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Abstract. —

We have obtained 65 new redshifts in 4 Abell galaxy clusters as well as 15 velocities of galaxies

observed through the galactic plane, at ESO and OHP. Data on individual galaxies are presented**, and the accuracy
of the determined velocities are discussed as well as some properties of the clusters.
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1. Introduction

Redshift surveys in clusters of galaxies are needed to study
their dynamical and evolutionary states, estimating pa-
rameters such as the mass, shape and distortion of the ve-
locity field, presence of substructures or projected galaxies
and groups, strength of dynamical friction and two-body
processes and, in general, the present stage of their dy-
namical evolution. This information is useful not only to
test scenarii of galaxy formation, but also of the formation
and evolution of large structures. In clusters, the mean ve-
locity is a key factor in deriving distances, permitting the
study of matter distribution over very large scales. Within
clusters the analysis of the velocity field can lead to an es-
timate of the virial mass, constraining models of the dark
matter content. Galaxy velocity measurements provide in-
formation complementary to that obtained through X-ray
observations of clusters. Both form basic pieces of infor-
mation for the understanding of clusters. Here we examine
the velocity and galaxy distribution in the clusters A 957,
A 979, A 2040 and A 2063; additional observations con-
cerning a few galaxies observed through the galactic plane
are also presented. Section 2 presents the instrumentation
and the the data reduction techniques and comparisons
with previous measurements. In Sect. 3 analyses of A 957,
A 979, A 2040, and A 2063 are performed.

*based on observations made at ESO, La Silla (Chile) and
Haute-Provence Observatory, CNRS (France)

**Tables 1 and 2 are also available in electronic form at the
CDS via anonymous ftp 130.79.128.5.

2. Observations and data reductions

The program of radial velocity measurements was carried
out years ago, and some results have been already pub-
lished (see e.g. Proust et al. 1987, 1988, 1992; Capelato
et al. 1991). The new velocities has been obtained at the
1.50 m ESO telescope, La Silla (Chile), and at the 1.93 m
telescope, Haute-Provence Observatory (France).

Observations with the 1.50 m ESO telescope were car-
ried out in January 1992. We used the Boller and Chivens
spectrograph at the Cassegrain focus, equipped with a
600 lines/mm grating blazed at 5000 A and coupled to
an RCA CCD (1024 x 640 pixels) detector with pixel size
of 15 um. A dispersion of 172 A/mm was used, provid-
ing spectral coverage from 3750 to 5700 A. The exposure
times ranged between 30 and 60 min. according to the
magnitude of the object. During the run, calibration ex-
posures were made before and after each galaxy observa-
tion using an He-Ar source. Observations with the 1.93 m
telescope were carried out in April 1994; we used the CAR-
ELEC spectrograph at the Cassegrain focus, equipped
with a 150 lines/mm grating blazed at 5000 A and cou-
pled to a Tektronix CCD (5122 pixels) detector. A disper-
sion of 260 A /mm was used, providing spectral coverage
from 3600 to 7300 A; obervations were made in the same
conditions as the ESO ones.

We also observed in May 1991 with poor weather
conditions with the multiobject spectrograph SILFID
(Vanderriest & Lemonnier 1988) attached at the
Cassegrain focus, equipped with drilled plates. Thirty sep-
arate optical fibers were available for collecting the light
from galaxies spread over a field of 20 arcmin diameter
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in the telescope focal plane; the technical specifications
are given in Capelato et al. (1991). Additional observa-
tions carried out in July 1991 are also listed; they concern
few galaxies observed through the galactic plane (see e.g.
Kraan-Korteweg et al. 1994).

In the ESO run the stars HD 35410 (KOIII) and
CPD-43°2527 (K1III) (Maurice et al. 1984) were ob-
served every night for the purpose of controlling the zero
point in the velocity scale and for use as cross-correlation
templates; the same procedure was also applied at OHP
with the star HD 160952 (G8III). Note that the use of
a cold giant is a valuable criterion for a cross-correlation
procedure since the profile of strong lines such as K, H,
G, HB, or Mglb is not affected by gravity and/or metal
abundance; it remains narrow, with a Doppler core and
Stark-broadened wings (Praderie 1967); galaxies tem-
plates with good measured radial velocities given by
Lauberts & Valentijn (1989) were also observed in the
same conditions, in order to use real galaxies as templates
in the cross-correlation procedure.

The data reduction was carried out using the IRAF
package; Wavelength calibration was performed using the
He-Ar (ESO) and He-Ne (OHP) lamp references. The
spectra were rebinned with a scale of 1 A/bin equally
spaced in log wavelength and the velocity was derived from
the cross-correlation procedure with stellar and galaxy
template spectra of known radial velocity obtained the
same night, according to Tonry & Davis (1979). We used
the RVSAO package developped at Harvard (Kurtz et al.
1991; Mink et al. 1995). Table 1 lists positions and he-
liocentric velocities for 65 individual galaxies in the four
clusters:

1. Dressler (1980) number

. alternative name IC or MCG

. right ascension (hour, min, s)

. declination (degree, minute, second)

. morphological type from Dressler’s (1980) catalogue

. estimated total apparent visual magnitude (Dressler
1980)

. heliocentric radial velocity with its error in kms™

. instrumentation and notes, e: 1.50 m ESO telescope,
0: 1.93 m OHP telescope + CARELEC spectrograph,
s: 1.93 m telescope + SILFID spectrograph.

S UL W N

1

00 =3

In order to test the external accuracy of our veloci-
ties, we compared our redshift determinations with data
available in the literature for the same set of galaxies.

Comparisons
were made separately for each galaxy cluster. We obtain
respectively < V, — Vief >= —13.0 kms~!, the standard
deviation in the difference being 59 km s~ for A 957 (data
from Beers et al. 1991), < V, — Vit >= —34.1 kms™!,
with ¢ = 65 kms™! for A 2040 (data from Zabludoff
et al. 1993), and < V, — Vit >= 14.4 kms™!, with
o= 59 kms™! for A 2063 (data from Beers et al. 1991).
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All these results are consistent with the errors of Table 1.
The velocities in the present study agree with those pre-
viously published within the 2 ¢ level.

Table 2 lists the positions and heliocentric velocities
for 15 individual galaxies observed separately through the
galactic plane in July 1991.

3. Discussion
3.1. Velocity analysis

Including previous measurements in the same clusters
(Proust et al. 1987; Capelato et al. 1991; Beers et al. 1991;
Zabludoff et al. 1993, and few other data from literature,
there is for A 957, A 979, A 2040 and A 2063 a total of
128 velocities. The new measurements presented here to-
gether with those collected in the literature allow the con-
stitution of samples whose completeness up to the limit-
ing magnitude of Dressler’s (1980) catalogue (m, = 16)
ranges about 67 to 88% in their central core regions. They
are all ¢cD or D-galaxy dominated clusters. For these clus-
ters we present below a dynamical analysis based on these
samples.

3.2. A 957

A total of 40 redshifts have been measured for this clus-
ter (Proust et al. 1987; Capelato et al. 1991; Beers et al.
1991, this paper). The projected distribution of galaxies
is displayed with different symbols in Fig. 1. The sam-
ple of measured radial velocities is 89% complete within
a circular region of 16.0 arcmin radius (0.64hg, Mpc)
centered on the D galaxy, the brightest member of the
cluster. This sample contains 32 galaxies and covers the
elongated central condensation of A 957. Its mean veloc-
ity is V = 13305 + 160 kms~! with a velocity disper-
sion o= 8467335 kms~1. If we consider the morphological
types, the mean velocities and the velocity dispersions are:
V = 13286 kms~! ¢ = 719 kms~! for E + SO galaxies
(24 objects) and V = 13517 kms™! ¢ = 1476 kms~? for
S + I galaxies (8 objects). Note that although the mean
velocities of early and late-type galaxies are similar, the
latter have a velocity dispersion much larger than the for-
mer. This may result from the 3 galaxies with velocities
greater than 14000 kms~!. If not due to interlopers, this
result may be interpreted as an evidence that late-type
galaxies are still in the process of infalling towards a viri-
alized core (Sodré et al. 1989). Figure 2 shows the his-
tograms for the measured velocities between 11000 and
16000 kms~! for S + I (up), and E + SO (down) galaxies
and Fig. 3 shows the wedge velocity diagram of the clus-
ter in right ascension (up) and declination (down). Note
that the velocity distribution obtained with a larger set of
velocities does not confirm the relative depletion of galax-
ies with v ~ 13000 kms~! proposed by Capelato et al.
(1991).
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Fig. 1. Galaxy positions of the A 957 cluster symbolized by a circle for objects with V, > 16000 kms™!, filled dot with
11500 < V> < 16000 kms™*, and filled star with V;, < 11500 kms™!; non measured objects are represented by a cross
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Fig. 2. Velocity histograms for the measured velocities between 11000 and 16000 kms™! for S + I (up), and E + SO (down)
galaxies in the central part of A 957
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Table 1. Heliocentric redshifts for galaxies
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GALAXY NAME R.A. DEC. TYPE MAG. HEL. VEL. N
(1950) (1950) VEAV

A 957

31 1010585 -004500 E 15.0 12333 63 s
33 1011 44.2 -004213 SO 16.0 13812 63 s
36 1011135 -0039 53 Sc 14.0 12862 56 s
37 1011 13.0 -00 42 07 SO 15.0 12812 49 s
38 1011 06.7 -003957 E 16.0 12876 61 s
39 MCG-0-26-30 1011 049 -004034 D 13.0 13277 59 s
40 1010554 -004026 E 16.0 12836 78 s
41 1010 54.7 -004041 S 16.0 11656 89 s
42 1010 52.3 -003941 SO 15.0 12588 54 s
43 10 11 52.3 003720 SO 15.0 14465 52 s
48 1011201 -003740 E/SO  16.0 13978 102 s
49 10 11 08.7 -00 39 28 SO 16.0 13232 88 s
50 10 11 06.8 -00 36 53 SO 16.0 13515 69 s
51 10 10 55.4 -00 38 36 SO 16.0 12471 59 s
58 10 12 00.8 -003512 SO 16.0 13334 67 s
59 1010 50.9 -00 3540 SBO 16.0 12768 77 s
A 979

01 10 20 25.5 -08 20 37 Sa 16.0 16088 44 el
04 1018050 -082027 E/SO  15.0 16471 24 e
07 1017 36.8 -0821 02 Sa 15.0 16355 27 e
20 1018 40.1 -0754 59 Sab 15.0 10282 89 e
21 1017 26.7 -0753 05 Shc 15.0 15736 61 o
26 101751.6 -074812 E 15.0 16296 41 o
36 10 18 56.7 -07 40 10 Sab 15.0 11360 78 e
39 MCG-1-27-01 1017 49.9 -073830 D 14.0 16526 37 e
42 1018 19.8 -073639 SBb 15.0 9392 59 e2
44 1017 452 -073806 SBa/0  15.0 15010 54 e
45 1017415 -073547 E 15.0 16158 17 o
46 1017217 -073535 E 16.0 15986 43 e
48 1019412 -073313 I 16.0 16356 41 e
49 1018343 -073138 E 15.0 15473 53 e
51 1017 487 -073238 S 16.0 15631 78 e
52 1017384 -073144 Sa 15.0 15413 57 e
53 1017 34.9 073347 S/I 16.0 18657 26 03
55 1017031 -073134 E 16.0 23147 34 e
57 10 18 52.0 -072934 Sa/0 15.0 16477 58 e
59 1018063 -072030 E/SO  15.0 16242 39 e
61 1019113 -072533 S0/a 15.0 10948 49 e
72 1018289 -071341 Sa 14.0 11807 76 ed

Estimates for dynamical mass of A 957 using the
mass estimators for self-gravitating systems of equal-mass
galaxies with velocities 11000 < V < 16000 kms™!, as
derived from Heisler et al. (1985) are listed in Table 3.

3.3. A 979

A total of 22 redshifts have been obtained for A 979. Fig-
ure 4 shows with different symbols the relative positions of
galaxies with and without measured radial velocities (here
as in the following the z-y positions of galaxies have been

taken from Dressler’s catalogue (1980) and Fig. 5 shows
the wedge velocity diagram of the cluster in right ascen-
sion (up) and declination (down). The cluster is probably
part of a large structure since the available velocities indi-
cate the presence of foreground (V, < 15000 kms™?!)
and background (V, > 18000 kms~!) galaxies. The
5 foreground galaxies with V' = 10758 kms~! form a
substructure, as suggested by West & Bothun (1990).
Considering the 15 galaxies with radial velocities between
15000 and 18000 kms~!, the cluster mean velocity is
V = 16015 + 119 kms~! with a corrected velocity
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Table 1. continued
GALAXY NAME R.A. DEC. TYPE MAG. HEL. VEL. N
(1950) (1950) VAV

A 2040

48 1510 42.8 +07 3728 SO 15.0 14102 67 s
49 1510 23.8 40736 42 SO/E 15.0 13668 36 o
50 1510 20.1 +07 36 47 SO 16.0 13752 64 s
51 151020.5 +073716 D 14.0 13683 15 o
51 13721 69 s
52 151020.1 4073825 SO 16.0 12854 74 o
53 1510 16.3 +07 3804 SO/E 16.0 13098 78 )
54 1510 10.5 407 3820 SO 16.0 31958 59 )
55 1510074 4073708 Ep 15.0 12794 79 s
57 1513052 4073937 Sa/0 15.0 13723 67 s
A 2063

24 152203.6 +08 3259 SBb 14.0 10987 62 s
36 IC1116 151929.1 408 36 08 E/SO 13.0 11698 59 s
37 1519142 +08 3539 SBc 14.0 11588 61 s
38 1518 27.0 +083435 Sa 14.0 9355 53 s
43 1520 34.2 4083835 SBb 16.0 9122 91 s
45 1520 06.0 +08 4027 SO 16.0 11675 89 s
46 1520446 +084059 SO 15.0 10721 67 s
49 1520 46.6 +08 4341 Sb 15.0 10895 89 s
50 MCG+2-39-21 1520 41.0 4084223 SO 15.0 9851 65 s
52 1520299 +084157 Sb 15.0 11532 83 s
58 MCG+2-39-25 1520 54.5 +0847 46 S0/a 15.0 10773 54 s
59 MCG+2-39-22 152049.1 408 4503 SO 15.0 10413 78 s
60 MCG+2-39-20 1520395 +084714 D 13.0 10593 62 s
61 1520389 +084724 SO 16.0 10389 88 s
62 1520368 +084652 E 16.0 10799 89 s
65 1519 524 +08 4530 SO 16.0 10956 79 s
72 1520482 +084922 E 15.0 10530 61 s

emission lines. 1: Hz = 16106 kms ', H, = 16046 kms™!; 2: H, = 9355 kms™!; 3: OIl= 18710 kms™'; 4:

Hp = 11919 kms™* H, = 11939 kms™*.

Table 2. Galaxies observed through the galactic plane at OHP

GALAXY NAME R.A. DEC. TYPE MAG. DIAM. HEL. VEL. N
(1950) (1950) VAV
ZW255-25 MCG 8-34-33 19 02 01.0 45 32 17 15. 0.4x0.7 5372 51
ZW229-15 1903 50.8 422301 Seyfertl 15.4 8358 22 1
ZW256-05 19 05 36.0 46 05 54 15.3 6375 71
ZW229-18 19 05 424 39 51 04 15.5 8463 39
ZW229-21 MCG 7-39-13 19 06 45.0 425917 Sc 14.7 1.1x2.0 4563 37
7ZW229-23 1907 07.3 43 15 42 15.2 16084 73
ZW229-25 MCG 7-39-15 19 07 47.0 42 58 56 14.8 4618 30
ZW230-20 1929081 411153 146 4914 61
ZW230-22 MCG 7-40-10 19 30 46.4 41 47 45 148 1.0x1.0 9037 48
ZW256-20 1932 457 49 09 34 15.4 7869 57
UGC11460  MCG 7-40-12 1936 11.1 40 53 40 E/S0 14.0 0.8x1.2 4607 39
ZW257-17 19 49 26.1 47 55 51 14.9 7781 50
ZW257-18 1950 34.4 47 59 49 15.0 7915 61
IRAS 203525 20 35 09.5 25 21 11 10268 54
ZW448-06 20 45 24.0 20 36 00 15.3 10506 67

(1): emission lines: Hy, HS, 2*OIIL
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Fig. 3. Wedge velocity diagram in right ascension (up), and declination (down) for the measured galaxies in A 957

Table 3. Dynamical mass estimations of A 957 in (10'*Mg)

mass error
VIRIAL MASS 3.42
PROJECTED MASS 7.70  0.89
AVERAGE MASS 5.66  0.40
MEDIAN MASS 269 0.21

dispersion o= 426131% kms~! (confidence level= 68%).
The uncertainties were calculated following Danese et
al. (1980), assuming a mean observational error on in-
dividual radial velocities of 100 kms~!. If we consider
the morphological types, the mean velocities and veloc-
ity dispersions are: V = 16217 kms™ ¢ = 352 kms~!
for E + SO galaxies (7 objects) and V = 15837 kms™!
o = 490 kms™! for S + I galaxies (8 objects).The most
interesting result about this cluster is that the D galaxy

has a large peculiar velocity compared with the cluster

mean: YDU_—V = 1.2. We obtain a mean cluster distance of

156 Mpc assuming Hy = 100 kms~! Mpc™! and ¢o = 0.1.
The Abell radius of 35 arcmin corresponds to 1.51 Mpc.
Estimates of the dynamical mass of A 979 are listed in
Table 4.

3.4. A 2040

A total of 34 redshifts have been measured for this clus-
ter (Capelato et al. 1991; Zabludoff et al. 1993, this

Table 4. Dynamical mass estimations of A 979 in (10** M)

mass  error
VIRIAL MASS 2.53
PROJECTED MASS 3.40 0.87
AVERAGE MASS 2.77  0.46
MEDIAN MASS 2.20 0.39

paper). The projected distribution of galaxies is dis-
played with different symbols in Fig. 6. Note that there
is a group along the line of sight with velocities around
10000 kms™!. The main cluster contains 25 measured
galaxies with V' = 13510 = 78 kms~! with a disper-
sion velocity o= 361755 kms~!. From the morphological
types, the mean velocities and velocity dispersions are:
V = 13487 kms~! ¢ = 373 kms~! for E 4+ S0 galaxies
(16 objects) and V = 13552 kms™! ¢ = 439 kms™! for
S + I galaxies (9 objects). Figure 7 shows the wedge ve-
locity diagram of the cluster in right ascension (up) and
declination (down). Estimates of the dynamical mass of
A 2040 are listed in Table 5.

3.5. A 2063

Including data from literature (Beers et al. 1991; Capelato
et al. 1991; Zabludoff et al. 1993), there are a total of
44 known redshifts for A 2063. Figure 8 shows with dif-
ferent symbols the relative positions of galaxies with and
without measured radial velocities and Fig. 9 shows the
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Fig. 4. Galaxy positions of the A 979 cluster symbolized by a circle for objects with V, > 18000 kms™?, filled dot with
15000 < V» < 18000 kms™!, and filled star with 9000 < V, < 15000 kms™!; non measured objects are represented by a
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Fig. 5. Wedge velocity diagram in right ascension (up), and declination (down) for the measured galaxies in A 979
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Fig. 7. Wedge velocity diagram in right ascension (up), and declination (down) for the measured galaxies in A 2040
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© European Southern Observatory * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1995A%26AS..114..565P

5P.

FT9O5ACAS. “T147 !

574

Table 5. Dynamical mass estimations of A 2040 in (10**Mg)

mass  error
VIRIAL MASS 1.61
PROJECTED MASS 2.80 0.50
AVERAGE MASS 232 0.19
MEDIAN MASS 153 0.12

wedge velocity diagram of the cluster in right ascension
(up) and declination (down). Note that the presence of
a clump of foreground galaxies with V' < 10000 kms~!
is questionable. The main cluster contains 34 measured
galaxies with V = 10767 £ 118 kms~! with a veloc-
ity dispersion o= 741137 kms~!. From the morphological
types, the mean velocities and velocity dispersions are:
V = 10746 kms~! ¢ = 558 kms~! for E + SO galaxies
(28 objects) and V = 10805 kms~! ¢ = 1093 kms~! for
S + I galaxies (15 objects). Estimates of the dynamical
mass of A 2063 are listed in Table 5.

Table 6. Dynamical mass estimations of A 2063 in (10**Mg)

mass  error
VIRIAL MASS 3.95
PROJECTED MASS 9.02 1.21
AVERAGE MASS 6.15 0.52
MEDIAN MASS 2.75 0.18

4. Conclusion

In this paper, we have reported new measurements on the
A 957, A 979, A 2040 and A 2063 clusters of galaxies. This
allowed us to define almost complete samples of galaxies in
the central part of the four cD clusters, and to discuss the
nature of these clusters. However the very precise determi-
nations on the shape of the velocity-dispersion profile can
only be obtained by removing the effects of contamina-
tion and subclustering. Our dynamical analyses suggest
that the four clusters have similar masses, a few times
(10'*M¢). It is also of interest to point out the large pe-
culiar velocity of the D galaxy in A 979, which is not easily
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explained by the usual models of formation of this type
of galaxy (Merritt 1984). Finally we note that for A 957
and A 2063, the velocity dispersion of late-type galaxies
seems larger than that of the early-type ones. If not due
to interlopers, this result is in agreement with the idea
that spirals are infalling onto a virialized core composed
of elliptical and lenticular galaxies (Sodré et al. 1989).
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