
the threshold where the excesses are 
not very significant anymore. The con- 
tinuum magnitudes of the WR stars are 
typically 20-21 mags and there are 
probably many more which are fainter. 
Although present day instrumentation 
clearly allows individual WR stars to be 
observed at distances beyond 1 Mpc, 
we find that we use it close to its limita- 
tions. In the longer term it will be 
necessary to use larger telescopes such 
as the VLT in order to complete the 
survey. 
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Preliminary Remarks 

During the past decade, our under- 
standing of the large-scale galaxy dis- 
tribution has evolved drastically through 
the steady acquisition of redshifts of 
galaxies. The major optical redshift sur- 
veys of the nearby distribution 
( B s  14.5-15.5) are being performed us- 
ing partly-dedicated telescopes of small 
diameter (1.5 m) or significant fractions 
of observing time in general facilities 
(see for example references [I], [2]. In 
these surveys, the projected density of 
objects is of the order of one per square 
degree, requiring the acquisition of the 
spectra one by one. 

Mapping the galaxy distribution out to 
larger distances - and thus to fainter 

limiting magnitudes - requires the use of 
intermediate and large-size telescopes. 
The decrease in flux is largely compen- 
sated by the increasing projected densi- 
ty of galaxies, yielding a high rate of 
data acquisition in terms of number of 
redshifts per night. Multi-fiber spectro- 
graphs on 2.5 to 3.5-m telescopes allow 
to obtain simultaneously spectra of tens 
of galaxies in fields of the order of the 
square degree out to limiting mag- 
nitudes in the range B = 18-20. In these 
configurations, more than 100 spectra 
can be obtained per observing night [3], 
[41. 

Whereas optical fibers offer a conve- 
nient way to cover fields of the order of 
one square degree, multi-slit spectro- 

graphs guarantee both efficiency in 
transmission and quality of the sky-sub- 
traction for spectra of galaxies with 
limiting magnitudes B = 22 or fainter. 
The ever increasing projected density of 
objects allows to still benefit from the 
multiplex gain over the small area of a 
typical CCD. However, the loss in flux 
implies longer exposure times, and 
acquisition of a significant sample of 
objects at these magnitudes requires a 
large amount of observing nights on a 
4-m-class telescope. 

The quest for samples of galaxies 
which continuously increase in number 
of objects and/or effective distance 
originates from the charateristics of the 
galaxy distribution. Until recently, each 



is possible to take advantage of their 
multiplex capability over fields of aver- 
age galaxy density when a limiting mag- 

Figure 1 : A 5 x Z5 arcmin region of a 20-minute N T  exposure with the R filter. The vertical 
spikes are caused by saturated stars. This field is rich in galaxies and future redshiff 
measurements might show that it contains a cluster. 

increase in sample size has lead to the 
discovery of new and larger structures 
in the distribution. A striking picture of 
the galaxy distribution was suggested 
by the Center for Astrophysics redshift 
survey: galaxies appear to be distrib- 
uted within dense walls delineating vast 
regions with diameters between 20 and 
50 h-' Mpc (with a Hubble constant Ho = 

100 h km s-' Mpc-') devoid of bright 
galaxies [5], [6]. This description is in 
agreement with other wide-angle sur- 
veys PI, [71. 

Because the depth of the nearby cat- 
alogues is - 100 h-' Mpc, the largest 
size for the structures is poorly defined. 

the galaxy distribution, we have started 
a photometric and redshift survey of 
- 700 faint galaxies to R 5 20.5 (cor- 
responding to z s 0.6) over a region of 
- 0.4 deg? This on-going survey is per- 
formed in the context of an ESO Key 
Programme [13]. It was started at the 
3.6-m with EFOSC [14] and has been 
continuing at the N lT  with EMMl [15] 
since the availability of the multi-object 
spectroscopic (MOS) mode [16]. Al- 
though these instruments are mostly 
used for measuring redshifts in dense 
environment like clusters of galaxies, it 

- - 

nitude of R - 20.5 is reached. 

Acquisition of Data 

One great advantage of EMMl and 
EFOSC for our programme is the possi- 
bility to obtain both the photometric and 
spectroscopic data with the same in- 
strument. This makes the observation 
schedule very flexible, and in particular 
it allows adjustment to variable weather 
conditions: when the conditions are 
photometric with good seeing, priority is 
given to direct imaging; when the 
weather degrades, we can switch to 
spectroscopy by simply rotating the 
aperture wheel which positions a previ- 
ously punched mask into the optical 
path. 

The photometry for the survey is ob- 
tained by a mosaic of CCD frames regu- 
larly offset by - 9/10 of the CCD size, 
thus providing many overlaps for subse- 
quent checks of the photometry. Typical 
exposure times are 20 min in R, 25 min 
in V, and 30 min in B. Due to the steep 
decrease in quantum efficiency of the 
CCD's around 4500 A, the B images are 
shallower than the R and V images. The 
obtained images are nevertheless sig- 
nificantly deeper than the limit of the 
spectroscopic survey (for example the R 
images reach magnitude - 24). There- 
fore, we shall be able to examine the 
counts of the fainter galaxies and com- 
pare the results among the three bands 
B, V, and R. Figure 1 shows an R image 
of one of the N lT  frames. In Figure 2, an 

It is shown that the size of the largest 
voids in the galaxy distribution is tightly 
constrained bv the isotro~v of the mi- I I.' 
crowave background radiation within 
the standard theoretical model for the 
formation of large-scale structure [8]. 
Two on-going surveys (the Las Cam- 
panas Deep Redshift Survey using mul- 
ti-fiber spectroscopy at the DuPont tele- 
scope [4]; and the Munter Redshift Sur- 
vey Project using objective prism tech- 
niques at the UK Schmidt telescope [9]) 
probe the distribution at larger distan- 
ces. These surveys suggest that the 
largest voids have diameters smaller 
than - 100 h-' Mpc and that we might 
have reached the scale where the uni- 
verse becomes homogeneous. The ap- 
parent periodicities on scales of 
- 128 h-' Mpc in deep and narrow pen- 
cil-beam probes [lo] can also be recon- 
ciled with this result when sampling 

into account [ll], [12]. 

I 
effects and galaxy 'lustering are taken Figure 2: False-colour enlargement of an N T  exposure with the H filter, showing a 2.5 x 3.7 

arcmin region of a frame. The brightest galaxies in this image are in the magnitude range 
In order to address the issue of the 19-21. The faintest galaxies have magnitudes - 23-24. For the latter objects we will not have 

typical and largest size for the voids in spectra, but we shall be able to calculate their number counts as a function of magnitude. 



1 room at the Punching MAchine (PUMA). 
With EFOSC, the slits are punched with 
a row of circular holes offset from each 
other by a small fraction of the hole 
diameter. This leads to residual chips of 
metal and/or paint along the slits which 
cause significant variations in the slit 

I transmission. This problem can be sig- 
nificantly alleviated by an additional 
punching of the masks with an offset of 
%the initial offset between the punched 
holes. Moreover, manual rubbing of the 
slits with a sharp head under a magnify- 
ing lens proved to be extremely efficient 
in removing the large residual chips. 

Great attention is directed towards 
the correction of slit non-uniformities 

1 because they can significantly deterior- 
ate the quality of the sky-subtraction 
and thus the signal-to-noise ratio of the 
resulting spectra, especially for faint and 
extended objects. With EMMI, the rec- 

Figure 3: Part of a 25 x 25 arcmin EMMI-MOS exposure of 1.5 hour (a 5 x Z5 arcmin region is 
shown). Cosmic events have been removed and the frame has been divided by a spectros- tangular punching head corresponding 

copic flat-field exposure. The average slit lengths vary between - 10 and 30 arcmin. The yields much 
dispersion is 230 &mm, and with the slit width of 1.3 arcsec, the resulting reso/ution is cleaner slits than with EFOSC. With both 
- 10 A FWHM. Wavelength increases to the right. The numerous OH emission lines of the instruments, the residual variations in 
earth atmosphere are visible in the red part of the spectra. slit transmission are removed by flat- 

field exposures using internal lamps or 
an illuminated screen in the dome. With 
both instruments, we found that flat- 
field exposures with a similar illumina- 

enlarged portion of another frame it is sent to EMMl within which the mask tion (in spectral range and in flux) as our 
shows the typical galaxies for which we is punched. science exposures yield slit transmis- 
obtain MOS spectra. Because the large On EFOSC, an IHAP programme runs sions which are more uniform after flat- 
number of nights granted for the survey a more primitive version of the slit posi- fielding than with highly exposed flat- 
must be spread over many observing tioning software, with less flexibility and fields. 
runs, the imaging data of a given run can poorer optimization of the mask. In con- Given the usable MOS fields with 
be reduced in preparation of the sub- trast, the punching is done in the control EFOSC (3.5 x 4.7 arcmin for an imaging 
sequent observations, yielding finding 
charts of the galaxies with R 5 20.5 to 
be observed spectroscopically. 

The aperture masks are obtained by 
taking a few minute-long direct images 
of the fields. When a field was previously 
observed with the same instrument and 
CCD as the spectroscopic exposures to 
be taken, the flat-fielded direct image is 
brought to the telescope, and can allow 20.0 

to prepare a mask before the first ob- 
serving night. At the NTT, the software 3 .- 
for object selection and slit positioning ; 
is performed within a MlDAS context 
using a graphical user interface [17]. 8 lo.o 

This package includes an automatic 
search for the objects using INVEN- 
TORY, and an optimization of the result- 
ing aperture mask given chosen para- 
meters like slit lenght, limiting mag- 
nitude, etc. A manual mode allows to 
position slits at will, and in our case 
where we already have lists of objects, it 
is the most frequently used. Our main 3000.0 4000.0 5000.0 6000.0 7000.0 
concern, given a list of objects, is to Wavelength in A 
adapt the 'lit length to the brightness Of 

Figure 4: Typical absorption spectrum of a galaxy near the limiting magnitude of the sunley 
the Objects, the principle that The redshift of the object is indicated and its uncertainty is 0.0003. The prominent H (3968.5A) 
the sky spectrum and its profile and K (3933.74 lines of Call and the G molecular band (4304.4 A) of CH are indicated. A large 
the slit should be better determined for part of the contribution to the cross-correlation peak originates from these lines. Note that the 
the fainter objects. Once the table corre- numerous emission lines of OH redward of 6300 A are well removed from the spectrum. The 
sponding to the positioned slits is ready, strong residual line due to the band of O2 telluric absorption near 6900 A is indicated. 



field of 3.7 x 5.7 arcmin) and EMMl (5 x 
7 arcmin for an imaging field of 7.5 x 7.5 
arcmin), respectively - 10 and - 20 
spectra are obtained simultaneously. 
Typically, each mask is exposed be- 
tween 1 and 1.5 hour, depending on the 
weather conditions. Figure 3 shows a 
1.5-hour exposure after removal of the 
cosmic events and flat-fielding. The Call 
H and K lines can be clearly seen in the 
brighter objects. Several other objects 
exhibit emission lines ([Oll] at 3727 A; or 
HP at 4861 A and [OIII] at 5006 A). 

Nearly-Automatic Reduction 

For the data reduction, we are using 
the portable version of MlDAS installed 
on SUN workstations. Both the direct 
imaging and the MOS data are reduced 
using nearly-automatic procedures 
which were designed specifically for this 
programme. They guarantee that the 
data are reduced in a homogeneous and 
repeatable way over the entire sample. 

For reducing the deep images which 
provide the photometric catalogue of 
the survey, we are using a systematic 
sequence of procedures. To best detect 
the faintest objects, we are making 
"super-flat-fields" obtained by median 
filtering over the images of the fields 
obtained in the same filter during a given 
run. After photometric calibration, the 
star-galaxy separation and the meas- 
urement of magnitudes are done using 
the INVENTORY context of MlDAS (with 
some changes to match the needs of 
faint galaxy photometry [18]). 

The reliability of the star-galaxy sep- 
aration and of the photometry is in the 
process of being tested using simulated 
images. The synthetic fields contain 
both stars and galaxies with a set of 
adjustable parameters to model the na- 
ture, relative proportions, and properties 
of the objects, as well as the observa- 
tional effects such as seeing, sampling 
due to the finite pixel size, etc. These 
simulations are crucial for testing the 
ability of any star-galaxy separation al- 
gorithm at faint magnitudes, and for ad- 
justing the input parameters. An impor- 
tant final adjustment of the photometric 
catalogue will be obtained by a least- 
square fit of the magnitudes of the ob- 
jects located in the overlaps of the CCD 
images. This adjustment of the zero- 
point of the magnitude scale will 
guarantee an internally homogeneous 
photometry and correct for the possible 
variations which might have occurred 
due to the long time interval over which 
the programme will have been per- 
formed as well as the instrument 
changes. 

As far as the spectroscopy is con- 
cerned, we spent the first years of the 
programme designing a nearly automa- 
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Figure 5:  Spectrum of a galaxy containing both absorption and emission features. The redshift 
of the object is indicated and its uncertainty is 0.0003. This redshift is obtained by weighted 
mean of the cross-correlation redshift with the emission redshift derived by gaussian fits to the 
emission lines. Many objects in the survey have a similar spectrum. For the higher redshift 
galaxies, only the [O 111 3727 and sometimes the H/3 4851 and [O 1\11 4958.9 A and 5006 A 
are within the observed wavelength range. The strong telluric bands of absorption lines of 0, 
near 6900 A and 7600 A are indicated. 

tic MlDAS procedure for the reduction 
of the MOS frames and for testing it 
extensively on our data. The procedure 
was specifically optimized for low sig- 
nal-to-noise slit-spectra of extended 
objects. The major steps are: cosmic 
events removal by comparison of multi- 
ple exposures; flat-fielding to correct for 
pixel-to-pixel variations, variations in the 
slits transmission, and fringes; long-slit 
wavelength calibration in the context 
LONG of MIDAS; sky subtraction by a 
wavelength-dependent fit of the sky flux 
along the slit and by interpolation at the 
position of the object; optimal extraction 
of objects by profile weighting; cross- 
correlation of the resulting spectra with 
galaxy templates for redshift measure- 
ment and error estimation; flux calibra- 
tion using spectrophotometric stan- 
dards. 

In the MOS reduction procedure, the 
interventions from the astronomers are 
reduced to a minimum: indicate the de- 
sired edges of the slits for extraction of 
the individual spectra by mouse click- 
ing; define the columns of sky to be 
used in the sky-fitting procedure by 
mouse clicking; choose the logarithmic 
scale in the rebinning of the spectra in 
preparation for the cross-correlation; 
check visually the result of the cross- 
correlation and reject the obtained red- 
shift when the confidence level is mis- 
takenly large but no spectral feature can 
be recognized. These interventions turn 
out to provide useful degrees of free- 

dom during the reduction. For example 
when several objects are within the 
same slit, a fully automatic algorithm for 
recognition of the slit edges would fail to 
separate the two objects. 

It was time consuming to design this 
general MOS reduction procedure and 
to match its performances to the re- 
quirements set by the data. Neverthe- 
less, given that the procedure contains 
- 7,000 lines of MlDAS commands, it 
definitely was worth the investment! It 
makes the spectroscopic reduction an 
easy and fast task which has now been 
performed routinely for over a year. A 
significant fraction of the commands are 
dedicated to the house-keeping: defin- 
ing names for all the intermediate files 
created and kept on tape; saving into 
the appropriate files all the parameters 
used by the various MlDAS commands 
in order to trace back the history of each 
spectrum, etc. In connection with this, 
we are experiencing that when dealing 
with large data sets, classifying and 
keeping track of the information repre- 
sent a heavy and tedious, but extremely 
important part of the work! 

Comments on First Results 
and Prospects 

A significant fraction of the redshifts 
for the sample have now been meas- 
ured. All the spectra obtained until now 
have been reduced. Nearly 400 objects 
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Figure 6: Redshift distribution of the partial data already obtained. The data are binned in 
redshift intervals of 0.05. This diagram illustrates that the survey is most sensitive in the redshift 
range 0.1-0.5. The inhomogeneities are partly due to incompleteness. 

have reliable redshifts. A part of them 
corresponds to secondary regions 
which are observed when our main 
fields are too low on the horizon. 
Another fraction of the objects is fainter 
than our R limiting magnitude: when 
space is left on a mask we put additional 
slits on fainter galaxies. Figure 4 shows 
an absorption-line spectrum typical of 
the galaxies in the survey (the majority of 
them being near the limiting magnitude). 
For such objects the cross-correlation 
technique yields a highly significant cor- 
relation peak. 

Figure 5 shows a spectrum having 
high signal-to-noise and many narrow 
emission lines. In the already obtained 
data, a large fraction of spectra, - 50 %, 
exhibit emission lines (mostly [Oil] at 
3727 A, due to the redshifted spectral 
range). Detailed studies are necessary, 
including examination of possible selec- 
tion effects, to understand whether it 
corresponds to an increased frequency 
of bursts of star formation within the 
redshift range covered by the survey. 
More generally, the spectra together 
with the B V R photometry of the objects 
in the survey will provide a homogene- 
ous database for studying recent galaxy 
evolution at z - 0.1 -0.5, where the 
survey is most sensitive. The data will be 
used to study the variations of the prop- 
erties of galaxies (spectral features, col- 
ours, morphology, etc.) with the envi- 
ronment (local galaxy density, location 
within the large-scale structure.. .) as a 
function of redshift. 

A histogram of 282 reliable redshift 
measurements is shown in Figure 6. As 
expected from the chosen limiting mag- 

nitude, the peak of the distribution is 
located near z - 0.3. While some of the 
inhomogeneities are due to incomplete 
sampling, some are real and correspond 
to regions of dense galaxy environment. 
Examination of the large-scale cluster- 
ing of the galaxies must be done from 
redshift versus coordinates diagrams. 
Because the data are spread over a 
large number of CCD fields, global map- 
ping of the data requires the measure- 
ment of the coordinates of the objects. 
The regions of the ESO photographic 
plates containing our survey are in the 
process of being digitized at the MAMA 
("Measuring Machine" of the Obser- 
vatoire de Paris). This will allow precise 
astrometry for our fields using the exist- 
ing software of the facility. By compari- 
son of the images of the digitized plates 
with our CCD frames and by using exist- 
ing MlDAS commands on secondary as- 
trometric standards, we shall be able to 
derive the coordinate transformation 
equations for each of our CCD fields. 

Meanwhile, relative coordinates have 
been calculated using the known offsets 
between the various CCD frames. These 
coordinates allow a preliminary exami- 
nation of the 3-0 distribution of galaxies 
in the survey. Maps of the redshift of the 
galaxies versus the right-ascension (the 
long dimension of the survey) show the 
remarkable alternation of dense struc- 
tures with voids whose diameters are 
comparable with those detected in the 
shallower redshift surveys [19]. These 
partial data can be used to examine the 
statistical tools for characterizing the 
large-scale clustering in deep pencil- 
beam probes. Completing the survey to 

its full extent in right ascension is how- 
ever indispensable for understanding 
the nature of the intercepted peaks of 
galaxy density and for comparing with 
the structures in the nearby surveys. 
Yet, the partial data which have been 
already obtained demonstrate that 
EFOSC, and more so EMMl with its 
larger field and better efficiency, are well 
suited for mapping the large-scale 
structure out to redshifts of 0.6. 

We are grateful to ESO for the numer- 
ous nights of observing time allocated 
to this programme. We also wish to 
thank the staff members at La Silla who 
greatly contribute to the success of our 
observing runs. 
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