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ABSTRACT 
We apply an objective group identification algorithm described by Huchra and Geller to the Center for 

Astrophysics redshift survey complete to mB{0) = 15.5 over the right ascension range 8h < a < 17h and decli- 
nation range 26?5 < <5 < 38?5. We extract a catalog of 128 groups with three or more members; 92 of these 
groups constitute our “statistical sample.” Simulations of the geometry of large-scale structure indicate that 
> 30% of the groups with three or four members are probably an artifact of the geometry. 

The median velocity dispersion for the 36 groups in the “statistical sample” with five or more members is 
av = 228 km s-1, and the median M/LBi0)^ is 178/i MQ/LG, where the Hubble constant H0 is 100h km s_1 

Mpc-1 (we take h=l unless otherwise indicated). The median parameters for the 92 group sample are 
similar. The sample contains seven Abell clusters; the physical properties of these clusters overlap substantially 
with those of groups. In fact, the distinction between groups and clusters is not generally apparent on the 
basis of selection of systems in redshift space. 

Comparison of the distribution of group centers with the distribution of all of the galaxies in the survey 
shows qualitatively that groups trace the large-scale structure in the region. The physical properties of groups 
may be related to the details of the large-scale structure. Groups reextracted from the earlier CfA survey com- 
plete to mB{0) = 14.5 have a significantly lower median velocity dispersion, av = 131 km s-1, than the groups 
in the 15.5 survey. 

About 58% of the groups in the mB(0) < 15.5 survey contains three or more galaxies brighter than L*, the 
characteristic luminosity in the Schechter form of the luminosity function; in contrast, 77% of the groups in 
the 14.5 survey have fewer than three members brighter than L*. The difference in the group catalogs is prob- 
ably largely a result of the properties of large-scale structures and their location relative to the survey limits. 
Subject headings : galaxies : clustering — galaxies : redshifts 

I. INTRODUCTION 
Studies of the dynamics of systems of galaxies—from small 

groups to rich clusters—have long provided evidence for dark 
matter in the universe (Zwicky 1933; Rood, Rothman, and 
Turnrose 1970; Faber and Gallagher 1979). For groups of gal- 
axies, there are substantial uncertainties in the determination 
of mass-to-light ratios. Some problems arise in the identifica- 
tion and statistical analysis of groups; others reflect deeper 
issues in understanding the relative distribution of dark and 
light-emitting matter in the universe. 

Approaches to the construction of catalogs of groups of 
galaxies have become increasingly objective and more closely 
related to the physics of systems of galaxies. In early catalogs 
(e.g., Holmberg 1969; de Vaucouleurs 1975) groups were select- 
ed primarily by visual inspection of plates. In the absence of 
complete redshift surveys, Turner and Gott (1976) first used an 
objective algorithm to extract groups from a catalog of the 
positions of galaxies in the sky. With the increasing availability 
of extensive redshift surveys, the focus has now shifted to the 
objective identification of groups of galaxies from these three- 
dimensional data (Materne 1978, 1979; Tully 1980; Huchra 

1 Research reported here based in part on observations made with Multiple 
Mirror Telescope, a joint facility of the Smithsonian Astrophysical Observa- 
tory and the University of Arizona. 

2 Also Harvard-Smithsonian Center for Astrophysics. 

and Geller 1982, hereafter HG82; Press and Davis 1982; Geller 
and Huchra 1983, hereafter GH83; Vennik 1984; Tully 1987; 
Nolthenius and White 1987, hereafter NW). Even in objec- 
tively constructed group catalogs, group mass-to-light ratios 
range over 3 orders of magnitude. Perhaps more sobering, the 
median mass-to-light ratios varies by more than a factor of 2 
from one catalog to another. Heisler, Tremaine, and Bahcall 
(1985) and NW conclude that the large range and variation in 
median mass-to-light ratio are probably unavoidable sta- 
tistical problems which result from studying systems with small 
numbers of members. 

The detailed properties of the groups in any catalog are a 
function of (1) the galaxy survey, (2) the general characteristics 
of the larger scale structure in which groups of galaxies are 
embedded, and (3) the algorithm applied to select groups. Here 
we examine groups in two slices of the Center for Astrophysics 
redshift survey extension. The catalog of 1766 galaxies covers 
the right ascension range 8h < a < 17h and the declination 
range 26?5 < ô < 38?5 (Fig. 1). The large-scale structure in the 
region is characterized by voids surrounded (or nearly 
surrounded) by thin surfaces (FWHM ^ 500 km s-1). The set 
of systems of galaxies included in this survey differs from 
earlier surveys in the inclusion of more rich clusters; there are 
seven Abell clusters in the region. The extension of systems of 
galaxies along the line of sight (“fingers” in redshift space) 
produces distortion of a map in redshift space relative to its 
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counterpart in real three-dimensional space. These distortions 

^ are obvious for rich systems like the Coma Cluster which have 
^ a velocity dispersion large compared with the typical FWHM 
S of the extended sheets in the survey (see Fig. 1). The distortions 
2 caused by small groups of galaxies with a typical line-of-sight 

velocity dispersion of <200 km s-1 (Rood and Dickel 1978; 
HG82; Tully 1987) are more subtle. 

We identify groups of galaxies in the survey by applying the 
percolation algorithm originally suggested by HG82. In order 
to examine the impact of large-scale structure on group identi- 
fication, we also apply the algorithm to a geometric model for 
the structure in the region. Comparison of this model with the 
data suggests that at least a third of the sample of groups with 
three or four members are spurious—they are merely an 
“accident” of the geometry of large-scale structure. The 
“pseudogroups” have reasonable physical parameters because 
the FWHM of the sheets is about twice the velocity dispersion 
of a typical group. At the same time that the geometry causes 
contamination of a group catalog, it also enables identification 
of the system with little foreground/background contami- 
nation. The existence of voids with diameters large compared 
with the FWHM of the structures suppresses the number of 
velocity interlopers. 

We review the group finding algorithm in § II. We discuss 
the survey in § III. Section IV is a discussion of the opti- 
mization of the selection parameters for the group finding 
algorithm, and § V describes the group catalog. We examine 

the physical properties of groups in § VI. We compare the 
properties of groups with the properties of the Abell clusters in 
the survey with the properties of groups identified in the earlier 
CfA survey complete to mB(0) = 14.5. We also qualitatively 
examine the role of groups as tracers of large-scale structure. 
Section VII summarizes the results and their implications. 

II. THE ALGORITHM 

We use the group finding algorithm described in HG82. 
Here we summarize the main features. 

The cluster algorithm identifies isodensity contours of the 
galaxy distribution in a magnitude-limited sample. We start 
with a galaxy which has not yet been assigned to a group. We 
then search around it for companions with projected separa- 
tion 

D12 < Dl(Vu V2, mu m2) (1) 

and with line-of-sight velocity difference 

Vi2 < Vl(K, Vi, ml5 m2) , (2) 

where and V2 are the redshifts of the galaxy and its compan- 
ion; m1 and m2 are their magnitudes. We add companions to 
the list of group members. Then we search the surroundings of 
each companion. We repeat the loop until we can identify no 
further members. This completely objective algorithm is com- 
mutative and produces a unique catalog. 

right ascension 

1766 entries 

Fig. 1.—Cone diagram for the declination range 26?5 < ö < 38?5. The plot contains 1766 galaxies with mB(0) < 15.5 and cz < 15,000 km s_ 1 
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To account for the variation in the sampling of the galaxy 
luminosity function, with distance, we scale the param- 
eter Dl according to 

Dl = D0R, (3) 

where 

R = 0>(M)dM 
-1/2 

Mlim = mUm -25-5 log (Vf/H0), 

M12 = mlim - 25 - 5 log KV, + F2)/2//0] , 

(4) 

(5) 

(6) 
and D0 is the selection parameter at a fixed fiducial redshift Vf. 
We scale VL in the same way as DL; thus the ratio DL/VL is 
constant. 

The number density contour surrounding a group corre- 
sponds to a fixed enhancement above the global mean number 
density of 

ôp 

P 4nDl 

{* -Mlim ”I 1 
J 0(M)JMJ - 1 (7) 

For each of the groups we derive the following set of physi- 
cal characteristics. The virial radius is 

Rh = 
7ZV 
H0 

sm < - 
7 \ i j>i 

(8) 

where V is the mean velocity of the group, Nmem is the number 
of group members, and 6^ is the angular separation of group 
members i and j. The mean projected separation is 

8F . f 
K'-^s,nL 

1 
I I ^ij 

The virial mass is 

1) i j>i 

Mv = 6o2
vRJG , 

(9) 

(10) 

and the virial crossing time (in units of the Hubble time) is 

3 RhH0 
c 53/2 Gv 

(11) 

where uv is the line-of-sight velocity dispersion of the group. 
These definitions agree with those in GH83 and with NW 
[except that the crossing time in NW is tc = (2/^3)Rh H0/c7J. 

III. THE REDSHIFT SURVEY AND LUMINOSITY FUNCTION 

We apply the group finding algorithm to the first two com- 
plete strips of the Center for Astrophysics redshift survey 
extension (Huchra et al. 1989). The redshift survey contains 
1766 galaxies with mB(0) < 15.5 in the Zwicky-Nilson merged 
catalog and within the limits 8h < a < 17h, 26?5 < c> < 38?5. 
The sample covers 0.42 sr of the sky. The sample we analyze 
includes only the galaxies with cz < 15,000 km s_1. We apply 
the algorithm in the declination range 26?5 < Ô < 32?5 (6° 
slice) and to the full 12° slice. The velocities are not corrected 
for Virgocentric flow. At the depth of this slice, the correction 
has a completely negligible effect on the results. 

The luminosity function we use to scale the selection param- 
eters D0 and V0 is from de Lapparent, Geller, and Huchra 
(1988) and is consistent with the more detailed analysis by de 
Lapparent, Geller, and Huchra (1989; see Table 1 of their 
paper). Magnitudes are on the Zwicky B(0) system, and we 

make no absorption correction. We parameterize the lumi- 
nosity function with the Schechter (1976) form with 

(j)* = 0.025 galaxies mag-1 Mpc-3; 

M£(0)= -19.15; a= -1.2. (12) 

The corresponding luminosity density is 2.05 x 108 L0 
Mpc~3. Thus Q = 1 for a critical mass-to-light ratio 
M/LW) = 1360 M0/L0. 

IV. TUNING THE SEARCH ALGORITHM 

Several requirements dictate the choice of the two selection 
parameters D0 and V0. The choices should minimize the 
number of interlopers without biasing the velocity dispersion 
toward artificially low values. The choice of selection param- 
eters should also maximize the identification of real physical 
systems relative to accidental superpositions. In other words, 
we seek to identify regions where the Hubble flow is distorted 
by condensations of galaxies. For virialized systems, the distor- 
tion has the characteristic form of an extension or “finger” 
along the line of sight. The distorted density enhancements in 
redshift space correspond to density enhancements in real 
three-dimensional space. 

In the redshift survey slices, groups and clusters of galaxies 
are embedded in thin sheetlike structures (FWHM < 500 km 
s-1; de Lapparent 1986; Geller 1987). Even without gravita- 
tional distortion, the group finding algorithm will identify con- 
densations in a geometry where galaxies are randomly 
distributed in thin sheets which surround (or nearly surround) 
voids. These “pseudogroups” will contaminate a catalog 
drawn from the survey. 

To examine the degree of contamination and the properties 
of the “pseudogroups,” we apply the selection algorithm to a 
simulation of the 6° slice. In this simulation (de Lapparent 
1986) points are first randomly distributed. The simulation is 
magnitude-limited and has the luminosity function parameters 
appropriate for the data. Then we remove points in spherical 
voids with diameters comparable to those in the data until the 
fraction of the volume filled by the points is comparable to the 
volume filled by the galaxies in the survey (~20%). In this 
simulation there is no gravitational distortion of the distribu- 
tion of points. 

To explore the consequences of various choices of the 
parameters, we produce a set of catalogs for both sets of data 
and for the simulation. In all catalogs, the groups have mean 
velocities cz < 12,000 km s -1 ; members may have velocities as 
large as 15,000 km s” ^ 

a) The Parameter D0 and the Density Enhancement 
We produce group catalogs at density enhancements dp/p of 

20, 80, and 160 corresponding to the D0 values 0.42, 0.27, and 
0.21 Mpc, respectively. We set V0 = 350 km s_1. We analyze 
the effects of variation in V0 separately. 

Table 1 lists the number of groups Ngroups, the total number 
of galaxies in groups Afgal, the median velocity dispersion 
^.rned* and the first and third quartiles of the (Tv distribution for 
the 6° and 12° slices as well as for the simulation. 

The total number of groups with a particular number of 
members, Nmem, is more useful than the total number of groups 
in the catalog as an indicator of the best choice of the D0 

parameter. The decrease in the total number of real groups for 
very large values of D0—several groups merge into fewer low- 
density systems—is balanced by an increase in the number of 
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Variation of D0 {ôp/p) 

^med 
Sample groups ^gai (kms"1) 

Sp/p = 20 

Simulation   90 416 242^ 
6° slice   81 681 177?^ 
12° slice   139 1088 177^ 

ôp/p = 80 

Simulation   41 135 253 
6° slice   73 501 202^¿ 
12° slice   128 778 196??* 

dp/p = 160 

Simulation   17 51 
6° slice    67 421 185^5 

12° slice    117 634 I7I976 

pseudogroups. For very small values of D0, i.e., high over- 
densities, the total number of real groups decreases because we 
exclude many low-density systems from the catalog. However, 
this decrease is compensated by an increase in the number of 
groups which are high-density subclumps within the richest 
systems. The optimal choice of D0 is a compromise between the 
need to identify very low density associations of galaxies and 
the need to minimize the number of pseudogroups in the 
catalog. 

Figures 2a, 2fr, and 2c show the cumulative number of gal- 
axies in groups, iVgal( < Nmem), with at most Nmem members as a 
function of iVmem. For bp/p = 20, 80, and 160, the plots 
compare the 6° slice with the simulation. At <5p/p = 20 there 
are more galaxies in pseudogroups with iVmem <10 than there 
are in the real groups. At bp/p = 80 most of the pseudogroups 
have iVmem < 4; many of the real groups still have Nmem > 4. 
At the highest density enhancement the difference between the 
histograms for the real groups and the pseudogroups is still 
larger. However, we still find pseudogroups with three 
members. The list of real groups consists primarily of the cores 
of the densest groups and of density peaks within the clusters 
in the survey. 

At low bp/p, there are many groups in the simulation. Small 
random fluctuations in the space density with chance align- 
ment nearly along the line of sight produces these pseudo- 
groups. These pseudogroups have properties similar to those 
of physical groups in the survey. For these pseudogroups, the 
internal velocity dispersion is dictated by the typical thickness 
of the structures which surround the voids ( ~ 500 km s~1). The 
properties of the pseudogroups are sensitive to the selection 
parameters. 

In contrast, the groups extracted from the redshift survey are 
stable against variation of bp/p. Thirty-four of the groups are 
stable over the contrast range from bp/p = 20 to bp/p = 80. 
Sixty-five groups are stable over the range bp/p = 80 to 
bp/p = 160, and 22 over the range bp/p = 20 to bp/p = 160. 
In particular, derived parameters of the Coma Cluster are 
insensitive to the choice of the D0 parameter. Table 2 is a 
summary of the properties of the Coma Cluster (velocity dis- 
persion, mass-to-light ratio, and number of members) as a 
function of ¿p/p. 

Following the criterion given at the beginning of this sub- 

TABLE 2 
The Coma Cluster 

Density 
Parameter ov M/LB(0) 

àp/p Nmem (km s'1) (Mq/Lq) 

20   182 842 377 
80   139 868 357 

160   119 900 400 

section, the comparison of the data with the simulation indi- 
cates that bp/p ~ 80 optimizes the identification of physical 
systems. Results are similar for the 12° slice. Given the coher- 
ence of large-scale structure in going from one 6° slice to the 
adjacent one, the similarity of group catalogs for the 6° and 12° 
slices is not surprising. 

Although the simulated catalog mimics several of the salient 
features of the data, the group identification algorithm could 
be sensitive to some of the details of the model. We therefore 
construct a much simpler model based on a small portion of 
the data. The data contain a shell (SI) with 14h30m < a < 17h, 
26?5 < ¿ < 32?5, and 9200 km s“1 < cz < 10,500 km s“1 (see 
Fig. 1). The sample SI contains 111 galaxies. This simple struc- 
ture extending perpendicular to the line of sight is representa- 
tive of the environment of most galaxies in the survey. It is 
narrow enough in velocity space that the scaling of the lumi- 
nosity function is irrelevant to group selection. This model 
yields a lower limit on the fraction of spurious groups as a 
function of Afmem. 

Our simulation of SI consists of 111 points distributed over 
the same solid angle and within the velocity range 9200-10,500 
km s-1. In an average over 10 simulations, each with 111 
randomly distributed points, we find 4 groups with 3 members 
and 1 group with 4 members. In the data 6 groups have 3 
members, 1 has 4, 1 has 5, 2 have 6, and 2 have 10 members. In 
the data the number of galaxies in rich groups (iVmem > 5) is 
about a third of the total number of galaxies in groups, approx- 
imately the same as the fraction in rich systems over the entire 
survey. 

Many of the groups with 5 or more members are probably 
real physical systems (see Fig. 2b); in other words, they are 
probably smaller in space than they are in redshift space. Our 
model of SI may, therefore, be overly dense. To simulate the 
effect of this effectively lower background density on group 
selection, we use 79 randomly distributed galaxies in the simu- 
lation of SI. On average, we find 2 groups with 3 members, i.e., 
about one-third of the number of triples in the data. We find no 
groups with Nmem > 3. Taken together, the simulations of SI 
suggest that at least a third of the triples in the real group 
catalog are spurious (although we cannot tell which ones) but 
that almost all of the Nmem > 5 groups are real. 

b) The Selection Parameter V0 and the Reference Velocity Vf 

For each of the data sets in the previous subsection we 
construct one catalog with F0 = 350 km s-1 and one with 
V0 = 600 km s~1 (the first value is close to the one in HG82; 
the second is the one in GH83). All the catalogs have D0 = 0.27 
Mpc (bp/p = 80). For each catalog Table 3 lists the number of 
groups, Ngroups, the total number of galaxies in groups Agal, the 
median velocity dispersion (Tv med, and the first and third quar- 
tiles of the ov distribution. 

Just as for variation of D0, the catalogs obtained from the 
data by varying V0 are much more stable than those obtained 
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TABLE 3 
Variation of V0 

^med 
Sample Agroups Ngal (km s_ 1 ) 

V0 = 350 km s 1 

Simulation   41 135 253^ 
6° slice   73 501 202^ 
12° slice   128 778 196î?î 

V0 = 600 km s 1 

Simulation   57 213 3292^ 
6° slice    79 549 220^ 
12° slice   135 855 220^ 

from the simulation. Contamination of the real catalog with 
pseudogroups is minimized for the smallest reasonable V0. The 
lower bound on V0 is set by the requirement that the velocity 
dispersions of groups and clusters not be artificially biased 
toward low values. The scaling of V0 yields VL= 1335 km s-1 

at cz = 10,000 km s-1 for V0 = 350 km s" ^ This value of VL is 
smaller than the typical radii of voids and larger than neces- 
sary to avoid biasing the velocity dispersion of the richest clus- 
ters. For V0 = 600 km s_1, FL = 2288 km s"1. We now 
demonstrate that this larger value leads to significant contami- 
nation of groups. 

Figures 3a and 3b show the velocity dispersion av as a func- 

1000 1 
V0 = 600 km s 

800 — 

600 — 
B 

400 — 

200 — 

0 2000 4000 6000 8000 10000 12000 
cz (km s ) 
Fig. 3a 

1000 
V0 = 350 km s 

800 — 

600 — 
B x 

400 

200 — „ ** 

_L 
2000 4000 6000 

cz (km s ) 
Fig. 3b 

8000 10000 12000 

Fig. 3.—Line-of-sight velocity dispersion, av, as a function of redshift for 
groups with ôp/p = 80 and with (a) F0 = 600 km s-1 (135 groups) and (b) 
V0 = 350 km s_1 (128 groups). 

tion of redshift, cz, for all groups in the 12° slice with F0 = 350 
km s"1 and V0 = 600 km s- \ respectively. Among the systems 
with <TV < 400 km s-1, 86/110 (V0 = 350 km s_1) or 86/94 
(V0 = 600 km s"x) groups are unaffected by the variation in V0. 
Most of the differences between the catalogs are for av > 400 
km s-1. In the V0 = 350 km s-1 catalog there are 18 groups 
with av > 400 km s_1; with V0 = 600 km s_1 there are 41 of 
these groups. About half of these groups have fewer than 5 
members. Because many groups with a similar range of proper- 
ties occur in the simulation, a substantial fraction of the groups 
in the redshift survey are likely to be spurious. 

At F0 = 350 km s-1 the algorithm identifies all seven Abell 
clusters in the survey. All have M/LB,0) < 1000 MQ/Le, and 
the two richest have (jv > 400 km s . The properties of the 
latter two systems are, in fact, insensitive to the choice of F0. 
For F0 = 350 km s_1 Coma has 139 members with (jv = 868 
km s"1, and M/LB{0) = 357 MQ/LQ; for F0 = 600 km s \ 
there are 153 members with (tv = 875 km s-1 and M/LB(0) = 
376 Mq/Lq. The cluster A1185 does not vary at all. Among all 
of the groups with av > 400 km s-1 in the F0 = 600 km s 1 

catalog, 27 have M/LB{0) > 1000 Me/LQ. In the F0 = 350 km 
s _ 1 catalog, only 10 groups have such suspiciously high mass- 
to-light ratios. 

The selection of F0 = 350 km s-1 diminishes the number of 
high M/L systems in the catalog and preserves most of the 
richer systems (Nmem > 5) with ^>400 km s_1 and 
M/LB{0) < 1000 Mq/Lq. With F0 = 600 km s_1, there are 8 of 
these systems; 7 of them also appear in the F0 = 350 km s“1 

catalog. Thus, the lower value of F0 appears to minimize the 
contribution of contaminated or spurious groups to the set of 
rich, high velocity dispersion systems in the catalog. 

We adopt F0 = 350 km s'1 for the final catalog. However, 
most groups are insensitive to this choice; they are generally 
more sensitive to the choice of D0. The insensitivity to the 
choice of F0 is probably related to the geometry of large-scale 
structure. Most of the galaxies in this region are in structures 
perpendicular to the line of sight. These sheets are generally 
separated by large voids (with diameters generally larger than 
Fl). This structure severely restricts the number of interlopers 
with velocities larger than the ~500 km s-1 FWHM of the 
sheets, provided that VL remains small compared with the di- 
ameters of the voids. As an example of this effect, the shell SI 
discussed in the previous subsection yields exactly the same 
groups for both values of F0. In this case the foreground void 
has a diameter of ~ 5000 km s~1. 

We have also examined the sensitivity of the catalog to the 
choice of the reference velocity, Vf. As in our previous papers 
(HG82; GH83), we adopt Vf = 1000 km s_1. We find that 
catalogs with ôp/p = 80 and F0 = 350 km s_1 for Vf = 1000 
km s_1 and for Vf = 3000 km s"1 (note that ôp/p = 80 for 
D0 = 0.39 Mpc with Vf = 3000 km s“1) have nearly indistin- 
guishable properties. 

V. THE GROUP CATALOG 

The selection parameters for the group catalog in Table 4 
are D0 = 0.27 Mpc {ôp/p = 80) and F0 = 350 km s"1. Each 
group has at least three members. The mean velocities of the 
groups are < 12,000 km s_1, but members may have velocities 
are large as 15,000 km s-1. In Table 4 each group member is 
listed with the name assigned in the Center for Astrophysics 
survey (Huchra et al. 1989). The names are related to the right 
ascension and declination in the usual way. 

The catalog includes 128 groups with a total of 778 
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h) a 
right ascension 

13 12 

778 entries 
Fig. 4a 

right ascension 

128 entries 7 entries 
Fig. 4b 

Fig. 4.—(a) Cone diagram for group members in the declination range 26°.5 < Ô < 38?5. There are 778 galaxies, (b) Cone diagram for groups; each point 
represents one of the 128 groups in the catalog with mean redshift cz < 12,000 km s - ^ The crosses indicate the locations of Abell clusters. Compare Fig. 1. 
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; members. The algorithm also identifies 142 binaries (not 
^ included in this analysis). The number of galaxies not assigned 
^ to a group or binary is 614. The sum of these numbers is not 
S equal to the total number of galaxies in the survey (1766) 
2 because galaxies with velocities greater than 12,000 km s~1 are 

considered only if they are contained in groups with mean 
velocity less than 12,000 km s~ L 

Figures 4a and 4b are cone diagrams which show the dis- 
tribution of group members and group centers, respectively. 
Comparison of Figure 4b with Figure 1 shows that the group 
centers mark the large-scale structure in a nearly unbiased 
way. More detailed comparison of Figures 4a-4b with Figure 1 
shows that projection effects in Figure 1 can hide “fingers” as 
well as produce misleadingly impressive ones. These impres- 
sions are a result of averaging over an angular scale which is 
large compared with a typical group diameter. 

VI. GROUP PROPERTIES 

Here we examine the typical physical properties of the 
groups in the catalog. We first trim the catalog by eliminating 
groups which may have properties affected by the proximity of 
the sample limits. We include only groups with 
velocities > 2000 km s_1. At smaller distances the declination 
angle spanned by the survey is smaller than or at best compa- 
rable to the angular scale of a typical group. We also discard 
groups with baricenters closer to the edges of the survey than 
2Rp. This criterion deletes the Coma Cluster from our 
“statistical sample” of groups. Asterisks in Table 4 mark the 
groups in the statistical sample. 

a) Physical Properties 
Table 5 lists the properties of the 92 groups in the “statistical 

sample.” For each group, we list the group number (col. [1]), 
the number of members (col. [2]), the right ascension (col. [3]), 
the declination (col. [4]), the mean velocity (col. [5]), the rms 
line-of-sight velocity dispersion ov (col. [6]), the apparent mag- 
nitude corresponding to the sum of the apparent luminosities 
of the observed group members (col. [7]), the mean pairwise 
separation Rp (col. [8]), the mean harmonic radius Rh (col. [9]), 

the crossing time tc in units of t0 = HQ1 (col. [10]), the 
logarithm of the virial mass, log M (col. [11]), and the mass-to- 
light ratio, M/LB{0) (col. [12]). These quantities are also avail- 
able for groups in the catalog of HG82. Table 6 gives medians 
for the distributions of ov, log M, M/L, Tc, Rh, and Rp. We also 
include the first and third quartiles for these distributions. 

The quantities in Table 5 and 6 are number-weighted. 
Weighting with luminosity in the calculation of group param- 
eters does not significantly affect the median quantities in 
Table 6 (see Heisler, Tremaine, and Bahcall 1985). The median 
mass-to-light ratio and crossing time do not change at all. 
Figure 5 shows the logarithm of the unweighted M/LB(0) as a 
function of the logarithm of the luminosity-weighted value. 
The scatter around the mean relation is remarkably small. 

We next consider the properties of groups with Nmem > 5. 
These groups are statistically the most reliable; at least 33% of 
groups with Nmem < 5 are spurious (see § IV). Table 6 gives the 
median values and quartiles for the physical parameters of the 
36 groups with iVmem > 5. 

Figures 6a-6f are histograms of the distribution of av, Rh, 
Rp, tc, log (M/LB(0)), and log M, respectively. The unfilled histo- 
grams refer to the entire sample of 92 groups; the hatched 
histograms refer to the 36 groups with Vmem > 5. There are no 
salient differences between the distributions for the groups with 
Nmem ^ ^ and the full sample. Because the properties of con- 
taminated and/or spurious groups containing three or four 
members are statistically indistinguishable from those of real 
physical systems, we cannot remove pseudogroups from the 
sample. However, the median values obtained for the whole 
sample appear to be a fair representation of the properties of 
real groups. 

The spread of mass-to-light ratios as measured by the quar- 
tile range is similar to the spread obtained for other catalogs 
(Rood and Dickel 1978; Tully 1987; Huchra and Geller 1982). 
We obtain a spread of 0.9 in the logarithm of M/Lm) as mea- 
sured by the range between the first and third quartiles. This 
spread is somewhat larger than the statistical spread (~0.7) 
obtained by Heisler, Tremaine, and Bahcall (1985) for systems 
with fixed mass-to-light ratio. The significance of the difference 

Fig. 5.—Logarithm of the luminosity-weighted mass-to-light ratio as a function of the logarithm of the unweighted value. We include only the 92 groups in the 
statistical sample (Table 5). 
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^ TABLE 6 

a 
(T) 00 (T) 

Median Values of Physical Parameters 

Parameter Median 1st Quartile 3d Quartile 

All Groups, Ngroups = 92 

(7V (km s_1)  209 111 290 
log (M/Mq)  13.30 12.72 13.84 
M/LB(0)(Mo/Lg)   186 70 583 
tc/t0   0.06 0.03 0.10 
^„(Mpc)   0.51 0.23 0.78 
Rp (Mpc)   0.67 0.45 0.84 

Rich Groups, iVgroups = 36 

<rv (km s_1)  228 145 344 
log (M/Mq)  13.59 12.96 13.96 
M/LB(0)(Mg/Lg)   175 76 583 
tc/t0   0.06 0.03 0.10 
Rh(Mpc)   0.52 0.34 0.80 
Rp (Mpc)   0.69 0.56 0.96 

between the spread in our catalog and the spread obtained for 
simulations (Heisler, Tremaine, and Bahcall 1985) is probably 
not significant. It is thus reasonable to conclude that the intrin- 
sic scatter in mass-to-light ratio is small. 

b) Distance Dependence of Group Properties 
Distance dependence of group properties is one indication of 

selection bias in a group finding algorithm. Here we examine 
the 92 group sample for distance dependence. 

Figure 7 shows VL (dashed curve) along with the median ov 
(filled circles) as a function of redshift. For each redshift bin, 
the vertical bars span the range from the first to the third 
quartile of the ov distribution. The median velocity dispersion 
of groups is far from any limit imposed by the selection param- 
eter and is nearly independent of redshift. 

Figures Sa-Sd shows <jv, log (M/LÄ(0)), log ic, and Rh as a 
function of the mean redshift of the group. Figure Sd shows a 
clear increase in the envelope of Rh with redshift; we identify 
the largest groups only at the largest distances. However, there 
are also many small groups at these distances. In contrast, the 
simulated catalog contains only large groups at large distances. 
No strong distance-dependent effects are present for (tv (Fig. 
8a) or for log (M/LB{0)) (Fig. Sb). The crossing time (Fig. 8c) is 
also distance-independent; a bias here would be surprising 
because the algorithm is designed to keep time scales distance- 
independent. 

c) Groups and Abell Clusters 
There are seven Abell clusters in the region of redshift space 

covered by the survey: the algorithm identifies all seven. Table 
7 includes the group number, the richness class, the number of 
members (two values) <rv (two values), and M/Lm) for each of 
the clusters. The first values of Nmem and cr^ come from this 
analysis; the second values come from Zabludoff, Huchra, and 
Geller (1989) and typically include velocities for galaxies fainter 
than those in the redshift survey sample. Other properties for 
these clusters (except Coma) are in Table 5. Considering the 
differences in sampling, the velocity dispersions we obtain for 
A1185, A1228, A1267, and Coma are in reasonable agreement 
with those from Zabludoff et al 

For A1257 and A779, the values of ov obtained here are 
substantially smaller than those obtained by Zabludoff, 
Huchra, and Geller (1989). In both cases the exclusion of a 
small number of members (one of the two additional members 
in A1257 and three of the 15 additional members in A779) in 
the larger Zabludoff et al samples brings the dispersions into 
agreement. The sensitivity of the dispersion to the details of the 
membership assignment underscores the need to obtain com- 
plete, magnitude-limited samples for reliable determination of 
cluster velocity dispersions. Only with such controlled sam- 
pling can objective methods for membership selection be 
applied. In the analysis below, we take the values from this 
analysis; we thus preserve the uniformity of the selection cri- 
teria over the entire catalog. 

Arrows above the histograms in Figures 6a-6f mark the 
values we obtain for gv, M/LB(0), M, Tc9 Rh, and Rp for the 
seven Abell clusters in the sample. In the M/LB{0) histogram the 
values for the Abell clusters straddle the peak of the distribu- 
tion ; the median M/LB{0) for these clusters is similar to the one 
for all of the groups in the catalog. For the other quantities 
(except tc) the medians for the clusters are larger than those for 
the catalog as a whole. 

The substantial overlap in the properties of groups and 
Abell clusters suggests that the distinction between groups and 
clusters is artificial. The survey includes a continuum of 
systems. In fact there are many groups which share the charac- 
teristics of the Abell clusters and some which appear to be even 
more “cluster-like” than systems included by Abell. Abell does 
claim that his selection is biased for velocities < 6000 km s -1 ; 
however, most of the systems we identify are at velocities 
> 6000 km s "1 (see § Vie). Possible explanations for the appar- 
ent discrepancies in the identification of rich systems include 
(1) incompleteness in the Abell catalog, (2) biases in the selec- 

TABLE 7 
Abell Clusters 

Abell 
Abell Group Richness ov* M/LB(0)

a av
h 

Cluster Number Class Nmem* (kms-1) (MQ/LQ) Nmem
b (kms-1) 

Coma   70 2 139 868 357 234 1016 
A1185    29 1 13 765 581 16 873 
A1228   34 1 8 196 61 8 188 
A779   10 0 5 270 689 20 627 
A1257   35 0 6 275 190 8 470 
A1267   36 0 6 223 169 6 217 
A2162   116 0 5 323 283 

a This paper. 
b Zabludoff, Huchra, and Geller 1989. 
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© American Astronomical Society • Provided by the NASA Astrophysics Data System 



PC ¡T" LO 

GROUPS OF GALAXIES 73 j No. 1, 1989 
oo 

! tion of clusters from the distribution of galaxies on the sky 
^ rather than from a redshift survey, (3) differences in the mor- 
ê phological composition of Abell clusters and “groups” (in the 
S sense that the Abell clusters are richer in early-type galaxies), 
^ and (4) differences in the luminosity function for galaxies in 

groups and clusters. Some of these issues may be important for 
attempts to understand the relationship between the correla- 
tion function for rich clusters and the correlation function for 
the galaxy distribution. 

d) Groups and Large-Scale Structure 
The cone diagram in Figure 4b shows the position of all of 

the groups in the survey, including those which lie near the 
survey limits. The crosses mark the positions of Abell clusters. 
The groups trace out the large-scale structure evident in Figure 
1. At first glance, the groups appear to be nearly uniformly 
distributed within the sheets (we will soon report a more 
detailed analysis of the distribution of groups ; Ramella, Geller, 
and Huchra 1989). 

e) Comparison with Other Group Catalogs 
Previous complete group catalogs (Tully 1987; HG82; 

GH83) are generally shallower than the catalog derived from 
this survey. The region of overlap between this and other cata- 
logs is, thus, small. In order to make a comparison with groups 
identified in other complete redshift surveys, we applied the 
search algorithm once again to the original CfA survey with 
mB(0) < 14.5 (Huchra et al 1989). The group selection param- 
eters and the luminosity function parameters are the ones used 
to produce the catalog discussed in § V (Table 4) and differ 
from those in GH83. Here we take a 300 km s_1 Virgo infall 
into account. 

For the 124 groups in the mB(0) < 14.5 catalog, the median 
velocity dispersion is (7^ = 131 km s-1 and the median M/Lm) 
is 250. These results agree very well with those obtained by 
NW. NW argue correctly that the V0 used by GH83 is too 
large; it is so large that groups include members on both the 
near and far edges of a void. On the other hand, the difference 

between the scaling in equation (4) and the scaling used by NW 
does not affect the results. In both cases the steps in velocity 
are small enough to avoid the problem in GH83. 

The median velocity dispersions differ by about the quartile 
range for the 14.5 and 15.5 (Table 6) group catalogs. However, 
the median mass-to-light ratios are well within the quartile 
ranges. A natural first reaction is that the difference in velocity 
dispersion is an artifact introduced by the group identification 
algorithm. We now demonstrate that the difference in the 
physical parameters of the groups in the two samples is a 
physical effect related to the properties of large-scale structure. 
Tully (1987) has previously suggested such a link. 

For the 14.5 survey, the effective depth (the maximum red- 
shift at which an L* galaxy is included in the survey) is ~ 5400 
km s-1; for the 15.5 survey, the effective depth is ~8500 km 
s-1. Figure 9 shows the distribution of groups in the two 
surveys as a function of the mean velocity of the system. In the 
14.5 survey, the median redshift of groups is 40% of the effec- 
tive depth; in the 15.5 survey, the median redshift is 85% of the 
effective depth. As a consequence, most (58%) of the groups in 
the 15.5 survey contain three galaxies brighter than L*. 
However, only 23% of the groups in the 14.5 survey have three 
members brighter than L*. The systems in the two catalogs 
have significantly different intrinsic luminosities ; for the lumi- 
nosity function parameters of equation (12), 25% of the lumi- 
nosity of a group is in galaxies brighter than L*. 

The difference in the median velocity dispersions for the two 
catalogs reflects the lack of a fair sample. The observed bubble- 
or spongelike structures in the 14.5 survey tend to be thinner 
(compare the nearby structures in Fig. 1 with the more distant 
ones) than the structures in the 15.5 survey. The thicker struc- 
tures are undersampled or absent from the 14.5 survey. The 
14.5 survey, although it covers about the same volume in red- 
shift space as the 15.5 survey, is not sensitive to the largest 
structures present in the 15.5 survey. The effective depth of the 
14.5 sample is just about equal to the diameter of the largest 
void in the 15.5 sample. The large angular scale coverage of the 
14.5 survey does not compensate for the greater depth of the 

Fig. 9.—Number of groups as a function of redshift for the 14.5 sample (light line) and for the 15.5 sample (heavy line). The vertical lines mark the depths at which 
the apparent magnitude limits of the two surveys correspond to the absolute magnitudes M^(0) — 1, M^{0) and M£(0) + 1, respectively. 
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^ ture in the 14.5 survey is redundant (see de Lapparent, Geller, 
§ and Huchra 1988). 
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2 VII. CONCLUSIONS 

We apply an objective group identification algorithm 
(Huchra and Geller 1982) to the Center for Astrophysics red- 
shift survey complete to mB(0) = 15.5 over the right ascension 
range 8h < a < 17h and declination range 26?5 < <5 < 38?5. We 
extract a catalog of 128 groups with three or more members; 
92 of these groups constitute our “statistical sample.” 

We use simulations of the geometry of large-scale structure 
to choose the selection for the identification algorithm. We 
identify a range where the survey contains more rich (Nmem > 
5) groups than the simulation and where the groups in the 
survey are stable to variation in the selection parameters. The 
groups have ôp/p = 80 and V0 — 350 km s-1. For this group 
catalog, comparison with the simulations indicates that > 30% 
of the groups with three or four members are probably acci- 
dental superpositions. These groups are a consequence of the 
geometry of large-scale structure; they are not necessarily the 
expected “fingers” in redshift space associated with physical 
systems of galaxies. Of course, it is not possible to distinguish 
the real groups from the accidental superpositions on the basis 
of these data. 

One interesting issue beyond the scope of this paper is the 
behavior of the correlation function for individual galaxies 
which are not identified as group members. In other words, 
does the removal of “fingers” in velocity space remove the 
distortion observed in the correlation function, ^(Rp, tu), of 
projected separation rp and relative pairwise line-of-sight 
velocity nl For both the 14.5 and 15.5 samples the median 
velocity dispersion of groups is smaller than the expected 
~70% of the rms pairwise peculiar velocity (de Lapparent, 
Geller, and Huchra 1988; Davis and Peebles 1983). The dis- 
crepancy may be merely a result of the different weighting of 
large systems with large velocity dispersions in the calculations 
of rms pairwise peculiar velocity relative to median group 
velocity dispersion. 

The median velocity dispersion for the 36 groups in the 
“ statistical sample ” with five more members is av = 228 
km s-1, and the median M/LB(0) = 178/i Me/L0. The median 

parameters for the 92 group sample are similar for the sample 
with Nmem > 5. For this sample the critical mass-to-light ratio 
is M/Lcrit = 1360/1 Mq/Lq. If the mass-to-light ratios of 
groups are characteristic of the universe as a whole, the cosmo- 
logical mean mass density Q is equal to 0.13e±0-9. The “error” 
in Q comes from the quartile ranges in Table 6 and reflects the 
large spread in group mass-to-light ratios. 

The 128 group sample contains seven Abell clusters; the 
physical properties of these clusters overlap substantially with 
those of groups. In fact, the distinction between groups and 
clusters is not generally apparent on the basis of selection of 
systems in redshift space. The similarity of group and cluster 
properties raises fundamental questions about the reliability of 
cluster catalogs as guides to systems with similar physical 
properties. 

Comparison of the distribution of group centers with the 
distribution of all of the galaxies in the survey shows qualita- 
tively that groups trace the large-scale structure in the region. 
We plan to examine this issue quantitatively by calculating the 
correlation function for the group centers. Perhaps compari- 
son of the correlation functions for individual galaxies, groups, 
and clusters will lead to a resolution of the problems posed by 
the high amplitude of the cluster correlation function (see 
Bahcall and Soneira 1983; Geller 1987). 

The physical properties of groups may be related to the 
details of the large-scale structure in the region. Groups 
extracted from the earlier CfA survey complete to mB(0) =14.5 
have a significantly lower median velocity dispersion av = 131 
km s-1 in agreement with the previous results of NW. About 
58% of the groups in the 15.5 survey contain three or more 
galaxies brighter than L*; only 23% of the groups in the 14.5 
survey have three or more bright members. The difference in 
the group catalogs is probably largely a result of the location of 
large-scale structures relative to the survey limits. The inhomo- 
geneity of group properties probably reflects the large-scale 
inhomogeneity of the galaxy distribution. 
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