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Abstract. We present near infraredHK imaging of the Small Magellanic Cloud compactiHregion N81 using

the ISAAC camera at the ESO Very Large Telescope (Antu). Our analysis of the stellar environment of this young massive

star region reveals the presence of three new stellar populations in the surrounding field which are mainly composed of low
mass stars. The main population is best fitted by evolutionary models2fdd, stars with an age of 1 Gyr. We argue that

these populations are not physically associated with tierégjion N81. Instead they are the result of a number of low mass

star forming events through the depth of the SMC south of its Shapley’s wing. The populations can rather easily be probed due
to the low interstellar extinction in that direction.
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1. Introduction of the adjacent massive stars or by the champagne flows

. o Tenorio-Tagle et al. 1979).
High-Excitation Blobs (HEBS) represent a rare class of cor&— g )

pact Hi regions in the Magellanic Clouds (Heydari-Malayeri Optical observations of a number of these objects,
& Testor 1982). In contrast to the typicalitregions of these LMC N159-5, N160A1, N160A2, N83B, N11A, as well as
neighboring galaxies, which are extended structures spann§C N88A and N81, allowed one to derive their global
several minutes of arc on the sky (more than 50 pc) and pog\rp_ysmal characteristics an_d est_abllsh them as a particular
ered by a large number of hot stars, HEBs are dense sn# S Of metal-poor ki regions in the Magellanic Clouds
regions usually 3to 10” in diameter (1 to 3 pc). Moreover, (Heydari-Malayeri & Testor _1982; Heydarl-MaIayerl & Testor
they happen to lie adjacent or in the direction of the typica®83, 1985, 1986; Heydari-Malayeri et al. 1990; Testor &
giant Hir regions, with the exception of SMC N81 (Henizé:’akull 1985; Heydari-Malayeri et al. 1988). In particular, it
1956) which has apparently been formed in isolation. Th¥aS shown that HEBs are generally verifeated by local

are probably the optical counterparts of the Galactic ultracof4St (references above; see also Israel & Koornneef 1991).
pact Hir regions (Churchwell 1990) lying relatively close tgiowever, those early studies made |t_ als_o clear that in ordt_ar to
the cloud surface because the molecular cloud layers abbedter understand the stellar propertles in those small regions,
the newborn stars have been scraped by the strong UV figiP-arcsecond spatial resolution was needed.

This was achieved by oudST WFPC2 high resolution
Send gprint requests toF. Meynadier, imaging of seven HEBs, SMC N81, N88A, LMC N159-5,
e-mail:Frederic. Meynadier@obspm. fr N83B, N11A, N160A1l, N160A2 (Heydari-Malayeri et al.

* Based on observatlc_)ns obtained at the European SOUthT%%\,b,c, 2001a,b, 2002a,b). We were able to spatially re-
Observatory, Paranal, (.:h'le; Program 69.A-0123(A). Ive these objects for the first time, uncovering their mor-
** Based on observations made with the NAESA Hubble Space Solve ) - ng .

ngﬂlogy, nebular features, the location of their high excita-

Telescope, obtained at the Space Telescope Science Institute, w o o
is operated by the Association of Universities for Research fipn [Om] 15007 zones, and the variation of the extinction

Astronomy, Inc., under NASA contract NAS 5-26555. These obseé?¢r0ss them. Those observations showed that powerful stellar

vations are associated with program # 6535. winds and shocks create magnificent scenes testifying to high
**x Affiliated to the Astrophysics Division, Space Sciencactivity: outstanding emission ridges, cavities sculpted in the
Department of the European Space Agency. ionized gas, prominent dust structures protruding from hot gas,
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and even unknown compactiHblobs immersed in the HEBs a field of 25x 2!5. The seeing varied betweetOR and 140
and harboring very young hot stars. In a few casedH&iFim- (FWHM).
ages revealed some of the exciting stars, but not all of them, A set of individual, 10-s exposures were obtained in each
and in some other cases we could not conclusively identify tfiker using a dithering method with a randorfiset of 1% at
exciting stars at all. This is likely due to the high dust contemost. The number of exposures were 10, 20, and 18 fod the
of those regions, which is rather remarkable given their loi¥, andKs bands respectively. The data were processed using
metallicity (Bouchet et al. 1985). the VLT pipeline and we verified that their quality wadisu

The Hi region N81 lies well outside the main body ofcient for our intended science. One area of concern was that
the SMC in the outer parts of Shapley’s wing. Discovered Igmnall fluctuations of the sky near crowded areas of each frame
Shapley (1940) as a “large cloud of faint stars extending eastuld be due to sky subtraction by the pipeline “jitter” recipe.
ward from the SMC to the LMC”, the wing was shown to be iTherefore, we tried to supply the “jitter” with unbiased, flat-
fact the tail of a much larger Hstructure linking the SMC to fielded, sky-subtracted frames while disabling the sky calcu-
the LMC (Kerr et al. 1954; Hindman et al. 1963; Mathewsolation option of the recipe. Since this method reproduced the
& Ford 1984). Models and observations suggest that the nesame fluctuationféects in the co-added frames, we decided to
tral hydrogen structures known as the Magellanic Bridge, thise the pipeline-reduced frames.
Magellanic Stream, and the Leading Arm result from the PSF-fitting photometry was carried out for all filters us-
Clouds’ interaction with each other and the Milky Way (Muraing the DAOPHOT IJALLSTAR procedures under the ESO
& Fujimoto 1980; Moore & Davis 1994; Gardiner & NoguchiMIDAS reduction package. Finally the magnitudes were cali-
1996; Putman et al. 1998). Several works support the findibtated using the mean atmospheric extinctionfiocients sup-
that the SMC wing is pointing towards the LMC, and is therglied by ESO, and three standard stars for determining the
fore closer to us than the SMC bar (Mathewson et al. 198&ro points. We used the color equations provided by ESO and
Caldwell & Coulson 1986; Irwin et al. 1990). Regarding N8thecked that the color terms were small.
itself, which lies towards the outer parts and south of the wing, We compared our photometry with those provided by
our HSTobservations showed the presence of a tight clustertbE 2MASS point source catalogue (Cutri et al. 2000) using
newborn massive stars embedded in this nebular “blob’18f" a selection of 15 stars which appeared as single in our im-
across (Heydari-Malayeri et al. 1999c, hereafter Paper I). Siges and were brighter than 15.5 madim Our photometry
of them are grouped in the core region-a?” diameter, with agrees well with 2MASS fod andH filters, although is slightly
two of the main exciting stars, in the very center, separated fanter; the mean dierences beingi(2MASS) —-m(ISAAC) =
only 0727 or 0.08 pc. The images display violent phenomenr®.05 mag inJ and -0.07 mag inH. The disagreement is
such as stellar winds, shocks, ionization fronts, typical of tumore significant for theks band, where the meanfidirence
bulent starburst regions. Follow-up far UV spectroscopy witdimounts to-0.44 mag. The comparison of the filter profiles
STIS (Heydari-Malayeri et al. 2002b, Paper 1) also revealedatween ISAAC and 2MASS systems showed no significant
particularly interesting case in SMC N81, where several of tliéference. This discrepancy can therefore be explained by the
stars are O6—08 types, but display extremely weak wind prfact that theKs observations were carried out on delient
files (Martins et al. 2002). The astonishing weakness of thaiight, as mentioned above. During that night the sky trans-
wind profiles and the sub-luminosity (up t& mag fainter in parency was lower and the seeing poorer. We therefore decided
My than the corresponding dwarfs) make these stars a unigoadootstrap our data with the 2MASS photometry by making
stellar population in the Magellanic Clouds. Our analysis sutie appropriate fiset to our measureds magnitudes. Our fi-
gests that they are probably in the Hertzsprung-Russell diagnaah astrometry was based on 11 stars of the field, the accurate
locus of a particularly young class of massive stars, the gmsitions of which were determined in our previddST ob-
called Vz luminosity class, as they are arriving at the zero agervations (Paper I).
main sequence.

T_he heavy_dust conten_t of t_he HEBs c_aIIs for doing r_ugg_ Results and discussion
spatial resolution observations in the near infrared. Our aim 1n
using the VLTISAAC was to detect and study all massive emA typical final image obtained with ISAAC is presented in
bedded stars inside N81, as well as the associated surroundhigg 1, while a close-up view of the H region is displayed
population. However, due to the limited spatial resolution @f Fig. 2. The two brightest stars of N81 lying towards the
the present observations, this paper is mainly focused on tentral area of N81, detected biST (Paper I) and separated
properties of the stellar environment of N81. by 0’27, are not resolved on this image. The cross references
for common detections in both ISAAC amtSTare presented
in Table 1. Even though we used broad band filters for our
imaging in order to sample the properties of the stellar con-
The N81 region was observed in service mode with the ESi@uum emission, we do detect faint levels offdse near in-
Very Large Telescope (VLT). The infrared spectro-imagédrared light from the central 10of the region. We note that the
ISAAC was used at the Nasmyth B focus of Antu througspatial extent of this emission is similar in size to that ia H
filters Ks on 7 October and andH on 18 November 2001. observed byHST (see Fig. 1 in Paper I). This is mainly due
The infrared detector (Hawaii Rockwell array) had 10R4 to nebular infrared emission lines (i.e.sBmwith contribution
1024 pixels of 18..xm each (0148 on the sky), thus providing from free-free, two-photon, and probably dust emission.

2. Observations and data reduction
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Fig. 1. The SMC NB81 region and its surrounding field as seen throughl tfiker. The image, taken with VLLTSAAC, results from the
coaddition of 10 basic exposures. The field size’is 2 corresponding to 38 p& 38 pc. The arrows indicate the candidate background
galaxies (Sect. 3.2). North is up and east to the left.

A total of 519 stars are detected in the field with magniFhere may also exist a third smaller population centeréti-at
tudes ranging from 12.5 to 20.7 in th€s band. The inter- Ks ~ 0.0, but we are not sure because of the photometric un-
nal photometric errors derived from DAOPHOT are very smaikertainties. The populations are also visible on the color—color
ranging from 0.005 to 0.06 mag féts from 14 to 19 mag re- diagram (Fig. 4).
spectively. However, the true accuracy is smaller, aftldwer
limit of Ks= 19 mag allowing an estimated accuracy of 0.2 magg
on the faintest stars.

In order to explain the color-magnitude and color—color di-
rams, we compared them with the predictions of the Geneva
evolutionary models (Lejeune & Schaerer 2001). To our sur-
prise, we could not find any massive stars isochrones fitting
3.1. Color-magnitude and color—color diagrams both diagrams coherently. The best results were found for

masses around 2 and\k,. Our analysis suggests that the bulk

In Fig. 3 we present theKs versusH — Ks diagram of of the stars, distributed alorig) — Ks ~ 0.1 mag, belongs to an
the observed stars in the field of N81. All sources brighterolved population of mass2 My and age 1 Gyr. Moreover,
than 19th mag irKs are present, and those brighter tika= the H — Ks ~ 0.0 population is simulated by5 M, model
15 or redder thaid — Ks = 0.3 mag are labelled according tostars of age 1 Gyr. However, the discrimination between these
Fig. 1. The color—-magnitude diagram shows the presence dfv@ populations is dficult as it is very sensitive also to the in-
main stellar population vertically distributed aloh— Ks ~  terstellar extinction. A small dlierential extinction is dicient
0.1 mag and a second group with significantly redder colote.move stars from one population to the next.
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Fig. 2. The SMC Hi1 region N81 and its immediate field) CompositeJHKs color imageb) as ina) with stars identified.
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Table 1. Photometry of commoRISTISAAC stars.

Star a 1) J H K | HSTnumber
(2000.0) (2000.0) (mag) (mag) (mag) (mag) (Paper 1)

122 1:09:13.05  -73:11:38.2 14.37 14.33 14.50 14.51 +P
127 1:09:13.34  -73:11:38.4 15.94 15.63 15.39 16.10 3
119 1:09:12.83  -73:11:40.2 17.16 16.96 16.84 17.57 8
130 1:09:13.74  -73:11:33.3 16.21 16.25 16.43 16.11 11
143 1.09:16.07 -73:11:29.1 16.75 16.76 16.76 16.67 13
141 1.09:15.62 -73:11:35.6 18.24 18.16 18.25 18.14 14
147 1:.09:16.58 -73:11:51.2 16.63 16.17 16.03 17.21 15
111 1:.09:11.70 -73:11:45.0 19.34 19.18 19.10 19.07 17
125 1:09:13.20 -73:11:46.5 19.48 19.43 19.33 19.13 18
118 1.09:12.78 -73:11:53.4 17.64 17.10 16.96 18.49 19
94 1:09:10.43 -73:11:45.4 19.17 18.62 18.39 17.91 20
92 1:09:09.96  -73:11:45.3 17.09 16.48 16.30 18.85 21
86 1:09:09.66  -73:11:44.7 18.02 17.57 17.62 18.73 22
137 1:09:15.05  -73:11:39.5 18.17 17.58 17.55 19.11 23
145 1:09:16.17 -73:11:435 17.43 16.93 16.79 18.10 24
133 1:09:14.63  -73:11:28.2 18.05 17.50 17.42 18.68 26
123 1:09:13.07 -73:11:23.3 15.96 15.44 15.29 16.82 27
95 1:09:10.48 -73:12:12.1 17.03 17.06 17.11 19.66 29
134 1:09:14.67 -73:11:54.8 18.92 18.87 19.64 19.04 30
96 1:09:10.49  -73:11:47.4 19.44 19.03 18.90 19.78 33
80 1:09:09.15 -73:11:36.5 18.72 18.25 18.04 20.16 35

203 1:09:23.22  -73:12:20.7 15.44 15.22 15.08 15.84 -
222 1:09:25.29  -73:11:08.9 15.83 15.77 15.61 15.73 -
201 1:09:23.19  -73:11:37.1 16.38 15.77 15.53 17.36 -
190 1:09:21.17  -73:12:14.8 16.68 16.27 16.12 17.39 -
212 1:09:23.55  -73:10:50.3 16.35 15.93 15.77 16.97 -
194 1:09:21.98 -73:11:19.4 15.21 15.24 15.22 15.03 -
171 1:09:19.41  -73:11:54.3 16.37 16.19 15.87 16.47 -
177 1:09:19.84  -73:11:31.6 15.51 14.75 14.46 16.66 -
183 1:09:20.51  -73:10:46.0 14.29 13.85 13.68 14.96 -
126 1:09:13.32  -73:12:07.2 16.48 15.84 15.67 17.49 -
116 1:09:12.68 -73:12:11.1 16.47 16.48 16.48 16.35 -
112 1:09:11.87 -73:12:10.8 14.98 14.98 14.99 14.87 -
90 1:09:09.76  -73:12:30.2 16.66 16.64 16.35 16.40 -
49 1:09:06.30 -73:12:12.6 16.77 16.33 16.22 17.57 -
43 1:09:05.31  -73:12:40.8 15.91 15.91 15.91 15.97 -
40 1:09:05.03 -73:12:41.5 16.25 16.22 16.24 16.19 -
37 1:09:04.69  -73:12:41.9 19.34 18.88 18.69 16.75 -
36 1:09:04.62  -73:12:33.5 16.84 16.79 16.75 16.86 -
33 1:09:04.36  -73:12:40.9 15.81 15.15 15.04 16.90 -
21 1:09:02.87  -73:12:34.8 16.75 16.79 16.87 16.69 -

However, several previous works suggest that the interstedgions, it has also been confirmed by measurements in the
lar extinction towards SMC N81 is rather low. This was alspear infrared. In fact Israel & Koornneef (1988) found<0
confirmed by the first high resolution extinction map of N81Ay < 0.6 from Bry/HB and Br/HpB ratios. We note also
derived from ouHST observations (Paper ). Those observdhat the “nebular” BrackeBalmer sifers, albeit in a lesser
tions showed that the extinction varies across N81, but tHegree, from the same scattering/outhe beam versus ab-
higher values do not exceed, ~ 1.3 mag, while the mean sorption phenomenon as the Balrfigalmer. However, a small
value isAy ~ 0.40 mag, if the interstellar reddening law is used@rackettBalmer ratio does not necessarily imply a high extinc-
Although this extinction is derived from thedAHg Balmer tion! The low extinction towards N81 is also supported by the
decrement which could be biased towards less redderiact that the color indeX — Ks of the stars in our field does



432 M. Heydari-Malayeri et al.: SMC N81

120 T T T T
0.1 Gyr isochrone

140

B 188 7
(/) .
k‘( 16.0 | 4.73 39 |
130
L A i
192 191
I 106%* |
l5§ 46
18.0 TR e 100 .
107 ) 294

L 4 M@ i

20.0 1 1 1 1 1 1 1

1.0

Fig. 3. Color—-magnitudeKs versuH — Ks, diagram for the observed stars towards SMC N81. The solid curves show isochrones predicted |
the Geneva group (Lejeune & Schaerer 2001). The left curve represents an age of 0.1 Gyr and the right one 1 Gyr. Two mass boundarie
marked on each isochrone, 4 and 4VI3 on the left isochrone and 1.9 andv2 on the right one. The dashed curves are evolutionary tracks
for masses 1.5, 2, and\8,. The reddening track is plotted with a dotted line and extends to 10 mag. Note that aAy = 10 mag, much too

high for the area of SMC N81 (see text) would be needed for interstellar reddening to creat@etfemtcolor properties of the third stellar
population we identified. The numbers refer to the stellar identifications presented in Fig. 1 and Table 1, and triangles represent stars th:
also identified in Paper I.

not display any trenydorrelation with the projected radial dis-of 7-8 x 10 cm2, corresponding to a visual extinction
tance from N81 (Fig. 5). If N81 was responsible for the exef ~0.08 mag, if the beam is filled. A filling factor of 10% leads
treme reddening of some sources, one should expect thentotcolumn densities a factor of 10 larger and a visual extinction
lie in its vicinity. On the contrary, this plot shows that the redstill smaller than 1 mag. Compared to other neighboringret-

dest sources are randomly spread on the field, restricting giens, the main CO position towards N81 is brighter than those
influence of N81 on the color of its neighbours to a radius’of 8etected towards N76, N78, and N80, but is weaker than that
at most. There is no evidence of segregation of red sourcesassociated with N84 and more especially N88.

wards a particular area in our observed field. The disperse group of red stars we identified is not a re-
Another argument against the presence of important dgsit of extinction but they must represent a mix of evolved
concentration towards N81 comes from the fact that no imtars of the SMC lying along the line of sight of N81. The
portant molecular cloud has been detected in the regidmightest star of the population, #188, has a bolometric mag-
Israel et al. (1993) detectédCO (1-0) emission at two pointsnitude of~18.5 mag which at the distance of the SMC trans-
towards N81 using SEST, even though the beamsize wWates to 400-500Q.. Consequently it very likely marks the tip
43’ (~13 pc), almost~4 times the size of the H region. of the red giant branch of the stellar population in the field
The main CO emitting position, lying at the southwestern neaf N81, even though we would need to obtain its spectrum to
periphery of the Hr region, has a beam brightness temperaonfirm this interpretation. Two other sources, #109 and #204,
ture of 375 mK, a linewidth of 2.6 km=$, an LSR veloc- stand out withH — Ks > 1 andKs > 18 mag and luminosi-
ity of 152 km s?, and an intensity of 1.0 K km8. We ties of~50 L. If this population actually consists of evolved
tried to estimate the corresponding visual extinction from thessd giants, it should be much older than the two other popula-
molecular observations. Assuming molecular hydrogen dengéns. Alternatively, these reddest colors may be due to circum-
ties of 1000-3000 cn¥, cloud temperatures of 10-40 K, andstellar emission in young stellar objects, as found incdi@ph
a CQH, abundance ratio of 18, we get CO column densitiesmolecular cloud (Greene & Meyer 1995). However, since the
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Table 2. Field stars comparison. the carbon stars are a population of the SMC halo stars dis-
placed into the inter-Cloud region by tidal forces (Gardiner &
Nebula 2 5 10 Noguchi 1996).

Finally, the main sequence massive stars identified using
HST observations (Papers | and Il) are also present on the
N88 28 132 484 color-magnitude and color—color diagrams. Shown with filled
N90 39 102 369 triangles in Figs. 3 and 4, they are mostly the bluest stars of the
sample, while some ardtacted by local extinction.

SMC N81 56 359 1197

N66 192 805 2883
N70 142 581 2352

3.2. Observing background galaxies through SMC

We have detected two non-stellar objects on the near infrared
extinction is very low towards SMC N81 and no importariinages. The source labelled #39 (Fig. 1) is a rather bright,
molecular clouds have been detected, this explanation seegs reddened object witKs ~ 16 andH — Ks > 0.9 mag.
less plausible. It has an elongated shape with an apparent siz&¢ 531”5,

In order to determine if our sample is contaminateghd is situated at the J2000 coordinates 01:09:04.85¢ =
by the backgrounfioreground sources, we compared a few73:11:26.3. It is very likely that this source be a background
SMC fields through the 2MASS catalog. Using Aladin, wgalaxy, but no extragalactic source at that location has been
searched for sources around 5 nebulae (N81, N88, N90, N6&talogued. The possibility of the object being a circumstel-
N70) for various surrounding areas (annuli with radii 2.5, %ar disk can be ruled out because of its size which would be
and 10 arcmin around the core objects), and compared the n@2-pc, about 10 times larger than the circumstellar disks found
ber of detections in each case (Table 2). The smallest anfar-example in the Orion nebula (Brandner et al. 2000). Another
lus corresponds well with the typical size of a globular clustgobssibility may be a blending of three aligned red stars. There
in the SMC (Hodge 1985) and is roughly twice our ISAAGs at least one additional “background galaxy” visible diago-
field. The Hir regions N81, N88, and N9O lie in Shapley'sally opposite to #39 from the field centre, at coordinates
wing, while N66 and N70 belong to the denser main body 0f1:09:25.85 = —73:11:55.9. These detections further under-
the SMC and are much larger. In fact the stellar environmepie the “transparency” of the SMC in that direction. It would
of N81 should preferably be compared with that of N88, sin¢se interesting to obtain spectra of these galaxy candidates in
both are very young HEBs produced by newborn massive stageder to elucidate their nature.
Although N90 lies towards Shapley’s wing, it is more extended,
less excited and does not belong to the HEB class; it is probably )
older than N81 and N88A. Table 2 shows that the N81 field & Conclusions

richer than those of N88 and even N90, while we expected siffhe young massive star forming region N81, lying in Shapley’s
ilar detection numbers based on their comparable evolutionwmg where the SMC bridges to the LMC, is surrounded by
stages. Since N88 is associated with a large molecular clajeee main populations of lower mass stars. These are evolved
(Rubio et al. 1996) and isfleected by a significantly strongerstars of ages at least 0.1 to 1.0 Gyr and initial masses of no
extinction, we argue that the higher number of stars detecig@dre than~2 to 5 M. It appears that the newborn massive
towards N81 is due to our ability to probe deeper into the SM§ars exciting the i region N81 are not associated with these
in that region. We are in fact sampling all the stars belongifgpulations which presumably represent various star forma-
to different star formation events in that direction. tion events in the SMC along the line of sight towards N81.
Previous work has shown the presence of large co®f course we cannot firmly exclude the co-spatiality of these
plexes of blue stars in the inter-Cloud region. Grondin et gdopulations with N81. However, the relative “transparency” of
(1992) found associations as young as 16 Myr with massesfig2 SMC towards N81, as supported by this work, favors our
the 1.5-12M, range, while Irwin et al. (1990) found older blueinterpretation, since the SMC is known to have an overall com-
stars of age~0.1 Gyr. However, these studies concern intepiex structure with several overlapping neutral hydrogen lay-
Cloud areas with Right Ascensien> 2 h, that is towards the ers (McGee & Newton 1981). There may exist a few runaway
Bridge central parts and significantly east of the N81 regiomassive stars contaminating the low mass population, but the
Tidal models predict that the Bridge was pulled from the SMghsence of any H region in the field, apart from N81, is in
during a close encounter between the two clouds 0.2 Gyr agfe with the lack of high mass stars. Anyhow, the number of
(Gardiner & Noguchi 1996), and the age of many of the stelljagellanic Cloud main sequence stars counts for a small frac-

concentrations (10-25 Myr) indicates that the Bridge is a st@n of the total number of stars in the Wing region (Irwin et al.
forming region. The star populations identified in the presendoo).

study are older than those previously detected in the Bridge

region. They may have formed as a result of an earlier tidal in-

teractions 1.5 Gyr ago (Murai & Fujimoto 1980). This is conRReferences
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