70kms*Mpc™ (h = 0.70),2m = we do not conside€, at multipoles higher thafinay.

0.30 Q4 = 0.70),9p = 0.05,05 = 0.8. Luminosities are given  For simplicity, we do not take linear redshift space distor-
for the soft energy band (B- 2.0 keV) and we use the decimaltions (RSD) [(Kaiseéf 1987) into account. Since the signal-to
logarithm throughout the paper. noise ratio (§\) in our angular power spectra is rather poor at
small multipoles (see FigEl 1 aht 2), where linear RSD become
most significant, we do not expect that our results would gban
significantly if we would consider them in our calculations.

The common tool to study LSS is to measure and analyze the
clustering of objects (such as AGN) with the 2-point correl
tion function (2pCF) or the power spectrum (PS) (e.g. Peeble
1980). The two methods, 2pCF and PS, have their benefits arfee variance of th€, can be well approximated with:
disadvantages (e.g. Wall & Jenkins 2012) but should coritain

the end the same information about the LSS. In this work we 2 2

will use the angular power spectru@; to characterize cluster- e = (20 + 1) fsiy
ing properties of objects. In order to predict the power gpec
which will be measured with eRASS AGN, we will rely on the # Seé Kolodzig et all (2012) for details.

(),8()<z<’l.()(‘l b 109 Lmax
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& 10° Here, 2@ [Mpc3sr] is the co-moving volume element and
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2. Angular power spectrum

.1. Uncertainties

1 2
Cf + N) (4)
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assuming Gaussian statistics of the matter fluctuatiénss ( £ Extragal.Sky
{max)- Hereby, fqy is the sky fraction, which takes into account  sof 10 000 deg” 3
the dfective loss of modes due to partial sky coverage, Ahd E 2500 deg” §
is the AGN surface number density T8, which is computed m
with the AGN XLF and the survey sensitivity of eRASS (See:

Kolodzig et al1 2012). The first ternC¢) in the brackets repre- E‘
sents the cosmic variance and becomes important at lartps sca<
(small¢). The second term, the shot noisé (), takes into ac- 2
count that we are using a discrete tracer (AGN) and becomés 20§
dominant at small scales (largg whereN~1 >> C, (see e.g. :
Fig.[). In order to minimize the uncertainty @ both high sky 10E
coverage and large number density of objects are needed. £

30F
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2.2. Results

In Fig.[d, we show the expected angular power spectrum of t
full eRASS AGN sample after four years for the entire extra- . : .
galactic sky. By introducing redshift information (avdila from %Ewﬁgigggguggﬁmo? gﬁ] 2 i :\u nigt:;)g sﬂfrr:zcej redshift fofedent
other surveys), the angular power spectrum becomes a neleva’ ) - 9 '
tool for LSS studies. In Fid.]2, we can see how its amplitude . . .
increases with a decreasing size of the redshift bin andasiso E Extragal.Sky 0.80 <z <1.00
cillations (see SecEl4) in the angular power spectrum becom 30 10000 deg

more prominent. We can see from the two angular power spectra £ ~ 00 deg
0f 0.80 < z < 0.85 and 200 < z < 2.05 (with same redshift bin o 40¢
size) in Fig[2, that the turnover of the spectrum and the-posi
tions of the oscillations depend on the redshift. The amgés
are also dferent because the clustering strength increases with
redshift (see Sedtl 3). Since the redshift distribution RASS
peaks around ~ 0.8, the number density arourmd~ 0.8 is
much higher than a ~ 2.0 and therefore the uncertainty of the
angular power spectrum is smaller faBO < z < 0.85 than for
2.00< z< 2.05.

EFg. 3. Signal-to-noise ratio of the amplitude of the angular

mp

30

S/N o
]

10F
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3. Linear bias factor Survey duration [years]

The linear bias factob is an important parameter for clusterFig.4. Signal-to-noise ratio of the amplitude of the angular
ing analysis of AGN. It connects the underlying DM distribupower spectrum as a function of the survey duration for the re
tion with the AGN population. Observationally, it has been sshift bin 08 < z < 1.0 at diferent sky fractions.

far a very challenging task to measure this connection wigh h

accuracy, due to low statistics (elg. Krumpe et al. 20102201 _ ) )

Miyaji et all 2011{ Allevato et al. 2011, 2012; Koutoulidisat/ Here, we are assuming that all multipoles are independent.
2013; Mountrichas et &l. 2013). With detailed knowledgeneft ~ We are using a redshift binning @&z = 0.20 for our cal-
behavior of the linear bias factor with the redshift and Inagity ~culation (see Figi]3 and 5) but other bin sizes would also be
we will be able to improve our understanding of major questjo applicable to demonstrate our results. In current obsenst
such as what is the environment of AGN, what are the major

triggering mechanisms of AGN activity and how super massive — T
black holes (SMBH) co-evolve with the DMH over cosmic time.  3F 10 000 deg”

T T ™
40.0-43.5 7

»sE =
3.1. Method r e ]

ude

The linear bias factor is measured by comparing the am@gud =
of the observed PS of tracer objects and of the theoretical P
of the DM, under the assumptions of a certain cosmology.€5inc=
the PS amplitude of tracer objects is proportionalto thasgaof =z [ ]
the linear bias factore{ b?), its uncertainty directly reflectsthe © °F — = = 7 7 7|77 = T 7=~ =~ T7|7 7
uncertainty of measuring the latter. Knowing the amplit@ée ]
of our angular power spectrum we are able to estimate this un-

certainty. The BN for measuring the normalization of the power
spectrunC, assuming that its shape is known, is given by:

00 02 04 06 08 1.0 1.2 14 1.6 1.8 20 22 24 2.6 2.8 3.0
Redshift z

(5) Fig.5.Same as Fid.]3 but for fierent luminosity ranges (in units

A fmax(a( C{ )2
of log(L[erg s'1])) and the sky coverage of 10 000 deg

S_A_ S~
N~ A 24 \6C,
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(e.glAllevato et al. 2011; Krumpe et/al. 2012; Koutoulidisie 110 __IExtragal.Sky 0.0<z<3.0 CL~9.60 ]
2013) a typically much larger bin size is used in order to eadi -

a reasonable/S ratio forb in each redshift bin. L
1.05

3.2. Reslults

oot ()

In Fig.[3 the achievable/N of the power spectrum amplitude & Loot

is shown as a function of redshift. The shape of the curves s

dominated by the redshift distribution of AGN modified by the

quadratic-like increase of the linear bias factor with refisat

constant DMH mass (e.g. Sheth et al. 2001). We can see that we

are able to measure the amplitude to a high accuraci(%)

for a wide redshift range even with a rather small fractiothef

sky (e.g.~ 2500 deg). 0.01 0.10
The analysis of the linear bias factor can be performed kefor Wavenumber k [h/Mpc]

the entire four year long eRASS is completed, as we can 8@, 6. Baryonic acoustic oscillations in the power spectrum for
from Fig.[4. For a SDSS-like sky coverage of 10 000°d@lue the extragalactic sky in redshift range oD0< z < 3.0. At
curve) one can already work with the data of eRASS after onfyayvenumbers above the vertical dashed line (correspording

1.5 years (three full sky scans) to study the evolution ofittear 0.2 h Mpc-2) our assumption of a linear clustering starts to break
bias factor to an accuracy of better than 10 % in the amplitode down. The red curve shows the original input model for the

the redshift bin B < z < 1.0. For a sky region of 2500dé@¢ BAQs.
needs five full sky scans (2.5 years). For the neighboringtiéd
bins 06 < z < 0.8 and 10 < z < 1.2 the results are similar. The
sensitivities used for this calculation are taken from Higpf For the so far uncharted redshift range fram 0.8 up to
Kolodzig et al. (20112). ~ 2.0, AGN, quasars and emission-line galaxies (ELGSs) are pro-
Owing to the high B\ of the power spectrum amplitude,Posed to be the best tracers to measure BAOs, however, tyrren
we will be able to separate the AGN infiirent luminosity €xisting surveys do not to achieve the required statistcsaf
groups. This is demonstrated in Fid. 5 for a sky coverage Bfoper detection (Sawangwit et al. 2012; Comparat et al301
10000 ded We can see that we will be able to achieve an accBRASS and the proposed SDSSsurvey program eBO
racy of < 10 % for most luminosity groups for a certain redshiff2014-2020) will be the first surveys to change this situatio
range. This means that it will be possible to perform redshBRASS will achieve dficiently high density of objectsv ~
and luminosity resolved analysis of the linear bias factiahw 40 deg? in this redshift range and will have by far the largest
eRASS with high statistical accuracy. We note that in our ciKy coverage in comparison to eBOSS and all other proposed
culation the diference in the S of the luminosity groups in BAO surveys. This would enable one to push the redshift limit
Fig.[d is driven only by the dierence in the redshift distribution. of BAO detections in the angular power spectra of galaxies fa
Although there are some observational evidence for a aiioel Peyond the present limit af~ 0.8.
between the DMH mass and the luminosity of A@Nasars (e.g.
Krumpe et al.| 2012; Richardson et al. 2012; Shen et al. 20]22'1 Method
Koutoulidis et all 2013), it is still rather tentative. Weetiefore
assumed that the source luminosity is independent on the DNBigt construction of the model, BAOs are included in the AGN
mass. clustering model of Hutsi et al. (2012), through the 3D &ne
power spectrum (Secil 2). Oscillations can be noticed Xane
ple, in Fig.[2, in the power spectra of objects selected inavar
4. Baryonic acoustic oscillations redshift intervals. As the angular scales of acoustic pdakend
. ] on the redshift, in the power spectra computed for broachiéids
Acoustic peaks in the power spectra of matter and CMB radigtervals BAO are smoothed out, due to superposition ofaign
tion are one of the major probes to measure the kinematit®of Eoming from many dterent redshift slices.
Universe (e.g. Weinberg et'al. 2012). They were predicted th  aAlthough analysis of the real data will be conducted in a
oretically over four decades ago (Sunyaev & Zeldovich 197@iych more elaborate way, for the purpose of this calculatien
Peebles & YU 1970) and now have become a standard toohgfi use a simple method to estimate the amplitude and titatis
observational cosmology. Unlike acoustic peaks in the Emguca significance of the BAO signal detection. We divide a broa
power spectrum of CMB, their amplitude in the matter powgedshift interval into narrow slices of the widttz and for each
only recently galaxy surveys have reachediisient breadth myitipole number to wavenumbér= ¢/r(2) to obtainP(k, 2).
and depth for the first convincing detection of BAO, achieveflhese power spectra are co-added in the wavenumber space to
with the SDSS data (Cole et al. 2005; Eisenstein et al. [20Q5htain the total power spectrulk) of objects in the broad red-
Hiitsi 12006 Tegmark et al. 2006). Since then BAO have begRift interval. The so constructed power spectrum will haxe
measured extensively up to the redshift- 0.8, in particular smeared BAO features. To estimate their statistical sicanifie,
with luminous red giant galaxies (LRGs) (e.g. Anderson 2t e also construct a mod€l; smoot{2) Without acoustic peaks,
2012). Above this redshift limit, BAO features were only fuli py smoothing the matter transfer function, similar to how it

in the correlation function of the transmitted flux fraction \as done i Eisenstein & H{ (1998). From this model we com-
the Lymane forest of high-redshift quasars (Busca et al. 2013; )

Slosar et al. 2013), but have not yet been directly detentdist  ° http://www.sdss3.org/future/
tribution of galaxies. 6 http://lamwws.oamp. fr/cosmowiki/Project_eBoss

0.95[

0.90 £ , J
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pute the smoothed power spectrum in the wavenumber space,!” [ ExtiragalSky 08<z<20 CL~7.60
Psmoot{K), Nnot containing BAOs. To illustrate the amplitude of _ ]
the BAO signal, one can plot theftBrenceP(k) — Psmoot{K) Or 105 ]

the ratioP(k)/ Psmoott(K)- <
By the analogy with Eq[{5), the/S of the BAO detection : Lok
in the eRASS sample can be computed as: % TF 1
=" - 4
Qg —
S | " (Ci@ - Cusmoonid)\’ " ]
N1 2 (6) : -
7 7 7C 0.90 E, . -
o _ L10F0000deg® 0.8<z<2.0 CL~4.lo ' 7
where the outer summation is performed over the redshigsli -
and the varianceré is calculated from Ed.]4. LosF h
The result of this calculation depends on the choice of the = [ 1
thickness of the redshift slickz. For too large values of théz L
BAO will be smeared out, as discussed above (cf.[Big. 2). @nth™ 1-00[
other hand, for too small values of tie, at which the thick- =

ness of the redshift slice becomes somewhat smaller than the.os
comoving linear scale of acoustic oscillations, the cre@setra
between dterent redshift slices will need to be taken into ac- 0.90
count in computing thé(k). For the purpose of these calcula- 119
tions we chose\z = 0.05. The corresponding thickness of the
redshift slice az ~ 1 is approximately equal to the comoving
linear scale of the first BAO peak. Note that the omission ef the
cross-spectra in our calculation leads to some undereitima

© ExtragalSky 08<z<12 CL~5.lo

105 F

of the confidence level of BAO detection. f 100 ]
= I :
4.2. Results 0.95: .

In Fig. [ and ¥ we show the ratiB(k)/Psmoot{k) along with

its uncertainties computed as described above. As these plo 090 : =
demonstrate, with the whole eRASS AGN sample for the extra- 0.01 0.10
galactic sky we should be able to detect the BAOs with a con- Wavenumber k [h/Mpc]

fidence level (CL) of~ 100 (Fig.[6). For the currently unex- fig 7. Same as FidZ6 but for fierent redshift ranges and sky
plored redshift range of.8 — 2.0 the confidence level of 80 coyerages.

will be achieved, which can be seen in the top panel of[Hig. 7.
Decreasing the sky area to 20 000 #8leg10 000 deg(see mid- N PPN
dle panel of Figll7) we obtair 60 and~ 4o, respectively. In = 105 <, <20
Fig.[8 we show for dferent redshift ranges how the confidence£ [

level of the BAO detection depends on the sky coverage. The
curves follow afs*k?f- dependence, as it is expected from E§. (4).

As Fig.[8 shows, for the redshift range96 0.8,08-12 5
and 12 - 2.0 the achievable confidence levels are rather similar;“g
therefore the power spectra ratio shown in the bottom panel o2 [
Fig.[1 is representative for all three redshiftintervalsn@aring £ 4
the upper and bottom panels of Hig. 7, one can see how the BAQ |
signal depends on the redshift range, whereas the top amtlenid 5 >

panels show the degradation due to reduced sky coverage. 5

T 12<z<20

oo

ce le

0L .
1 10
Solid Angle [10° deg’]

5. Discussion and conclusions

5.1. Li bias fact . . . .
inear blas factor Fig.8. The confidence level of a BAO detection as a function

Measurement of the linear bias factor provides a simple and df sky coverage for dierent redshift ranges (see Séct] 4.1 for

rect method to estimate the average mass of DMHs hostinduather explanations). The vertical gray dashed line shtives

given sub-population of AGN. With the eRASS, these measur@rea of the extragalactic sky.

ments will become possible to unprecedented detail. The dra

matic improvement of the redshift and luminosity resolotad

DMH mass measurements will have a great impact on our uhese studies are typically limited by ~ 10*ergs? (e.g.

derstanding of the environment of AGN, AGN triggering mechAllevato et al. | 2011;| Krumpe etal. 2012; Mountrichas et al.

anisms and SMBH co-evolution with the DMH. 2013;| Koutoulidis et al. 2013). Koutoulidis et al. (2013)nto
An observational evidence of a correlation between DMpared their results from clustering studies of AGN in foutrax

mass and the luminosity of AGN has already been found bgalactic X-ray surveys of élierent depth and coverage (CDFN,

uncertainties are still large and AGN luminosities avdéalor CDFS, COSMOS and AEGIS) with theoretical predictions of
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Fanidakis et al.[ (2012). Their goal was to determine, from th
AGN bias factor measurements, the dominant SMBH growth
mode for AGN of diferent luminosities — either through galaxy
mergers antr disk instabilities or through accretion of hot gas
from the halo of the galaxy. However, uncertainties of bas f +
tor measurements and of DMH mass estimation were too large
to clearly disentangle the dominant growth mode as a fune:

—

tion of luminosity. In particular, the luminosity range obo 5 L

jects available for their analysig, ~ 10* *erg s*, was too E CRASS AGN  05<2<2.0

narrow to challenge the prediction of Fanidakis etal. (3012 [BOSSLRG  0.4<z<0.7

that luminous galaxies with > 10*erg s? reside in DMHs [ cBOSSELG  0.6<z<1.0

of moderate mass of 10?Mg. For the same reason, no [oBOSS 080 1h=z=as

direct comparison was possible with the results of the opti- 0-1L—— i S s
cal quasar surveys (Alexander & Hickox 2012). To overcome 001 0.10

this limitation, | Allevato et al.|(2011) studied broad linBL() Wavenumber k [h Mpc ']

AGN from the COSMOS survey and found for their Iummosl-:ig 9. The dfective volumes of BAO surveys listed in Table 1 as

H H ~ 3-46 1 i i i
ity b".‘ L ~ 10%*ergs’ a S|gr!|f|cantly hlgher DMH mass a function of the wavenumberfigctive volumes are computed
than inferred from quasar studies, suggesting that for(bro%r redshift ranges indicated in the plot

line AGN major merger may not be the dominant triggering
mechanism, in reasonable agreement with recent simugation
(Draper & Ballantyne 2012; Hirschmann etlal. 2012). However
the large width of the luminosity bin required to accumulaté 5.2. BAO

ficient statistics did not allow them to draw a firm conclusion ) ) ) o
The BAO detection beyond redshit0.8 will be a very signif-

As illustrated by Fig[h, the eRASS AGN sample will noicant milestone for the direct measurement of the kineraatic
only dramatically improve statistics but will also expahé fu- the Universe. eRASS will be able map this uncharted redshift
minosity range beyontd ~ 10*erg s?, to the luminosity do- region with a sfficiently high AGN number density to mea-
main characteristic of quasars. Thus, the eRASS data will remure BAOs with a high statistical significance (see Elg. 8).&
only increase the redshift and luminosity resolution of DMHhbroper forecast of how these measurements would improve our
mass estimations of AGN, but will open possibilities foralktd  constraints on cosmological parameters, Markov Chain Blont
comparison of clustering properties of luminous AGN and-optCarlo (MCMC) simulations (e.d. Lewis & Bridle 2002) glod
cal quasars. Another aspect of bias measurements with eRABSher matrix calculations (e.g. Tegmark et al. 1997) havest
determining their uniqueness is that they are based on tteg/ X-made, which is beyond the focus of our wark. Sawangwit et al.
selected AGN sample and will cover a very broad SMBH ma¢2012) have performed a MCMC simulation for QSOs and
range, broader than thatin AGN samples produced by ofifRcal demonstrate that a-340 BAO detection (of a 3000 dégQSO
or radio surveys (e.qg. Hickox etlal. 2009). survey with\V = 80 deg?) for 1.0 < z < 2.2 can already signifi-

) cantly reduce the uncertainties. Although the survey patara

The growth rate of SMBHSs over time can be measured frog} eRASS difer (much larger sky coverage but smaller source
the XLF of AGN (e.qg. A|rd_ et al. 20]:0) and eRASS WI|! improvegensity for the same redshift region, 40 deg?), the results
the accuracy and redshift resolution of these studies tmemey Sawangwit et 21/ (2012) can give one an idea of how eRASS

dously (e.g. Kolodzig etal. 2012). Combined with clustgrinagN sample will improve the accuracy of cosmological param-
bias data, these measurements will be placed in a broader c@@,s determination.

text and connected with DMH properties, and will thus previd
new insights on the co-evolution of SMBHs with their DMHs,
and will also help to investigate the dominant triggeringcimee
nisms of AGN activity.

Our calculation are limited to the linear regime, and do
take non-linear structure growth into account, whichuldo
somewhat smear out the BAO signal. This will lead to a deereas
of their detection significance (e.g._Eisenstein etal. 2007
The AGN clustering model used in this paper and, corrlowever, with BAO reconstruction methods one will be able
spondingly, calculations of the AGN linear bias factor igewp 0.COrTect for this #ect to some extent (e.g. Padmanabhanlet al.
the internal structure of DMHs, i.e. they were restrictedite 2012;Anderson et &l. 2012). We should also note, that oui-con
scales larger than the size of a typical DMH. Expressed in tENC€ level estimation of the BAO detection are rather avase
language of the halo occupation distribution (HOD) forrsj tive as they neglects information contained in the croessp.
these calculations operated with the population averagém h!"iS Will counter balance the negativéieet of BAO smearing,
occupation numbers. The angular resolution of the eRaaliga t &S it Will be demonstrated in a forthcoming paper (Hutsilet a
scope,~ 30" FOV averaged HEW, is sficient to resolve sub- 2013, 1in prep.) where we will study BAO forecasts in a broader
halo linear scales. Clustering measurements on smallssedlle CONtextand with accurate account of thefflees.
permit to obtain a detailed picture of how AGN are distrilolite
within a DMH (e.g. to measure fractions of central and siell
AGN) and how the HOD depend on the DMH mass and redshi
and AGN luminoisty. Extrapolating results of XMM-COSMOSWe now compare the potential of the eRASS AGN sample
data analysis by Richardson et al. (2013) we may expect théth dedicated BAO surveys in the optical band. For the lat-
high accuracy determination of the HOD parameters will kse eder, we consider the already completed BOSS CMASS survey
ily achieved with eRASS data, which will be able to address dlAnderson et al. 2012), the planned eBOSS survey which im-
these questions, advancing our understanding of AGN clagte plementation starts in 2014 and will continue till 2020 ahd t
on small scales and their HOD. future BigBOSS survey (Schlegel etial. 2011) anticipatetthé

?t.z.l. Comparison with BAO surveys
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Table 1. Parameters of BAO surveys.

Survey Tracer by Redshift  Qsurvey N (n) Vi [h73 Gpc] Implem. Ref.
Object g=0) Range [18deg] [deg?] [10*h®Mpc?] (k=0.07hMpc?) Date

eRASS AGN ~133 08-20 ~ 341 ~ 40 ~0.12 ~78 2014-2018

BOSS LRG ~200 0Q4-07 ~ 100 ~ 80 ~23 ~29 finished [1]

eBOSS ELG ~100 06-10 ~15 ~ 180 ~21 ~05 2014-2020 2]

eBOSS | QSO ~120 10-22 ~75 ~ 90 ~021 ~17 2014-2020  [2]

BigBOSS| ELG ~084 0Q7-17 ~140 ~1730 ~63 ~ 240 > 2020 3]

Notes. by - bias factor of the tracer obje®suney - Solid angle covered by the survey - surface number densityn) - average volume number
density; Ve - effective survey volume at the first BAO peak
Ref.: [1]IAnderson et all (2012) ahd Dawson €tlal. (2013)eBPSS team, priv. comm.; [3] Schlegel et al. (2011)

2020 timeframe. The Tablg 1 summarizes key parameterstiodn for BOSS but a few times smaller than BigBOSS (Table 1).
these surveys relevant for the BAO studies. On the other hand, eRASS exceeds eBOSS at all wavenumbers.
A quantity often used to estimate the statistical perfofrhis would still be the case if one considers subset of the®RA

mance of a galaxy clustering survey is iffeetive volume (e.g. sample covering only 1/3 of the extragalactic sky.
Eisenstein et al. 2005): In the conclusion of this section we note that it is remar&abl
T that the statistical strength of eRASS for BAO studies is petn
n(2) Py (K, 2) 2 dv(2 itive with that of dedicated BAO surveys, even though eRASS
Verr(k) = QSU“’eyf[n(z) Pe(k,2) + 1| dzdQ dz (M) was never designed for this purpose. Potentially, the eRASS
Zuin AGN sample will become the best sample for BAO studies be-

whereQauneyis the solid angle covered by the survey(k, 2) = yo_nd redshiftz = 0.8 unt_ll arrival _of BigBOSS in the end_ of
be(2) (g(z)/g%/O)) P(K) is the power spectrum of objects used agus decade. .However_, this potential will not be realizethwiit
LSS tracerpy(2) is their redshift-dependent bias factor ar(d) comprehensive redshift measurements.
is their redshift distribution [AMpc~2]. Other quantities are de-
fined in the context of Eqe{(1]3(3). For optical surveys wk wis 3 Redshift data
assume thaby(2g(2) = constant, therefore we only need to
computePy(k, 0). Then(z) dependences for optical surveys werdVe assumed so far that redshifts of all e(RASS AGN are known.
taken from references listed in Table 1. Now we briefly outline requirements to the redshift data isgub

The results of these calculations are plotted in Fig. 9 whelpy the science topics discussed above.
we show the ffective volumes of dferent surveys as a func-  The linear bias as well as luminosity function studies do
tion of the wavenumber. Their values at the first BAO peak ar®t demand high accuracy of the redshift determinatioreduil
listed in the respective column of Taljle 1. In these caltaiat values of the order ofz ~ 0.1 — 0.2 should be sflicient, un-
integration in Eq.[{I7) was performed over the optimal refishiess analysis with much higher redshift resolution is reepli
range of each survey, as listed in Table 1. For eRASS we udadrinciple, such accuracy can be provided by photometrnic s
z=0.8- 2.0 range in order to emphasize its strength in this uweys. However one would need to investigate the impact gélar
charted redshift region. The eRASSeaztive volume for the full fraction of catastrophic errors, from which AGN redshiftete
redshift range is- 70% larger for the first BAO peak. mination based on the standard photometric filter sets arekn

The result of &ective volume calculations obviously de-o sufer (Salvato et al. 2011). Of particular importance are red-
pends on the assumptions regarding values and redshifhdeshift and luminosity trends in catastrophic errors. Theszbp
dences of comoving density, bias and the growth factor, vhitems will be considered in the forthcoming paper_(Hutsilet a
are not always precisely known, especially for the future si2013, in prep.). Provided that they are properly addresseti,
veys. Nevertheless, these curves should give a reasonahly acal photometric surveys of a moderate deptH ot 22.5mag
rate comparison of how gooditirent surveys are in measuringlKolodzig et al.l 2012) and with the sky coverage exceeding
the power spectrum atfilerent scales (note that the uncertaint 500 deg (Fig. [3) would already produce first significant re-
of the power spectrum is proportional¥g®*). sults. An existing survey with such parameters is SDSSeipsid

We can see from Fi@] 9 that th&fective volumes of eRASS would allow detection o 80% of eRASS AGN.(Kolodzig et al.
AGN and eBOSS QSO samples fall most rapidly toward®012) and with its sky coverage ef 14500 deg one should
smaller scales in comparison with other surveys. This is@eo be able to conduct high accuracy measurements of the linear
guence of the lower volume density of X-ray selected AGN arftias factor. Among other, on-going surveys, the Pan-STARRS
optical QSOs (Tablgl1). For the same reason, the statisticals PS1 3r survey (Chambers & the Pan-STARRS Team 2006) ful-
in the eRASS AGN power spectrum are dominated by the sHuls the necessary depth and sky coverage criteria.
noise, but the high sky coverage of eRASS keeps them small. As BAO studies, on the other hand, require a much higher
one can see from the figure, eRASS is more competitive atrlargedshift accuracy of the order @z ~ 0.01. Such an accu-
scales, upto the second BAO peak, where its sensitivityleso racy can be only achieved in spectroscopic surveys or in high
comparable to BOSS. It should be noted however, that the BO§sality narrow-band multi-filter photometric surveys. leaam-
AGN sample covers a relatively low redshift domaing 0.7, ple, for a 4 detection of BAOs in the redshift range80<
whereas all other surveys presented in Elg. 9 are aimed at sig< 1.2, a spectroscopical survey is needed of the depth of
nificantly larger redshiftsz 2 0.7 (Table[1). Around the first | > 225mag (Kolodzig et al. 2012) and sky coverage of at
peak the &ective volume of eRASS is a factor ef2 — 3 larger least~ 20000 ded (Fig.[8). Promising candidates are the pro-
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