weighting is performed by creating a
(Weiner) temporal filter matched to the
correlation properties of the atmosphere
on a particular occasion. In this way one
can achieve the highest possible
number of reference photons (avoiding
purely statistical fluctuation in centroid
position) without integrating into the im-
age genuine atmospheric movement. In
the case of a bright reference the effec-
tive integration time can be reduced.
The star profiles of the sharpened image
have rather sharp cores indicating that a
further stage of improvement can be
expected from image selection — we
would also expect that there will be a
further improvement when the centroid
is determined by reference to the bright-
est region in the composite reference, a
method which we have previously dem-
onstrated with MAMA data (of M15, us-
ing the 4.2-m WHT). In a number of
cases groups have stars that have be-
come resolved in the sharpened image
compared to the raw image — which
would have been considered to be of
good resolution until recently.

Figure 3: TRIFFID has the ability to

perform image sharpening in two col-
ours simultaneously. The MAMA is used
on a straight-through optical path to
perform blue imaging and to give infor-
mation about image motion and width.
The same information is applied to the
side-arm detector, which is in this case
the RAL-PCD, imaging in the red. The
RAL-PCD is an image intensifier plus
CCD real-time centroiding photon-
counting camera. A narrow strip of the
photocathode (50 by 500 pixels) is read
out every 7 milliseconds, which pro-
duces 200 by 2,000 pixels after cen-
troiding in an array of Transputers. The
image scale is 1.7 times larger than the
MAMA. The image is the result of de-
rotation and sharpening using the
MAMA centroid — the resultant resolu-
tion is 07, comparable with that of the
MAMA. The field looks quite different
from the blue image.

Figure 4: The side-arm image sharp-
ening does not have the same require-
ment for large numbers of reference
photons which plagues most high-reso-
lution imaging techniques — since the
sharpening information is transferred

from the straight-through arm. In fact,
the Ho image displays the best final
resolution at 0?5 — the maximum gain
allowed in theory. One purpose of
narrow band imaging in the crowded
centre fields of globular clusters, for ex-
ample, is to look for activity which might
be indicative of the presence of a cata-
clysmic variable star.

These images were achieved in con-
ditions of only moderate seeing. In bet-
ter seeing we have demonstrated that
the process improves faster than the
reiative improvement in seeing. In better
seeing the pupil sizes can be increased
(this sort of image sharpening optimally
uses pupils which are 3.5-4 times the
diameter of the diffraction-limited tele-
scope which would reproduce the see-
ing-limited image width), thereby in-
creasing count rates, thereby chang-
ing the optimization between Weiner
filter width and atmospheric correlation
time.

This work has been partly supported
by EOLAS — The Irish Science & Tech-
nology Agency — and by the University
College Galway Development Fund.

Wolf-Rayet Stars Beyond 1 Mpc: Why We Want to Find
Them and How to Do It

G. TESTOR, Observatoire de Paris, Section de Meudon, DAEC, France
H. SCHILD, Dept. of Physics and Astronomy, University College London, UK

1. Why

Wolf-Rayet stars are luminous objects
with broad and conspicuous emission
lines. In principle they can be observed
out to large distances. Over many years
of intensive search and with contribu-
tions from many workers, a practically
complete catalogue of the WR popula-
tion in the Magellanic Clouds has been
obtained. In other local group galaxies
similar searches were conducted and
individual WR stars have been identified
in most of them.

Here we report about our efforts to
extend this search beyond the local
group into the Sculptor group of galax-
ies. We selected NGC 300 as a suitable
member of this group because its incli-
nation to the line of sight is relatively
small. Its distance modulus of 26 mag
corresponds to 1.5 Mpc thus giving a
scale of 7 pc per arcsec and allowing
under good seeing conditions to resolve
areas of about 6 pc. In spite of the low
spatial resolution we expect that most of
the WR stars can be observed individu-

ally, i.e. uncontaminated by other WR
stars. If we take the spatial distribution
of WR stars in the LMC as a guideline,
we see that about half of them are lo-
cated in large OB associations (15 pc to
150 pc) (Breysacher, 1988) and almost
all of the others are widely scattered in
the galaxy (Pitault, 1983). Only a few per
cent are found in dense structures like
the tight clusters (= 5pc) in the 30
Doradus area (Moffat 1987, Schild and
Testor 1992). Such 30 Dor-like concen-
trations of massive stars are extremely
bright and can be observed to distances
even far beyond the Sculptor group.
Broad WR emission features have in-
deed been found in many giant Hil re-
gions and HIl galaxies (see eg. Arnault
et al. and references therein). From
these objects we can however only ob-
tain synthetic information about the
population of the massive stars as a
whole. If possible, it is preferable to
trace WR stars individually and conse-
quently to study them in various envi-
ronments because:

@ The frequency and subtype distribu-
tion of WR stars in a galaxy provides
fundamental clues in relation to stellar
evolution theory. Metallicity effects
are currently thought to dominate
most aspects of a WR population (see
e.d. Azzopardi et al. 1988, Arnault et
al. 1989). The size of the convective
core of a massive star together with
mass loss processes which remove
the outer hydrogen rich layers deter-
mine the predicted number of WR
stars and the WN/WC ratio at various
metallicities (Maeder 1991).

® Deep spectroscopic observations of
WR stars in M33 have established the
existence of unusually narrow-lined
early WC stars, a type of WR star
which was not previously known to
exist. The relation between subtype
and line width found for galactic WC
stars does not hold for these stars.
The breakdown of this relationship is
unlikely to be a pure metallicity effect
and remains unexplained.

® WR stars are highly evolved objects
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Figure 1: Normalized spectra of WR stars number 9, 10 and 11.

and are rapidly approaching the end
of their stellar lifetime. Whether they
explode as a (faint?) supernova or
collapse into a black hole is unknown.
Theory is unlikely to provide unam-
biguous answers. It is therefore im-
portant to increase the number of
known WR stars to a maximum in
order to increase the chances for
such an event to be observable. It is
incidentally an intriguing thought that
the light travel time from NGC300 is
much longer than the remaining
lifetime of the WR stars in this galaxy
and therefore these stars no longer
exist today.

2. How

We decided to look into the possi-
bilities of exploring the WR population in
NGC300 with present-day ESO in-
strumentation. EFOSC with its high effi-
ciency and versatility was the obvious
choice. Two narrow-band filters, one
centred on the strong WR emission lines
between 14650 and 44690 A and the
other in the adjacent continuum were
mounted in the filter wheel. Promising
candidates could immediately be con-
firmed (or otherwise) by switching into
spectroscopic mode. We obtained the
first trial images during the night of
31 December 1989. Most surprisingly, it
was possible to recognize three WR
candidates already visually by just com-
paring the two images. Spectroscopic
observations immediately confirmed the
WR nature of these stars (Schild and
Testor 1991). Subsequent analysis of
the images with DAOPHOT revealed
more candidate WR stars. We were allo-

32

cated 3 nights in October/November
1991 to continue the search but the
observations were hampered by bad
weather and bad seeing conditions.
Nevertheless we were able to obtain
spectra for a handful of our candidates
and confirm them as WR stars (Schild
and Testor 1992).

Now we report further recent pro-
gress: Three new WR candidate stars
were found and one of them was con-
firmed spectroscopically. We also give
spectral types for the remaining WR
stars No. 9 and 10 without specira in
Schild and Testor (1992). These slit
spectra were obtained during the night
of 31 December 1992 with the ESO 3.6-°
m telescope and EFOSC. We used the
B300 grating giving a wavelength cov-
erage from 3700 to 7000 A and a resolu-

tion of 15 A with a slit of 2. The ob-
servations were recorded with a 520 X
570 pixel Tektronix CCD (ESO # 26).
The pixel size of 27 um projects to 0.61”
on the sky. The seeing was good
(FWHM = 17).

The spectra of the WR stars No. 9, 10
and 11 are shown in Figure 1. Star 9 is
the brightest source (stellar or tight clus-
ter) in a giant stellar association of about
100 pc diameter. We previously found a
WR excess of 0.6 magnitude in the
narrow-band filter images for this star.
This is consistent with the spectrum
which seems to be of composite WN +
WC type. Figure 3 shows the spectrum
of WR 9 (top) in the range 15600 to
%6800 A. The broad CIV %5808 emission
line is clearly visible. A supernova rem-
nant located 8 arcsec east of star 9
was observed serendipitously (Fig. 3,
bottom). The slit passed over the edge
of the remnant but the high velocity dis-
persion in the Ha line (600 km/sec) still is
well recognizable. The supernova rem-
nant coincides with the HIl region
No. 79 of Deharveng et al. (1988).

WR 10 is also located in a giant clus-
ter. It has a large WR excess (Schild and
Testor 1992) and accordingly, the spec-
trum shows strong CIV A4650/Hell
L4686 and CIV 25808 emission lines.
We classify the object as WC4. Two
arcmin south-east of No. 10, we found a
further star with a strong WR excess:
WR 11. It is located in the HIl region
numbered 90 by Deharveng et al.
(1988). The spectrum shows strong CIV
14650 and CIV 5808 emission and we
classify it as WC4-5. Two further stars
with a large excess and very likely WR
stars are: No. 12 in the HIl region 118
(Deharveng et al. 1988) and No. 13 lying
just north of WR star 5. These stars are
at present only WR candidates and re-
quire spectral confirmation.

Table 1: List of presently known WR stars in NGC 300. Most WR stars are located in HIl
emission regions and the corresponding numbers of Deharveng et al. (1988) and the integrated
Ha fluxes (in 107"% erg 5= cm™) are listed. The deprojected distance from the galactic centre o

is given in arcmin.

WR Type Hll region Ha: intensity 0
WR1 WC4-6 76b 1162 0.87
WR2 WNE 98 290 1.09
WRS3 WC4-5

WR4¢ WN3-6 137a 8214 3.91
WR5* WC4-5 137b 5393 3.90
WR6 WC4-6 — 2.54
WR7¢ WN7 119b 2074 3.33
WRS8 WNE 5.47
WR9* WC+WN 77 4397 3.45
WR10“ WC4 53b 3300 3.86
WR11¢ WC5 90 1200 3.57
WR12 118a 4978 2.82
WR13% 137b 8214 3.91
“indicates that the Wolf-Rayet star is a member of a giant stellar association.
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Figure 2: Mosaic view of the parts of NGC 300 which have been surveyed. The images were taken through an interference filter in the light of the
WR emission feature between 14650 to 44690 A. The position of the 13 WR stars listed in Table 1 are marked. The location of the
serendipitously discovered supernova remnant near WR 9 is also shown. The images of the two brightest stars are heavily saturated and show

vertical stripes.
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Figure 3: Spectrum of WR 9 (top westwards) and a supernova remnant (bottom eastwards) in
the range 15600 to 6800 A. Note the CIV 1.5808 emission feature in the spectrum of the WR
star and the velocity dispersion of about 600 km/sec, the strong [NII] 26584 and [S1l] 1671731

emission lines in the SNR spectrum.
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In Figure 2 we present a view of the
parts of NGC300 which we have im-
aged so far. The positions of the 11
confirmed WR stars and the 2 can-
didates are marked. We note that a ma-
jority of WR stars were found at ga-
lactocentric distances betweeen 3 and
4 arcmin (Table 1). This indicates that,
like in other galaxies, recent formation of
massive stars predominantly occurred
in a ring-like structure. In Table 1 we list
spectral types and data about the stellar
and nebular environment of these WR
stars. The spectra of many of them are
of early WC type but this may be an
observational selection effect because
this type of WR star has particularly
strong emission lines at L4650.

Future observations will undoubtedly
turn up more WR stars in NGC300. We
plan to continue our search and will in a
first step observe spectroscopically
more of our candidate WR stars. So far
all of our candidates have turned out to
be WR stars because we selected first
those with a large WR excess. We ex-
pect that we will however soon reach
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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=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 [1], [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 fo fainter
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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],
[4].

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





