Astronomy & Astrophysicsnanuscript no. MS3771 June 4, 2003
(DOI: will be inserted by hand later)

WR bubbles and He 1 emission *
Y. Naze**1 G. Rauw**1 J. Manfroid?® Y.-H. Cht? and J.-M. VreuX

1 Institut d’Astrophysique et de @physique; Universitde Lige; Allee du 6 Adit 17, Bat. B5c; B 4000 - lége; Belgium
2 Astronomy Department; University of lllinois at Urbana-Champaign; 1002 West Green Street; Urbana, IL 61801; USA

Abstract.

We present the very first high quality images of theiHB1686 emission in three high excitation nebulae of the Magellanic
Clouds. A fourth high excitation nebula, situated around the WR star BAT99-2, was analysed in a previous letter. Using VLT
FORS data, we investigate the morphology of the ring nebulae around the early-type WN stars BAT99-49 & AB7. We derive
the total Hei fluxes for each object and compare them with the most recent theoretical WR models. Whilst the ionization of the
nebula around BAT99-49 can be explained by a WN star of temperature 90-100 kK, we find thatitkenidsion measure of

the nebula associated with AB7 requires ar ktaizing flux larger than predicted for the hottest WN model available. Using

Hea, [Om] and Her 15876 images along with long-slit spectroscopy, we investigate the physical properties of these ring nebulae
and find only moderate chemical enrichment.

We also surveyed seven other LMC WR stars but we failed to detect anyhiéssion. This holds also true for BAT99-9 which

had been proposed to excite aniHaebula. Four of these surveyed stars are surrounded by a ring nebula, and we use the FORS
data to derive their chemical composition: the nebula around BAT99-11 shoy® &ahio and an oxygen abundance slightly

lower than the LMC values, while the nebula around BAT99-134 presents moderate chemical enrichment similar to the one
seen near BAT99-2, 49 and AB7. Comparing the WR stars of the LMC, BAT99-2 and 49 appear rather unique since similar
stars do not reveal high excitation features.

The third high excitation nebula presented in this paper, N44C, does not harbor stars hotter than mid-O main sequence stars. It
was suggested to be a fossil X-ray nebula ionized by the transient LMC X-5. Our observations of N44C reveal no substantial
changes in the excitation compared to previous results reported in the literature. Therefore, we conclude that either the recom-
bination timescale of the X-ray nebula has been underestimated or that the excitation of the nebula is produced by another, yet
unknown, mechanism.

Key words. Stars: individual: SMC AB7 and LMC BAT99-2, 8, 9, 11, 49, 52, 63, 84, 134 - ISM: individual objects: LMC
N44C, SMC N76 - Hll regions - ISM: bubbles - ISM: abundances - Magellanic Clouds

1. Introduction Many examples of ring nebulae around WR stars are

) . known, both in the Galaxy and in the Magellanic Clouds
Massive stars are known to possess strong stellar winggegy  However, the exact nature and evolutionary status of

Throughout their lives, these winds are able to shape thgibse candidate bubbles are still unknown in most cases, but

environment. Winds of O stars can sweep up the Interstellgy,, . pe investigated by means of kinematic studies (e.g. Chu
Medium (ISM) and create interstellar bubbles, a few examplgs ;| 1999) antr abundance analyses.

of which have been given in Nazt al. (2001, 2002). While ] N )
evolving into a Luminous Blue Variable or a Red Supergiant A few WRring nebulae present an additional, peculiar fea-
phase, the star blows a very dense and slow wind that éaﬁa:_nebular Ha 14686 emission. Such a high excitation fea-
be swept up by the subsequent faster Wolf-Rayet (WR) wirf"® iS common amongst Planetary Nebulae, but O and WR
This second wind-blown bubble will ultimately collide with theStars were often thought unable to ionize"He a detectable
first one. Numerical simulations of such processes have béganner in their surroundings. Only 7 H@ebulae are known

performed by e.g. Gafa-Segura et al. (1996, and referencd8 the Local Group (Garnett et al. 1991a), and five of them are
therein). around WR stars. Nebular higfeatures have also been found

farther away, in starburst galaxies, and were again attributed
Send gprint requests toY. Nazé e-mail:naze@astro.ulg.ac.be (0 WR stars (Schaerer 1996), though this interpretation is now
* Based on observations collected at the European South@igstioned by Smith et al. (2002). Observations of therHe
Observatory, Cerro Paranal, Chile (ESO No. 68.C-0238(A,B)). emission can provide an accurate constraint on the otherwise
** Research Fellow FNRS (Belgium) unobservable far UV fluxes of WR stars, but for the moment,
*** Research Associate FNRS (Belgium) this can only be done with precision for the Local Group ob-
¥ Research Director FNRS (Belgium) jects.
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Table 1. Total exposure times (in sec.) for each object, in each filter and for each grism. Spectral types are taken from Foellmi et al. (2003a anc

2003b), Bartzakos et al. 2001 and Niemela et al. 2002.

Object Sp. Type Imaging Filters Grisms
Hae [Om] Heid5876 Henl14686 cont. 5300 cont. 6665 600B 600V

LMC BAT99-22 WN2b(h) 300 300 3600 3600 540 300 900 900

LMC BAT99-49 WN4:b+08V | 300 300 2700 2700 405 300 900 900

SMC AB7 WN2-4+06If | 300 300 2400 2800 240 300 900 900

LMC N44C 300 300 1350 1400 198 300 500 600

LMC BAT99-8 WC4 300 100

LMC BAT99-9 WC4 300

LMC BAT99-11 WC4 300 300

LMC BAT99-52 WC4 300

LMC BAT99-63 WN4ha: 300 200

LMC BAT99-84 WC4 300

LMC BAT99-134 WN4b 300 300

a See Paper .

We thus decided to investigate the case of the three higkre then aligned and combined withar. We constructed star-
excitation nebulae around WR stars in the MCs. The nebiitae images in the b and [Om] lines by subtracting the im-
around BAT99-2 was already analysed in Bazt al. (2003, ages obtained in the neighbouring continuum filters. However,
hereafter Paper |) and we discuss here the two remaining caiesse continuum filters are slightly polluted by faint nebular
To date, only low resolution, low signfabise Har images of lines. While these faint lines constitute only small contami-
the nebulae surrounding BAT99-2 and AB7 exist (Melnick &ation compared to the brightaHand [Omi] lines, they are
Heydari-Malayeri 1991) and we present here the very first higlore problematic when we are dealing with the images cor-
quality VLT images of the high excitation nebulae associatedsponding to the filters centered on the fainten lded Hex
with BAT99-49 and ABY. In addition, we will also investigatdines. To obtain star-free Heand Her images, we first con-

a fourth peculiar Ha nebula, N44C, which may be a fossil X-structed withoaorror a list of stars by searching emission fea-
ray nebula. All these objects are situated in the LMC, except fiares on the 5300 A continuum image. We then used this list
AB7, which is in the SMC. Finally, we also present the resultsf stars as input for psf-fitting on the Hend Her images.

of a small survey of LMC WR stars to search for the possibke subtracted image is then built automatically when the pho-
existence of nebular Heemission. Since some of these stat®metry of all sources is known. The few remaining faint stars
have ring nebulae around them, our spectroscopic data alsowere either removed individually or not considered for flux de-
able us to examine their physical properties. In this paper, ¥@&minations. Figs. 1, 2 and 6 present completeifages of

will first describe the observations, then explore the morph®AT99-49, AB7 and N44C. Figs. 3 and 7 further show close-
ogy and spectrophotometry of the high excitation nebulae amgs on BAT99-49 and N44C in the four nebular filters, while
present our small WR survey. We will finally conclude in SecEig. 4 compares the whole VLT field centered on AB7 in each
5. nebular filter. Three color images of the high excitation nebulae
are available on the web at hitprww.eso.orgputreaclpress-
rel/pr-2003pr-08-03.html

During the same observing run, we also obtained long-slit

We obtained CCD images of the Heemission nebulae in spectra of these 4 objects with the same instrument used in
the MCs with the FORSL1 instrument on the 8 m VLTSpectroscopic mode. We also made a small survey to study
UT3 in 2002 January. The images were taken through séle environment of seven other WR stars of the LMC: BAT99-
eral filters: Hr (1o=6563A, FWHM=61A), [Om] (1,=5001A, 8, 9, 11, 52, 63, 84, and 134. We used the 600B and 600V
FWHM=57A), Her 15876 (1,=5866A, FWHM=60A), Hen drisms to obtain a blue spectrum covering the range 3700-
14686 (,=4684A, FWHM=66A), plus continuum filters cen- 5600 A R ~ 800) and a red spectrum covering 4500-6850A
tered at 5300A (FWHM250A) and 6665 A (FWHM65A). (R ~ 1000), respectively. The 1:%6.8 slit was tilted, with

To avoid saturation, we split the observations into multipléespect to the N-S direction, by 4%or the observations of
short exposures: the total exposure times achieved are f#8T99-2, 11, and 134; by 55for BAT99-63; and by 90 for
sented in Table 1. The pixel size of the detector’i& 6n the AB7. In the remaining cases, the slit was oriented in the N-S
sky and the seeing wasl”, thus providing the highest reso-direction. The spatial resolution was 0-2.4” and the spec-
lution images so far of these nebulae in this filter set. The dafal resolution, as mesured from the FWHM of the calibration
were reduced withrar® using standard methods for overscalines, 7A. The spectra were reduced and calibrated in a stan-
and bias subtraction and flatfielding. The images of each fil@&ard way usingrar. For flux calibration, we observed several

2. Observations

1 IRAF is distributed by the National Optical Astronomyfor Research in Astronomy, Inc., under cooperative agreement with
Observatories, which are operated by the Association of Universitiae National Science Foundation.
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Fig. 1. FORS Hrimage of LMC BAT99-49. The dierent regions used for spectral analysis are marked by a solid line, except for the background
region, which is just outside the image. Bright stars and features discussed in the text are labelled.

standard stars from Oke (1990) and we used the mean atrhd-5 kK or 15 kK, whatever was the closest to the tempera-
spheric extinction cdécients for CTIO reduced by 15%. Weture derived using the [@] lines (see below). Some spectra
checked that this calibration produces the correct fluxes for there contaminated by faint stars, and in such cases, we cor-
standard stars and for a standard Planetary Nebula (Dopitae&t the measured emission line strengths by a 2 A equivalent
Hua 1997). For the 4 high excitation nebulae, sky subtractiandth for the Balmer absorptions (McCall et al. 1985) before
was done using a small region of the spectra where the nebstimating the reddening. To deredden the line ratios, we used
lar emission is the lowest. For the WR survey, whenever pdle extinction law from Cardelli et al. (1989) wiR, = 3.1
sible, we used several regions of lowest emission situatedfon the LMC (Fitzpatrick 1989) andRy, = 2.7 for the SMC
each side of the star and its associated nebula to increase(Bmuchet et al. 1985). We used these line ratios in conjunction
S/N. Only a few residuals remained for the brighter sky linesith thenesurLar package undarar (Shaw & Dufour 1995) to
(e.g. [O1] 5577A). The nebular lines were then fitted by gausterive temperatures, densities and abundances, the latter being
sians usingLor. The Balmer decrementdsHg was used to calculated assuming a constamt= 100 cnT® and Te([O m]).
derive the interstellar extinction, assuming the theoretical cdéseveral lines of the same ion exist, the abundance presented
B decrement (Storey & Hummer 1995) at eithee10 KK,
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Fig. 2. FORS Hr image of SMC N76. The dierent regions used for spectral analysis are marked by a solid line, and bright stars and features
discussed in the text are labelled.

in this paper is an average of the abundances derived for eachBAT99-49 has been recently re-classified as WNOBV
line. by Foellmi et al. (2003b). We present in Fig. 1 aw lnage
of the whole field, and in Fig. 3 a close-up in the four nebular
filters. To the south of the star, a small arc of T&dius is vis-
ible in [Om], and to a lesser extent indd A very bright Hy
region, BSDL 1985, is also present somé 40uth of the star.
3.1. LMC BAT99-49 It was identified as the ring nebula associated with BAT99-49
by Dopita et al. (1994). The southern limit of that region has a
Nebular Har emission was discovered near BAT99-49 (Brejower [Om]/He ratio than the direct surroundings of BAT99-
40a, Sk-7134) by Niemela et al. (1991). This emission appa@9. A second I region encloses the star to the east, at roughly
ently covered 70 on their slit, and corresponds to ‘a partiaBe’, but this region completely disappears inifd A beau-
ring seen in K and [Om]". In a study of kinematics of WR tiful ring nebula, BSDL 1935 (Bica et al. 1999) is present to
nebulae, Chu et al. (1999) found evidence of interaction bgre southwest of the field and possesses a very low][Ba

tween the stellar wind of BAT99-49 and the ambient ISM butio. Generally, the regions to the west of BAT99-49 present a
did not detect a well-defined expanding shell.

3. The high excitation nebulae
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Ho . [om] . and assuming a uniform reddening). That corresponds to an
. ionizing flux of ~1x10*” photons s*. At the LMC metallicity
(Z = 0.2-0.42,), this is what can be expected for a 90-100 kK
WN star (Smith at al. 2002). This value may be a lower limit,
since we did not take into account all the faintest emission, but
its contribution should be rather low. With only%0*¢ He*
ionizing photons st (Smith at al. 2002), the O8V companion
of the WR star has a negligible influence on thenHebula.

Spectra were extracted from three regions of interest for
detailed analysis (Fig. 1): the first one samples the north of the
= star (11’ long without the star); the second examines the close
1 15” south of the star and the third one explores the brigiat H
region further south (38long). None contains the WR star,
nor another very bright star. The extinction-corrected line ra-
‘| tios and the physical properties derived for these regions are
| listed in Table 2. To get helium abundances, we used the emis-
sivities at 12500K computed by Benjamin et al. (1999) fonHe
and by Storey & Hummer (1995) for H and HeThe pres-
| ence of Har suggests that higher ionization states th&h €x-
ist as well, and we correct tH¢(O)/N(H) ratio like we did in
Paper I. Compared to the LMC abundances (Russell & Dopita
Fig. 3. FORS continuum subtractedaH[O ], Hen, and He im 1990, see Table 3), no sign of enrichment in helium can be de-

. 3. " 1|, 11, - .
ages of LMC BAT99-49 and its close surroundings. The images f}reCted for the Ha nebula. But while the oxygen abundance

180"x180’. A white cross indicates the WR star’'s position. Thé){‘ethe bright H region appears consistent with the LMC, the

crowdiness of this field renders star-subtraction uttermaicdit. apundance closer to the star is slightly Iowc_ar, and tf@ fatio
North is up and East to the left. higher than the LMC value. The close neighbourhood of the

star appears thus enriched by a stellar wind displaying CNO
ocessed material.

Table 3. Average abundances in the Magellanic Clouds, from Rusd¥

& Dopita (1990).
HeH oH NH NO SH 3.2. Star SMC AB7 and its associated nebula SMC
LMC 0091 2.%10° 1.2x10° 0050 7.410° N76

SMC 0.083 1.%10* 3.5x10° 0.026 6.&10°

N76 is a large circular nebula some 3@ radius situated to
the north of the SMC. Nebular Heemission in N76 was first
discovered serendipitously by Tuohy & Dopita (1983), while
higher [Om]/Ha ratio than those to the east. As for BAT99-Ztudying the neighbouring SNR 1E0101.2-7218. It was redis-
(see Paper I), the Hémage appears well correlated witteH covered later by Pakull & Motch (1989b) who noted that the
On the contrary, the Heimage shows completelyfiiérent fea- center of gravity of the He emission coincides well with the
tures. The brightest Heregions are the small arc 18outh of WR star AB7. Spectra taken by Niemela et al. (1991) show a
the star and the brightddregion 40" south of the star. A halo Heu region of size 144, that fills a ‘central hole seen in He
surrounds the star and fills the region between the star and #h@l H.’. Because of the presence of the iHeebula, this star,
two brighter features. Still fainter emission is also present, hike BAT99-2, was classified as WN1 by Pakull (1991). More
even our 2700s exposure just barely detects it. Compareddeent studies of the star undertaken by Niemela et al. (2002)
BAT99-2, the Har emission is much fainter but also more exand by Foellmi et al. (2003a) led to a re-classification of the
tended. star as WN206I(f) and WN4+O6I(f), respectively.

By comparing the flux in ADU on the images at the po-  rjg 5 shows an H image of the whole field. N76 nearly
sition of the slit with our calibrated spectrophotometry corg,mpetely fills the FORS CCD. Its surface brightness is not
volved with the filter transmission, we were able to calibrag%,[a”y uniform: the nebula brightens to the east, most proba-
ourzl—_len 44686 images. We then measured thenH®686 |,y ingicating a density gradient. No ‘central hole’ is readily
flux®in a region 36x28”encompassing the WR star and thg joarent hut many filamentary features cover the whole neb-
brightest Har emission regions. We find a flux of abowt10® 15 "\ 76 also presents pillar-like features som¢ 9&st of
erg cm? ™! after a reddening correctioh, of 0.4 mag (esti- ap7, 5 quite rare type of structures, suggesting that the nebula
mated using the Balmer decrement, see Sect. 2 and TablgyZj ated on the edge of a molecular cloud being photoevap-

2 Due to errors in the flux calibration and to possible contaminatigf@ted. These structures may hide a second generation of stars
from a poor subtraction of some stars, we estimate that, throught¥¥alborn 2002). We also note the presence, to the southeast
this paper, the He fluxes can be considered to have a maximal relati@f AB7, of a bright Hv knot of diameter 16, N76A or DEM
error of 50%. S123, which we will discuss more below.
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o © - [ol] an elliptic aperture of 120<152’, after a reddening correction
' : of Ay=0.3 mag and for a distance of 59 kpc. Since a fainter
halo is present, we estimate that theiH&1686 flux may still
be underestimated by 10%. Our hidluxes are larger than
those obtained in the previous studies, but we use the actual
surface brightness’ distribution of the whole nebula, not an
extrapolation of a one-position measurement. Our measured
HB and Hex 14686 fluxes correspond to ionizing fluxes
Q(Ho) = 6.5 x 10* photons s* and Q(He") = 5.1 x 10*®
photons st. In the models of Smith et al. (2002), these values
indicate a WN star hotter than their hottest model, of temper-
ature 120 kK (forZ = 0.05- 0.2Z,, Q(He") = 3 -4 x 10
photons s!). We know that some O stars within N76 could
< | contribute to the ionization of the H nebula (the companion of
- | AB7, an OG6If star; AzV 327, an 09.7lab star, [MWD2000]
| h53-91 and 137 (Massey et al. 2000), 08.5 V and Il stars ,
| respectively), but according to the same models, the O-type
| stars certainly do not account for the Henization: at most,
these stars would contribute by & B0*° H ionizing photons
" | st and 3<10* He' ionizing photons s'. The Her nebula
| remains a puzzle: either AB7 is an ultra-hot WN star, or
the models need to be adapted or revised, or another source
Fig. 4. FORS continuum subtracteddd[Om], Hen, and Ha images of Hen ionization is present. In this respect, we note that
of SMC N76. The images are 394394’. A white cross indicates AB7 does not appear as a particularly bright X-ray source
the position of SMC AB7 (not_e that the star is wrongly iden_tified i Foellmi et al. 2003a), casting doubts on an X-ray ionization
agipbllt: iit[?)Lni]g?\llgr't;?seli)N;cliségitffsttﬁreelg;tthe NE of the field ony, iy ition. Another possibility to produce a high excitation
' ' nebula requires high velocity shocks (Garnett et al. 1991b).
However, so far no kinematic study of N76 was undertaken,
and we thus ignore whether any high-velocity motions are
The Her emission appears well correlated witleHvhilst  present. High dispersion spectroscopy of N76 would thus be
the [Om] image shows severalftiérences: mainly, the SNR isvaluable in order to better understand this peculiar object.
clearly visible to the northeast of the field, and N76 is slightly
smaller in this line (124 radius). Some of the filamentary fea
tures, the pillars and the brightaHemitter DEM S123 present
a lower [Om]/Ha ratio than its surroundings. On the othe
hand, the Ha image shows a bright elliptic nebula of siz
128’x1486’. Like in Ha, the surface brightness is not unifor
and the nebula appears composed of intrincate filaments m
ing areversed ‘S’. These filaments also appearsainlit they
are rather faint. More extended, fainter idemission is also
detectable, corresponding more or less in size with th@éb-
ula.

We select spectra from five regions, avoiding the bright-
‘est stars, for further detailed investigation (Fig. 2): three cover
the central Ha emission region (W1, 49long; E1, 14 long;
bnd E2, 38 long), while the other two explore the outer parts
%f the nebula where Heis barely visible but not measurable
W2, 78’ long and E3, 36 long). The extinction-corrected line
jos for these regions are listed in Table 2. In the same way
as for BAT99-49, we then derived temperatures, densities and
abundances in these regions. No significant enrichment in he-
lium can be detected for the hienebula but the oxygen abun-
dance is at least 35% lower, and thgONratio is at least 40%
Garnett et al. (1991b) found an averaggHen pigher than the SMC’s average values (Russell & Dopita 1990,
44686)1(Hp) of 0.13 at their slit position, but we findgee Taple 3). Like in BAT99-2 and 49, this suggests a small
that this ratio can actually reach higher values locally (S@@richment by stellar winds, but in the case of N76, the nebula

below). Assuming a spherical geometry, the same auth@fgr which this enrichment is seen is much larger.
derived a luminosityL (HB) of 1.1x10% erg s? and L(Hen

14686)=5.7x10°¢ erg s' for a distance of 78 kpc, or

L(HB)=6.2x10*" erg s* andL(Hen 14686)=3.2x10*® erg s*  3.2.1. LMC N76A (or DEM S 123)

for our adopted SMC distance of 59 kpc. Another estimate

was made by Pakull & Bianchi (1991), apparently usingo the southeast of AB7 is situated N76 A (or DEM S 123,
spectrophotometry and the same approximations as Garsett Fig. 5), a bright b knot of radius~8"” similar to compact

et al. (1991b). They found a flux in He14686 of 2.510°*? Huregions such as N11A in the LMC (Heydari-Malayeri et al.
erg cnt? s71, or L(Hen 14686)=1x10%¢ erg s for a distance 2001). Following Heydari-Malayeri et al. (2001 and references
of 59 kpc. Using our images calibrated with our FOR$erein), these compact regions are created by massive stars
spectrophotometry, we find agHuminosity, excluding DEM just leaving their natal molecular cloud. The same authors also
S123, of 3.&10% erg s inside a circular aperture of 130n  called this type of objects ‘High Excitation Blobs’ (HEBS). In
radius and a He 14686 luminosity of 4.510%°¢ erg s* inside N76A, one very bright star lies near the center of this nebula,
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Fig. 5. Upper part: FORS continuum subtracted &ind [Om] images Fig. 7. FORS continuum subtractecotl[O mi], Hen, and Hea images

of SMC N76A (or DEM S 123). Bottom part: [@]/Ha ratio and im- of LMC N44C and its close surroundings. The images are¢’2200".

age taken with the continuum filter centered on 6665 A. The imag€ke upper white cross indicates the Star # 2 of Stdsi et al. (1986),

are 32x32’. North is up and East to the left. Contrary to the othesind the lower one shows the position of Star # 1. North is up and East
figures of this paper, the greyscale is a linear scale, not a square todhe left.

scale.

3.3. LMC N44C

N44C is a bright elongatedddnebula some 83<65” situated
] ) ] . _ to the southwest of a superbubble blown by the OB association
and five others are situated closer to its periphery (see Fig. 47 (see Fig. 6). Nebular He14686 emission was detected
Unfortunately, the spectral types of these stars are unknogwnna4c by Stasiska et al. (1986) who also provided the first
and may be worth further investigation. The brightest régiddhectra of this nebula. Examining a high dispersiandpec-
of N76A is situated just to the NE of the brightest star, whilg},m of N44C, Goudis & Meaburn (1984) claimed to have dis-
a region of suppressed brightness is directly symetrical tosfered gas moving at120 km s in this nebula, but it was
with respect of the star. A ffuse envelppe with few remarkablesqnd |ater that this component was actually ‘only’ the iHe
features surrounds the center of this nebula, and a dust I§8€g0 line (Garnett et al. 2000). Two bright stars in the center
borders it to the east. of N44C have been detected by Stesia et al. (1986) and la-
As mentioned above, the [@]/Ha ratio of N76A is belled Star #2 for the northern one and Star #1 for the southern
much lower than that of its direct surroundings. It is actiene. Star #2 is a rather hot O-type star while Star #1 is a cool
ally the lowest to the northern and eastern edges of the nebGlK foreground star (Stasska et al. 1986, Garnett et al. 2000).
([O m]/Ha~0.3), while it peaks to the southwest of the bright- In the absence of high velocity motions or any very hot
est star ([Qu]/Ha~0.7). In a similar way as above, we estimatstar, it was suggested that the *Hienization results from an
the Hy and [Om] fluxes in an aperture of'8radius and find an intense X-ray source inside the nebula. Such a process is actu
observedL(Ha)~ 1 x 10° erg s! and an observetd([Om] ally seen at work around another object of the LMC, LMC X-1,
15007 6 x 10° erg s for a distance of 59 kpc. However,and in this case, the Henebula is complex and very extended.
since the reddening of this region is not known, we thus cannbthe X-ray source is transient, the high excitation may last for
derive the actual luminosities. But the observed IHminos- some time after the X-ray source has switché&d leor N44C,
ity can still be used to estimate the minimum requirement d¢ine Hen nebula has been proposed to be a fossil X-ray nebula
the spectral type in the case of a unique ionizing star: it carerresponding to the once recorded X-ray transient LMC X-
responds to an ionizing flux 6f7x10*" ionizing photons ', 5 (Pakull & Motch 1989a). An extensive study of N44C was
which can be explained by an O9V type star. Further investigacently presented by Garnett et al. (2000) who evaluated that
tions should enable to find the reddening of the nebula and tHen is currently recombining with a characteristic timescale of
exact nature of its embedded stars, but also to check the [@@-yr. Since their spectrum was taken in 1991 and Ssisi's
dicted correlation between the [@/Hg ratio and the I8 flux in 1985, it was obviously interesting to monitor the evolution
for the HEBs (Heydari-Malayeri et al. 2001). of the Hex emission ten to fifteen years later.
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Fig. 6. FORS Hr image of LMC N44. The dterent regions used for spectral analysis are marked by a solid line. Features discussed in the text
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Images of N44C in the four nebular filters are presented #4686 line. In the rest of the field, emission in theiH@ter is

Fig. 7. The Hr and [Om] images have been described in lengthpotted in N44B, N44H and in the superbubble. However, these

by Garnett et al. (2000) and we will not repeat the discussifeatures are most probably not due to a nebulan Eeission.

here. The Heimage correlates perfectly withd{ except for In fact, our spectrum reveals a faint [l 14658 line in the su-

a slightly Her depleted region where the Heemission is the perbubble and Dufour (1975) detected {iHe14658 in N44B,

brightest. The Ha image presents a very bright arc north talthough Stagiska et al. (1986) think that Dufour actually ob-

Star #2 and a fainter, more extended emission. A close-upsarved N44C, not B, and mistook He14686 for the [Feu]

the arc, whose radius i€6.5’, is presented in Fig. 8. It seemdine. Unfortunately, we do not have any information in the case

to closely envelope the two stars. This arc does not corresparidN44H’s emission, since our spectra do not cover this region.

to any feature in the other nebular lines. On the contrary, the

halo is as extended as therkebula, and well correlated with ~ We choose six regions to further examine the physical prop-

it. However, an important part of this halo is actually made @fties of the nebula and its surroundings (see Fig. 6): the He

[Ar 1v] emission: in the spectra, the observed [Ar14711+ arc situated directly north of Star #2 (N1, 4.l8ng), the north-

Her 14713 blend can reach four times the intensity of theiHeern part of N44C (N2, 15long), the region directly south of
Star #1 (S1, 11 long), the southern part of N44C that seems
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10 ElE TN . " T & ' 7 izingflux of 1.9<10" photons s'. Due to the pollution by the

' nebular lines and to possible abundance anomalies, the spectral
type of Star #2 is uncertain. Pakull & Motch (1989a) proposed
20" | . . -4 an 04-6 type, while Garnett et al. (2000) prefered ON7 IlI-V.
The observe®@(Ho) is a bit too large for a O7V star and would
s« | Dbetterfitto aslightly earlier main sequence O-type star, butitis
| compatible with an O7I1l type. However, the magnitudes given
in Stashska et al. (1986) and Oey & Massey (1995) seem to
favor a main sequence classification.

When trying to estimate the Heflux, we discovered an ap-
parent continuum emission to the north of Star #2 in our spec-
tra. The Har image thus actually contains ke [Ar v]+cont.,
and the pollution due to these additional components is larger
where the Ha nebula is fainter. That is the reason why we
choose to measure the Hdlux only in the brightest parts of
the nebula, i.e. a region of radiu8 ¢omprising the bright arc.
5“25’";8‘; ' 'T;s' — 1'43' — 1'23' — e Therefore we may miss part of the Hélux, but part of this er-

ror is compensated by the contamination of [4r+ cont. We
Right Ascension (J2000) find L(Hen 14686)= 4 x 10% erg s andQ(He*) = 4 x 107
Fig. 8. Close-up on LMC N44C in the He 14686 line (the image is Photons st after the reddening correction and for a distance of
not continuum subtracted). Stars # 1 and 2 are clearly visible, as iS@KpcC. In the past, a few estimates of thenH&ix have been
bright arc-like Har emission region enveloping the Star # 2. Faintemade: using the results of Staska et al. (1986), Garnett et
more extended emission also exists, but is more apparent on Fig. 7l. (1991b) found_(Hen 14686)= 6.3 x 10°° erg s* for a dis-
tance of 57 kpc (or # x 10®° erg s? at a distance of 50kpc)

) _ ) but their estimate was made considering a spherical geome-
composed of interlaced arcs (S2,”2lpng), a filament just v, which is obviously not the case. This approximation could
north of N44C which possesses an ionization closer to N44£,1 1o a large overestimate of the flux, but since Sts
than to the_superbubble (N Fil., 3.20ng), and finally the SU- et al. (1986) did not measure théHen 14686)1(HB) in the
perbubble itself (Sup., I3long). The dereddened line ratiog,ightest part of the He nebula, their result is probably not
of these six regions, together with the derived physical propggy, far of. Using again Stagika et al. (1986) measurements,
ties, are presented in Table 4. The helium abundance is cl@sg il & Motch (1989a) quote a lower vallg¢Hen 14686) of
to normal in all cases, except for the superbubble where it4s, 135 erg s?, after ‘taking into account an apparent error
rather low. The oxygen abundance is at most slightly smaller siasiiska et al. (1986) paper’. Garnett et al. (2000) found
than normal, but the MD ratio always reflects the LMC aver-| (Hen 14686) 2.2 x 10°° erg s, which is lower than our
age (see Table 3). No significant chemical enrichment is thi§je, but the region considered by these authors is not speci-
detected for this nebula. fied clearly, and their He images, taken with the CTIO 0.9m

We estimate the bl and Heu fluxes by calibrating the cor- telescope, probably did not reach a high sigmaike (the au-
responding images with our spectrophotometry. For the whelgyrs actually did not show the images). However, since we
Ha nebula (53x65"), we derived a # luminosity of %10% o0k our spectra with the same slit orientation as in Garnett et
erg s* after a reddening correctiofy = 0.55mag and for a 4. (2000), we can compare rather iifelen 14686)1 () ratio.
distance of 50kpc. Note that thggtliminosity given in Garnett 5rnett et al. (2000) quoted a value of 0.864003, and we
et al. (2000) is an order of magnitude larger than this valugyq 0.061:0.004 when considering like them the whole neb-
However, this is most probably a typographical error: Garneffy including Stars # 1 & 2. Furthermore, in a region similar
et al. (2000) quote a reddening-cor_recte)ﬂ fHix of 3x10710 and as close as possible to the position observed bynSkasi
erg cnr? _571 for the sole N44C, while Caplan & Deharvengs g). (1986), we get similar results as these authors as well. We
(1985) give an observed flux of 1079 erg 9m2 s for  thus notice hardly any long-term change in thenHgmission.

N44 B + C (N44B is more extended and as bright as N44C ). Apparently, the Ha emission of N44C is still a puzzle. The

The analysis of the HST images used by Gamett et al. (ZO%)Aizing star(s) in the vicinity cannot provide enough hard pho-

andffevera[ othgr (c)ahbratcrdyﬂmages of this necijuIa Conf,'rmtons and there is no high-velocity gas that could trace a shock
our flux estimate. Our H5 luminosity corresponds to an Ion'capable of ionizing He The last hypothesis - a fossil X-ray

3 Most of the diferences inL(4686)L(8) between Garnett et al. nebula (Pakull & Motch 1989a) - implies a recombination of

(1991b) and Garnett et al. (2000) - which were discussed in lendd€!: While we see no clear evidence for a change in the line
in the latter - can be explained by this error. Further discrepancies

can be explained by the fact that neither thenH®r the Hr nebula a color exces€(B — V) = 0.18 mag, is close to the average value
presents a spherical shape; that Stslsh et al. (1986) measured onlyfound by Oey & Massey (1995). It is thus possible that the extinction
the northern edge of the Hienebula and that there may be an erroA, = 0.25mag of Garnett et al. (2000) actually refersioHowever,

in the Stadiska et al. (1986) paper (Pakull & Motch 1989a). We alsthat fact alone can not explain the large discrepancy observed between
note that our extinctio,=0.55 mag, corresponding 9 = 0.26 and the Hen fluxes.

30" F .

40" |

Declination (J2000)

.
.

-6758'50" |-
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intensity over the last 15 years. Recombination of {Neand 4.1. BAT99-8

[Nev] is also expected, but unfortunately, there are no lines
of these ions in the wavelength ranges covered by our spec'ﬁ’ﬁ‘-.rgg'8 (Brey 8, Sk-6942, HD32257), a WCA star (Bartzakos

Pakull & Motch (1989a) estimated recombination timescal%% al._2001), is surrounded by aring nebul_a of size”l&!:BO_’ .

of 20 and 100 yr for [Ne] and Hex, respectively. Garnett et Dopita et al. 1994). Two faint, arcuate filaments are visible
al. (2000) favored smaller values, of 5 and 26.\8ince the to the north and southeast of the star. They are more easily
proposed associated X-ray source, LMC X-5, was observeadi'r?t'ngu's'th from the background nebula in thenf{ines.

1974-76 by OSO7 and Ariel V, we should detect a significa fortunately, no kinematic study of this candidate wind-
reduction of the Ha lines, even with a timescale as long a own bubble is available, and its exact nature and expansion

100 yr. Apart from a fourth and still unknown ionizing mechaStatus are still unknown. We have analysed the spectra of each

nism, one possibility to explain the observations could be il (13 long for the ”Ofthe”‘ one apd 1or the squth— .
the recombination timescale is much longer, thus that the dé&hP one), and we presentin Table 5 their dereddened line ratios.
sity in N44C is very low. Another could be that the mysterious . o

X-ray source responsible of the ionization had recently turned NO nebular Her emission was detected in this nebula, but
on again, reionizing the nebula, but we note that Einstein dafa€ Spectra still allow us to derive an upper limit on the strength
a ROSAT pointing, and a receBthandraobservation of N44 of the Hen emission by estimating thes3evel at the position

do not reveal any source in the vicinity of N44C (Y.-H. Chyof Hem 14686. This leads td=(Hen 14686)F(Hp5)<0.007

private communication). It would be worth to follow the evoll the most restrictive case, i.e. the one that gives the lowest

lution of the Hex, [Nerv] and [Nev] and X-ray emissions in UPPer limit. Assuming a geometry composed of two partial

the future, to determine the temporal behaviour of the nebuif9s of unif/orm brightness (a quarter of a ring of r?dius’ 65
The shape and the location of the iemission strongly sug- @1d width 7/, plus one eighth of a ring of radius 11%=nd

gest that the phenomenon is associated in some way with $Yifth 77, see the morphology of thed-nebula on Fig. 1c of

#2. Monitoring of this object should allow to detect signs dpOPita etal. 1994), a distance of 50 kpc and a reddeAingf
orbital motion, and thus the presence of the hypothetical cofh4 Mag, we then find an upper limit on the ionization power
pact companion needed for the fossil X-ray nebula scenarfh |09[Q(He")] < 45.3.

However, we note that the 90% confidence error on the posi-

tion of LMC X-5 is ~0.3 while N44C lies at 0.5 from the The faintness of the [@] lines renders the determination
X-ray source. We further note the absence of any evidence @ifhe temperature of the nebula ratheffidult: in our sample,

the X-ray or radio domains, by means of high velocity mgsuch weakness of the [@ 14 4959, 5007 lines compared to
tions or enhanced [§/Ha ratio) of a supernova explosion inHB is only seen for the N44 superbubble. That may suggest a

the vicinity of Star #2 that could have given birth to a compaég¢mperature of 10 kK for this nebula. Such a low temperature
object. is further supported by the rather strongi{O[S u] and [Nu]

lines. For this temperature, we found only an oxygen abun-
dance slightly higher than the LMC average. Higher temper-
atures of 12.5 kK or 15 kK could lead to significant departures
4. WR survey from average, with a low oxygen abundance and a quite high

N/O ratio, but such a temperature appears less probable.
We have undertaken a small survey to search fon ldeis-

sion around a few WR stars of the LMC. Similar surveys
had previously been undertaken by Niemela et al. (1991) afi- BAT99-11

Pakull (1991), mainly concentrating on WN stars. We chosg . nebula surrounding BAT99-11 (Brey 10, Sk-6815,
seven other WR stars: BAT99-8, 9, 11, 52, 63, 84 and 134p35402) a WC4 star (Bartzakos et al. 2001), was discovered

NQ”e of them shows any sign of qebular ﬂrl_emission, ‘?'e' guite a long time ago by Chu (1981). It has an elliptical shape of
spite the fact that Melnick & Heydari-Malayeri (1991) claimeq;, o 18¢y5112” and its surface brightness is far from uniform,

to have found possible extended idemission around BAT99- i, the southwestern region being the brightest (Dopita et al.
9. However, BAT99-8, 11, 63 and 134 are known 10 presefiggs) A kinematic study reveals that this nebula corresponds
ring nebulae around them, and we study here their physigaly shel expanding into a quiescenti Fegion with a velocity
properties, which can help to determine the evolutionary StgF 42 km s1(Chu et al. 1999). We have examined the spectra
tus of the WR bubbles. Chu et al. (1999) have suggested tBf’“both sides of the nebula (2%or the SW arc and 48for
the large size and surface brightness variations of the nebu[ﬁ\@NE one), and present their line ratios in Table 5. As above,
around BAT99-11, 63 and 134 support the existence of SOME oqtimated upper limits on the strength of thenHemis-
interactions with the ISM but also that their large expansicg"inon of this nebula and fin@(Hen 14686)F (HB)<0.002 in
velocities and the rgther regular expansion pattern show tﬂ?é most restrictive case. Assuming an elliptical ring geometry
they are not yet dominated by the ISM. (111”x183’ for the size of the external ellipse, and’é8.44’

for the internal one) and a reddeniAg of 0.58 mag, we then

4 However, we note that Garnett et al. (2000) were puzzled by tiBd 10g[Q(He")] < 46.2.

strength of the observed [N lines, incompatible with their short ~ The large temperature derived for the fainter northeastern
timescales. region is probably due to the rather lowlNSin the [Om] A
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4363 line, and is thus to consider with caution. The most reli- Using the same method as above, we find an upper limit
able abundances, derived for the brightest side of the nebua,the Har emission ofF(Heu 14686)F (HB)<0.007 in the
only show QH and NO values slightly lower than the LMC most restrictive case. Assuming an elliptical ring geometry
values. Similar results are found for the NE region when u@0’x100’ and 66'x79” for the sizes of the external and inter-
ing the temperature of the SW one, whilst a normal heliumal ellipses, respectively) and a reddenikg of 0.3 mag, we
abundance and /M ratio, but a very low oxygen abundancehen find logRQ(He")] < 45.5.

are found for the higher temperature derived from then]O

lines. Like for BAT99-2, we may be observing a circumstellar o ] )
bubble merging with the interstellar one. 4.5. WR stars and nebular Heu emission : discussion

Up to now, only 3 WR stars of the MCs are known to display
nebular Har emission: BAT99-2, 49 and AB7, while 32 others
(BAT99-5, 6, 8,9, 11, 12, 15, 19, 29, 31, 32, 36, 38, 43, 52, 53,
i , . , L, 56, 59, 60, 62, 63, 64, 81, 82, 84, 92, 94, 123, 124, 126, 132 and
A fine filamentary ring nebula, some 6588’. In size, sur-. 134, Pakull 1991, Niemela 1991, and this paper) have none.
rounds the star BAT99-63 (Brey 52, classified WN4ha: 'Bor LMC W4 stars, including our studied cases of BAT99-

Foellmi et al. 2003b). The southwestern part of the ring $ 9 11 and 52 Gifener et al (1998) and Crowther et al
the faintest, while the northeastern region is much brightg’ ' ¥ ' '

; ) . . 5002) estimated temperaturés of ~85-100 kK. Following
The analysis of the kinematics of this nebula suggests a b Se models of Smith et al. (2002), this would not produce any
ter structure, with an expansion velocity €60 km s? in the \

. : detectable H bula si He* 2 — 5 x 10% phot
low density ISM (Chu et al. 1999). We studied the spectrugjel efgra_r e<1%8ekKu®élr§:?S( a?Z)—<0 5 _ OX4Z@ 'IPheO rc:(r;l:
x < = 0. AZ;.

of the brightest region, situated to the NE of the star”(62d ctection antr upper limits of the He 14686 line around

long, see Ta}ble 5). Usmg. the same methpd_ as for BAngt' e aforementioned WC4 stars agree thus completely with the
and 11, we find an upper limit on the He=mission ofF (Hen

) _— - latest models.
14686)F (HB)<0.006 in the most restrictive case. Assuming an L
However the situation appears more complex for WN stars.

elliptical ring geometry (80x70” and 58 x45” for the sizes of . .
the external and internal ellipses, respectively) and a reddeni WN2 star BAT39-5 has a spectrum almost identical to

Ay of 0.4 mag, we then find logi(He")] < 45.4. Even if the BAT99-2 (qullmi et al. .2003b), but no Heemission was
oxygen abundance might be slightly larger than the LMC avéf€tected in its surroundings-(Hen 14686)F(Hp)<0.04 in
age, no significant chemical enrichment can be detected in ghikull 1991). Hamann & Koesterke (2000) fitted the spec-

nebula, favoring the hypothesis of an interstellar bubble alreaiy™ of BAT99-5 with a te_mp_er_ature of 71 kK, a value too
dominated by the ISM. low to produce enough Heionizing photons. We note how-

ever that in the case of the Galactic WN2 star, WR2, Hamann

& Koesterke (1998) found, = 141kK, a temperature much
4.4. BAT99-134 larger than for BAT99-5. This is rather remarka_ble since Fhe_z

average temperature of all other WN subtypes is rather simi-
A beautiful ring nebula of size %107’ (Dopita et al. lar in the Galaxy and the LMC (Hamann & Koesterke 1998,

1994) completely surrounds BAT99-134 (Brey 100, sk-67268@mann & Koesterke 2000, Crowther et al. 1995a, Crowther et

HD270149), a WN4b star (Foellmi et al. 2003b). Its southea{?[r—' 1995b, Crowther & Smith 1997), though with a large scatter

ern side is brighter, and the WR star appears largely decent/3d?oth cases. Logically, using all information available, both

Using high dispersion spectra, Chu (1983) detected an expﬁﬁ‘-rs' BAT99-2 and 5, or none of them should exhibit nebular

sion velocity of 45-50 km & in this nebula. The same authof 1€ €MISsion.

proposed that it is actually a small shell expanding on the sur- Large discrepancies are also seen amongst WN4 stars.
face of a molecular cloud. She further suggested that the nidgmann & Koesterke (2000) found temperatures of 71 to
tion of the WR star, probably originally formed on the cloud'd00 kK for the LMC WN4 stars : the hottest of these stars
surface, had caused th&set. We decided to analyse four reshould thus be capable of ionizing Hé=or example, BAT99-
gions in this nebula: the first and second sample the NE a4 (Brey 85) has a temperature of 100 kK, but yet no neb-
SW part of the ring (18 and 1% long, respectively), the third ular Hen was ever detected around this star (Niemela et al.
covers the region situated between the star and the SW dfc (4991), contrary to BAT99-49. Moreover, the WN3 stars should
|ong), and the last one studies tha H:'ngion beyond the SW arc in principle be hotter than the WN4 stars, but no nebulanHe
(46” long), that belongs to a larger shell unrelated to the WgMission has been detected around BAT99-62 and-82€u
wind-blown bubble. Compared to the LMC average values, tH4686)F(HB)<0.03 and 0.007, respectively, in Pakull 1991,
regions of the nebula closer to the star and the NE arc appbigmela et al. 1991).

slightly enriched in helium and depleted in oxygen. TH®N Finally, we note that in the remaining cases ofiHeeb-

ratio is also generally larger. These abundandieidinces fit ulae excited by WR stars (WR102 in the Galaxy, IC1613#3 in
well the Chu (1983) model: the southwesternmost part of the1613), these stars present a WO spectral type. However, near
wind-blown bubble and the outer iHregion actually belong the only WO star of the LMC, BAT99-123 (Brey 93), no neb-
to the molecular cloud’s edge, and should thus present normbdr Hen emission was detected (Hen 14686)F(HB)<0.07
abundances. in Pakull 1991). Even in the case of the largest concentration

4.3. BAT99-63
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of hot stars in the LMC, i.e. in the 30 Doradus complex, no We also examine a fourth Henebula of the MCs, N44C. It
nebular Her emission was ever reported. is thought to be a fossil X-ray nebula in which Kehould re-
BAT99-2, 49 and AB7 seem thusftiérent from all other combine with timescales of 20-100 yr. Using our VLT data, we
WR stars of the MCs, but we find no particular reason for thestimate(Hg8)= 9x 10°¢ erg s* andL(Hen 1 4686)= 4x 10®°
uniqueness in the available data. Up to now, only 3 eci- erg s*. Comparing our data with older values, we find no sign
tation mechanisms have been proposed: high velocity shocks variation in the Her 14686 line strength. This puzzling re-
but we are not aware of any peculiar motions near these objestd} indicates a much longer recombination timescale, and thus
X-ray ionization - but no bright X-ray source was ever recordexdvery low density. Alternatively, another, unknown, ionizing
in the close neighbourhood of any of these stars; photoionizaechanism could be at work. The X-ray source may also have
tion - but then why would these stargfer from (very) similar turned on again some time in between the previous observa-
WN stars of the same Galaxy? Could binarity play a role? ABibns and ours. Further monitoring is recommended to follow
and BAT99-49 indeed have massive companions, but BAT®e possible evolution of the Heand X-ray emissions, and
2 appears single (Foellmi et al. 2003b). Could they be mairdyso to search for traces of orbital motion in Star #2, and thus
fossil Her nebulae? Long-term monitoring of both the nebulaaf a companion that wculd be responsible for the episodic X-
and the stars would be required to unveil the signs of recombaiy emission as required by the fossil X-ray nebula scenario.
nation as well as the orbital motion due to the presence of a pu-
tative compact companion in a wide eccentric orbit. Howevécknowledgementsive acknowledge support from the PRODEX
aptonow; ony thevisie specirum o hese peclar srs 401 45 11 ok e i sonecsinne
well studied, but the latter constitutes only a small part of tr}gferee Dr M. Heydari-Malayeri, for his usefulguggéstions
hot stars’ radiation. The UV and X-ray fluxes of the WR stars ’ ' ’ '
of the MCs should be investigated deeply, since these peculiar
stars may present particular features in these energy rangefReferences
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Table 2. Dereddened line ratios with respect t8+100.0 (see text for details). Uncertainties in the line ratios, estimated from the/smjeal
in the lines and the calibration errors, are given in parentheses. The physical properties derived using the line ratios are also indicated below. .
‘.’ denotes an uncertain value, that is not used for abundance calculation when other measurements of the same ion exist.

LMC BAT99-49 SMC AB7

N S1 S2 w1 w2 El E2 E3
[Ou] 3727 178 (19) 244 (25) 262 (27) 50(5) 121 (13) 82 (9) 100 (11) 251 (27)
H12 9.5: 5.0(0.5)| 6.6(0.7) 7.7 (0.8) 6.5(0.7) 5.4(0.6)
H11 12: 6.9 (0.7) 6.3(0.7) 5.(0.5) 5.3(0.6)
H10 10: 6.9(0.7)| 94(.) 8.1(0.1) 9.6 (1.) 7.9(0.8) 8.2(0.9
H9 12: 9.1(0.9)| 8.8(0.9 85(0.1) 9.2(1) 8.5(0.9) 7.9(0.8)
[Nem] 3868 41 (4) 44 (4) 57 (6) 55 (6) 55 (6) 47 (5) 57 (6) 59 (6)
H8 + Her 18 (2) 20 (2) 20 (2) 14 (1) 16 (2) 17 (2) 18 (2) 20 (2)
[Nem] + He 26 (2) 27 (3) 33(3) 31(3) 29 (3) 30(3) 34 (3) 35(3)
Ho 28 (2) 29 (3) 28 (3) 30 (3) 29 (3) 31(3) 30 (3) 30(3)
Hy 55 (4) 51 (4) 50 (4) 49 (4) 49 (4) 50 (4) 50 (4) 50 (4)
[Om] 4363 5.8 (0.5) 5.(0.4) 49(0.4) 14(1) 8.9 (0.7) 11 (1) 13 (1) 9.4 (0.8)
Her 4471 2.6: 44(0.3)| 3.(0.2) 3.7(0.3) 27(0.2) 3.2(0.2) 4.2(0.3)
Hen 4686 8.1 (0.6) 9.8(0.7) 24 (2) 21(1) 16 (1)
[Arv] 47122 4.(0.3) 3.4 (0.3) 2.9(0.2)
[Ar 1v] 4740 3.2(0.2) 2.6 (0.2) 2.4(0.2)
HB 100. 100. 100. 100. 100. 100. 100. 100.
[Om] 4959 157 (11) 155(11) 191 (14) 224 (16) 200 (14) 194 (14) 229 (16) 194 (14)
[O ] 5007 471 (34) 464 (33) 566 (40) 670(48) 597 (43) 583 (42) 685 (49) 573(41)
Hen 5412 1.7 (0.1) 1.6(0.1)  1.2(0.1)
He1 5876 12 (1) 12 (1) 13(1) | 8.5(0.7) 11 (1) 8.4 (0.7) 9.(0.1) 11 (1)
[O1] 6300 44(0.4) 7.1(0.7) 35(0.3) 1.7(0.2) 2.7(0.3) 6.3(0.6)
[Sm] 6312 1.7(0.2) 2.2(0.2)| 1.8(0.2) 2.(0.2) 1.7 (0.2) 1.9(0.2) 2.1(0.2)
[O1] 6363 16(0.2) 2.2(0.2) 1.(0.1) 0.8(0.2) 1.9(0.2)
[N 1] 6548 7.2(0.7) 7.9(0.8) 89(0.9) 1.(0.1) 19(0.2) 1.6(0.2) 1.4(0.1) 3.8(0.4)
Ha® 282 (28) 282 (28) 286(29) 279(28) 282(28) 279 (28) 279 (28) 279 (28)
[N 1] 6583 16 (2) 24 (2) 28(3) | 2.3(0.2) 56(0.6) 3.6(0.4 4.2 (0.4) 11 (1)
He1 6678 2.7(0.3) 3.3(0.3) 3.7(0.4) 25(0.3) 3.(0.3) 2.6 (0.3) 2.7 (0.3) 3.1(3)
[Su] 6716 13 (1) 29 (3) 36(4) | 4.1(0.4) 13 (1) 7.6 (0.8) 9.2(1) 22 (2)
[Su] 6731 9.0 (0.9) 20 (2) 25(3) | 2.8(0.3) 9.2(1) 5.4 (0.6) 6.4 (0.7) 16 (2)
F(HB) (10*erg cnr?st) 0.5 14 4.6 5.8 5.0 2.3 7.9 51
Ay(mag) 0.44 0.44 0.49 0.29 0.39 0.30 0.40 0.47
Te[O 1] (kK) 12505 11.204  11+04 | 15.5:0.7 13.%05 14.80.7 15107 14+0.6
ne[Sn] (cm3) <210 <210 <230 <160 <260 <250 <210 <230
ne[Ar v] (cm™3) <3100 <2700 600-3600
He"/H* x 107 8.3:0.6 8.9:0.6 9.20.5 6.6+0.3 8.10.4 6.5:0.3 7.10.4 8.8:0.5
He?t/H* x 107 0.68:0.05 0.82-0.06 2+0.1 1.8:0.1 1.4:0.1
— He/Hx10? 9.0£0.6 9.8:0.8 9.20.5 8.6+0.1 8.10.4 8.3:0.4 8.5:0.4 8.8:0.5
O%/H* x 1¢° 4.9+0.3 9.5:0.6 2.3+0.2 1.3:0.2 3.8:0.3
Of/H* x 10 2.8:0.3 4.50.5 6.6:0.7 | 0.39:0.04 1.40.2 0.720.08 0.830.09 2.%0.3
O*/H* x 1P 8.1+0.3 9.304 14506 | 6.5+0.3 8.3:0.4 6.4:0.3 7.10.3 7.3:0.3
— O/Hx10 1.2+0.1 1.6:0.1 2.20.1 | 0.89t0.04 1+0.04 0.9%0.04 0.960.04 1+0.1
N*/H* x 10° 2.1+0.2 3+0.2 4.2:0.3 1.9+:0.1 5.40.4 3.30.2 3.20.2 9.9:0.7
(= N/OX1C?)° 7.7+1. 6.6:0.8 6.3:0.8 5+0.6 3.8:0.5 4.6:0.6 3.90.5 3.%#0.5
SHH* x 10 3.1+0.2 7.6:0.6 11.20.8 | 0.64:0.05 2.20.2 1.3:0.1 1.5:0.1 4.20.2
S /H* x 10P 2+0.2 3.6:0.3 | 0.92:0.09 1.50.1 0.960.09 1+0.1 1.4:0.1
Ardt/H* x 10° 2.2+0.1 210.1 1.20.1
NeZt/H x 10° 2+0.2 2.5:0.2 4.3:0.4 1.4+0.1 2.1:0.2 1.3:0.1 1.5:0.2 2+0.2

a The small contamination due to Hd713 was corrected using the strength ofil3876 and the theoretical Heatios from Benjamin et al.
(1999).

b Contamination due to He6560 negligible.

¢ AssumingN(N*)/N(O*) = N(N)/N(O).



Table 4. Same as Table 2 for LMC N44C.
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N1 N2 S1 S2 N Fil. Sup.
[Fen] 3712 9.1(1)
[On] 3727 91 (9) 220(23) 199 (21) 353(37) 547 (57) 486 (51)
H12 4.(0.4) 3.7(0.4) 47(05) 49(05) 46(05) 5.6(0.6)
H11 48(05) 46(05) 62(06) 59(0.6) 6.3(0.7) 6.4(0.7)
H10 5.9 (0.6) 5.8 (0.6) 74(0.8) 7.(0.7) 6.8(0.7) 6.1(0.6)
H9 75(0.8) 7.8(0.8) 8.8(0.9) 9.(0.9) 8.3(0.8) 8.1(0.8)
[Nem] 3868 63 (6) 73(7) 59 (6) 56 (6) 65 (6) 11 (1)
H8 + Her 19 (2) 21 (2) 20 (2) 20 (2) 19 (2) 20 (2)
[Nem] + He 35 (3) 39 (4) 34 (3) 35 (3) 35 (3) 22 (2)
Her 4026 21(0.2) 2202 1.7(0.2) 17(0.2) 1.8(0.2) 1.3:
[St] 4068 1.3(0.1)  2.7(0.3) 2.4: 4.(0.4) 6.7(0.6) 4.3:
[Su] 4076 0.4(0.2) 05(0.2) 0.6(0.1) 1.(0.2)
Ho 29 (3) 29 (3) 30 (3) 30 (3) 29 (3) 29 (3)
Hy 50 (4) 50 (4) 50 (4) 50 (4) 50 (4) 50 (4)
[Om] 4363 7.4(06) 7.3(06) 6.7(0.5) 4.9(0.4) 55(0.4) 0.8(0.2)
Her 4389 0.4(0.2)  05(0.3)
He1 4471 3.6 (0.3) 4.4 (0.3) 3.8(0.3) 3.7(03) 4.1(0.3) 3.6(0.3)
Hen 4542 0.4 (0.2)
Hern 4686 14(0.1) 0.45(0.03) 4.3(0.3) 1.7(0.1)
[Ar v] 47112 3.3(0.3) 1.2(0.1)  1.4(0.1)
[Ar v] 4740 2.5(0.2) 1.(0.2)  1.2(0.1)
HB 100. 100. 100. 100. 100. 100.
Her 4922 0902  11(0.1) 1101 1.(02) 1.1(0.1) 1.6:
[O m] 4959 242 (17)  250(18) 217(15) 178(13) 161(11) 36 (3)
[Fem] 4986 2.2(0.2)
[O 1] 5007 719(51)  747(53) 649 (46) 534(38) 478(34) 108 (8)
[N 1] 5198+5200 02(0.1)  0.6(0.1) 1.(0.2)  2.(0.2) 1.
Hen 5412 1.1 (0.1) 0.7 (0.1)
[Clm] 5517 0.4 (0.2) 0.5(0.1) 0.6 (0.1) 0.6:
[Cl m] 5538 03(0.1) 04(0.2) 05(0.1) 0.5:
[N 1] 5755 0.13(0.07)  0.3(0.2) 05(0.1) 0.7(0.1)
He1 5876 10 (1) 12 (1) 10 (1) 10 (1) 9.8(0.8) 9.3(0.1)
[Femr] 6096 1.5(0.1)
[O1] 6300 1.9(0.2) 6.8 (0.7) 3.9(0.4) 8.4(0.8) 14 (1) 4.1(0.4)
[Sm] 6312 1.4(0.1)  1.9(0.2) 1.6(0.2) 19(02) 2.(0.2) 1.(0.1)
[01] 6363 0.8(0.2) 24(02) 14(0.1) 29(0.3) 4.8(05) 1.8(0.2)
[N n] 6548 2.(0.2) 5.2 (0.5) 5.(0.5) 8.7(0.9) 14 (1) 13 (1)
Hao? 282(28)  282(28) 282(28) 282(28) 282(28) 286 (29)
[N ] 6583 6.5(0.7) 16 (2) 16 (2) 27 (3) 42 (4) 38 (4)
He1 6678 2.9(0.3) 3.3(0.3) 29(0.3) 27(03) 28(03) 26(0.3)
[Su] 6716 8.9 (0.9) 22 (2) 24 (3) 42 (4) 58 (6) 51 (5)
[Sn] 6731 7.(0.7) 17 (2) 17 (2) 30 (3) 42 (4) 36 (4)
F(HB) (10 % erg cnm? sY) 18 23 8.4 13 1.7 2.4
Ay(mag) 0.58 0.60 0.52 0.53 0.48 0.43
To[Om] (KK) 11.74+0.4 11504 11.20.4 11.30.4 12204 10.50.9
Te[S] (kK) 11.8+2. 9.9+1. 8.3:0.4  9.3:0.8
To[N 1] (kK) 1245 12:4 11.4:1.4 10.Z1.1
ne[Su] (cm~3) <420 <410 <260 <250 <270 <240
Ne[Ar 1v] (cm~3) <2400 <5400 600-3600
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Table 4. Continued.

(He*/H* x 10P)P 7.7+0.5 9+0.6 7.9:0.3 7.6:0.4 7.90.3 6.9:0.3
He?*/H* x 10° 1.2+0.2 0.0380.003 0.550.08 0.140.01

— He/Hx10? 8.9+0.5 9.:0.6 8.4:0.3 7.#0.4 7.9:0.3 6.9:0.3
O%/H* x 1¢F 2.4+0.3 8.3:t0.6 4.5:0.2 11 14+1 7.9:0.5
Of/H* x 10 1.8+0.2 4.#0.5 4+0.4 8+0.8 9.3t1. 15:2
O*/H* x 10¢ 1.5+0.1 1.20.1 1.4:0.1 1.20.1 0.820.04 0.320.03
— O/Hx10 2+0.1 2.2:0.1 1.9:0.1 2.20.1 2.:0.1 1.9:0.2
NO*/H* x 107 0.84:0.04 2.305 3.8:0.8 5.9:0.5

N*/H* x 10° 0.84+0.16 2.20.4 2+0.1 3.9:0.3 4.6:0.4 6.5:0.5
(= N/Ox10?)? 4.7+1. 4.8:0.9 5.2:0.6 5.3:0.7 4.9:0.6 4.4:0.6
(S*/H* x 107)¢ 2.6+0.2 5.9:0.4 6.720.5 1G:1 13+1 16+1
S /H* x 10° 1.8+0.2 2.6:0.3 2.10.2 2.8:0.3 2.20.2 2+0.2
Ar¥/H* x 107 3.4+0.2 1.3:0.2 1.3:0.1

Ne?t/H* x 10° 3.8+0.4 4.#0.5 3.6:0.4 3.9:0.4 3.4:0.3 0.96:0.10
CI>*/H* x 1¢° 2.4+0.9 3.6:1. 4.5:0.7

a Same remarks as in Table 2.
b To derive this abundance, the weigth of the fainten Hd026, 4389 and 4922 lines was reduced to 0.5.
¢ To derive this abundance, the weigth of theiJS1 4076 line was reduced to 0.5.
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