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1. INTRODUCTION

There are many studies on the correlation functions of galaxies, of clusters of galaxies,
even of superclusters (e.g. Groth and Peebles 1977; Davies and Peebles 1983; Kalinkov
and Kuneva 1985, 1986; Bahcall 1988 and references therein) but not so many on pairs
and groups of galaxies.

Results of the calculations of two-point correlation functions for some catalogs of pairs
and groups of galaxies are given in this paper. It is assumed that the distances to pairs
and groups of galaxies are given by their mean redshifts according to R = 3 I, V;/nH, ,
where n is the number of galaxies in the system and Ho = 100 km s~ Mpc™1.

2. METHOD

The spatial correlation functions for the systems centers is determined from the
relation,

€pp,grer = no/(nr(r) — 1)

Here np(r) is the number of systems, the centers of which are located in the interval
(r — Ar/2,r + Ar/2); n is the corresponding number for the objects from the random
catalogs; {pp and grgr stand for pair-pair and group-group correlation functions.

For random catalog generation it is necessary to reproduce all selections applied to
the observed sample. The method used here is as follows. The apparent distribution
of the system centers in the Northern and Southern galactic hemispheres, more often in
elementary cells Al x Ab=10° x 5° , were investigated. In each strip along [, for a given
b there is a test for which cells the counts of the systems centers may be regarded as
uniformly distributed. The whole strip is broken up in parts and in each part there are
generated as many random centers as there are uniformly distributed counts. In the case,
when the count in one cell is significantly higher/lower than in the neighboring cells, the

 randomly generated number of centers is equal to the observed count. For a given interval
Al the galactic longitudes are purely randomly distributed, but the latitudes are generated
according to
b { 7/2 —cos™1(1 — &), b>0°,
cos 1 —¢&)—7/2, b<0°

where {; are uniformly distributed random numbers in the interval [0,1). It is thus taken
into account that the longitude circles approach the poles.

Afterwards a distance function N(R), which is the number of centers up to a given R,
is introduced. This function is approximated with several (5 to 15) linear regressions, and

random distances according to the regressions are generated. For example for Karachent-
sev’s sample of isolated pairs (b > 0°) from R = 54.5 to 60.3 Mpc (for N=143 to 159), the

149

https://doi.org/10.1017/50252921100005017 Published online by Cambridge University Press


https://doi.org/10.1017/S0252921100005017

distance function is

N(R) = —20.06 + 2.97R.

Therefore for this regression line 17 distances are generated according to R = 54.5+5.72¢.

Thus the random catalogs (usually 100) are generated separately for the Northern
and Southern galactic hemispheres.

There are many ways to determine the two-point spatial correlation functions (e.g.
Davis and Peebles 1983; Blanchard and Alimi 1988, Borner et al. 1989). The described
method for calculating the correlation functions for the galaxies from the CfA survey, and
CfA slice survey, for clusters of galaxies, for superclusters and for quasars were tested by
the authors. The results do not differ substantually from other calculations (Davis et al.
1988; Borner and Mo 1990; de Lapparent et al. 1988; Kalinkov and Kuneva 1985, 1986;
Bahcall 1988). The results for quasars especially are very close to those obtained with the
so called scrambling method (Osmer 1981), but without the weakness of this technique, as
demonstrated by Anderson et al. (1988).

3. RESULTS
(1) The Karachentsev Sample

Karachentsev’s catalog (1972,1987) of isolated pairs of galaxies contains 603 objects.
We excluded the 18 non-pairs and all pairs having AV > 1000 km/s, and |b] < 20° . Thus
in the NGH and SGH there are 363 and 127 isolated pairs respectively. The correlation
function is given in Table 1, where the statistical uncertainty is A¢ = [(1 + £)/n,])}/? and
fppW is the function weighted for the NGH and SGH. This two-point pair-pair correlation
function is in no way related to the function shown in Fig. 44 of Karachentsev (1987),
which is approximated by ¢ = 36/r, 0.7 < r < 8 Mpc (for Hy = 75 km s™! Mpc~!). For
the first 4 points from Table 1 one gets X;', =1.78 — 0.24r, r < 7 Mpc (Ho = 100 km s™!
Mpe™!).

TABLE 1

r(Mpe) &, AL &, AL &

1 1.52 0.38 1.73 1.57 1.57
3 1.00 0.16 1.10 0.53 1.03
) 0.48 0.09 0.84 0.32 0.57
7 0.18 0.07-0.02 0.18 0.13
9 0.06 0.06 0.07 0.16 0.06
11 -0.09 0.05 0.01 0.13 -0.06
13 -0.16 0.04 -0.11 0.11 -0.15

It is important to note that some centers of pairs in Karachentsev’s sample are located
very closely. The distance between K302 and K310 is only 0.2 Mpc; for K255 and K263 it
is 0.5; for K133 and K218 - 0.6 Mpc and so on. Altogether 75 mutual distances are smaller
than 2.5 Mpc.
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(ii) The Hickson Sample
There are 100 compact groups of galaxies in this catalog (Hickson 1982). The red-
shifts of 96 groups are given by Hickson et al. (1988). We have calibrated the redshifts,
using the magnitudes from Hickson et al. (1989). The linear regressions are

log z = —4.2399 + 0.1747 Brc
8% =\ -4.3463 + 0.1730 B;

where By is the asymptotic magnitude corrected for internal and external extinction and
B; is the magnitude within the mp = 24.5 mag arcsec™? isophote. For Hickson groups 27,
36, 41 and 50 we obtained redshifts 0.0554, 0.0373, 0.0291 and 0.1172 respectively. After
rejection of the groups with |b| < 25° and of the most distant group (H50), there remain
50 and 45 groups in the NGH and SGH respectively. There is insufficient statistics for
scales smaller than 10 Mpc. From the two-point group-group correlation function (Table
2) we might conclude that the amplitude for the NGH is very small and for the SGH it is
zero. Since A is not a standard deviation but a simple statistical uncertainty, it might
turn out the ¢&N > 0 for r < 30 Mpc.

grgr
TABLE 2
T Mpc éNgrgr A€ ESrgr A£
) 048 0.74 -0.05 0.48
15 0.22 031 -0.08 0.20
25 028 0.21 0.06 0.15
35 -0.06 0.14 -0.10 0.11

(iii) The Huchra-Geller Sample

This catalog (Huchra and Geller 1982) contains 92 groups, found in the whole-sky
catalog of galaxies brighter than Mp = 13.2, using a general search algorithm. There are
58 and 30 groups in the NGH and SGH after excluding 4 groups with [b] < 20°. It may
be seen (Table 3) that ¢N > 0 for r < 12 Mpc and ¢5 > 0 for r < 4 Mpc.

TABLE 3
Ty Mpc gNgrgr A§ £Sgr_qr Aé éwgrgr
2 1.33 0.62 0.46 0.40 1.03
3 040 019 -0.22 0.14 0.19
8 0.16 0.12 0.01 0.13 0.11
11 0.17 0.09 -0.06 0.13 0.09
14~ 0.07 0.08 0.18 0.16 0.11
17 -0.11 0.06 -0.05 0.16 -0.09
200 0.02 0.07 -0.17 0.16 -0.04
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(iv) The Geller-Huchra Sample
There are 176 groups in this catalog (Geller and Huchra 1983) - 123 and 53 in the
NGH and SGH, respectively. They are found with the general searching, algorithm of
Huchra-Geller among the galaxies in the CfA survey (Huchra et al. 1983). Table 4 shows
that ¢N grgr > 0 for r < 8 Mpc; it may well be that a small amplitude of 0.05 is preserved
as far as 40 Mpc. Possibly fsg,gr > 0 up to 8 Mpc.

TABLE 4

rMpe &, AE r,Mpe €5, A r,Mpe &, Af £, Af
1 1.39 0.72 2 0.35 0.60 5 0.08 0.06 0.17 0.14
3 0.53 0.22 5 0.01 0.27 15 -0.06 0.03 -0.01 0.06
) 0.18 0.13 8 0.08 0.20 25 0.08 0.03 0.11 0.06
7 0.08 0.10 11 0.43 0.18 35 0.05 0.03 -0.05 0.05
9 -0.06 0.08 14 -0.07 0.13 45 -0.06 0.03 -0.16 0.06
11 -0.12 0.07 ) 0.02 0.03

65 -0.03 0.03

(v) The Vennik Sample
There are 126 groups and subgroups in this catalog (Vennik 1984) with a depth of
3500 km/s. We excluded 4 objects - 3 for having |b| < 20° and the first object V1A (the
Milky Way group). The amplitude of ¢5 grgr 18 not significantly different from zero and
¢N > 0 for r < 6 — 7 Mpc (Table 5).

TABLE 5
r,Mpc ¢N, . AE  r,Mpc &N . At
1 17T 0.7 6 022 0.08
2 177 0.35 7 0.06 0.07
3 058 0.17 8  -0.02 0.06
4 038 0.12 9  -0.06 0.06
5 006 0.08 10 -0.25 0.05

(vi) The Ramella-Geller-Huchra Sample

The statistical sample of 95 groups (Ramella et al. 1989), found with the general
searching algorithm of HG in the deeper CfA survey - the slice is used. It is evident (Table
6) that £ > 0 up to r = 20 Mpc.’
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TABLE 6
r, Mpc &grgr AL

251 226 0.50
751 1.17 0.19
12.51 0.12 0.10
17.51 0.17 0.08
22.51 0.10 0.08
27.51 -0.19 0.06
32.51 -0.22 0.05

(vii) The Maia-da Costa-Latham Sample
This catalog (Maia et al. 1989) contains 92 groups of galaxies identified in the South-

ern galactic gap (da Costa et al. 1988). The group finding algorithm of HG was used. The
amplitude of the correlation function (Table 7) is positive up to 13 Mpc.

(viii)) The New CfA Group Sample

There are 161 groups of galaxies found in the CfA survey in the NGH for V> 600
km/s using an algorithm developed by Kuneva and Kalinkov (1990). The amplitude of the
correlation function is positive up to 6 Mpc. The statistical properties of this catalog do
not differ from the previous seven catalogs.

TABLE 7 TABLE 8

r, Mpc Egror A€ r, Mpe §grar A¢
1 2.49 0.90 1-2 0.38 0.17
3 1.32 0.32 3 0.34 0.12
) 0.39 0.17 4 0.41 0.10
7 0.02 0.12 5 0.14 0.08
9 0.17 0.11 6 0.07 0.07
11 0.09 0.10 7 -0.06  0.06
13 0.02 0.10 8 -0.07  0.05
15 -0.10  0.09 9 -0.16  0.05
17 -0.25  0.08

4. DISCUSSION

From general considerations it might be expected that ;.4 will have amplitudes
higher than £,,. Since the amplitudes of the cluster-cluster correlation function are higher
than those of the galaxy-galaxy correlation function (Bahcall 1988), it could be concluded
that

fgg < gpp < 6grgr < £cc-

Hamilton and Gott (1988) pointed out that existing measurements of three-point and four-
point correlation amplitudes imply that pairs and triples are more clustered than galaxies.
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According to Groth and Peebles (1977) and Davis and Peebles (1983)
Egrgr(r) =20r18 = (r/5)71%,r < 20 ™! Mpe.

and neither amplitude of {pp and {yrgr in Tables 1-8 exceeds &,,.
‘ It seems that an explanation for this unexpected result might be found in two direc-
tions: (a) The estimates of {,, and {;,¢, are biased and other methods of measurements
have to be applied. (b) The existing samples of pairs and groups of galaxies are not fair
samples (Peebles 1973).
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DISCUSSION

Hickson: Very few of the groups that I found occur in rich
clusters of galaxies, presumably because of the isolation
criterion that I used. The correlation function of these groups
may also be strongly affected by the selection criteria.

Kalinkov: You are quite right. I agree with you.
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