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ABSTRACT 

We present a statistically homogeneous group catalog (CfA) based on the CfA redshift survey 
(Huchra etal). Groups in the catalog are all density enhancements in redshift space of a factor 
greater than 20. Group members are identified according to the procedure described in our previous 
study (Huchra and Geller) of a shallower whole-sky sample. All groups contain at least three 
members. 

Of the 176 groups in the CfA catalog, 102 have been identified in one or more previous studies. 
Because our algorithm searches for volume rather than surface density enhancements, the groups in a 
given region generally change only through the addition of fainter members when the magnitude 
limit of the galaxy catalog increases. In the region of overlap, agreement between our shallow catalog 
and the CfA catalog is excellent. 

Subject headings: galaxies: clusters of — galaxies: redshifts 

I. INTRODUCTION 

The identification of systems of galaxies—from rich 
clusters to groups to binaries—has been a useful basis 
for dynamical studies (Gott and Turner 1977; Rood, 
Rothman, and Tumrose 1970; -see Faber and Gallagher 
1979 for additional references) and for studies of the 
relationship between individual galaxies and their en- 
vironment (Dressier 1980; Gisler 1978; McGlynn and 
Ostriker 1980). Several catalogs of galaxy groups have 
been published (de Vaucouleurs 1975; Turner and Gott 
1976; Huchra and Geller 1982, hereafter HG; Hickson 
1982; Materne 1978, 1979; TuUy 1980), but only a few 
of these are derived from catalogs for which complete 
redshift information is available (HG; Materne 1979; 
Tully 1980). 

In the first paper in this series (HG) we describe an 
algorithm for group selection which is well-defined, ob- 
jective, and easy to apply. The technique is designed to 
minimize biases which occur because galaxy catalogs are 
magnitude limited. HG includes a catalog of nearby 
groups of galaxies derived from a shallow, whole-sky 
redshift catalog. 

Here, we use the techniques of HG to identify groups 
in the CfA redshift survey sample (Huchra etal 1982, 
hereafter HDLT). We adopt the conventional definition 
of a group of galaxies: a collection of galaxies which are 
likely to be physically (dynamically) associated. More 
precisely, we identify density enhancements in “redshift 
space.” 

Section II is a review of the group selection algorithm. 
Section III describes the galaxy catalog. The group 
catalog is in § TV. Comparison of our catalog with 

previous ones shows that our selection algorithm yields 
reasonable results. Statistical and dynamical analyses of 
the group catalog are discussed in Paper II (Geller and 
Huchra 1983, hereafter GH) of this series. 

II. REVIEW OF THE GROUP SELECTION ALGORITHM 

The group selection algorithm is outlined in Figure 1 
(reproduced from HG). We first choose a galaxy in the 
redshift catalog which has not been previously assigned 
to a group. We search around it for companions with 
projected separation from the first galaxy: 

D,2 = 2 sin (®/2)V/H0 < DL(vu v2,mu m2), 

where 

V=(v, + v2)/2, 

and velocity difference: 

Vl2 = \vl-v2\^VL(vi,v2,mum2), 

where v ! and v2 refer to the redshifts of the galaxy and 
its companion, mx and m2 are their magnitudes, and 0 
is their angular separation. We use a Hubble constant 
i/0 = 100 km s_ 1 Mpc - \ but actual identification of the 
groups does not depend on the value of H0 used. If no 
companions are found, the galaxy is entered in a list of 
“isolated” galaxies. All companions found are added to 
the list of group members. The surroundings of each 
companion are then searched. This loop is repeated until 
no further members can be found. 
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START The probable number of interlopers can be calculated 
according to the procedures given in § IV of HG. This 
number is a function of the mean group velocity. 

III. GALAXY CATALOG AND LUMINOSITY FUNCTION 

The sample analyzed here is the CfA redshift survey 
(Huchra et al 1982). This sample contains all galaxies in 
the Zwicky (1961-1968, 1971) or Nilson (1973) catalogs 
which satisfy 

mpg<14.5, 

and 

¿n^O0, 0>0°, 

or 

¿>„<-30°, S>-2?5. 

The magnitudes are on the 5(0)-Zwicky system (Huchra 
1976). Every galaxy in the catalog has a measured 
redshift. 

We correct the velocity of each galaxy (coordinates a, 
and ôy) in the sample for a dipole Virgocentric flow: 

LLSc = Tin [sin sin + cos ô, cos cos (aI - aK)], 

Fig. 1.—Flow chart for group selection algorithm 

The prescription for DL and VL compensates for 
variation in the sampling of the galaxy luminosity func- 
tion as a function of the distance of the group. We 
assume that the luminosity function is independent of 
distance and position. Thus, at larger distances, only the 
fainter galaxies are missing. For each pair we take 

Dl = D0R and VL = V0R, 

where 

R = (Mn <b{ M)dM/ fM]im <p(M) dM 
J — ac ^ — co 

where 

M„m=mljm-25-5 log (KF///0), 

and 

M12 = wUm - 25 - 5 log (F/i70). 

Note that this prescription keeps the ratio DL/VL con- 
stant. The number density contour surrounding each 
group corresponds to an enhancement relative to the 
mean of 

where KLSC is the correction, av and are the right 
ascension and declination of the Virgo cluster (Huchra 
and Davis 1983), and Vm is the assumed infall velocity 
of 300 km s~ *. To avoid the singularity at 0 km s_ *, we 
give all galaxies with velocities less than 300 km s_ 1 an 
“indicative” velocity of 300 km s-1. This procedure 
allows us to keep the negative velocity members of Virgo 
and other nearby groups. 

The mean velocities of all groups are limited to less 
than 8000 km s-1, while the search for group members 
was made out to a velocity limit of 12,000 km s~\ These 
procedures avoid throwing out either low or high veloc- 
ity members for nearby groups or for groups near the 
8000 km s"1 limit and thus biasing the group velocity 
dispersions. At velocities larger than 8000 km s_l, un- 
certainties in the galaxian luminosity function (we are 
on the exponential portion at the bright end) produce 
large uncertainties in the scaling of DL and VL. 

The luminosity function we use to calculate the group 
luminosity and the scaling of DL and VL is derived 
directly from the redshift catalog (Huchra 1983). For 
simplicity we parameterize it in the Schechter (1974) 
form with 

a = — 1.30, M* = -19.40, <i>* = 0.0143 Mpc“3. 

Spy _ 3 
Pn 477Do 

Note that these parameters differ from those in HG for 
the shallow catalog. The differences are due in part to 
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the domination of the shallow sample by the Local 
Supercluster. We include no absorption correction in 
either the luminosity function or the group selection. 
Because the catalog covers only regions at high galactic 
latitude, the effect of such a correction on group selec- 
tion is negligible. 

IV. THE GROUP CATALOG 

Table 1 is the catalog of groups we obtain with 
Dq = 0.52 Mpc (corresponding to a volume number 
density enhancement of 20 for this catalog) and F0 = 600 
km The fiducial velocity VF is taken as 1000 km s'1 

as in HG. Only groups with more than two members are 
shown. Column (1) is the group number, column (2) is 
the number of galaxies in the group, columns (3) and (4) 
are the 1950 right ascension and declination, columns 
(5) and (6) are the mean flow-corrected galactocentric 
velocity and line-of-sight velocity dispersion uncorrected 
for measurement error, column (7) is the integrated 
group magnitude, column (8) is the mean harmonic 
radius of the group as defined by equation (13) of HG, 
and, finally, column (9) is the mean pairwise separation 
as defined in equation (14) of HG. The ratio of the radii 
in columns (8) and (9) gives a measure of the concentra- 
tion in the system. The galaxies in each group are listed 
in Table 2 in order of right ascension. That table lists 
the galaxy name, 1950 coordinates, “corrected” velocity, 
the quoted error in the velocity measurement (to be 
taken with a grain of salt—see HDLT for more details), 
and apparent magnitude (mpg) and morphological type 
on the de Vaucouleurs’ T system (de Vaucouleurs, de 
Vaucouleurs, and Corwin 1976). We have produced 
group catalogs from the CfA survey for a range of the 
selection parameters D0 and V0. As in the case of the 
nearby sample, the group catalog we choose has selec- 
tion parameters in the range for which group properties 
are relatively stable. The range shown in Figure 2 of HG 
is very similar to the one appropriate for this catalog. 
The search parameters are also set to agree with the 
choice in HG. The limiting density contour is an en- 
hancement of a factor of 20; the velocity cut used here is 
larger than the cut of 400 km s-1 used in HG because 
this sample contains rich systems near the survey limit. 
Identification of members of these systems would be 
somewhat biased by the smaller velocity cut. 

We have compared our group catalog (CfA) with 
three earlier catalogs: (1) the nearby groups of HG, 
hereafter NB, (2) the nearby groups of de Vaucouleurs 
(1975), hereafter DV, and (3) the groups of Turner and 
Gott (1976), hereafter TG. Table 3 is a comparison of 
these catalogs with the catalog of Table 1. 

Discrepancies between our group catalog and the TG 
catalog reflect differences in the group selection algo- 
rithms. TG define groups as surface density enhance- 
ments. Their limiting surface density enhancement of 
102/3 corresponds to a typical volume density enhance- 
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ment of at least a few hundred. One result of the surface 
density criterion is that the properties of the groups vary 
with distance. A nearby group must be more dense than 
a more distant one in order to be identified. Indeed, 
some nearby groups identified by DV and NB are 
missing from the TG catalog for this reason (e.g., CfA 
43 and 44). The identification procedure used here is 
specifically designed to minimize the dependence of 
group properties on distance. Our membership criterion 
depends on projected spatial separation rather than 
angular separation. 

Because our finding algorithm looks for volume rather 
than surface density enhancements, the method should 
yield very nearly the same groups when applied to 
samples which cover the same region of the sky but to 
different limiting magnitudes. Comparison of the NB 
and CfA catalogs is a check of this expectation. Every 
NB group in the CfA survey region is identified once 
again in the CfA catalog. NB groups 50 and 56 are split 
because of the somewhat smaller Z>0 used here. NB 
groups 60 and 82 are linked together by faint members: 
they are pieces of the UMa+CVn + Coma I complex 
that lies on the plane of the Local Supercluster (Tully 
1982). NB 72 and 73 are also linked together by faint 
members. Each of the 29 remaining NB groups in the 
region of overlap corresponds to a single group in the 
CfA list. In general, faint members are added. In HG we 
compared the NB catalog with DV and found remark- 
ably good agreement. Obviously that agreement persists 
here. In Paper II we discuss the effects of the addition of 
faint members on the derived dynamical parameters. 

The use of complete velocity information not avail- 
able to Turner and Gott helps us to avoid assigning 
galaxies at markedly different redshifts to a single group. 
We do not, however, completely avoid the interloper 
problem. Groups which very probably contain inter- 
lopers are 2, 6, 7, 25, 26, 27, 34, 37, 41, 53, 55, 65, 70, 73, 
74, 110, 119, 127, 134, 137, 162, 165, 167, 169 and 173. 
Of course, these assignments are subjective, a posteriori 
judgments. 

In summary, differences between the CfA and TG 
catalogs arise from (1) nearby groups at large angular 
scale but small spatial scale which cannot easily be 
identified by a surface density criterion, (2) the in- 
creased depth of the CfA catalog (m^ = 14.5 instead of 
14.0), and (3) use of complete redshift information as a 
membership discriminant. TG groups which do not ap- 
pear in Table 3 are either accidental superpositions (e.g., 
TG 9, 19, 22, 29, 36, 66, and 55) or are identified by our 
algorithm as binaries (e.g., TG 4, 8, 12, 14, 18, 37, 48, 
65, 68, 70, 72 (two binaries), 73, 75, 76, 85, 88, 90, 93, 
96, and 103). Of the latter list, six of the groups (TG 4, 
12, 14, 37, 70, 72) have more than two members in the 
TG catalog; these extra members are interlopers. Some 
TG groups are superpositions of groups at different 
distances (e.g., TG 53 = CfA 101 and 102). 

CfA GROUPS OF GALAXIES 
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H‘Or-Ln<T(CTlrHCMr^COCO<Tlir)CMC^rHH,r-rHCMOOH,<T»H,01HrHl£>r--<^cy'inH,CTllO,M,CMOLO'M*rOrHP'inrOH'LnH'OCM<TtOlúCX3 
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p-. vocoo^a»oorHtHrHCMCMcococr>co,^'minioior^p'r^p'r^oococoa\aiOtHCMCMcococommininininvop>.t>'r^oooNO\^OrHrH EHininmin iHtHrHfHrHrHtHrHtHrHrHrHtHtHrHtHiHiHrHrHrHCMCMCM 
25 rMrMrHHCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 
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rHCT»M,p-oocoocM^'r>.r^rHco^í‘incocMoo<M'iocMr^incoOrMH,rHcoin<^*<íroinop>.r-(OOv£)(Tkincor^.ir>coinrH,«4*coiocMCMf^cM moom^cooirooro. ooi^.cMcoii)(,ooor^cy»OrHp'inocMcocx)r^vocM'i,oocoa^nHcocyt'4,^rHCMco<T>co<y>iocM^'OcorHrHCMco r^cMHinco-M'inininininovo-M'Op.^inior^vo'iPocMr'CMCM^í'CMcocMCMtHCMtHinocOiHCMH'CMcoo^coocotHtHCMOoco CM rH rH t—( t—I rH rH rH r—( rH rH tH CM tH rH rH tH rH tH tH rH CM t—I tH rH tH t—I tH rH rH rH tH iH tH i—I iH rH iH H iH I—( H tH tH iH tH iH tH tH iH iH 
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++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

CO VO CO rH CO VO tH CO vo p' i 00 CM LD in ov co m ov o CO VO O VO o VO CM CM VO CM CM <Tl CTl CM r- r- o o in o o o co VO 
voovoOiHCMcococo,M‘'^,minvovovop'p'COiHiHCMcoco,3,vovovoP'r^oococoovoOiHiHcococo,i‘,^',^,,i'inininiovovovovovo cMCMcococococococococococococococoroco,M'’M,'M'^,,M,’M'M,<M,<M'M'’M'M'M'-M,-M,LnininLnininininininininininininininLnin E-< — rH rH rH tH tH tH tH rH (HiHiHiHtHiHiHiHtHtHrHrHrHiHrHtHiHiHiHiHiHtHiHiHtHiHiHrHrHiHrHtHiHtHiHiHiHi—ItHiHiHiHiH tH tH tH 

in rH CTl CM CO CM r— oo ov in ^ in + oovo+<y>cocoiH+vor^av (ii vor-icMOcMcoco^pcotninvo D cNp'p'ror^-p'p~p-cop~p'p- O tHCOCOtHcOCOCOCOtHCOCOCO « H Z Z rH z Z Z Z rH z Z Z Ü 

CM CO O CO CTl 00 m in 4- -hcMomvo^vocooop-coco mvocococTicTioM'coLnr-r^cocTi cocor^r^p-r^oococooocoooooco rHiHCOCOCOCOCOCOCOCOCOCOCOCO HHZZZZZZZZZZZZ 

o ro CM -M* CM O H' m VO 00 lO + COp-HOOCOincTirOCM + CTlCT»Or^HHCOCMCO'M,,,:PLnp-CO oococn^cTiavcncTiCTicncTicTicnin COCOCOtHcOCOCOCOCOCOCOCOCOrH ZZZrHZZZZZZZZZrH 

r— co co cti cm co tH in CO CTl co CM in m* in in CM in + + + CMOOO<TicOOOO + COOOM^M'H'CTlCTlCTlH'rHiHLnCMlO o^criininincricTiCTip-oop'OLn COCOrHiHtHcOCOCO H* H" •M' rH ZZrHHHZZZMZZMZrH 
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CfA GROUPS OF GALAXIES 

Out of the entire redshift survey catalog cut at 12,000 
km s-1 (2390 galaxies), 1451 galaxies are assigned to 
groups, 280 are in binaries, and 659 galaxies are unas- 
signed. These percentages are similar to those for the 
NB catalog (i.e., 60%, 14%, and 26%, respectively). We 
plan to analyze and publish the binary sample in a later 
paper. We do not include a list of unassigned galaxies 
for the reasons given in Huchra and Thuan (1977) and 
HG: most of these galaxies are not truly isolated but he 
near the sample boundaries in velocity magnitude or 
position. 

V. DISCUSSION 

Our group selection procedure is designed to mini- 
mize distance-dependent biases and to produce a well- 
defined, statistically homogeneous sample of groups. 
One hundred two of the 176 groups we find have been 
previously identified. Papers I and II contain dynamical 
studies of the NB and CfA catalogs, respectively. Prop- 
erties of the first-ranked galaxies in these groups have 
been examined by Geller and Postman (1983). 

Several of the groups in our sample are the cores or 
major fractions of well-known rich clusters of galaxies 
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(Virgo, Coma, Pegasus, A194, and A1367). The centers, 
the mean velocities, and the velocity dispersions agree 
well with published values. 

One feature of our studies which is particularly 
noteworthy is the reproducibility of groups from cata- 
logs covering the same region of the sky to different 
apparent magnitudes (Table 3). The NB and CfA cata- 
logs then allow us to examine the effects of addition of 
faint members on the derived dynamical quantities 
(Paper II). 

Another interesting feature is our separation of the 
Virgo cluster from background groups—there is a “hole” 
of large angular size and more than 1000 km s-1 depth 
behind the cluster. This is a good example of the kinds 
of frothy structure seen throughout the CfA redshift 
survey (Davis e/¿z/. 1982). 

We thank the redshift survey team without whom this 
work would not have been possible. We would also like 
to thank G. Bothun for blessing assorted groups. Typing 
services provided once again by Fang, Inc. 
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