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ABSTRACT

We present radial velocities for 457 galaxies in the 100 Hickson compact groups. More than 84% of the
galaxies measured have velocities within 1000 km s~* of the median velocity in the group. Here 92 groups
have at least three accordant members, and 69 groups have at least four.

The radial velocities of these groups range from 1380 to 41,731 km s~ ' with a median of 8889 km s™?,
corresponding to a median distance of 89 h~! Mpc. The redshift distribution of the groups is consistent with
their having a uniform space distribution, and a luminosity function characterized by a Schechter function
with M* = —20.6 and a« = —0.2. The apparent space density of these systems ranges from 300 to as much as
108 h%2 Mpc~ 2, which exceeds the densities in the centers of rich clusters. The median projected separation

between galaxies is only 39 h~! kpc, comparable to the sizes of the galaxies themselves.

The median radial velocity dispersion is 200 km s~*, comparable to values reported for loose groups. This
corresponds to an intrinsic three-dimensional velocity dispersion of 331 km s~ !. The median galaxy crossing
time ranges from 0.001H; ! to 8.7H; ! with a median of 0.016H, *.

A significant correlation is found between crossing time and the fraction of gas-rich galaxies in the groups,
and a weak anticorrelation is found between crossing time and the luminosity contrast of the first-ranked

galaxy.

Derived mass-to-light ratios M/L for the groups range up to 103, with a median of 50 h. This is about 7
times the median M/L reported for individual galaxies in the groups and strongly suggests that as much as
~85% of the mass of a group, in the region interior to the galaxy orbits, consists of dark matter.

Subject headings: galaxies: clustering — galaxies: distances and redshifts — galaxies: interstellar matter —
galaxies: luminosity function, mass function

1. INTRODUCTION

Examples of dense groups of galaxies have been known for
more than a century. Originally, they were of interest because
of the close proximity and obvious distortion of many of their
member galaxies. In addition, many of the classical groups
(Stephan’s quintet, Seyfert’s sextet, and VV 172, for example)
were found to contain a galaxy whose redshift differed signifi-
cantly from the others. The indicated Doppler velocity differ-
ence can be as high as 20,000 km s~ !. Early observational
studies (Zwicky 1933; Smith 1936; Zwicky 1937; Burbidge &
Burbidge 1961; Burbidge & Sargent 1971) indicated that virial
masses of many groups exceeded the mass expected due to the
galaxies alone. This lent support to Ambartsumyan’s (1958)
conclusion that the groups were unbound, expanding systems.
However, the subsequent discovery of virial mass discrepancies
in clusters (Burbidge & Burbidge 1959; Rood 1965; Kara-
cheuntsev 1966) and evidence for massive galactic halos (Rubin,
Ford, & Thonnard 1980; Ostriker, Peebles, & Yahil 1974,
Persic & Salucci 1988) led to the general acceptance of the
alternative explanation, that the groups are bound by unseen
“dark ” matter.

! Guest Observer, Canada-France-Hawaii Telescope, operated by NRC of
Canada, CNRS of France, and the University of Hawaii.
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More recently, it was realized that such systems should be
dynamically unstable (Hickson, Richstone, & Turner 1977).
Collisions and dynamical friction might cause these groups to
be destroyed by galaxy mergers in times short compared to the
age of the universe. However, too few groups were known to
allow a convincing statistical analysis at the time, and even
these were found by selection criteria that were not clearly
defined.

The first systematic search for compact groups of galaxies
was conducted by Rose (1977), who identified 170 galaxy trios,
33 quartets, and two quintets on 69 glass copies of the Palomar
Observatory Sky Survey (POSS) with a surface number density
contrast of 10° or more. Rose (1979) concluded that most
groups are transient dense configurations in loose groups, but
did not rule out the possibility that they are dense systems that
have evolved from looser groups.

In order to obtain a larger, uniformly selected sample, one of
us (P. H.) undertook a visual search of the entire set of POSS
“E” (red) prints. Exactly 100 compact groups were found
which satisfied three selection criteria of group membership,
isolation, and mean surface brightness (Hickson 1982, here-
after Paper I). In order that this catalog form a data base for
studies of such systems, a comprehensive program of imaging,
spectroscopic, and radio observations was begun to obtain as
much high-quality data as possible on these groups. A com-
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plete set of CCD images (Hickson 1992) was obtained with the
Canada-France-Hawaii Telescope, from which photometry
and Hubble classifications were derived for all galaxies
(Hickson, Kindl, & Auman 1989a, hereafter HKA). Additional
photometry and classifications have been published from pho-
tographic and CCD data (Tikhonov 1987a, b, 1989; Williams
& Rood 1987). Infrared emission from the groups is discussed
by Hickson et al. (1989d), and X-ray observations exist for a
few groups (Bahcall, Harris, & Rood 1984). Radio frequency
studies are described by Menon & Hickson (1985), Williams &
Rood (1987), Williams & van Gorkom (1988), Menon (1991).
Optical rotation curves have been obtained for many galaxies
in these groups (Rubin, Hunter, & Ford 1991). In addition,
there have been three independent studies of the environments
of these compact groups (Sulentic 1987; Rood & Williams
1989; Kindl 1990). Results of these and other studies are briefly
reviewed by Hickson (1989).

This paper presents results of two spectroscopic observing
programs during which all galaxies in Hickson’s compact
group catalog (including the several additional members cata-
loged by HKA) were observed. From these observations, red-
shifts were determined for almost all the galaxies, which were
then used to derive distances and physical properties of the
groups. The observations are discussed in § 2, the membership
and completeness of the groups is discussed in § 3, and
dynamical properties of the groups are discussed in § 4.

2. OBSERVATIONS

Brighter galaxies in the sample were observed over the
period 1984-1986, using the 1.5 m telescope of the F. L.
Whipple Observatory on Mt. Hopkins, Arizona. The instru-
mentation consisted of a Cassegrain spectrograph with 600
groove mm~! grating, and a 2 x 1024 Reticon diode array
operating in a photon-counting mode (Davis & Latham 1979;
Latham 1982). Twin slits were used, each 3”2 wide by 6”4 long
giving 6 A (FWHM) resolution and a spectral coverage from
4600 to 7100 A. Equal integration times were obtained with the
galaxy image on each slit. The reflecting slit assembly was
viewed through an electrostatic intensifier.

Wavelength calibration was obtained by He-Ne-Ar com-
parison lamp exposures before and after each galaxy exposure.
Total integration times on the galaxies ranged from 10 to 60
minutes, with a typical signal-to-noise ratio of 20 being
obtained. Redshifts and error estimates were obtained by a
cross-correlation technique (Tonry & Davis 1979). The
resulting heliocentric velocities typically have estimated rms
errors of 40 km s~ ! or less. The total number of galaxies
observed with this telescope was 315.

The remaining fainter galaxies were observed with the
Canada-France-Hawaii Telescope on Mauna Kea using the
Herzberg spectrograph with the f/2 camera and 600 groove
mm ~ ! grating. Three different detectors were used, as the tech-
nology evolved. The earliest observations used the RCA-2,
RCA-4, and SAIC-1 CCDs. Dates and details of the observa-
tions are given in Table 1. Fe-Ar comparison exposures were
taken before and after each galaxy exposure. The data were
preprocessed with Hickson’s “ GSI” software, and spectra were
extracted and analyzed using the IRAF astronomical data
reduction package. All velocities were converted to a helio-
centric reference frame.

Velocity errors were estimated by adding in quadrature two
error terms. The first, accounting foi errors in the wavelength
calibration, was determined from the wavelength solution for

HICKSON ET AL.

TABLE 1
SPECTROSCOPIC OBSERVATIONS

uT Detector Spectral Range  Resolution
) @A) A)
1985 Dec 13-15 ....... UBC IPCS 4700-7100 13
1986 Jul 12-14 ......... RCA-2 CCD 3600—6000 14
1989 Jun 8-10 ......... RCA-4 CCD 3800-6200 17
1990 Dec 10-12 ....... SAIC-1 CCD 4200-7200 16

each calibration image. The second, accounting for the noise in
the spectra, was generally determined from the dispersion in
velocity estimates using several different galaxy and star tem-
plates (for more details see Mendes de Oliveira 1992). In the
case of emission-line redshifts, the latter error was estimated
from the dispersion in redshifts obtained using different emis-
sion lines. Each velocity was assigned a confidence code as
follows: 0 = highest confidence—spectral features clearly
visible; 1 = lower confidence—spectral features not clearly
visible; 2 = lowest confidence—very noisy spectra with no
obvious features. Only three galaxies have code 2.

Group 55 (VV 172) was not observed. Velocities for galaxies
in this group were taken from Sargent (1968), with assumed
errors of 100 km s ™1,

3. RESULTS

The velocities and their estimated uncertainties are listed in
Table 2. The column headings are as follows: (1) galaxy desig-
nation as in Paper I; (2) galaxy right ascension (epoch 1950.0)
in hours, minutes, and seconds of time; (3) galaxy declination
in degrees, minutes, and arcseconds; (4) heliocentric velocity in
km s~1; (5) estimated rms velocity error in km s~ !; (6) velocity
confidence code—described above.

3.1. Membership

Figure 1 shows the distribution of Av, the difference between
the velocity of a galaxy and the median velocity of all cataloged
galaxies in the same group, for the range | Av| < 3000 km s~ .
The great majority of measured galaxies have velocities within
about 1000 km s~ ! of the median and are presumably physi-
cally associated with the group. For relative velocities greater
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Fic. 1.—Distribution of galaxy velocities with respect to the median veloc-
ity of all cataloged galaxies in the same group.
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TABLE 2

1
21
2 GALAXY DATA
(2]
g: v v
L R.A. (1950) Decl. (km s™1) (km s™1) Confidence
2 3) @ ®) 6)
00823™29392 +25°26'53"79 10237 39 0
00 23 28.77 +252631.9 10266 40 0
00 23 17.29 +252647.6 10056 34 0
00 23 21.66 +252653.4 10120 47 0
00 28 48.85 +08 1132.0 4326 30 0
00 28 43.74 +08 1157.0 4366 34 0
00 28 54.32 +08 07 28.9 4235 34 0
00 29 03.31 +08 0653.1 21340 85 0
00 31 40.70 —07 5025.4 7302 51 0
00 31 52.61 —07 5230.9 7860 45 0
00 31 47.55 —07 5232.8 11545 68 1
00 31 37.33 —07 5239.9 7804 30 0
00 31 43.69 —214250.9 8097 36 0
00 31 44.16 —214444.8 7065 44 0
00 31 45.62 —214136.2 8863 74 1
00 31 46.77 —214511.5 8215 37 0
00 31 38.37 —214241.1 18480 180 1
00 36 19.61 +06 47 16.6 12147 34 0
00 36 19.62 +06 4653.1 12221 29 0
00 36 17.72 +06 47 52.8 12489 47 0
00 36 19.90 +06 4623.9 8215 37 1
00 36 41.70 —08 4007.7 11669 52 1
00 36 38.10 —08 40 18.6 11377 61 0
00 36 38.98 —08 4029.1 10967 61 0
00 36 35.50 —08 4032.7 11434 62 0
00 36 39.66 +00 3520.5 4210 20 0
00 36 44.13 +00 3817.3 4238 25 0
00 37 01.15 +00 3506.3 4366 36 0
00 36 45.08 +00 3700.8 4116 38 0
00 46 54.48 +23 1820.0 16014 51 0
00 46 55.51 +231908.2 15966 38 0
00 46 56.12 +23 1841.9 17087 51 0
00 46 56.99 +23 1802.7 16341 39 0
00 51 53.57 —234925.2 20155 125 0
00 51 49.15 —234823.1 9406 150 1
00 51 52.51 —23 5021.5 10300 192 0
00 51 50.06 —234924.9 17726 193 0
01 23 31.03 +34 2633.3 5148 19 0
01 22 50.05 +342711.1 4862 22 0
01 23 28.38 - +342940.1 4660 32 0
01 23 40.43 +34 24 56.5 4620 40 0
01 24 10.80 —232907.6 5504 33 0
01 24 10.67 —233129.8 13295 86 0
01 24 05.84 —232711.0 12904 61 0
01 24 22.47 —23 2850.0 9686 61 0
01 25 01.78 —04 56 30.2 14407 53 0
01 25 02.73 —04 5439.7 14956 38 0
01 25 05.70 —04 5512.6 14569 66 1
01 25 05.46 —04 5539.2 14241 62 0
01 24 56.21 —04 5611.0 14469 62 0
01 29 50.52 —08 0701.0 12469 42 0
01 29 52.38 —08 07 50.9 12100 101 0
01 29 53.26 —08 08 14.4 12240 105 0
01 29 49.24 —08 0913.6 12209 107 0
01 29 56.06 —08 0737.2 12593 61 0
01 57 22.66 —07 1942.5 5929 35 0
01 57 20.23 —07 1804.0 5365 28 0
01 57 19.08 —-07 1622.1 5145 37 0
01 57 13.95 —07 1328.5 8416 58 0
02 05 18.02 +01 5550.1 6967 30 0
02 04 59.15 +01 5240.8 7117 36 0
02 05 04.78 +01 5445.3 7222 30 0
02 05 02.51 +01 5637.0 6244 36 0
02 04 50.39 +01 5243.8 7197 32 0
02 05 02.85 +01 5711.2 6242 102 0
02 06 57.41 —102220.0 4152 39 0
02 06 53.32 —10 2208.9 3977 25 0
02 07 11.25 —10 2256.0 3851 36 0
02 07 15.60 —102511.1 3847 44 0
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TABLE 2—Continued

v ov
Name R.A. (1950) Decl. (km s~ 1) (km s™1) Confidence

(1) @ 3 @ ) ©)
02 11 22.80 +13 0441.0 18228 44 0
02 11 24.40 +13 0448.7 17904 48 0
02 11 22.77 +13 0503.9 18224 105 0
02 11 25.31 +130424.8 18124 107 0
02 11 21.88 +13 0509.8 17976 142 1
02 36 21.72 +18 09 08.5 10019 47 0
02 36 18.47 +18 1004.1
02 36 18.20 +18 1024.5 4143 37 0
02 36 16.95 +18 1043.9 4067 58 0
02 40 14.26 —12 3800.4 4279 25 0
02 40 17.99 —12 3823.6 4210 25 0
02 40 22.67 —12 3635.6
02 40 18.66 —12 3933.5
02 41 17.08 +255317.1 14477 45 0
02 41 17.58 +25 5354.7 14424 42 0
02 41 18.64 +25 5340.0 15032 45 0
02 41 23.50 +255349.0 10561 61 0
02 41 21.90 +25 5330.4 14312 49 0
02 41 22.19 +25 5400.6 14280 62 0
02 42 58.42 —17 5507.5 7614 29 0
02 43 16.59 —17 5356.5 7568 35 0
02 42 34.04 —-17 5212.8 7356 31 0
02 43 09.92 —17 4509.5 8835 48 0
02 43 02.86 —17 4437.0 8843 61 0
03 01 18.22 —15 4830.4 2705 22 0
03 01 05.95 —155124.5 2625 38 0
03 01 04.02 —154905.8 2728 60 0
03 01 10.73 —155249.8 9342 45 0
03 01 14.52 —155225.3 9506 49 0
03 04 30.36 —09 4409.5 4798 37 0
03 04 44.07 —09 4706.1 4921 30 0
03 04 53.01 —09 4817.5 5016 97 0
03 04 29.78 —-09 4917.2 4562 54 0
03 04 44.94 —09 4609.0 10150 60 0
03 17 51.42 —110235.0 9248 41 0
03 17 58.94 —110249.5 9137 44 0
03 17 48.95 —110235.4 9283 109 0
03 17 56.24 —11 0216.4 8779 61 0
03 17 54.31 —110249.1 9323 61 0
03 18 10.47 —011719.8 6285 30 0
03 18 12.86 —01 1327.5 6408 35 0
03 18 10.57 —01 1055.3 10864 61 0
03 18 06.07 —01 1253.8 6401 36 0
03 18 10.04 —01 1109.7 10965 38 0
03 18 12.82 —01 1401.3 6279 37 0
03 18 19.60 —01 1434.1 12179 26 0
03 19 34.10 —134944.9 9678 50 0
03 19 35.95 —13 4936.0 9332 39 0
03 19 28.35 —13 4926.1 9618 62 0
03 19 35.34 —134925.3 9133 62 0
03 19 29.94 —13 5035.1 9623 50 0
03 19 36.40 —13 5031.8 9626 46 0
03 19 34.03 —134937.3 9293 62 0
04 17 05.85 —11 5111.0 18340 62 0
04 16 57.47 —114917.7 18530 61 0
04 17 02.75 —11 5034.3 26352 62 0
04 16 54.25 —11 48 40.6 26256 62 0
04 17 00.39 —114951.3 26044 115 0
04 16 57.07 —114848.7 26100 134 2
04 24 56.04 —102501.7 11441 26 0
04 24 57.48 —10 26 13.5 11489 23 0
04 24 55.67 —102543.9 11290 26 0
04 24 56.65 —102611.7 30205 63 0
04 32 46.53 —30 3850.1 13328 46 0
04 32 47.81 —30 3845.0 30824 64 0
04 32 48.70 —30 3838.9 31669 64 0
04 32 50.45 —30 3845.0 31714 63 0
04 33 47.98 —02 5555.7 4697 20 0
04 33 59.72 —02 5801.9 4625 24 0
04 33 52.64 —02 5402.2 4508 38 1
04 34 06.07 —02 56 36.7 4666 49 0
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TABLE 2—Continued

v ov

R.A. (1950) Decl. (kms™1) (km s™1) Confidence

2 (3) (C)] ) ©6)
04 59 09.86 —04 1951.8 4042 44 0
04 59 06.53 —04 2008.4 4171 43 0
04 59 08.91 —04 1945.5 4068 34 0
04 59 06.54 —04 1942.2 26900 65 0
04 59 29.38 —153112.8 12547 38 0
04 59 24.22 —152811.6 12125 57 0
04 59 32.77 —15 3007.0 11984 49 1
04 59 29.58 —15 3007.8 12313 52 1
05 07 53.09 +17 5727.5 7570 41 0
05 07 52.73 +17 58 06.7 8006 21 0
05 07 50.29 +17 5730.5 7823 47 1
05 07 58.66 +17 5819.2 7767 37 0
05 19 04.51 +06 3827.5 8997 31 0
05 19 08.49 +06 3743.6 9620 40 0
05 19 07.55 +06 3802.7 9392 40 0
05 19 06.33 +06 38 08.9 8817 66 1
08 41 57.67 +44 4210.5 15919 38 0
08 41 57.08 +44 4129.0 16338 32 0
08 41 54.89 +44 4235.7 16357 39 0
08 41 57.11 +44 4319.0 15798 40 0
08 41 57.16 +44 4108.4 16773 57 0
08 41 57.31 +44 4256.0 16330 62 0
09 06 35.82 +15 5958.0 3808 29 0
09 06 39.75 +16 0030.8 6333 41 0
09 06 33.61 +16 0033.6 8635 45 0
09 06 35.57 +15 5857.2 15668 62 0
09 10 39.82 +30 1157.9 6745 20 0
09 10 32.96 +301224.0 6741 34 0
09 10 37.59 +30 1223.4 7357 41 0
09 10 34.19 +30 1316.8 6207 50 1
09 10 34.34 +30 1448.0 6363 20 0
09 24 51.80 +122914.1 8760 75 0
09 25 00.74 +12 3019.2 8739 42 0
09 25 01.64 +12 3021.8 8770 89 0
09 24 51.42 +12 3109.4 24282 62 0
09 29 54.92 —010734.2 21119 52 0
09 26 55.81 —01 0747.8 21176 61 1
09 26 56.74 —01 0759.4 20667 35 0
09 26 54.39 —01 0712.4 21048 37 0
09 36 23.02 —04 3721.5 6628 27 0
09 36 24.55 —04 3822.8 6842 27 0
09 36 22.70 —04 3758.7 6890 21 0
09 36 25.26 —04 3639.4 6492 21 0
09 36 24.95 —04 3752.8 6625 49 0
09 54 27.50 +45 2805.3 3751 27 0
09 54 32.68 +45 2950.4 7241 24 0
09 54 19.23 +45 28 36.9 9717 40 0
09 54 42.49 +45 2801.5 4431 67 0
09 57 52.29 —19 2345.5 3625 32 0
09 58 11.38 —19 2516.8 4198 28 0
09 57 48.44 —192254.3 4005 31 0
09 57 51.10 —19 2555.8 4076 48 0
10 08 46.08 +00 1325.6 10163 38 0
10 08 33.79 +00 1215.6 10087 35 0
10 08 38.87 +00 1044.7 9916 33 0
10 08 39.23 +00 09 34.8 9630 37 0
10 08 40.56 +00 1143.0 9636 68 0
10 08 44.85 +00 1418.3 19505 64 0
10 15 20.64 +220454.9 1293 24 0
10 15 39.55 +22 08 36.8 1378 19 0
10 14 53.29 +21 5618.8 1218 14 0
10 15 02.47 +220725.4 1579 91 0
10 15 51.41 +59 2254.4 21811 34 0
10 15 43.07 +59 2122.4 22195 29 0
10 15 45.68 +59 2006.5 21799 72 0
10 15 53.97 +59 2318.3 20735 43 0
10 19 24.39 +18 0526.8 8201 35 0
10 19 30.12 +18 0622.0 8571 36 0
10 19 29.87 +18 06 44.7 7906 42 0
10 19 34.36 +18 0804.6 7703 33 0
10 23 05.93 +13 5817.0 9581 31 0
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TABLE 2—Continued

v ov
Name R.A. (1950) Decl. (kms™!) (kms~')  Confidence
(8] 2 3) @ ®) ©)
10 23 08.23 +13 5856.9 9487 32 0
10 23 08.66 +14 0027.4 9529 S50 0
10 23 07.45 +14 0011.5 9471 56 0
10 35 25.58 —26 49 13.1 3014 48 0
10 35 27.90 —26 5141.5 2385 51 0
10 35 18.89 —26 4751.2 4203 36 0
10 35 19.93 —26 4702.1 3045 139 0
10 53 13.11 +67 2708.5 9939 36 0
10 53 20.72 +67 26 50.9 9930 51 0
10 53 18.20 +67 26 54.3 9926 60 0
10 53 14.95 +67 2642.9 10010 72 0
11 14 14.37 +551123.2 41870 118 0
11 14 16.31 +551125.0 41170 111 0
11 14 12.11 +551137.3 41398 62 0
11 14 14.53 455 1146.8 42546 62 0
11 14 16.93 +551134.6 41650 62 0
11 19 47.57 +24 3423.1 7696 34 0
11 19 35.51 +24 3425.1 8183 62 0
11 19 51.42 +24 3312.2 8902 20 0
11 19 51.90 +24 3425.8 7529 35 0
11 19 34.58 +24 3527.4 7700 23 0
11 19 47.72 +24 3404.4 7532 30 0
11 19 49.49 +24 3409.6
11 23 41.32 +212216.2 12979 38 0
11 23 38.86 +21 22549 13040 73 0
11 23 41.59 +211947.4 12630 61 0
11 23 38.68 +21 2147.3 6293 65 0
11 26 13.01 +210415.3 6261 31 0
11 26 22.67 +21 0054.2 6166 81 0
11 26 21.21 +210132.3 6060 50 0
11 26 37.44 +210257.3 9070 174 2
11 26 37.92 +20 5133.2 1397 46 0
11 26 36.80 +20 5125.7 1412 33 0
11 26 39.01 +20 5143.6 1420 35 0
11 26 39.25 +20 5151.3 1670 50 0
11 29 08.44 +710529.4 15820 100 0
11 29 06.99 +71 0457.4 15690 100 0
11 29 07.19 +710513.4 15480 100 0
11 29 08.38 +71 0550.8 16070 100 0
11 29 09.09 +71 0541.5 36880 100 0
11 30 01.85 +53 1301.5 8245 35 0
11 29 55.61 +53 1336.0 7919 38 0
11 29 51.83 +531325.4 8110 28 0
11 29 50.42 +531324.2 8346 56 0
11 29 47.85 +531255.3 7924 63 0
11 35 17.26 +22 1527.9 8727 31 0
11 35 07.13 +221710.4 9022 20 0
11 35 15.23 +22 1502.7 9081 36 0
11 35 18.60 +22 1545.2 8977 41 0
11 35 12.63 +22 1809.6 8992 105 0
11 35 17.57 +22 1246.8 9594 105 0
11 35 08.06 +22 1751.8 9416 105 0
11 35 14.16 +221719.6
11 39 36.31 +10 3318.4 6138 20 0
11 39 48.82 +10 3229.9 6503 17 0
11 39 18.38 +10 3453.3 6103 19 0
11 39 31.13 +10 3741.8 6270 27 0
11 39 30.06 +10 3940.6 6052 33 0
11 45 5291 +13 0019.0 4109 31 0
11 45 45.55 +12 5938.7 3908 58 \]
11 45 57.88 +12 5859.5 4347 38 0
11 45 56.12 +130027.9 3866 36 0
11 45 44.88 +13 0207.1 23700 240 0
12 00 34.23 +515712.3 19007 46 0
12 00 23.76 +51 5824.5 18318 90 1
12 00 34.00 +515748.9 19277 180 0
12 00 36.85 +51 5722.8 18300 154 1
12 09 46.60 +29 2728.2 3784 18 0
12 09 48.31 +29 2923.4 1127 20 0
12 09 59.03 +29 2647.6 3956 20 0
12 09 54.84 +29 2537.7 3980 30 0
358
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TABLE 2—Continued

v ov
Name R.A. (1950) Decl. (kms™') (kms™')  Confidence
1 ) (3) (C] ®) (6)
12 50 29.70 —08 5559.7 4355 38 0
12 50 28.32 —08 5539.2 3651 41 0
12 50 33.80 —08 5536.4 4359 37 0
12 50 30.62 —08 5912.4 4123 76 0
12 59 32.64 —322937.3 5228 29 0
12 59 22.33 —323107.6 9346 29 0
12 59 28.14 —322955.0 9460 112 0
12 59 19.57 —323023.4 9141 133 0
13 23 09.87 —03 3615.2 10596 46 0
13 23 07.61 —03 3535.3 10723 32 0
13 23 04.24 —033317.4 6147 76 0
13 23 06.78 —03 3524.6 11100 89 0
13 27 02.96 —29 1524.4 14105 44 0
13 27 06.93 —29 1421.9 14700 55 1
13 27 05.38 —29 1402.5 14243 46 0
13 27 04.19 —29 1518.7 13733 27 0
13 27 07.51 —29 1401.1 14405 107 0
13 36 48.38 +57 3356.2 20688 36 0
13 36 50.55 +57 3356.6 21472 64 0
13 36 45.16 +57 3341.6 20801 74 0
13 36 44.48 +57 3327.7 20850 76 0
13 46 33.78 —06 58 33.8 7262 26 0
13 46 21.99 —06 56 50.7 7644 45 0
13 46 34.98 —06 5740.8 7430 45 0
13 46 32.25 —06 5901.0 7071 43 0
13 51 19.59 +40 3142.5 2162 27 0
13 51 19.70 +40 3252.8 2635 23 0
13 51 14.81 +40 36 32.0 2313 38 0
13 51 38.79 +40 3500.5 2408 29 0
13 51 52.87 +40 3106.8 2401 27 0
13 53 11.13 +251905.8 8856 48 0
13 53 15.68 +251738.2 8707 36 0
13 53 13.90 +251907.2 8546 44 0
13 53 09.62 +251904.7 9149 55 0
14 01 59.15 +33 34343 8238 25 0
14 01 59.88 +333247.2 8198 47 0
14 02 09.55 +33 3336.2 8079 48 0
14 01 59.00 +33 3503.9 18846 49 0
14 01 54.87 +33 3333.7 19117 55 0
14 01 53.34 +33 3403.7 19243 130 0
14 01 49.07 +333413.4 19010 90 0
14 08 40.48 +254353.7 9320 17 0
14 08 45.98 +254516.1 9335 65 0
14 08 48.59 +254302.5 8450 76 1
14 08 51.70 +25 4132.9 20590 103 1
14 45 35.17 +19 1704.3 12506 36 0
14 45 36.56 +19 16 04.7 12356 38 0
14 45 38.57 +19 1509.0 13062 40 0
14 45 37.48 +19 1552.3 12558 45 0
14 45 36.96 +19 1532.1 24050 288 1
14 45 36.71 +19 1519.0 13950 103 0
15 00 29.05 +23 3140.5 5728 43 0
15 00 25.26 +23 3239.7 13600 107 0
15 00 36.95 +23 3313.5 13300 75 0
15 00 18.65 +23 3350.1 13480 103 0
15 00 18.29 +23 3120.0 28500 109 1
15 17 10.70 +210434.1 12255 30 0
15 17 10.16 +210413.4 12110 43 0
15 17 11.97 +210446.3 12266 43 0
15 17 17.80 +21 0347.0 11681 42 0
15 17 13.82 +21 0518.5 11489 97 0
15 19 16.68 +212207.0 12538 42 0
15 19 16.62 +212215.6 12228 43 0
15 19 25.03 +212118.8 12292 56 0
15 19 23.46 +212135.1 12334 42 0
15 19 20.32 +212126.0 12300 300 0
15 19 16.09 +21 2149.5 13080 67 1
15 29 20.80 +07 2835.3 10054 34 0
1529 13.51 +07 3027.0 10002 30 0
1529 10.12 +07 28 51.2 10663 29 0
1529 15.34 +07 2719.5 10150 33 0
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TABLE 2—Continued

v ov
Name R.A. (1950) Decl. (kms™!) (kms~!)  Confidence
(1) ) 3) @ (%) ©6)
15 29 23.43 +07 28 46.9 10328 52 0
1529 12.53 +07 3015.0 10216 90 0
15 29 08.99 +07 3105.5 9843 81 0
15 47 05.96 +21 5812.0 10508 56 0
15 47 05.87 +21 5827.4 10690 69 0
15 47 05.56 +21 5856.3 2200 76 0
15 47 06.13 +21 5845.8 2250 63 0
15 48 04.69 +68 2219.2 8599 31 0
15 47 55.63 +68 2129.6 9544 30 0
15 48 29.43 +68 2041.5 18200 281 1
15 48 20.52 +68 2315.8 10000 187 1
15 56 59.59 +20 5343.2 4292 35 0
15 57 00.80 +20 5415.4 4446 25 0
15 56 59.14 +20 5409.8 4146 50 0
1557 00.18 +20 5315.5 4503 43 0
15 57 01.31 +20 5401.5 19809 50 0
15 58 50.69 +65 2221.7 8963 45 0
15 58 53.14 +65 2146.8 9584 39 0
15 58 38.98 +65 2225.8 9550 37 0
15 58 43.66 +65 2144.0 9108 54 0
16 15 53.62 +12 5525.4 14676 46 0
16 15 53.99 +12 5435.1 15150 94 0
16 15 54.84 +12 5450.5 15050 96 0
16 15 54.54 +12 5459.3 14954 91 0
16 26 28.51 +32 5731.0 11177 30 0
16 26 34.10 +32 5718.5 10447 37 0
16 26 26.60 +325513.0 10095 38 0
16 26 22.92 +32 5521.6 11685 46 0
16 33 09.41 +06 2201.0 15560 60 0
16 33 13.35 +06 2150.0 16442 69 0
16 33 16.31 +06 2249.7 16520 133 0
16 33 14.19 +06 2137.9 15500 133 1
16 33 11.25 +06 2229.4 15560 160 2
16 46 43.95 +77 5538.8 16654 61 0
16 46 35.59 +77 56 50.7 16554 73 0
16 46 51.36 +77 5507.8 16353 71 0
16 46 23.83 +77 56 44.4 16800 92 0
16 46 48.57 +77 5536.2 16950 81 0
16 46 10.16 +77 56 16.3 32500 100 0
18 51 21.97 +731723.1 11155 38 0
18 51 29.97 +73 1700.7 12122 36 0
18 51 33.22 +73 1745.8 11912 47 0
18 51 39.84 +73 17 14.6 11900 96 0
19 48 59.87 —30 5710.7 6174 39 0
19 48 50.03 —30 5642.8 6196 45 0
i9 48 48.25 —30 5909.3 5529 42 0
19 48 42.94 —30 5615.3 5916 50 0
20 45 23.03 —200205.3 8694 35 0
20 45 19.03 —200229.8 8972 65 1
20 45 20.15 —200102.1 8920 133 1
20 45 21.05 —200153.9 10200 160 1
20 49 56.55 —05 5359.7 6033 25 0
20 49 50.95 —05 5608.5 6010 22 0
20 49 47.18 —05 5740.8 6083 26 0
20 49 33.93 —05 5912.7 6032 59 0
21 17 24.26 —04 08 04.4 8850 61 0
21 17 42.47 —04 0631.8 8985 45 0
21 17 31.59 —04 0748.7 8872 40 0
21 17 31.21 —04 07 14.6 8857 32 0
21 59 07.58 —320641.9 2575 28 0
21 59 14.08 —32 1356.1 2525 29 0
21 59 08.78 —321257.7 2696 24 0
21 59 11.60 —32 1408.8 2778 29 0
22 06 17.17 —28 0319.9 6832 40 0
22 06 26.02 —27 5837.6 7196 66 0
22 06 23.70 —28 0141.4 7319 49 0
22 06 18.12 —28 0247.6 7195 41 0
22 33 45.95 +33 4120.6 786 20 0
22 33 41.05 +334223.7 5774 24 0
22 33 46.33 +334257.4 6764 28 0
22 33 39.40 +334222.3 6630 23 0
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TABLE 2—Continued

v ov
Name R.A. (1950) Decl. (km s™1) (km s™1) Confidence

M) @ ) @ ) ©)
92€ it 22 33 3471 +334107.0 6599 26 0
938 it 23 12 46.80 +18 4119.2 5140 31 0
LK1 B 23 12 48.00 +18 4607.6 4672 38 0
93C it 23 12 34.43 +18 4201.3 5132 33 0
93d ..o 23 13 03.91 +18 4630.1 5173 34 0
936 i 23 13 09.07 +18 3847.9 8881 39 0
9Ma ..o 23 14 44.00 +18 2604.4 12040 42 0
94b .. 23 14 42.50 +18 2539.5 11974 37 0
Q4C i 23 14 50.82 +18 2739.7 12120 52 0
9MUd ... 23 14 45.75 +18 2618.7 13009 42 0
Me .o 23 14 46.00 +18 2712.1 12250 103 0
M. i 23 14 49.10 +18 2757.0 12920 108 0
94 i 23 14 50.51 +18 2832.6 13200 114 0
958 ciiiii e 23 16 58.17 +09 1402.9 11888 45 0
95D i 23 17 02.04 +09 1316.0 11637 48 0
95C e 23 16 59.31 +09 1344.2 11562 40 0
95d i 23 16 56.13 +09 1314.0 12350 97 0
962 ..o 23 25 24.61 +08 3009.9 8698 25 0
96D .o 23 25 33.75 +08 29 34.5 8616 42 0
96C .ot 23 25 26.52 +08 3026.4 8753 35 0
96d ....oiiiiiiii 23 25 27.90 +08 2930.7 8975 57 0
972 i 23 44 49.08 —02 3443.9 6910 25 0
97b i 23 45 03.87 —02 3542.3 6940 72 0
97C e 23 44 49.78 —02 3745.6 5995 35 0
97d e 23 44 44.94 —02 3528.3 6239 33 0
97€ i 23 44 45.87 —02 3332.1 6579 45 0
98a ..ot 23 51 36.36 +00 06 16.3 7855 20 0
98D . 23 51 38.49 +00 0554.1 7959 26 0
98C teiiii e 23 51 40.14 +00 04 43.4 8145 33 0
98d .. 23 51 36.98 +00 06 56.9 14950 67 0
998 i 23 58 04.56 +28 0623.9 8705 20 0
L2 B 23 58 13.50 +28 0724.7 8846 30 0
99C + et 23 58 10.60 +28 0723.0 8216 34 0
99d .. 23 58 11.69 +28 0535.9 8643 82 0
99€ i 23 58 08.92 +28 0527.2 9007 96 0
1002....ccoeieennannn.. 23 58 46.33 +12 4957.2 5300 27 0
100b...cceeeeie, 23 58 52.35 +125003.8 _ 5253 37 0
100C . cuiiieeiiiieennn. 23 58 39.75 +12 51 56.1 5461 38 0
100d..ccconeiniinenne.. 23 58 41.00 +12 5003.3 .

than about 2000 km s~ ! the distribution is roughly uniform.
For the purpose of discussion of the dynamical properties of
the groups we shall assume that galaxies which have
Av < 1000 km s~ ! are physically associated with the group,
and say that they have accordant velocities. Galaxies with Av
greater than this limit will be called discordant and assumed to
be unrelated to the group. The exact value of this velocity limit
is not critical to any of the conclusions that follow. Some gal-
axies will no doubt be incorrectly classified as accordant or
discordant using this criteria, but this is unavoidable and is not
likely to have a major impact. Only 71 (of 457) galaxies are
classified as discordant by this criterion.

Eight groups were rejected because they had fewer than
three galaxies with confirmed accordant velocities. These are
groups 9, 11, 18, 19, 36, 41, 77, and 78. The remaining groups
with three or more confirmed accordant velocities comprise
the accordant sample that is used for the analysis that follows.
This sample consists of 92 groups containing a total of 386
galaxies. Each group contains at least three galaxies, all of
which have accordant velocities. Data for this sample are listed
in Table 3. In all but the first three columns, the tabulated
numbers are the common logarithms of the indicated quan-
tities. The column headings for this table are (1) Group number
as in Paper I; (2) group redshift derived from the median

galaxy heliocentric velocity; (3) number of galaxies with
accordant velocities; (4) radial velocity dispersion of the
accordant galaxies; (5) estimated intrinsic three-dimensional
velocity dispersion, corrected for measurement errors;
(6) median projected separation; (7) crossing time; (8) virial
mass; (9) projected mass; (10) average mass; (11) median mass;
(12) adopted mass; (13) total blue luminosity of the accordant
galaxies; (14) mass-to-light ratio; and (15) mass density.
Throughout this paper we adopt a Hubble constant of 100 km
s~ Mpc ™1, his defined as Hy/100 km s~ * Mpc 1.

3.2. Spatial Distribution and Completeness

Figure 2 shows the distribution of group redshifts for the
accordant sample. The solid line shows the distribution
expected for a homogeneous population of groups with a lumi-
nosity function described by the Schechter (1976) formula with
M* = —20.6 and a« = —02. This curve was obtained by
integrating the quantity ¢(M, M*, «)P(m) over magnitude
in each redshift shell. Here M and m are the absolute and
apparent magnitudes of a group and P(m) is the magnitude
selection function for the HCG sample, P(m) = [1 + dex
(1.2[m — my])]~* (HKA). These values of M* and o are those
derived from a study of the luminosity function of compact
groups of galaxies (Mendes de Oliveira 1992; Hickson &
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TABLE 3

ﬁ' GRrouP DYNAMICAL PROPERTIES

1

@: o, 14 R M, M, M, M, M L M/L p

-+ Number z n  (kms™) (kms™') (Kp)) Hot, (8 (2 (2 (8 (g (W) (solar units) (g cm™?)
0.0339 4 193 2.12 1.69 —1.32 44.61 45.20 4533 45.30 4525 3737 1.17 —2491
0.0144 3 1.74 1.88 1.72 —1.06 44.12 44.82 44.73 44.99 44.78 36.98 1.08 —2547
00255 3 2.40 2.63 1.89 —1.64 4595 4634  46.19 46.58 4627  37.00 2.56 —2448
0.0280 3 2.53 2.76 1.76 —1.90 46.06 46.52 46.36 46.73 46.45 37.37 2.36 —2391
00410 3 2.17 2.39 1.41 —1.88 4496 4548 4537 4588 4543 37.41 1.30 —23.88
0.0379 4 240 2.63 1.40 -2.12 4542 45.76 45.87 45.84 45.80 37.31 1.78 —2349
0.0141 4 1.95 2.16 1.66 —1.40 4471 45.20 45.28 45.23 45.21 37.34 1.15 —24.86
0.0545 4 2.65 2.89 1.46 —2.32 46.09 46.24 46.39 46.54 46.33 37.88 1.73 —23.14
00161 4 2.32 2.56 197 —148 4579 4605 46.13 4642  46.09 3749 1.89 —24.90
0.0485 5 2.38 2.62 1.77 —1.73 4575 46.11 4631 4594  46.03 3745 1.87 —24.37
0.0411 5 2.26 244 1.67 —1.66 4530 4564 4588 4590 4578 37.47 1.59 —24.32
0.0183 3 2.52 276 143 -222 45.88 45.30 46.26 46.41 46.34 36.84 2.78 —23.04
0.0228 6 2.63 2.86 1.89 —187 4629 4664 4701 4703 4686  37.36 2.79 —23.88
0.0132 4 2.09 231 1.65 —1.56 4496 45.40 45.54 4541 45.41 37.34 1.35 —24.63
0.0603 5 2.12 2.18 1.35 —1.73 4458 4475 4510 4459 4459 3722 0.65 —~24.56
00484 5 2.44 2.67 1.50 —2.07 4562 4574 4610 4561 4569  37.08 1.89 —23.89
0.0251 3 2.05 2.27 2.13 —1.03 4552 4600 4589 4642 4595 3743 1.80 —25.54
0.0090 3 1.64 1.25 143 —-0.72 42.74 43.55 43.80 4448 43.70 36.88 0.10 —25.67
0.0161 4 2.23 244 1.82 —1.52 45.51 45.90 45.99 46.02 4595 36.82 241 —25.59
0.0305 5 2.30 2.51 1.47 —193 45.30 45.54 45.84 45.29 45.44 37.12 1.60 —24.07
0.0212 4 1.79 2.13 1.68 —1.16 4422 4474 44.85 44.94 44.80 37.11 0.97 —2533
00316 7 2.30 2.52 1.50 —192 4513 4556 4598 4563 4560  37.03 1.85 —23.99
00874 4 2.09 2.10 2.03 —097 4499 4559 4560 4575 4560 3742 1.46 —25.57
0.0380 3 1.93 1.34 —1.70 4455 4481 4475 4515 4478 37.25 0.82 —24.34
0.1047 3 2.61 2.85 1.48 —226 4596 4646 4629  46.55 4638 3748 2.19 —23.13
00154 4 1.86 2.04 1.71 —1.22 4455 4495 4497 4511 4496 3721 1.03 —25.26
00137 3 1.75 1.82 091 —1.80 4323 4393 4390 4427 4391 37.12 0.08 —23.92
0.0408 4 232 2.55 1.79 —1.66 45.65 46.10 46.12 45.87 46.00 37.68 1.61 —2445
0.0260 4 2.19 242 1.39 —1.92 45.03 45.13 45.35 45.50 45.26 36.88 1.66 —24.00
0.0307 4 2.50 2.74 1.19 —244 4547 4585 4598 4595 4590  37.19 2.00 —22.77
0.0542 6 2.50 2.74 1.65 —198 45.88 46.39 46.64 46.20 46.31 37.68 191 —23.74
0.0223 5 2.60 2.84 1.46 —227 45.93 46.19 46.48 46.30 46.25 37.44 2.09 —23.21
0.0292 3 1.11 1.77 0.88 37.12
0.0701 4 2.30 2.52 1.44 —1.98 45.30 45.78 45.78 45.84 45.78 37.33 1.73 —23.61
0.0223 5 217 240 1.18 —2.12 44.84 45.29 4548 4523 45.26 37.39 1.16 —23.36
00133 4 2.33 2.56 1.65 —1.81 4548 4584 4595 4582 4583 3742 1.69 —24.20
0.0330 5 2.35 2.58 1.77 —170 45.75 46.15 46.35 46.06 46.11 37.21 2.19 —24.30
0.0046 4 2.13 234 1.58 —1.65 45.04 4543 45.50 45.57 4547 36.85 1.90 —24.37
00732 3 2.26 2.49 2.02 —1.36 4585 4610 4604  46.52 4607  37.60 1.75 —25.08
0.0270 4 2.51 2.75 1.60 —2.04 45.78 46.19 46.33 46.12 46.15 36.76 2.68 —23.74
0.0317 4 1.63 ... 1.56 0.66 43.54 43.98 43.81 3717 —-0.07 —26.95
0.0094 3 2.48 2.70 1.31 —229 4565 46.14 4602 4638 4608  36.52 2.84 —2293
00332 4 1.53 1.09 0.19 36.82
0.1392 5 2.67 291 1.59 —2.21 46.22 46.54 46.73 46.48 46.51 3743 2.37 —23.33
0.0258 5 2.38 2.61 1.77 —-173 4551 46.14 4633  45.81 46.01 3743 1.86 —24.41
00430 3 2.26 2.47 1.94 —143 4555 4619 4607 4648  46.14  37.38 2.04 —24.76
0.0206 3 191 2.00 1.76 —1.14 4430 4499 4499 4450 44381 37.35 0.74 —25.56
0.0049 4 2.05 2.26 0.20 —-2.96 43.50 44.02 44.04 43.67 43.88 35.66 1.51 —21.80
0.0526 4 2.33 2.52 1.28 —213 4513 4558 4569 4542 4551 37.44 1.35 —2341
0.0270 5 223 245 1.33 —2.02 4497 45.44 45.58 45.21 45.34 37.20 1.42 —23.74
0.0304 7 243 2.66 1.86 —1.69 45.80 46.37 46.68 46.10 46.26 37.71 1.84 —2442
0.0207 5 221 244 1.95 —-1.39 45.64 46.13 46.26 45.73 4598 37.53 1.73 —2497
0.0135 4 228 251 1.33 —2.07 45.15 45.61 45.62 45.46 45.54 36.67 2.15 —23.54
0.0625 4 2.63 2.85 1.75 —1.99 46.18 46.65 46.69 46.75 46.67 37.75 221 —24.67
0.0130 3 1.94 2.16 1.46 —1.60 44.56 45.05 44.92 4543 44.99 37.11 1.16 —24.46
0.0137 4 246 2.69 143 —-2.16 4543 45.87 45.88 45.86 45.87 37.02 2.13 —23.51
0.0311 3 2.12 2.16 1.65 —141 4473 4520 4523 4523 4522 3753 0.97 —24.81
0.0360 3 2.33 2.55 1.41 —203 4515 4579 4562 4551 4557 3716 1.69 -23.76
0.0475 S 2.51 2.74 1.66 —-1.97 45.74 46.19 46.44 46.11 46.15 38.08 1.36 —23.93
00699 4 2.48 2.72 1.51 —2.10 4568 4620 46.19  46.19  46.19 37.68 1.79 —23.44
00245 4 2.32 2.56 1.69 —1.76 4542  46.06 46.11 46.00  46.03 37.65 1.67 —24.14
0.0080 5 2.19 242 1.52 -1.79 45.11 45.36 45.55 45.68 4547 37.27 1.48 —24.18
0.0294 4 2.35 2.58 1.48 -1.99 45.31 45.77 45.84 45.53 45.67 37.20 1.76 —23.88
0.0636 4 2.16 231 1.86 —1.34 45.23 45.69 45.80 45.67 45.68 37.63 1.34 —24.99
0.0301 3 2.62 2.85 1.70 —204 4627 46.69 4655 4705 4662  37.40 2.51 —23.57
0.0421 4 2.42 2.66 1.55 —200 4559 46.12 4618 4604  46.08 37.73 1.64 —23.66
0.0449 3 2.09 2.13 2.00 —-1.02 45.10 45.55 45.60 45.87 45.57 36.89 1.97 —25.51
0.0399 5 2.50 2.73 1.59 —2.03 45.75 46.20 46.41 46.56 46.32 37.62 1.99 —23.55
0.0416 6 2.47 2.66 1.57 —1.98 45.52 46.14 46.35 45.13 4593 37.55 1.67 —23.87
0.0340 7 2.39 2.62 1.86 —1.65 45.75 46.18 46.53 46.07 46.13 37.59 1.82 —24.54
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= o, 1% R M, M, M, M, M L M/L

g. Number z n  (ms™') (kms™') (Kpo) H,t, (g (8) (8 (8 (2) W) (solar units) (g cm™?)

! .

L 00145 4 2.14 2.36 083  —243 4444 4486 4488 4479 4483 3690 121 —2274
00310 4 243 2,67 140  —216 4558 4595 4594 4617 4594 3713 2.10 —2334
00499 4 225 243 126  —206 4489 4555 4559 4540 4548 3713 1.64 —23.39
00362 4 2.79 3.03 185  —207 4661 4706 4702 4706 4704 3762 2.70 —23.60
00531 5 2.66 2.89 170 —208 4619 4661 4679 4674 4668 3731 2.66 —23.50
00556 5 231 2.52 177  —164 4542 4596 4604 4573 4586 3775 1.39 —2455
00393 4 2.56 2.80 139 —230 4587 4627 4629 4641 4628 3725 2.32 —2298
00199 4 243 2.66 167 —189 4580 46.16 4624 4624 4620 3724 2.25 —23.90
00296 3 2.08 2.16 149  —156 4465 4485 4495 4547 4491 3735 0.84 —24.64
00201 4 1.43 1.83 0.94 37.53
00297 4 1.74 1.72 177  —084 4390 4479 4493 4498 4486 3733 0.81 —25.54
00088 4 2.00 222 147  —165 4439 4510 4506 4494 4500 3719 1.09 —24.49
00238 4 226 248 172 —166 4535 4586 4590 4547 4571 3762 1.37 —24.55
00215 4 2.59 2.83 145  —227 4578 4601 4621 4595 4598 3762 1.64 —2347
00168 4 232 255 185 —159 4578 4605 4615 4630 4610 3745 1.93 —24.55
00417 7 2.68 292 176  —205 4628 4678 4710 4666 4672 3780 220 —23.66
00396 4 2.49 272 148  —213 4572 4596 46.11 4595 4599  37.53 1.70 —23.59
00292 4 2.12 234 148  —176 4497 4533 4543 4544 4538 3749 1.17 —24.15
00218 5 2.57 2.80 180 —190 4614 4655 4674 4651 4653  37.28 2.54 —2395
00266 3 2.08 231 144  —176 4483 4542 4527 . 4543 4535 3726 137 —24.06
00290 5 242 2,65 163  —191 4566 4603 4619 4582 4593  37.52 1.70 —24.05
00178 3 1.95 2.15 158  —146 4469 4525 4512 4544 4519 3697 1.50 —24.65

Mendes de Oliveira 1992). The observed and predicted redshift
distributions are consistent; a Kolmogorov Smirnov (KS) test
indicates that the deviations observed have a 46% probability
of occurring by chance in a sample of this size. Therefore, we
conclude that the space density of compact groups is essen-
tially constant, at least to the redshift limit of our sample.

The median redshift of our sample is 0.0297 (8889 km s~ 1)
indicating that half the observed groups are more distant than
89 h~! Mpc. The highest redshift observed is 0.1392 (41730 km
s~1). These groups thus extend well beyond the local super-
cluster; indeed, most are further away than the Coma cluster

curve with « = —1 has a KS probability of only 0.002. This
result is distinct from and complimentary to, that of Mendes de
Oliveira & Hickson (1991), who find that the luminosity func-
tion of galaxies in compact groups is best fitted by the param-
eters M* = —19.6 and « = —0.2. It therefore appears that not
only do compact groups contain relatively fewer low-
luminosity galaxies than do clusters, loose groups, or field
samples, but also that there are relatively fewer low-luminosity
groups than would be expected if compact groups are simply
random collections of field galaxies.

(z = 0.0202). 3.3. Internal Dynamics and Masses
The redshift distribution of Figure 2 is not consistent with a The distribution of measured radial velocity dispersions g,
luminosity function having « = — 1, representative of galaxies for all groups in the accordant sample is shown in Figure 3. It

in loose groups and clusters, for any value of M*. The best-fit

can be seen that there is a wide range in o, (from 13 to 617 km
s~1) with a median of 200 km s™'. This is comparable to
typical values for loose groups for which values of 208 km s~ 1
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F1G. 2—Cumulative distribution of group redshifts. The solid line is the
distribution expected for a uniform space density of compact groups with

log o, (km s™)

luminosity function characterized by the Schechter form with M* = —20.6 Fic. 3—Distribution of observed velocity dispersions for all 92 groups
and « = —0.2, which represents the best fit, and is statistically compatible with having three or more accordant members. The hatched region indicates galaxy
the data. triplets.
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(CfA survey, Geller & Huchra 1983) and 183 km s~ ! (Southern
groups of galaxies, Maia, da Costa, & Latham 1989) have been
reported. However, it is much less than typical velocity disper-
sions in rich clusters (for example, the median o, found for 65
Abell clusters by Zabludoff, Huchra, & Geller 1990, is 744 km
s~

From the observed velocity dispersions we have estimated
the intrinsic three-dimensional velocity dispersion V, sta-
tistically corrected for measurement errors, using the formula

V =[3(v*) — ()2 = (o)), )

where v is the measured radial velocity of the galaxy, dv is the
estimated velocity error, and () denotes the average over all
galaxies in the group. These intrinsic velocity dispersions are
listed in column (5) of Table 3. Six groups have estimated
errors larger than the observed velocity dispersions, and so the
intrinsic velocity dispersion cannot be determined. The median
intrinsic velocity dispersion is 331 km s~ 1.

A convenient measure of the dynamical state of a group is
the dimensionless “crossing” time H,t., which is the ratio of
the crossing time to the approximate age of the universe. Its
reciprocal is roughly the maximum number of times a galaxy
could have traversed the group since its formation and is thus a
measure of potential dynamical evolution. A robust estimator
of the crossing time for compact groups is

4R

== @
where R is the median length of the two-dimensional galaxy-
galaxy separation vector. The numerical factor accounts for
geometrical projection of the three-dimensional separation
vector. Note that H, ¢, is independent of the choice of Hubble
constant. Crossing times for the groups in our sample are listed
in column (7) of Table 3. As can be seen from Figure 4, H, ¢,
ranges from 0.001 (Group 54) to 8.7 in our sample and is
typically of order 0.02 for most groups. The median value of

H,t. is 0.016.
One would expect effects of dynamical evolution to be most
pronounced in groups with small ¢,. It is therefore of interest to
examine whether any independent physical properties of the

LA S B S S

number of groups

F1G. 4—Distribution of dimensionless crossing times for the accordant
sample. The shaded region indicates galaxy triplets. The median value of H,, ¢,
is 0.016.
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F1G. 5.—Fraction of late-type galaxies plotted vs. crossing time. The corre-
lation is statistically significant. Groups with small crossing times typically
contain fewer late-type galaxies.

groups correlate with ¢.. In this paper we consider two such
properties, the fraction f; of late-type galaxies, and the magni-
tude difference Am,, between the first- and second-ranked
galaxies.

If dynamical evolution converts spiral galaxies to elliptical
galaxies by some process such as mergers, f; should be smaller,
on average, in groups with small ¢,. The observed relationship
between these quantities for our sample is shown in Figure 5.
There is a clear trend for groups with crossing times less than
about 0.03H; ! to be spiral-poor compared to groups whose
crossing times are longer. The probability of this correlation
appearing by chance is less than 10~* according to the Spear-
man rank correlation test. The single point in the figure is
group 54 which consists of a single spiral galaxy and three faint
irregular galaxies and is an obvious exception to the trend.

Suppose then that mergers do play a role in modifying the
structure of galaxies in compact groups. In what way does this
proceed ? In rich clusters, numerical simulations indicate that a
dominant galaxy forms and grows by accreting smaller com-
panions. If a similar process occurs in compact groups, one
would expect to find an inverse relation between the magni-
tude difference Am;, and H,t.. The observational results are
shown in Figure 6. While there does appear to be a trend
toward larger Am,, in groups with lower H,t,, it is not highly
significant. The Spearman rank correlation test gives a 6.2%
probability of this correlation arising by chance.

The expected evolution of compact groups depends sensiti-
vely on the amount of mass and its distribution. We have
estimated the masses of groups in the accordant sample using
the virial theorem and three other mass estimators,
“projected,” “average,” and “median” mass estimators dis-
cussed by Heisler, Tremaine, & Bahcall (1985; see also Perea,
del Olmo, & Moles 1990). In all cases the masses were cor-
rected for velocity errors. The individual mass estimates are
listed in columns (8)—(11) of Table 3. The mass that we adopt
for the group, which appears in column (12) of Table 3, is the
median of the nonzero mass estimates in the previous four
columns. Note that these mass estimators are sensitive only to
mass interior to the region of space occupied by the galaxies
and do not include any mass which may surround the group.

The derived group masses range up to 5.5 x 10'* h=* M
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FiG. 6—Magnitude difference between the first- and second-ranked gal-
axies plotted vs. crossing time. There is only a weak correlation of marginal
significance.

(group 82). Several groups have velocity dispersions sufficiently
small, compared to the errors, that no estimate of their mass
can be made. These are groups 28, 38, 49, and 88. We empha-
size that the mass derived for any individual group has a large
uncertainty because of unknown projection factors which
become important when the number of galaxies is small (see
e.g., Anosova et al. 1991). Of the four mass estimators, the virial
mass exhibits the largest fluctuations, particularly in the galaxy
triplets. However, in all cases, the maximum difference between
different mass estimators is less than an order of magnitude.
According to Heisler et al. (1985) there is a 75% chance that the
derived mass of any single group is within a factor of order 2 of
the correct value. Since these groups form a reasonably large
and homogeneous sample, average properties should be rea-
sonably well determined. For example, if the groups have
similar intrinsic values of M/L, the median value derived for
our sample of 92 groups should be an order of magnitude more
accurate than the estimated value for any individual group.

Mass-to-light ratios were obtained from the adopted mass
and the total blue luminosity of the group, obtained from cor-
rected By magnitudes of the accordant galaxies (col. [16] of
Table 2 of HKA). The distribution of M/L, defined to be the
mass-to-light ratio in units of M /L, is shown in Figure 7.
There is a wide range of mass-to-light ratios in the groups, as
expected. Several groups have estimated M/L of order unity,
but only one of these contains more than three accordant gal-
axies. It is possible that these low values result from statistical
fluctuations, due to the small number of galaxies in the groups.
The cutoff at M/L ~ 1000 is in part a result of the velocity
criterion used to select accordant groups. There is a trend of
increasing M/L with group radius R, but because of the sta-
tistical fluctuations, the significance level of this correlation is
low.

The median value of M/L in the sample is 50 h. This is
rather smaller than values of M/L quoted for loose groups
(~300 h, Geller & Peebles 1973; ~280 h, Gott & Turner 1977;
~254 h, Rood & Dickel 1978; ~400 h, Geller 1984; Mezzetti
et al. 1985; ~180 h, Ramella, Geller, & Huchra 1989) but
considerably higher than typical dynamical mass-to-light
ratios of individual galaxies in the groups, derived from optical
spectroscopy (~ 7 h, Rubin et al. 1991).
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4. DISCUSSION

Let us first summarize the principal observational results:

1. More than 84% of the cataloged galaxies in Hickson’s
sample of compact groups have accordant velocities (within
1000 km s~ ! of the group median). Of these, 92% have three or
more accordant members, and 69% have four or more.

2. The redshift distribution of the groups is consistent with
their having a uniform space distribution, and a luminosity
function characterized by a Schechter function with
M* = —206anda = —0.2.

3. The median velocity dispersion of the accordant galaxies
in the groups is 200 km s~ !, comparable to that of loose
groups. The corresponding intrinsic three-dimensional velocity
dispersion (corrected for measurement errors) is 331 km s~ .

4. The median galaxy crossing time in these groups is only
0.016H .

5. There is a significant correlation between crossing time
and the fraction of gas-rich galaxies in the groups. Groups with
short crossing times typically contain fewer late-type galaxies.
There is weak evidence for an anticorrelation between the
luminosity contrast of the first-ranked galaxy and crossing
time.

6. There is a considerable range in the derived mass-to-light
ratios for the groups. The median value of M/L is 50 h, con-
siderably higher than that found for the individual galaxies.

We conclude from these results that the selection criteria of
Paper 1, with the addition here of a velocity selection criterion,
were successful in defining a relatively large sample of physi-
cally dense compact groups. The large majority of galaxies in
these groups have accordant redshifts. The number of dis-
cordant galaxies is about what is expected due to the chance
projection of field galaxies (Hickson, Kindl, & Huchra 1989b;
Mendes de Oliveira & Hickson 1992). With the discordant
galaxies removed, these groups span a range of physical
parameters such as density and crossing time making them
suitable for the investigation of dynamical effects in interacting
systems.

The correlation of morphological type with crossing time
supports the view that galaxy morphology is altered by
dynamical effects. It is not yet clear, however, whether this
occurs at the time of galaxy formation or during subsequent
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F1G. 7—Distribution of mass-to-light ratios in the groups. Galaxy triplets
are indicated by the shaded region. The median M/L is 50 h.
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evolution. Numerical simulations (Carnevali, Cavaliere, &
Santangelo 1981; Barnes 1985, 1989, 1990) confirm the earlier
conclusion (Hickson et al. 1977) that such groups should be
severely modified by merging on a time scale of the order of
several crossing times. However, recent simulations by Gov-
ernato, Bhatia, & Chincarini (1991) indicate that long-lived
compact groups are possible. Also, one expects that if a large
fraction of the mass of a group exists in a smooth halo, within
which the galaxies move, the merging time scale may increase.
This may be seen as follows: The time scale for loss of energy
by dynamical friction for a galaxy of mass m moving uniformly
with speed u through a smooth background of low-mass par-
ticles with density p and velocity dispersion V, is given by
(Chandrasekhar 1943)

u3

" = 82GPmp In A[O() — x®(9)]’

where x = u/2Y?V,, A is the ratio of maximum to minimum
impact parameters, G is the Newtonian gravitational constant,
and @ and @’ are the error function and its derivative. Suppose
now that a fraction € of the total mass of the group is contained
in n individual galaxies of mass m. From the virial theorem, the
total mass is

©)

T 4mp
M~—V?*R~——R? 4
2G 3 + nm, 4

from which using equation (2) we obtain

n
b = Gre(l — I A[D(x) — xP(x)] *

We expect x ~ 1 for which the quantity in brackets ~0.4, and
A may be estimated as the ratio of the radius of the group to
the radius of a galaxy, typically A ~ 4. Thus, forn ~ 4,

©)

tt‘
tf_0.4€(1_6). 6)
If, for example, ~10% of the mass is attached to galaxies, the
dynamical friction time scale is about 4 times the crossing time.
Even in this case, recalling that the median crossing time is
0.016H,, the typical dynamical friction time scale is an order of
magnitude smaller than the age of the universe.

Can the short dynamical time scales be due to selection
effects? The compactness criteria used to catalog the groups
would preferentially select groups with geometrical alignment
resulting in smaller apparent sizes than would otherwise be
expected. This bias would cause us to underestimate the cross-
ing time. However, this type of bias has been investigated by
Hickson & Rood (1988) who conclude that it is unlikely to be
large. The bias would cause us to underestimate the total
number of compact groups, as misaligned groups would not be
counted. Since the cataloged compact groups alone are esti-
mated to contribute ~ 1% of the visible luminosity density of
the universe (Mendes de Oliveira & Hickson 1991), we con-
clude that the bias cannot be large.

The relatively high values of M/L found in these groups are
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suggestive of a substantial amount of dark matter. Considering
that the median values of M/L found by Rubin et al. (1991) for
individual galaxies in these groups is 7.0 A, it is quite possible
that more than ~ 85% of the mass of a typical group is unseen.
The Rubin et al. estimates are based on optical rotation curves
and may significantly underestimate the total mass of an indi-
vidual galaxy. It may therefore be possible that most of the
dark matter resides in individual galaxy halos. However, the
intergalaxy separation in these groups is so small that it is
unlikely that the galaxies can retain extended individual halos
for much more than a crossing time.

Can the dark matter reside in low-luminosity galaxies?
Persic & Salucci (1990) estimate that M/L oc L~ °7. If one inte-
grates a “normal” Schechter luminosity function down to
L ~ 0.01*, this may account for of order half the needed dark
matter (M. Persic 1991, private communication). However, the
luminosity function that we find for compact groups drops
much faster with decreasing luminosity than does a normal
luminosity function. This drop is very pronounced, many
groups simply have no visible faint members, and is unlikely to
be caused by brightening of the large galaxies due to inter-
actions. We conclude that little dark matter can be hidden in
low-luminosity galaxies in these groups.

Whether this dark matter occurs in individual galaxy halos
or a common envelope is a crucial question. If galaxies collide
with their halos attached, merging should proceed rapidly. If,
as seems more likely, halos are stripped from the galaxies rela-
tively early to form a common envelope, the subsequent
dynamical evolution should proceed rather more slowly. This
latter picture receives support from the observation (Hickson,
Kindl, & Huchra 1989c¢) that velocity dispersion does not cor-
relate with group radius. If most of the mass of a group
remains attached to galaxies, one would expect (from the virial
theorem, for example) the velocity dispersion to increase as the
radius of a group decreases. If, however, the galaxies are orbit-
ing within a roughly isothermal common halo, comprising
most of the mass of the group, the mass interior to the orbits is
proportional to R so the velocity dispersion remains constant.
Davis & Peebles (1983) reached a similar conclusion from their
study of galaxy pairs in the CfA redshift survey.

Detailed modeling of the dynamical evolution of compact
groups should determine at what stage individual galaxy halos
merge and the effect on the subsequent evolution of the group.
In addition, deep optical and radio observations might detect
for emission from material in a common envelope. Such studies
would greatly elucidate the nature of dynamical evolution in
compact groups and the importance of compact groups in the
overall evolutionary picture.
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