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Summary. — We have obtained L new redshifts Sor (60 galuxies in teu clusters of galaxies. Data for individual galaxies
are presented and the accuracy of velocities determined using four different instrumentations (located at Calar Alte, La

Palma, ESC and Hawal) is discussed.

Koy words : redshifts of galaxies — clustess of galaxies.

1. luéroduction,

From recent developments ol vbservational astvonainy,
the overall view of the structure of the universe appears
w be very digfecent from the homogencous and isotropic
one climed Ly the taditional cosmoelogy, The scheme of
long, interconnected linear filments (of size = (001 "'
Mpe, where h = H,/100 and H,, is the Hubble constant)
formed by concentration of galixies seems pow well
eslablisied (e.p. Fontanelli, 1984), these regions being
separated by large voids empty of bright galaxies.

One of the (undamental aspects of the understanding
af such large structures is to accede 19 the third dimensivn
in order 1o modify their « projecied view », For instance,
the spatisl correlation Tuaction £{r) of galaxy paics
{Pckel, 1984) estimated (row the Cenier lor Asire-
pliysics (CFA) suivey shows unobserved struclures from
estimates made on the basis of cnislogues which use only
projected positions. The use of percolation applied to a
sainple of three-dimensional galaxies is also a powerlul
way 1o explain the reality of large structures.

If the tedshilt detesmination is (he only way to have
access 10 the third dimension, it is also essentiad for the
understanding of the dynamics becsuse it leads to the

(*) Based on gbservatioas nande st Calar-Allo Qbservalory
(Spain}, La Palma Observatory {Canary Islands), European
Souliern Observatory — La Silla {Chile} and Canndn —
Frnee - $Hawnii ‘Uelescope apesaied iy fhe Mational Besearch
Coungil of Canula, the Cendre Nuatiumal de fa Recherche
Scientilique of France, and ihe Uaiversity of [Hawuii,

determination of the vejocity dispersion in pacticie
systems. The cosmic virink theorem (I'echles, 1981) using
wwo and three points spatial correlation functions gives
estimates of the cosmological parametes £,

The radial velocities are also essentiat for the unders-
tanding of structures like clusters of galaxies, their
dynamical analysis leading to their mass and fo an
estimate of the missing mass in the universe,

Analyses of some Abell clusiers have beea recently
published ; Gregory and Thompson (i984) for A 2197
and A 2199 ; Geller e al. (1984} for A 1142 ; Mazure et
af. (1985) for A 496, and in his paper, we present 1G]
new redshifts for 100 galuxies in ten clusters. The data for
indivictual gadaxics are presented and the accuracy of
velocilies determination using four different instrumenta-
tions is discussed.

2, Qbservations.

The program ol radial velocity measurements was carcied
out between March 1984 and March 1985, ) atthe 2.2 m
telescope at Calar Abto (Spain}, i} at the 2.5 m lsaac
Newton telescope at La Palma (Canary lslands) and
i) at the 1.50m telescope at ESQ (Chile). We also
include results of cbservations smade during a technical
man as the 3.60 m Canada-France-Hawaii (CFH) teles-
cope at Mauna Kea.

2.1 QUSERVATIONS AT CaALAR ALTC, — Observations
were ade in iwo observing runs ol six nights each with
the 2.20 m lelescope in March 1984 and March 1935,



Filty per ceat of the nights were suitable for observations
because of wheather conditions and Mooa light.

We used the Boller & Chivens Spectrograph with an
elfective dispersion of B9 Afmm. The speciral region
covered was from 3900 A to 7200 A with a 600 fine/mm
grating blazed at 5500 A, The slit was 180 pn widened,
the resolution was about § A FWIIM. A two-stage
EMI9IG image intensilicr of 40 mav cathode diameter
was used, cooled at —18". Spectrograms were oblained
on 11a0 Kodak plates and the wavelength calibration was
made using a Fe-Ne Source before and after each
spectram, Exposure times used ranged between 1800 and
3600 s, depending on magnitude and weather conditions.
The resuiting signal to noise ratio was between 8 and 12,

Spectrograms were tecorded with the PRSIGIOG mi-
cropholometer of 1he Snstitut &'Opticque a1 Orsay (using
a 20 win square aperture). The observations were re-
duced using the STI] inleractive data processing prog-
rams developed at the Meudon observatory. The resuli-
ing redshifts are listed in table | referenced as CAl and
CA2 Tor she first and the second rn respeclively. The
galaxy vumber is from Dressler {{980).

2.2 CALAR ALTO DATA REDUCTION. — Wavelength
calibration was carricd out using the Fe-Ne eomparison
source and night sky lines on each spectrum. Usuaily
Lhese set of lines are used in a fifth order polynownial fit
of Il}\c wavelength solution with typical r.m.s. residuals of
0.6 A.

‘The redshilt computations were made using the 11 and
I€ lines, the Cal 4226.70 A one, the G band, H_, 1,
I1,. Mg b triplet and Na 113 doublet, and all these lines
in the best case. Note that the [O11] 3727.30 A line was
not observed because of its position at the extreme edge
of the spectral range. .

Each line was (itted using a Gaussian profile so that a
set of redshift was obtained depending upon the mumber
ol uselul lines for ench spectrum. The linad redshilt was
determined lollowing Balkowski ef af. (1981}, the prin-
ciples of which are in de Yaucouleurs and de Vaucoulesrs
{1967). In osder to check the accuracy of the proceduse,
we lave observedt three known galaxies in the Coma
cluster (Tab. 1) : the resulis age in # very good agreement
with previous vaives, 'The centroid determinations of the
featares measured is more or less uncedtain, depending
on the wise in the spectram. 'This source ol ercor is
refiected for each galaxy by the dispersion of redshifs
Trom individual lines. This dispersion is voted in table [,

2.3 OBSERVATIONS AT La PALMA. — Ohbservations
were made duiing three nights (two nights were suitable
for observations because of technical and clouds pro-
blems) with the 2.5 m Isaac Newion telescope in July
1984,

We used the Intcrmediate Dispersion Spectrograph
(IDS) with a dispersion of 66.5 Afmn. The spectral
region covered was from 3500 to 5600 A with a
632 linefmm grating hlazed at 4560 A - two slit aperfures
were used 180 and 300 pos. The Tmage Pheton Counging
System (LPCS) (Boksenberg, 1982) was wsed as the
detector with the 235 mm camiera. “The spectraf resolution

was 2 A FWIIM, The exposure time was 1600 s so that
the average signal to noise rutio measured was 15. For
gach galaxy, a4 comparison spectrum was made using a
Cu-Ar source belore and after each spectrum. b order
o use a cross-coteelstion procedure lor data reduction,
we have taken every night iwo spectra, ong of the G811
ginnl HDZIR807 (V= — {4.8 2 0.5 kim/s} and one ol
tie GOl gianl HDZI3009 (V, = - 39.7 £ 0.6 km/s)

using a 55 pm slit. in order to check possible mechanical
flexuse and instabilities the zero-peints of the two stellar
spectta were checked against each other, and agreed to
wilhin 20 km/s.

2.4 1PCS REDUCTIONS. — Reduction of the 1PCS specira
followed the SPICA standard procedure sitnilar to that
used by many other observers (e.g. Davies, 1981 ;
Sadler, 1982). Alter correction of distorsion, each spec-
trum was flat-lielded uwsing a normalized {lat field. The
comparison spectra taken immedialely before and after
each galaxy observation were checked for a shift and
then uadded topether. No significant shift was found.

Wavelenpth calibration was pesformed by fitting a [ilfth
order polynomial to each arc spectrum to o wavelength
scale and checking the position of several lines. Each
palaxy spectrum was rebinned to a log A scale using the
corresponding calibration polynomial, then sky sub-
tracted and normalized. After (itering to remove ngise
and pixel to pixel sensitivity variations the spectrum of a
given palaxy is then eross-correlated with the {wo stars
above menticned, the weasured shift & log A being casily
canverled (v o velucity shift by :

D=c(e“""’ -1).

In order to estimate the aceuracy of the radiak velocilies
measured in this observing program, we have fit a
Gaussion profile to the corrclation peack displayed after
¢ cross correlalion procedure. The accuracy of the
redshill deteunination is obtained from the widih of the
Mall height of the peak. Because of the response of the
\PCS in the blue region {as for IDS at ESO) we cannot
provide information on the [O18] 3727.30 A line, spe-
cially for galaxies having H8 and He in emission.

2.5 OBSERVATIONS AT ESQ. — Observations were
made during five nights will: the 1,52 m felescope at La
Silta in november 1964, We used the lmage Dissector
Scanner (fDS) mounted on a Boller & Chivens spectro-
graph which ends with an output phosphor readed by a
scanning device dividing the one-dimepsienal image inlo
2048 pixels. The dispersion was 114 A/mm so that the
speciral region covered was from 3830 to 6150 A with a
SN} line/mm grating blazed at 5000 A. The slit width was
200 win wildened and the spectral resolution was about
6 A at FWHM. The averuge exposure lime was 3600 s so
that the measured signal to noise ratio was ranging
around 12, For each gulaxy, a comparison was nade
before and after each spectrum using an He-Ar source,
in order Lo obtain ihe redshilt by cross-correlation
pracedure, we have also tokeo every night two spectra,
one of the G3IV star HDG6655 (V, = 15.5 = 0.5 km/5)



and one of the KIRE giant CO432527 (V, = 131 =
0.3 kim/s); both stars are classical JAU Standards,

2.6 ES50 paTa REDUCHON. — Data reduction was
perfonmed at Garching usiug the softwiie package THAP
in order to obtain radial velocities with a cross correfaion
procedure. The dillcrent steps of the reduction are
anafogous ko the 1IPCS ones.

2.7 QusErRvATIONS AT HAWAIL — Tlhiee palaxies have
been observed at Hawaii in April 1985 with the CASS-
FEAWEC spectropeaph installed at the Cassegrain locus
of the 3.60m telescope. The dispersion was 38 Asnm
centred to observe the Mglb triplet either on the galaxy
and on the reference stur, the giant KZIN 1§DY0361
(V,-98204kms "), The delecir was & 236 x
236 px photon counring system with a Fe-Ne comparison
source, The data reduction has been made using the
cross correfation procedure, identical io the above 1PCS
one.

3, Usthonte of errovs,

lo order to test the accuracy of vur velucitics, we have
made a compatison of gur redshilt determinagions with
data available in the literature {see e.g. Paluinbe ¢ af.,
1983) {or the same set of gauxies. The results of the
comparsison belween the lwo sets of observations are
summarized in table 11, where we list the velocity diffe-
rences belween our measnrenients and other detersiina-
lions. We have cxcluded three palaxies for which the
discrepancy  between redshifl determinntions was oo
lange + AdYG-57, AL192-4) sl A258Y9-17 1 we Timd U
our velocitics are shifted by + 4.0km s~ in the average
with respect to the published daix. The standard devia-
tion in the dilference is 89.7 ki s~ ', which is cousistent
with the tms of redshilt measurements meationed in
table Li, ranging from 50 to 140 km/s. A valuable com-
patison con be made for the lwelve galaxies ol Ad4%6.
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Notes o fable |

Cofurin I Galoxy nwnber ia ihe cluster.

Colipin 2 and 3 Wight weecusion wul declination (19500,

Column 41 Morphological type.

Codurnn 5 ¢ Bstimated {olad apparenl visual magnilude.

Column 6 : Observalory. CAL and CAZ are observations made ai Calar
Al in 1984 and 1985 respectively, LI"A st La Palma in 1984, £SO at La
Sills in 1984 and CFI1L at Mauna Kea in 1985,

Columa 71 Galaxy heliocentric velucily and eslinated ereos.

Column §: Notes: |- Resulis are detived from two corcefation peaks.
2- He and HE in emission, 3- 3C 306,

Tanta: W, — Comparisan with published redshifis,
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