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Summary . We have obtained 100 new redshlifls in five galaxy clusters. Data from
indlvidual galaxies Is presented. and the accuracy of the determined velocities as

well as some propertios of the clisters are discussed.
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INTRODUCTION

From recant developments of observatlonal astronomy. the overall view of
the structure of the unlvarse appears to be very dlfferent from the haomogeneous
and Isotropic one claimed by traditlonal cosmology. The hypothesis of long,
interconnected linear fltaments or even large ~bubbles"” characterizing the
concentration of galaxles now seems to be well established, thesa regions belng
separated by large volds empty of bright galaxies.

One of the fundamental factors in the undarstanding of such tormatlons is
the determinatlon of thelr structure In the third dtmension as opposad to thelr flat
*projected” appearance. |

While redshlft deteriminations represent virtually the only tool giving
access to the third dimenslon. they are also essentlal to the undaersiandlng of
structural dynamics because lhey provide us with a wealth of information
concerning the veloclty dlsperslon In particle systams, Radlal velocelty
moasurements are essential {0 the understanding of structures such as galaxy
clustars, since dynamic analysis of thelr veloclty distributlon can lead to mass
delerminatlons and to an estimatlon of the missing mass In the universe.

Analyses of some Abell clusters have baen recently published : as an
example It has been shown that the A 496 cluster has a complex structure formed
essenllatly by a main cluster {or main sub—cluster). and another smal
sub—cluster. with tha eD In Its center, at the same distance (Mazure et al,,
1986) .

The wall~known Coma cluster has also been relnvestigated by Mellier et
al. (19873, The lsopleth map of "sequaence” galaxles determined from a colour-
magnitude strlp (Visvanathan and Sandage. 1977) to magnltude 20 shows the

prosence of several secondary denslty peaks in the vicinity of bright galaxles and



a double structure [n the core of the cluster. The distributlon of velocities relative
to the brighiest galaxies also Indlcates a composite population, with a velocity
dispersion as small as ¢ = 350 km/s.

Using the ESO multi-object faciiity, OPTOPUS. we have cbserved several
galaxy clusters In order to collect a large set of Indlvidual radlal velocitias, in
pursuit of similar analyses. An initial set of data relaling to ten clusters, made

with different telescopes. has been published (Proust et al., 1987),

INSTRUMENTATION

The obsaervations were carrled out during two nights at the end of Juiy 1986
at the Cassegrain focus of the 3. 60m telescope at La Siila. using the multl-object
spectrograph OPTOPUS. A full description of the Instrument [s given by Lund
(1986} . and here we describe the main charactaeristics of the Instrumaent, as it
was used for our observatlons, 32 separate optlca! fibars were avaliable for
coliecting the light from galaxies spread over a fleld of 33 arcminutes dlameter In
the telescope focal plane. The fibres are aligned in a common slit at the entrance
to a modliied Boller & Chivens spectrograph which is attached underneath the
mirroir cell, about 1.5m from the optical axls of the telescope.

“The fiber input ends are located in the focal plane by means of specially
drited atuminum plates. These were prepared at ESQ - Garching uslng X=¥
Schmldt plate coordinataes ( measurad with an Optronle—3000 facillty) which were
raconvarted Into X-Y observing plate coordinates al the appropriate focal plane
scale. The overall r.m.s. error wlth which our target centers could be measured
and reproduced on a starplale was typlcally 0.25 arcsec. Three holes were

reserved for guide stars In the same region In order to achieve accurate



allgnment and gulding of the plale with respect to the obsearved fleld.

A fibra Is projected onto a 2.(2 arsec spot c;n the sky. and the minlmum
object--object separation whlch can be achieved is 26,4 arcsec (due to the
physical slze of the tibre connectors). WIith the use of an F/1.9 dlopiric
spactrograph camera, sach f{lbre output was projlected onto an RCA CCD
(512x320 pixel) detgctor with a monochromatic Image size of 85um (2.8 pixals) .

A disparslon of 114 Aofmm was used, 'provldlng spectral coverage from
3800 to 5180 AO‘ Table 1 summarlzes tha journal of observations. The exposure
timas ranged betweon 90 and 150 min accordling to the average biue magnllude of
each cluster. In all cases. observations wére made In the vicinity of the r eridian
plane In order to minimize :E(ractlon eflects which can lead to small fibre/Iimagse

offsets durlng the course of observatlons. The second half of the last night was

almost completely lost through cloudy condltions,

DATA REDUCTION

Data reduclion was carrled out using the IHAP Image-processing sofiware
at ESO-Garching. The program automatically ldentifles the posHlons of the
specira on the CCD frame and extracts them by adding the contribution of the
three brightest columns. Wavelenglh calibration was performed using the He-Ar
lamp refsrence exposures otztained-lmmediatety aftar each cluster exposure
through the same OPTOPUS conflgura.llon and at the same sky position. The linas
are fitted wlth a third order polynomial : the average r.m.s. of the calibration is
0.25. and the resciution as measured from the FWHM of a gaussian fit to the
He-Ar tlines |s 5 K‘

The redshifts were determined by measuring the most promingnt



absorption lines and systematically cross correlating them with a template
specirum of known radlal velocity (Sadler. 1982). In the case where the specira
were partlcularly nolsy, the redsh‘m was obtalned from the Hn line, the Mgl band
and the H and K lines. and an Heratlve procedure, proposed by Cristiant et al.
(1987) was then applied to identlfy oiher lines in the spectrum and ta derlve a
new average redshlft,

Table 2 lists the redshlifis {(2) for the individual galaxles In the 5 observed
cl::sters. We also include data from lltarature (quoted with an asterlx) in order to
glve a complete list of volocltles for each cluster. The galaxy numbers of A 151,
and DG 1842-630 are from Dressler (1980). Flg. 1 shows the specirum of an
ellipticat mb = 17, 26 galaxy in the SC0004, 8-345 cluster and Flg. 2 is the sams

as Flg. 1 for an mb = 1B. 79 galaxy In the same clustaer.

ERROR ESTIMATION

In order to test the accuracy of our velocllites. we compared our radshift
detarminations with data available |n the literature tor tha same set of galaxies.
The resulls of the comparlson are summarized In Table 3. where we list the
volocity ditferences belween our measurements and other determinations. In the
slatistlcs we have excluded elght galaxles (indicated with an asterix} tor which the
discrepancy belween redshlit daﬁerminatlons was too large.

Note thatl in DC 1842*630. three redshlift daterminations (galaxies 15, 36
and 46) of Falrall (1979) (quoted with a2 “?° and pointed out as having an
*Incertalnty an the tdentlflcatlon of the H and K ilnes" by the author) have been
rejecied from the calculations. In the same way, only the measurement of galaxy

19 by Quintana and Melnlck (1979) s confirmed with our own determination. The



twoe rodshit measuremants of galaxy a5 alve the same result and the large
discrepancy found for galaxy 10 Is related to the presence of a surimposed star on
our specirum @ the z-measurement was thus very lnaccurate.

We have no direct explanatlon for the dlscrepancy found in galaxy 21 of the
same cluster and galaxles 67 and 274 In SC 2008—-565, both of which have been
measured by Melnick and Quintana with a good accuracy.

Qur velocltles are on average shifted by —43 km s~} with respect to the
publlshed data. The standard deviatlon In the dHference is 139 km 3~1, which is
consistent with the r.m.s. redshift error mentioned in Table 3 | most of the
axilsting measurements are glven .wllh a large error bar of z = 0.0’00?’ o
210 km s~! (Falrall, 19795'. A valuable comparlson can be made for the 16
galaxies of DG 1842-630.

From the comparlson of our redshifts with those of Falrall, we flnd that our
velocitles are on average shiftad by —73km s~1. The standard devlation in the
ditferences Is 137 km s=1. From the same comparison with the data of Quintana
and Melnick (1975) and Melnlck and Quintana (1981}, derived from only ilve
gataxies, we lind that our velocities are shlited by +40 km s~ on average. with a
standard deviation in the differences of 95 km s~1 : In both cases. with the
exceptlon of the B galaxles excluded trom the error calculations. all veloclties in

the present study agree wlith those quoted by the above authars to within a 20

level,

DISCUSSION AND CONCLUSIONS

In this paper. we have reported new redshlfit measurements for 100

galaxtes In § clusters. For a cluster like SC0004. B-345 (Carter, 1%80)., wa



derived 28 reliable redshifts fram 32 raw galaxy spectra ranging in‘blue magnitude
between 17.8 and 18.8. obtalned wlth an exposure time ol 150 minutes. The
signal-to—nolse ratlo of the ;pectrum shown In Fig.2 s around flve,
representatlve of the extreme casae of a noisy spectrum for which the redshift was
determined using the cross—correlation procedure. The same numbar of
redshifts was achieved for the galaxy cluster DC1842. In this cluster, the
apparent members nos 15, 20, 26. 28, 30 and 33 must all be background
galaxles., and are probably members of a more distant open cluster as polntad out
by Falrall (1979). In the case of SC2008-565. the poorly known photomelry of
this clustar ted to an underestimation of the requirad exposure time. and thus to a
conslderable degradatidn tn the proportion of accurately determlned redshifts. A
more complete analysis of these clusters will be published later. However, some

commants can bs made for the clusters uslng both our velocities and those

already publlshed.

The cluster of galaxies DC1842-633

This cluster has been studied using population and morphalogy analysls by
Quintana and Melnlck (1975 and spectroscopically by Falrall (1979). Both
concluded the presence of a systam of two clusters based on an eillptical
component (around galaxy 18) and a spiral ona (around galaxy 39}. each being
a cantre of concentration. Using the list of morphologlecat _types publlshad by
Dressiar (1980}, we proceeded to a new analysls in order to determine the
poputation contents arour‘ld galax.ies 19 and 39. We rejected seven background
gaiaxies (Flg. 3) having an average veloclty of 11240 # 190 km/s and a veloclty
dispersion of 510 km/s (members of a more distant cluster 7).

We conlirm the existence of two apparent groups with an elliptical

companent Southward and a spiral one northward. However, the Isopleths of



Fig. 4 reveal no evident substructure. although a ridge Is present towards the
north.

The compilation of the velocities of Table 2 glves ng signiflcant systematic
difference In redshlit between elliptical and spiral components to change the

conclusions of Fairall (1979,

The clustar of galaxles SC0004. 8—345,

This cluster stands as the proeminent member of a larger superstruclure
at z = 0.114 OH - 35° (Carter, 1980 : Parker et al,. 1984 : Capelato et al.,
1984) .

A pravlous analysis based solely on the photometric properties of its
galaxles has shown that this clustaer Is lumlnosity anti-segregated. In the sense
that gne finds oniy falnt gaiaxies around the central ¢D, the brightest ones belng
distributed more homogeneously (Capelato et al.. 1985).

We measured redshilts for 28 galaxles among the 50 brightest anas. Their
positions are shown In the lsopleth map of figure 5. Note the complex structure
displayed In thls map contrasting with the apparent uniformity of the bright
galaxies distributlon. The mean redshlit derlved for this sample Is z = 0.114
(galaxias 27 and 42 excluded), and the vallocity dispersion Is 727 km/s. Note
that the velocity of the cD galaxy Is exactly the average value for the 26 confirmed
members of the cluster (V = 34183 & 140km/s). However more data are

needed in order to confirm the reallty of the observed substructures.

The ciusler of galaxies SC2008-565

The Isopleths of Fig. 6 show that the cluster as a whole appears to be
centered around the mpg = 14, BS brightest component. (n®141) although there

Is a concentration around the mg = 15.17 {n®134) galaxy. The velocitles of
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these two galaxios are respectively 16490£80 and 16890270 km/s (Melnlck and
Quintana. 1981, Indicating the probable presence of subclustering. Using the
results of Meinfck and Quintana combined with our own, we obtaln a global large
velocily disperslon (Flg. 7) of about 2500 km/s, althaugh with the exception of
galaxies 267 and 341 of Table 2. no membershlp uncertaintles are apparent.
Note however that the 11 galaxies gathered around n®141 (n°145 has been
excluded as a foreground galaxy with Ve = 7010 km/s (Melnick and Quintans.
1481)) have an average veloclty of 16492 + 418 km/s with a velocity dispersion
of 1388 km/s, while the 5 galaxles close to n®134 have redshlft corresponding
respactlvely to 16706 t 444 and 992 km/s (n®267 has been excluded as a
background galaxy}. A ¢omplete analysls will be Improved by the completion of b

and r Band photometry. which Is now In progress {(Sodré et al., 1987).

The clusier of galaxles A 151

Because of the prevalling atmospherlic conditions we were able to add only
Tour radial velocities to the others known measurements (Proust et al.. 1887)
leading to a total of 19, However. Flg. 8 shows a very large scatter of velocltles,
ranglng from = 10000 to 17000 km/s - [t appears that six galaxies are loreground
ones. the cluster liself having an average value of &/r> = 15969 2 211 km/s and
a veloglty dispersion of 7681 km/s. Flg. 9 shows the position of tha 19 measured
galaxies ; note the concentration of elliptical ones around the cenler of the
cluster at V, = 16000 km/s and a probable small background group of spirals
wastwards at V, = 16500 km/s, corresponding to one of the condensation tn the
Isopleths map of Geller and Beers (1982). The southwaid concentration of = 12
galaxies (with seven measured redshlfts) shows a large scalter of veloclties due
to a probable suparpositlon of gaiaxles on the line of sight.

With a totat of 100 well delermined redshlfts from 1.5 nlghts of
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observation, the OPTOPUS multiobject spectrographic facility appears to be a
particuiarly well adapted instrument {or the rapld and simultaneous determination
of redshlits In catalcgued galaxy clusters.

Detalled analysls of the clusters (In particufar for SC0004.8-345 and

8C2008-565) is In progress and will be publlshed later.
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TABLE CAPTIONS
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Hellocentric redshlfts for galaxles.

Comparison with published redshlifts.
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FIGURE CAPTIONS
Flg. 1: Spectrum of an eltiptical mb 17, 26 galaxy In the 5C0004, 8-345 cluster,
Flg. 2 : Spectrum of an mb 18.79% galaxy In the SC0004.8-345 ciluster.

Fig. 3 . Wedge diagram of the cluster DC1842-633 obtalned by projecting the

galaxles wlith their measured redshilft,

Flg. 4 : The DC1842-633 cluster computed with a 35x35 flitered Isopleth map
(mesh 1087} of galaxies. Backgound density is null, the density step
is 20 gal! per 8q. Deg. The seven galaxles with Vr > 10000 km/s are

axcluded. The numbers are from Dressler (1980).

Flg. 5 : 50x50 (mesh 32" filtered Isopleth map of the SCO004. 8-345 cluster.
Background denstiy is null, the density step Is 175 gal per Sq. deg.
The 28 galaxies having a measured redshift are plotted. The numbers

arg from GCarter (1980).

Fig. 6 : 50x50 {mesh 100" flitered |soplath map of the 5C2008-565 cluster -
Background density bis n_uII. the denslty step Is 58 gal per Sq. deg.
The 47 galaxlas havlng_ a measurad radshlit {(Melnick and Quintana,
1981 and this paper) are plotted. The numbers are from the present
‘work. The zoom of the caenter of the cluster Is represented on the

lower right of the figure.
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Flg. 7 : Distributlon of the measured velocltlas from thls work and Melnick and

Quintana (1981 In the cluster of galaxies SC2008~567. Note the

large veloclty dispersion ranglng from 12000 to 19000 km/g, The solid

line is a gaussian curve centered at V= 16200 km/s with o = 1600 km/s.

Fig. 8 : Wedge diagram of the cluster A 151 obtained by projecting the galaxies

with thelr measured redshift.

Flg. 9_: Map of the 19 meastired redshlft of gaiaxies In the A15) cluster with

their morphoioglcal type. The “zoom" corresponds (¢ the cenler of

the cluster.
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CLUSTER EXPOSURE TIME RANGE OF NUMBER OF NUMBER OF
{min} MAGNITUDE SPECTRA REDSHIFTS
DC1842-53F 95 14 - 1% 39 27
SC2IN8-56%5 9g 16.19-18.66 < SO
{south=-1} |
> 17
SC2R08-565 S8 16.19-18.66 31
{south~2)} !
SCOOI4 . 8-345 1859 - 16.43-18,82 32 28
SC2088-0085 128 15.81-17.864 31 14
{narth)
DC2iM3-398 128 {cloudy) 15 - 17 31 19
AlS] 6 (clouds} 16 - 17 . 31
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16230 104
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14538 83*
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7010 Lo
153387
174157
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17417 1908
16210 L
18326 58*
20849 128
15188 75
L6130 108
16430 188
13558 130%™
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18948 75
is519 8%
16399 8F
32250 8@
17358 &0
14189 120
16628 0@
16389 208
3888 &H
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41108 124
3608 65
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1118 o
12299 129
ARZR 65
4855 21g*
4448 65
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3936 65
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21
Z1
21
21
21
z21
2l
2i
21
21

42
12
41
L34
43
43
43
43
42
42
43
42
43

43

A3

a4
4
g5
o5
qi
g5
1
a6
g6
Ba

-63 18 59 S4 16
-63 20 20 SO 16
-63 17 15 E 15
-63 19 4% 58 16
-63 16 23 S 15
~63 15 52 S# 16
-63 14 39 Sp 14
~53 14 19 $F 15
-63 16 33 € 16
-63 15 23 Sb 15
-63 12 39 SBe 12
-63 12 25 I 16
~63 #9 35 S8 16
-63 g8 17 SBO/a 15
-63 98 39 Sb 16
DC2193-397
-39 46 41 -
-39 47 26 --
-39 47 g7 -
-39 44 5 -
~39 32 58 -
-39 32 5% -
-39 53 §5 --
-39 42 £3 --
-39 39 05 --
-39 47 18 -
TABLE 2

HELIOCENTRIC REDSHIFTS FOR GALAXIES.
COLUMN 1=

COLUMN 5:

COLUMN B:

COLUMN 7:

LA

GALAXY NUMBER IN THE CLUSTER (Dressier,1988),

19

4479 219>
11278 65
4718 75
1127& 129
1g730 128
4688 75
4358 75
4118 &5
3120 9@
3244 128
4389 9@
5618 75%*
3879 198
11638 210
3729 1p4@

19560 120
15920 124
135657

14508 190
139487

93757

32539 148
163498 8%
15320 190
16618 15&

(3}

(3

The numbers of SCUHO4.8-345 are from Carter {(198£) and
the numbers of SC2PP8~565 and DC2183-3%d are from the present

work.
COLUMN 2 AHD 3:
COLUMN 4:

RIGHT ASCENSION AND DECLINATION (198%)
MORPHQLOGICAL TYPE

APPARENT MAGMITUDES TAKEN FROM DRESSLER (198@): AlGS1 AND DCig42-63

lestimated total visual magnitudes); FROM CARTER (1980) FOR
SCOAI4,8-345 (527.5)}, AND FROM SODRE et a1.{(1987) FOR

SCZ2008-565 (b251).
GALAXY HELIOCENTRIC VELOCITY AND ESTIMATED E£RROR. DATA GUOTED WITH
AN ASTERIX ARE FROM THE LITERATURE.

Proust

Metnick and Quintana (1981}

Fatrall
Humaseon

emission lines

et al.

(1879
et al.

{1987)

{1956}



20

GALAXY V2avireT) reference V-¥{raf)

DC184A2-6234~- 14 5045 210 Fajrall {1979) -AGI*
12 IcHy 210 N o
13 AZ30 218 " =218
14 4458 219 " +i3J]
15 41107 " +8100*
17 4988 218 * -hE
19 AnAg 218 " ~36Y*
ALBE  3RB Quintana & Melnick (1975} +40

20 14795 218 Fajrall {1979} +59%
21 1080 21¢ * -370*
24 ABET  21H v -7y
25 el 21e * -16@
29 4540 218 " +210
33 W73y 214 " g
34 408 218 " -120
35 43257 * +3%
36 21507 . +35O%
37 3dz0 214 " -380
35 3510 210 " =279
38 Ay 219 " 120
4508 21¥  Quintapa & Melnick {197%) ~12d

49 LUy 21i Fatratl (1973) 1
A4 390 218 * -35
16 109157 * ~7195%
SC2AP8-565- 67 17475 B Malnick & Quintana (18@1) ~G25%*
78 16119 sg " +29
94 16248 Ag " +95
272 15969 9 * +170
274 13245 R " +3185*
V=¥{ref)> ~43

o 139

* pot included in the calculations

TABLE 3
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