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Abstract. — We present spectroscopic and photometric observations in a 6’ x 6 field centered on the rich cluster of galaxies
Abell 2390. The photometry concerns 700 objects and the spectroscopy 72 objects. Our redshift survey shows that the mean
redshift of the cluster is 0.232. An original method for automatic determination of the spectral type of galaxies is presented.
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1. Introduction.

Abell 2390 is a cluster of distance class 6 and richness class
1 (Abell et al. 1989) dominated by a giant elliptical galaxy
which shows all characteristics of a cD galaxy. This cluster is
of great interest because of the presence of a “straight” arc
and of numerous “arclets” which could be gravitationally
distorted images (Mellier 1989). The straight arc has been
spectroscopically identified as a lensed background galaxy
at a redshift of 0.913 (Pell6 et al. 1989, 1991). As most of
the clusters where arcs are observed, A2390 is a strong X-
ray emitter. Its total X-ray luminosity is 9.77 x 10%ergs s~1
in the range 2-6 keV (Ho= 75 km s~! Mpc ™) (Kowalski et
al. 1984) and 4.67 x 10* ergs s~ in the range 0.7—-3.5 keV
(Ulmer et al. 1986). Ulmer et al. (1986) and McMillan et
al. (1989) have published X-ray maps from the Einstein Ob-
servatory observations. Owen et al. (1982) have detected a
radio source at 1400 MHz close to the central galaxy (0.35
+ 0.09 Jy).

In a first paper (Pell6 et al. 1991), we study the straight
arc and the arclets. The detailed analysis of the cluster will
be given in a forthcoming paper (Mellier et al. 1991). The
analysis of the central emission-line cD galaxy and of the
other emission-line galaxies in the cluster will be published
in Soucail et al. (1991).

Send offprint requests to: J.-F. Le Borgne.

* Based on observations made with the William Herschel
and Isaac Newton Telescopes operated on the island of
La Palma by the Royal Greenwich Observatory in the
spanish Observatorio del Roque de los Muchachos of the
Instituto de Astrofisica de Canarias, the Canada-France-
Hawaii Telescope, and the 3.6m telescope at the European

Southern Observatory (La Silla, Chile).

In the present paper we give the catalogue of the pho-
tometric and spectroscopic data of objects in the field of
A2390.

2. Observations.

Photometric observations were performed during 2 runs
at the 2.5 m Isaac Newton Telescope and 3.6 m Canada-
France-Hawaii Telescope. Spectroscopic data were ob-
tained during 5 runs at the 4.2 m William Herschel Tele-
scope, the CFHT and the 3.6 m ESO telescope. The spec-
troscopic runs were mainly dedicated to long exposure time
spectra of the faint giant arc for which we have accumulated
15 one-hour spectra with the WHT. However, time was re-
served to get spectra of other galaxies, in addition to the
faint ones that we obtained on the same CCD frame as the
arc.

Sky coordinates of the cluster may be found in Abell ez
al. (1989) orin Owen ez al (1982) but with a precision of the
order of 1’ only. We have computed the coordinates of the
central galaxy with a better precision (& 2"”) by measuring
its position relative to neighboring SAO stars on prints of
the Palomar Sky Survey: aj9s0 = 21h 51mn 14.3s ; 81950 =
17° 27" 349",

2.1. PHOTOMETRY.

Both photometric runs used RCA2 CCD’s with pixel sizes of
0.74" for the INT and 0.205" for the CFHT on good photo-
metric conditions. Details about the frames are given in Ta-
ble 1. The frames from INT (4.0’ x 6.3') were obtained with
a Johnson B filter (hereafter noted B;) and Thuan-Gunn g
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and r filters. A second set of B; and r frames were rotated
by 90° relative to the first one, in order to cover almost com-
pletely a field of 6.3’ x 6.3’ for filters B; and r. The CFHT
frames used Bessel B and R filters (hereafter noted B, and
Ry). They only concern the central part of the cluster on
a field of 3.5' x 2.2’ but with fainter limiting magnitudes
and better spatial resolution thanks to a better seeing and
smaller pixel size. Both By, and R, CFHT frames are the
sum of 3 frames with individual exposure times of 30mn and
15mn respectively.

The photometric calibration was done using Johnson
and Thuan-Gunn system standard stars from Kent (1985)
and Thuan & Gunn (1976), and standard stars in the globu-
lar cluster M92 (Kent 1985, for g and r; Sandage & Walker
1966, for B;). Bessel standard stars in the globular cluster
NGC 7006 were taken from Christian ef al. (1985). The 2
frames obtained with the r filter at INT are shown in Figures
land 2.

TABLE 1. Characteristic of the photometric frames.

date telescope filter seeing mag. of exposure
completeness time
19 JUL 88 INT B; 1.0” 23.7 45 mn
19 JUL 88 INT g 1.0” 23.2 35 mn
19 JUL 88 INT r 1.0” 223 30 mn
20 JUL 88 INT B; 1.3” 23.7 45 mn
20 JUL 88 INT r 1.3” 22.3 30 mn

12-13 AUG 88 CFHT B, 0.7 24.4 3 x 30 mn

12-13 AUG 88 CFHT Ry 0.7” 23.0 3 x 15 mn

2.2. SPECTROSCOPY.

ESO (1988) and WHT runs used a long slit, with respec-
tively EFOSC1 and FOS, while CFHT and ESO (1989) runs
used the MOS system PUMA (Fort ef al. 1986). Table 2
gives the characteristics of the spectroscopic runs. The ex-
posure times were: 4h09mn at CFHT in September 1988,
2h at ESO in October 1988, 2h at CFHT in June 1989, and
1h50mn at ESO in September 1989. The exposure times for
the WHT range from 30mn to 1 hour and some spectra are
the result of the sum of several exposures. Since we used
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long slits, most objects were not well centered on the slit,
and consequently the quality of the spectra is not always re-
lated to the magnitude of the objects. WHT spectra were
calibrated with the standard star G138-31 (Filippenko &
Greenstein 1984), ESO spectra with Feige 24 (Oke 1974) for
October 1988 run and Feige 110 (Stones 1977) for Septem-
ber 1989 run: we only give fluxes in arbitrary units. Figure
3 shows some representative F spectra from the WHT and
from ESO. CFHT spectra are not displayed because they
were not flux calibrated due to the absence of calibration
stars (technical problems for the first run and bad weather
conditions for the second run). However, redshifts can be
determined from CFHT spectra. Some objects are common
to several runs and allow comparison of redshifts: the agree-
ment between them is within the measurement errors, with
the exception of the first CFHT run where a systematic shift
of 0.002 was observed.

3. The photometric catalogue.

Table 3 gives the magnitudes and colour indices of the 697
objects detected on both INT and CFHT frames. From left
to right, the columns of Table 3 are:

Column 1: identification number.

Column 2: ¢ position in arc seconds relative to the cen-
tral galaxy, increasing westward.

Column 3: y position in arc seconds relative to the cen-
tral galaxy, increasing northward.

Column 4: B; magnitude (isophotal mag. 27.0).

Column 5: g magnitude (isophotal mag. 26.5).

Column 6: r magnitude (isophotal mag. 26.0).

Column 7: Bj-g (isophotal mag. g 25.5).

Column 8: g-r (isophotoal mag. g 25.5).

Column 9: Bj-r (isophotal mag. B; 26.5).

Column 10: By magnitude (isophotal mag. 26.5).

Column 11: Ry, magnitude (isophotal mag. 25.0).

Column 12: By-R), (isophotal mag. By, 26.5).

When a magnitude is noted “n.d.”, it means that the
object is not detected in the corresponding frame. When
nothing is printed, the object is outside the concerned CCD

TABLE 2. Spectroscopic runs.

date CCD pixel slit or wavelength | dispersion | spectral | number of
site size hole size | range (i) (A/pix.) | resol. (A) objects

SEP 88 Thomson 0.41” 2.1” holes | 4500-7000 3.7 11.1 17
CFHT 576x384

OCT 88 RCA bin. 0.67” 1.5”x3.6> | 4000-7000 6.1 18.3 1
ESO 1024x640

JUN 89 Ford 0.41” 2.1” holes | 4500-7500 6.7 20.1 9
CFHT 512x512

AUG 89 GEC 0.67” 27 x 3 4900-9000 8.7 223 61
WHT 578x384 .

SEP 89 RCA bin. 0.67” 1.5”x3.6° | 4000-7000 6.1 18.3 13
ESO 1024x640
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frame. For the colour indices, both magnitudes are mea-
sured inside the same elliptical contour corresponding to
the isophotal magnitude of the reference filter (see above
columns 7, 8 and 12). The reason for this is that it is im-
portant to calculate the colour indices by measuring the in-
tensity in the same physical area for both filters, otherwise
the colour indices would be meaningless. When no colour
is given it means either that the object is not detected in one
or two frames, or that the magnitude for a filter inside the
reference filter isophotal contour is too large. In Figures 4
and 5, one can find identification charts of the field. Only
the brightest objects are numbered in Figure 4 to avoid con-
fusion.

The photometry was performed with the “Amaphot”
software package developed at the Toulouse Observatory.
The internal accuracy of the INT photometry is about 0.05
magnitude in B; and g for all the objects. In the case of r, the
internal errors are less than 0.03 up to magnitude 20, 0.04
for20 < r < 22,and 0.05 for r > 22. The estimated internal
errors of the CFHT photometry are: 0.02 mag. for By < 23
and Ry < 22,0.04 mag. in the ranges 23 < B, < 24 and
22 < Ry < 23, and 0.07 mag. for By, > 24 and Ry, > 23.
All these errors are estimated by comparing magnitudes ob-
tained for the same objects in different frames when possi-
ble.

Although they concern the same parts of the spectrum,
B; and B, magnitudes on the one hand, r and R, magni-
tudes on the other hand, are not in principle comparable.
Indeed we find a systematic difference of about 0.5 magni-
tude between By and Bj, However no difference is found
between r and Ry on the average. Furthermore, the differ-
ence of spectral response of the filters leads to a dispersion
which is not due to a photometric error.

4. The spectroscopic catalogue.

Table 4 gives the redshifts of the galaxies measured on WHT,
ESO or CFHT spectra. From left to right, the columns of
Table 4 are:

Column 1: identification number.
Column 2: redshift.

Column 3: r magnitude from Table 3.
Column 4: Bj-r from Table 3.

Column 5: radial velocity relative to the cluster centre
of mass for cluster members.

Column 6: spectral type of the galaxy determined visu-
ally.

Column 7: signal to noise ratio.

Column 8: X2, (see below).

Column 9: spectral type of the galaxy determined “au-
tomatically”.

Column 10: telescopes where the spectra were obtained.
Column 11: list of detected lines.
The objects for which a spectrum is given in Tables 4 and
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5 can be identified in Figures 4 and 5. Object # 698 whose
spectrum was obtained at ESO is outside the INT field: Fig-
ure 6 allows to identify this galaxy.

The redshifts were determined by visual identification
of lines. Since the spectral resolution is low, of the order of
20A FWHM, one cannot determine the wavelength of the
lines with a precision better than ~ 1 pixel, which roughly
corresponds to 8 A/6000 A ~ 0.0013 for the uncertainty
on a redshift based on a single line. Indeed, we find that
the mean value of the standard deviations on our redshift
measurements is 0.0014. The redshift uncertainties given in
table 4 are equal to this average standard deviation divided
by the square root of number of used lines. It corresponds to
uncertainties on radial velocity ranging from 120 to 420 km
s~L

The spectral types of the galaxies are determined by
fitting redshifted non-evolved synthetic spectra (Rocca-
Volmerange & Guiderdoni 1988) on the observed spectra
by 2 ways. First, the spectral type was determined visually
from the best fit to the synthetic spectra (see Tab. 4). In
a second step, we tried to find the best spectral type(s) au-
tomatically. The aim of this last method is to give an esti-
mation of the spectral type (for a given library of synthetic
spectra) for a large sample of galaxies and to give a warn-
ing to the user for peculiar spectra to be visually examined.
For this, we choose a spectral range as extended as possi-
ble where the signal is not too noisy (outside sky emission
line residuals) and where we compute a standard deviation
o and a signal to noise ratio S/N :

Z (Sobs - Ssmooth)2

n—1

_ Sobs
S/N = =2

Sobs is the observed spectrum whose mean value is Seps ;
Ssmooth iS a strong smoothing of the observed spectrum;
value greater than 3o are excluded in a second iteration to
compute o.

On the other hand, a reduced x? value is computed by
adding the square of the difference between the observed
spectrum and the synthetic spectra normalised to the ob-
served spectrum:

Z (Sobs - Ssynthe)2

(n—-2) 02

X' =

x2is computed for the 6 spectral types E, Sa, Sb, Sc, Sd and
Im as defined by Rocca-Volmerange & Guiderdoni (1988).
The best fit among the 6 spectral types is obtained for x2
minimum (x?2,,) and the goodness of the fit is characterized
by x2;, ~ 1.

To estimate to what extent a given value of x2;, may be
considered as a good fit we must evaluate the noises inter-
vening in the computation of x?2 :

o2 is the sum of the CCD read-out noise and the photon
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noise.

o2 being an error due to the differences between the library
spectra and the observed spectrum and to flux calibration
errors, then:

2 2 2
o+ o¢ e
_l+;

x* >

When S/N is small, we may expect that the fluctuations of
the signal o2 are much larger than the difference between
the observed spectrum and any synthetic spectrum and then
that x? ~ 1 for all spectral types. Our experience shows that
it is difficult to find a good fit for S/N < 5. When S/N is
large (small o), we may have x? ~ 1if 62 < o2 (good fit)
or x2 = o if 62 > o2 (poor fit). x2;, may be much greater
than 1 when the observed spectrum shows emission lines or
when it is much redder than an E galaxy or much bluer than
an Im galaxy.

We consider a good fit when o2 < o2: we then say that
spectral types are possible ones for x? < 2. In Table 4, these
spectral types are given in column 9: for example, E/Sb
means that E, Sa and Sb types are possible. Column 8 gives
x2;, computed as the mean of the values of x? for the syn-
thetic spectra with x2 < 2. When S/N < 5,a “?” is added
to the list of possible spectral types which are given only if
their number is less than 4. When x2 > 2, a “!” is added.

In our sample, the WHT spectra were fitted on the range
5000-8000 A and the ESO spectra on the range 4500-6000
A. X2, ranges from 1 to 10.6 and the agreement between
the determinations by the 2 methods is usually good.

Table 5 gives the list of objects identified as stars from
their spectra: r and Bj-r from Table 3 are also given for
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