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A POSSIBILITY TO REVEAL PARENT
POPULATIONS FOR OBJECTS WITH ACTIVE
NUCLEI COMPARING THEIR SPATIAL
CORRELATION FUNCTIONS

B. V. KOMBERG and A. V. KRAVTSOV

Astrospace Center, Lebedev Physical Institute, Russian Academy of Sciences,
Moscow
Sternberg Astronomical Institute, Moscow State University

(Received October 10, 1993)

The possibility to derive conclusions about parent population comparing two-point spatial corre-
lation functions of single objects and/or of systems of different types, including AGN, is demon-
strated. Similarity of correlation function for groups of galaxies, radio-quiet QSGs, and Seyfert
galaxies testify to their evolutionary connection. This method can be used for choosing FR-I-type
radiogalaxies or radio-quiet QSGs as parent population of BL Lacertae-type objects.

KEY WORDS Objects with active nuclei, spatial correlation functions

1 &(r), TWO-POINT SPATIAL CORRELATION FUNCTIONS FOR DIFFER-
ENT TYPE GALAXIES AND THEIR SYSTEMS

(1) The probability of simultaneous location of objects in two volume elements, 6V}
and §V,, separated by distance ry5 is

6P = n?6V16V5[1 + £(r)),

where n is the average spatial density of objects. In this case, the two-point corre-
lation function (CF) is:
Nobs(r) < r )7
rj= —— — 1 = — = AT'Y, 1
£(r) Neana(r) (1)

o
where Ngps, the number of pair objects separated by a distance r in the given
sample; Nyanq, the number of pairs in a random sample with the same power; rg,
the correlation radius, £(rg) = 1; A, the correlation amplitude, 4 = ry” = {(r =
1 Mpc).
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Figure 1 Two-point spatial correlation functions (double logarithmic scale) for different types of
objects and their systems 1, SyGs; 2, RGs of RFI type; 3, RGs of all types; 4, Groups of galaxies;
5, Galaxies; 6, Clusters of galaxies of R > 0; 7, Clusters of galaxies of R = 0 richness.

(2) observation, according to [2], give the following approximate relations:

ro =~ 0.4d
A ~ 4N = (0.4d)™,

R

where N is the number of galaxies which are by 2™ fainter than the third-brightest
galaxy in the area with a radius R < 1.5h~! Mpc from the center of the system;
d = n~1/3 is the average distance between the objects in the sample. If ¥ = —1.8,
then A ~ n=3/% (n is the spatial density of objects or systems).

Table 1 (Figure 1) gives the values of CF parameters (7, ro, A) for objects of
different types and their systems.

2 CF FOR SEYFERT GALAXIES (SyGs) AND QUASARS (QSOs)

(1) For a model of the World with go = 0.5 and Hp = 100 (the sample of 959 SyGs
with Z < 0.2 [3]), a CF with the following parameters was obtained:

ro = (9%2)hjg Mpe,
y = —(1.740.2)
A = 50 (see Figure 1).

(2) The CF for QSOs was studied using the Catalogue by Veron—Cetty and
Veron [4], which contains more than 5000 QSOs with Z < 2.5. In order to decrease
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Table 1. CF parameters for objects of different types

Type of object Slope of the CF CR (ro)h™1 A= (ro)™7 Refe-
linear part () Mpyarsec rences
Clusters R=0 —~(2.46 £ 0.28) 21.7134 255 [13)
Clusters R > 0 —(1.81£0.28) 237512 300 (13]
Galaxies -1.8 &5 18 (1, 14, 15]
Groups of galaxies -(1£0.5) ~6 25 [16]
Radio Galaxies -1.8 ~ 11 75 (17]
RGs of RFI type -1.8 ~15 130 [18]
Seyfert Galaxics —(1.7£0.2) 9+2 50 Present paper
and(19]

Note. Explanations: the first column - types of extragalactic objects; the second column — the
slope of the CF linear part; the third column - the correlation radius of a given CF; the fourth
column - the amplitude of the CF A = (rg)~7; the fifth column - references,

the influence of heterogeneity of the QSO sample from this Catalogue, the CF was
estimated by “Method of normalization to the large scales” [5]:

Navcasooxmp(r)
Naoooo<av <so000(r)

fav(r) =

Here N(AV < 2500) is the number of QSO pairs with a difference between their
radial velocities < 2500 km/s; N(20000 < AV < 50000) is the number of random
pairs in a sample of the same power; r is the projection of the comoving distance.

(a) The CF obtained for a sample of 875 QSOs with Z ~ 0.5-1.0 is represented
in Figure 2 (Table 2). Its parameters are: ro = 4.5 Mpc; v = —1.8; A = 20.

It can be seen that the CF of these QSOs is located between the CFs of galaxies
and groups of galaxies. It does not contradict the observational data which evidence
that nearby QSOs frequently belong to groups of galaxies or poor clusters.

(b) A rich sample of QSOs [4] allows to make some conclusions concerning
evolution of their CF parameters as a dependence between cosmological epoch (i.e.
Z) and average luminosity of QSOs is subsamples.

Table 2.  CF for QSO sample from VCV-Catalogue (875 objects) with {Z) = 0.75

r, k=1 Mparsec —1 ] s 4 5

. 1.7 . . .
€(r) — 7.851358 435ty 205403 1.83%05% 0.68%073)
r, A" Mparsec — 6 8 15 20

£(r) — 0.405:33 0034333 003133 _o.07iiY
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Figure 2 Two-point spatial correlation function for a sample of 875 QSOs with Z = 0.75 from
Veron-Cetty, Veron Catalogue [4].

(c) The results of CF calculations for QSO subsamples with different Z values
are given in Table 3 (Figure 3). Unfortunately they do not allow to derive a law
of evolution. However if it is possible to use data by different authors [5, 9, 7,
8] concerning other QSO subsamples with different Z, one can obtain vy ~ (1 +
Z)~(2+3)_ A dependence of the type ¥ ~ (1+ Z)~2 is predicted in the Einstein-De
Sitter model of the World simultaneously with a linear growth of perturbations with

Table 3. Evolution of CF amplitude at r = 5h~! Mpc for QSOs from
VCV-Catalogue without taking into account their luminosity

Ngso Range of An average &(r = 5Mparsec)
redshifts redshift
310 0<Z<04 0.29 0.3511-2%
782 02<Z<07 0.47 0.9810-87
862 03<Z<08 0.55 0.95%982
877 04<Z<09 0.65 1.2333-32
875 05<Z<1.0 0.75 0.681934
936 06<2Z<11 0.86 0.88%9-3
947 0.7<Z< 1.2 0.96 1.2619-42
984 08<Z2<13 1.06 2.351+0.59

—0.44
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o thspaper | x [8]

PHG Ap.J. 1991384404 (13) 1

= Anderson et al AstronJ. 1988,95;
BCh Ap.J. 199138019 b9)

<

Redshift

Figure 3 Expected evolution of the CF amplitude ~ (14 Z )~2 for QSOs from different samples
(O, ®) and for clusters of galaxies (¥). The ordinate axis gives CF amplitudes of SyGs, RGs of
FRI type, and clusters of galaxies of R = 0 and R > O richness with Z = 0.

time; however, in our opinion, preference must be given to evolution of the type
¥ ~ (14 Z)~3. One can suggest several arguments in favour of this idea. First, this
model, taking into account the dependence A ~ n=3/% (for vy = —1.8), causes an
evolution observed for QSOs with Z < 2.5 of their comoving density: n ~ (1+ Z)5.
Second, if the law of evolution is £ ~ (14 Z)~3, then the CF of QSOs with low and
middle Z is easily matched with the CF of galaxies with active nuclei (SyG type or
radiogalaxies, RG) depending on average luminosity of QSO subsamples.

Table 4. Evolution of the CF amplitude for QSO samples from VCV-Catalogue
subdivided in accordance with their luminosities

(M) Ngso Range of Z (Z) é(r = 5Mparsec)
QSGs - - 0.2 ~ (1.6 £ 0.5) [8][9]
-24.09 642 03<Z<1 0.58 0.64%9-32
QSss
-25.82 606 0<Z<1 0.72 2.4611%
-25.84 564 04<Z<1 0.75 2.161337

-25.78 499 06<2Z<1 0.80 1.63%232
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(d) A division of the whole QSO sample from the Catalogue [4] into subsamples
with different Mp is, to some extent, analogous to the division of QSOs into radio-
loud QSSs which are brighter in the optical range and fainter radio-quite QSGs.
The results of CF computations for such subsamples are presented in Table 4. It is
evident that the CF amplitude for the QSS subsample with Mp = —26 is 3—4 times
higher than that for the QSG subsample with Mp = —24. The evolutionary match
of the CF of distant QSSs with the CF of nearby RGs and evolutional match of the
QSG CF with the CF of nearby SyGs is in complete agreement with the hypothesis
that RGs and SyGs are the final stages of QSS and QSG evolution, respectively
(see, for example, {10, 6]).

3 (1) If CFsof the objects with active nuclei are compared to CFs of the objects
which are likely to be their parent population (for example, QSSs and RGs, QSGs
and SyGs) at the same cosmological epoch, one should bear in mind that these
objects might have different typical lifetimes (7). This fact, in turn, will influence
the properties of their CFs, the amplitude of the latter decreasing for population
with greater lifetime. Since

A; n; 3/5 T 3/5
Aj n; T ’
Therefore, when, on the basis of QSO CF with Z a~ 3, a CF their host clusters

with the same Z is being restored, one should reduce the CF amplitude for clusters
(compared Agso) by

3/5 9 3/5
Tel 10°year .
- ~ ~ 16t
(rQso '”) (107year> 16 times,

it follows that

ie
Agso, AQsolz, (1 +2)~°
16 '~ 16 '

(2) In the framework of this consideration, it would be interesting to compare
the CF of BL Lacertae type objects with the CF of their possible host populations,
that is either RGs of RFI type [11] or QSGs [10]. Unfortunately, a sample of BL
Lacertae type objects is not representative enough yet (only about 100 objects at
all). Besides that, in the “unified scheme”, emission of BL Lac type objects in the
optical range is strongly collimated, this could reduce their observed spatial density
by a factor of several hundreds compared to their parent population. In turn, this
can be a cause of increase, by a factor of several dozens, of CF amplitude for BL
Lac objects compared to the CF of parent population. Therefore, to determine a
CF for a sample of BL Lac type objects is a matter of future. It may occur that for
this purpose a sample of BL Lac objects found in X-ray range is more convenient.
The spatial density of this sample turned out to be significantly higher than that
for the samples of BL Lac objects found in radio and optical ranges (possible, a
reason for this is lower collimation of their emission in X-ray range).

AC]IZ:J ~
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(3) In order to choose a parent population among different candidates for differ-
ent objects with active nuclei it is useful to determine not only a two-point spatial
CF, but spatial cross-correlation functions as well, for example: QSO-galaxies, BL
Lac-galaxies, and RG-galaxies. A selection of the parent population in this case can
be made on the basis of similarity of environment richness. For example, [11] gives
data for galactic fields down to m, = 22 around BL Lac type objects selected in the
radio wavelength range. The authors obtained an interesting result which evidences
in favour of increasing of correlation function amplitude Ay_BL Lac from 215 (with
ZBL Lac = 0.28) to 515 (with Zpp Lac = 0.65), that approximately corresponds to
increasing é¢nvironment richness from R = 0 to R = 1. Similar results were ob-
tained earlier for Aj_rg and A,_qss. These data are in a good agreement with
conclusions that remote AGNs are associated with rich clusters of galaxies more
frequently than nearby AGNs [7, 12].

It should be noted in conclusion that for the longliving systems one can calculate
the epoch of their formation (Z). This is possible on the basis of the value derived
for the correlation radius rp and of estimated dispersion of members velocities or
Lxgr dynamical mass for these systems, because an approximate relation should be

fulfilled:
Mdyn
%rrg

~ po(Z = 0)(1+ Zy)°.

But it is true only for such systems which contain the main part of the mass at a
given cosmological epoch (5, = po(1 + Z)3). It is possible that systems with such
characteristics may be rich group of galaxies rather than poor clusters of galaxies.
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