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Abstract. We present optical, near-infrared (NIR) images and spectra of the compact, dusty and complex HIl region N88A

in the SMC. The data were obtained mainly in the visible with the Boller & Chivens (B&C) spectrograph at the ESO 1.5 m
telescope and recently with the infrared spectrometer and array camera (ISAAC) at the VLT, grourith2 NIR observations
identified a region emitting in § both in and around the two major components of N88. Using long-slit spectra obtained in

the 3600-10 100 A wavelength range we have re-determined the key physical parameters of electron temperature and densities.
The spectral type of the complex exciting source of N88A has been classified as an 06-08 V, using He and H lines in the
visible and NIR, with the Hel 1.Znm/2.11um line ratio in theK band spectrum, suggesting that N88A feetively ionized

by a source of type<O7 V. However, from reddening correction and the temperature determined by photoionization model
calculations, the ionizing source should also contain a very early type O star. A comparison with a recent photometric study
shows that th& magnitude of the exciting source of N88A has previously been overestimated. The chemical abundances of He,
O, N, Ne, S, and Ar, from emission-line intensities, are also derived. Abundancies are consistent with the average abundances
for SMC Hill regions.

Key words. galaxies: Magellanic Clouds — ISM: individual objects: N88A (SMC) — ISM: HIl regions — ISM: abundances —
infrared: ISM — stars: early-type

1. Introduction N88A is strongly excited and is among the brightest objects
in the Magellanic Clouds (MCs). The first highly excited com-
act Hll region in the MCs, now generically named HEBs, was

. discovered two decades ago (Heydari & Testor 1982) in a study

terest ?n continuing a detaile_d investig_ation_ of N_88A’_ a SIMst individual regions in a low metallicity environment. In spite
ilar neighbour region extensively studied since its dlscovegf their small angular size, as the clouds argisiently close

by Testor &BPakulll (13.85)' L|kedl\||26A-B, .N%S'?‘\lggz.a C||°S(?—|EBS are the best candidates for the study of individual star
c_?_mgonent ’ onby5 :cstant an less e;<C|te : HIIIS ¢ "’?Sforming regions, both in detail and globally. HEBs should be
SII:IVeVH?\I;IS a r2nem_er 0 a}rrare 023852 0 compﬁlct r€91oR% final stage of ultra compact HIl regions where new mas-
( . < 2 pcin H) ( es_tor ). generally a_ssomate ive stars are forming (Churchwell 1990). Up to now, eight
with more extended HIl regions detected by Henize (195Q}&pR< have been found in the MCs. Save for N26 A-B, their

: . characteristics are reviewed by Heydari et al. (2002). Israel &
Send gprint requests toG. Testor, e-mailtestor@obspm. fr and K f (1988 1991) h h that the N88 ion h
L. Lemaire, e-maillemaire@obspm. fr oorneef ( ! ) have shown that the region has a

* Based on observations obtained at the European SouthgHPNI IR continuum with additional emission from shocked

The recent discovery of the heavily reddened compact HIl r
gion N26A-B (Testor 2001) in the SMC has strengthened i

Observatories, La Silla and El Paranal, Chile. H». Wilcots (1994a,b) has presented radio continuum imagery,
** \/isiting astronomer at la Silla. optical imagery and spectroscopy as wellldBV photome-
*** \/isiting astronomer at Paranal. try. N88A was intensively studied by Kurt et al. (1999) using
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UV, optical and HST observations both in imaging and spetable 1. Journal of the spectrographic observations conducted with
troscopy. Kurt et al. described this region, formed from a dustlye B&C spectrograph.

molecular cloud, as a very young Hll region, cut by a dark band
and excited by at least two stars. They noted that the reddeningd. Date Expo. Grating  Range  Slit widfRWHM

especially in the UV, must beflierent from the SMC extinction (s) (Amm) A) ") A
and presented an accurate determination of elemental aburN88 141288 1800 114 3500-5000 2 4
dances. These were found to be similar to values in other recent 291091 %8888 3600-7400

studies, except that C was found overabundant. Subsequently, 81191 1800

thanks to the refurbished HST, Heydari et al. (1999, hereafter  1¢/11/91 1800
HM99) give a detailed description of the complex morphol- %gl ot 1800

: : 12/95 3400 30 4000-4900 1.1
ogy of N88A, especially of the bright and dusty central re- 2812/95 3700
] - . . 2812/95 1800
gion where the extinction is estimated to have a paakof 1412/97 ~ 30 114 3700—7400 4 7
~3.5 mag at the position of the dark lane. In a region of extent 600
. . 1512/97 600 6500-10 100
~0.3’, west of the dark lane, HM99 found three faint exciting ¥ 60 6500-10 100

stars arriving on the zero age main sequence that could belong
to the so called/zluminosity class (Walborn & Parker 1992).
However, despite such detailed studies, little can be said about

the massive stars in N88A except on the basis of thdlik. - In December 1997 the Loral 20602000 15 um chip

The faint main exciting star remains unidentified. Up to nowWith two different gratings of dispersion 114 Amnfrom

no spectrum of the ionizing cluster has been published. Vermggoo to 7400 A and of 116 A mm from 6500 to 10 100 A

& van der Hulst (2002) have revisited the physical structure gfying a FWHM of ~7.3 A. Both short and long exposures
the region. They suggest that abundance determinatidfes Suyere taken because of the problem of overexposure in the very
from a number of uncertainties in line fluxes mainly due to thgrong [O 111]] 45007 and k lines. The 2 and 4’ long-slit
extinction correction, a point which we confirm here. Massgyidths were oriented E-W.

(2002) presents an accur&i®V photometry of the region, ex- Spectroscopic data were reduced mainly with the

cept f_orth_eAand B components of N88. . Midas software package LONG available at Paris-Meudon
Itis evident from these numerous studies of N88 that mapy,seratory, Corrections such as flat-fielding and sky substrac-

fundamental quantities await acg:urate determlr_1at|on. In t{?gn were applied in the standard manner. The spectra were

present paper we work towards this goal, presenting resmts'\ﬁ'l%ﬁ/elength calibrated with a helium-argon arc. The flux was

cumulated over several years, involving optical and NIR SPeCsjip ateq using observations of the spectrophotometric stan-
troscopic and imaging data, largely for the bright region N88Ard stars Feige 24 and 110 (Oke 1974)
The paper is organized as follows: Sect. 2 gives a brief descrip- '

tion of old and new data as well as the photometry of N88A and

its nearby environment. Section 3 briefly outlines the morph@:2. Imaging of NS88A

ogy of the region and Sect. 4 the extinction and the spectral

classification of the ionizing source of N88A, obtained fromihe Infrared Spectrometer and Array Camera (ISAAC) in-
Lyman photons and from spectroscopy. In addition physicgiplled on the ESO-VLT UT1 has been used for imaging in the
parameters such as electron density, temperature and madsftgred. Details of the data and reduction methods will be de-
ionized gaz are given. Section 5 describes the chemical abg¢fibed in a subsequent (Paper Il). Images of N88A were ob-

dances followed by a summary of results in Sect. 6. tained using th&'s broad band filter (Fig. 1a) and two narrow-
band filters at 2.18 and at 2.1, both with 1.3% bandwidth,

where data for the former filter are shown in Fig. 1b. For the

2. Observations and data reduction bright objects, the background continuum is dominant at both
wavelengths. Below, we refer to these brightimages in the con-
tinuum as contiz, and congig, respectively. In addition, in
Table 1 lists all the observations of long-slit optical anthe ionized region a Helium line may appear at 2uh, in
NIR spectra obtained during four observing runs at the ESe blue wing of the 2.1am filter. On the faint objects in the
1.5 m telescope with the B&C spectrograph, as follows: 2.13um filter, the 1-0S(1) H; line at 2.121um may in some

- In December 1988 a dispersion of 114 Amimngiving a cases be seen in addition to the continuum (see Sect. 3.1). The
spectral coverage from 3400 to 5400 A anldWHMof 4.8 A.  2.19um filter, which does not contain any,Hnes, shows only

- In October 1991 a high resolution 208@000 CCD Ford the continuum emission.
at 15 x 15u per pixel corresponding td’@ x 0’7 on the sky In the visible, a continuum image (Fig. 1c), taken through a
and a grating with a dispersion of 114 Amingiving a large narrow-band filter{1 = 100 A) centered at 5300 A (coBtoo),
spectral coverage from 3600 to 7400 A arle\HM of 4.8 A.  was also used to compare the optical and NIR continuum. This

- In January and December 1995 the same 20@D00 conts300 image was obtained from a CCD (560300 chip,
CCD Ford but with a holographic grating, giving a reciprocalixel size = 0’47), attached to the Danish 1.5 m telescope at
dispersion of 30 Amm'. In the range114000-5200 A, this la Silla. Table 2 summarizes the log of CCD frames. The im-
grating yielded a spectral resolutier.1 A. ages were reduced using MIDAS.

2.1. Spectroscopy
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c) ' d)

Fig. 1. Extracted images of monochromatic CCD frames in the optical and NIR contia)iirband image with stars labellell) 22.13um,
the red star is indicated by an arragy.15300 A, the two components of N88 are labelled A andiBThe H, emitting region with its main
N-S filament and peak of intensity, is indicated by an arrow. The size of each field correspontdxt6B2or ~15.8 x 15.5 pc.

Table 2.Log of CCD images. (Cols. 4-6) and the JHK photometry found in the infrared
data base of Denis (Cioni et al. 2000) (Cols 7-9) and 2MASS
Id. Filter 2 o1 Expo. Tel. Date (IPAC/UMass, 2000) (Cols. 10-12). In Cols. 13 and 14 are
©) shownV and Stoimgreny magnitudes from Wilcots (1994b)
N88 Cont 5300 A 100 A 2x 600 ESO-1.5m 30081984 and HM99. The magnitudes derived by Wilcots and HM99

ggﬂf 22113% 8:8%5 20 100 VLT-ISAAC 12-147/2002 compared with Massey's photometry seem overestimated by
K 5x10 at least one magnitude. Table 3 represents an extract of a larger
'Roughly centered on the Johnseand 2on N88A this filter mainly VLT-ISAAC field for which the completé& band photometry
contains a Hel line, the $41-0 S(1) line and continuum. In each imagewill be published in Paper .

the seeing is-1/7.

3. Morphology
2.3. Photometry 3.1. H, emission associated with N88

From the K band and comgypy images the instrumen-H, emission has been detected in N88A. Detection was
tal magnitudes of a few stars were computed usirghieved by substracting the image in the 2:tBfilter, which
DAOPHOT/ALLSTAR (Stetson 1987) in a field of 30x 50” allows the passage only of continuum radiation, from the im-
centered on N88A (Fig. 1a). THEBWHM of N88A is 2.3' and age in the 2.13im filter (see Sect. 2.2). Data were corrected
the point spread function (PSE 1.75”. Therefore the inte- for the diferent responses of the instrument through the fil-
grated magnitude of N88A was derived using circular apders, through observations of stars in the field. The resulting
tures. Photometric calibration in thi€ band was obtained image is shown in Fig. 1d. The very precise removal of all
using the reference star HD 7644 Kf magnitude = 9.27 stars in this image indicates accurate continuum subtraction.
(van der Bliek et al. 1996), whereas for the ¢asgwe used The strong emission directly over N88A has an unknown con-
the star of coordinates [1.24 04.89-73 09 15.0 (J2000)] amibution from the Hel line at 2.1um. The H contribution

V = 1470 found in Massey (2002). Table 3 shows magnwill be discussed in Paper Il. However around N88A there is
tudes of stars in the region, taken from literature values, ahighly extended emission, due purely to kh three roughly

the present comszge and K magnitudes (Cols. 15 and 16).equally spaced arms. The length of each of these arms is 6 to
Assigned spectral types are also shown. Table 3 also contaihpg. The extent of the region containing Elmission is sim-

as available, th&J BV photometry obtained by Massey (2002)lar to the extent of H emitting regions in highly luminous
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Table 3. N88A and a few neighbouring stars: values of the magnitudleB, V, 1, J, K, y (Stromgren15475 A) found in the literature and
values of the comty andK magnitudes from the present work. Identification corresponds to the numbering in Fig. 1a.

Id | @ (2000)s VM B-VU-BI® J K [ H K W |y 15300 K V- K Type

23 |12410.88-73 09 20/64.80 —0.20 —0.9615.41 15.07 15.65 (BOIIl) 15941484 1554 -0.76

24 |12413.94-73 09 195 14.91 (09.5011)15.2 15.31

25 |12412:68-73 09 16,3 1597 (80) 1164 16.20

27 |12404.89-73 09 1504.70 —0.12 —1.0415.36 15.67  |15.63 15.61 15.616.88 (BOIIl) |15.6814.70 15.73 —1.03

28 |12407.18-730915/84.61 0.27 -0.9715.76 1509  |16.39 15.19 15.13 16.4115.52 16.44 —1.02

30 |12404.79-73090784.67 —0.18 -0.9815.,6015.76  |16.10 15.94 15.576.01 (BOV) 1516 16.26 -1.10

31 B|1 24 08.95-73 09 06,3 15.12 13.49 12.84 15.66 15.37 0.2909.5V
32 Al12407.88-73 09 04/52.18 1.07 -0.7313.3012.0110.972.3212.0111.19  (06) [17.4913.62 11.07 2.5506-08V
33 |12408.87-73 08 56,1 18.0216.92 14.54 2.31 GO-K1lI
34 |12409.88-73 08 537 16.54 (09.51) [17.0015.74 16.24 —0.50

M D and® correspond to Massey (2002), DENIS and 2MASS catalogues respectively.

W'V magnitudes and spectral types from Wilcots (1994b).

H, Stroimgreny (F547) magnitudes from HM99. For the stars 27, 28 and 32, spatially resolved into double or triple stars by the HST, the giv
magnitudes correspond to the sum of their components and ar§exted by the brightness excess due to dust scattering.

P Present work.

massive star forming regions in the Galaxy, for example W5 L
(e.g. Hodapp & Davis 2002), which has previously beer =
likened to extremely active star-forming regions in other galax
ies e.g. the 30 Doradus in the LMC (Hodapp & Davis 2002)1500 B
Further details of the FHemitting region around N88A will be
reported in Paper Il, including-band spectra of the brightest =

zZones. B
1000 —

3.2. Star 33 B

Figure 1la shows;8” to the north of N88A, a star labelled 33 B
which is brighter in the infrared (Figs. 1a,b) than in the visi- 2©9 [~
ble (Fig. 1c). Using a distance moduims- M = 19.09 (Jacoby
etal. 1990) and the tables of Schmidt-Kaler (1982) and Johns:t - i

P it 15% = 4.5pc

& Morgan (1953), we derive for star 33 an absolute magni B J Lon o - —
tudeMy of —2.17 and &/—K of 2.31 (Table 3, Col. 17). From O | f M mmmmee™ [ (imommsnmommacs,
these parameters this star may be classified as a red superg 0 100 >00 200 400 500

(RSG) of type G9-K1 II. _ ) o .
Fig. 2. Brightness distribution of the 5300 A (dashed line) and NIR

continuum (solid line) images along the direction A-B.

4. Physical conditions
4.1. Nebular reddening to the N88B components is lower than in the cas},
Using the 4 x 4” slit aperture, the H/Hg ratio in N88A was image (Fig. 1b). Thus N88A is flerentially more reddened
found to be 4.2, corresponding to a mean extinctenof than N88B, consistent with the greater contribution of longer
1.14 mag. In N88B the kyHg ratio is 3.39 A\, ~ 0.54 mag). Wavelength emission in N88A.
With a 2’ x 4” aperture the H/HB ratio is 4.65 fy =
1.42 mag). Each ionizing source of A and B is of type PR
(Table 3). However the N8§MN88B ratio derived from cuts%'z' The fonizing source of N88A
oriented N88A-N88B (Fig. 1c) is 45 (4.13 mag) inthe gon}, HST observations of HM99 have shown that the core A con-
or conb 19, images and 5.5 (1.85 mag) in the cggsimage, as tains, in a diameter of0’3, two stars #1 and #2 and a third
illustrated in Fig. 2. The magnitude excess of Ain the gt  fainter star of~20 mag, the latter more dust embedded, just to
image is estimated to be2.3 mag, giving for N88A a meafs, the east of the brightest core A. These three stars of integrated
of 3.44 mag. This strong meak, found from NIR observa- magnitudeMs,7o = 17.5 mag should be the sources responsible
tions could be interpreted as dense internal dust associated faththe ionization of N88A. As ouV magnitudes of the stars
the central core of N88A and should have a local extinctimompared with Wilcots (1994b) and HM99 appear one magni-
>3.44 mag. Our estimated extinction strengthens the argumtertte brighter, the integrat&imagnitude of the ionizing source
for the strongAy of at least 6 mag estimated by HM99 at thehould beV ~ 16.5 mag rather thav ~ 17.5 obtained by
position of the faintest star of the ionizing source. HM99 above the nebular continuum. Corrected for the redden-

In connection with nebular reddening, it is clear in thing (Ay = 3.70 mag, Sect. 4.1), thé magnitude is expected
contissgo image (Fig. 1c) that the intensity ratio of the N88Ao be 12.8 mag. Using Schmidt-Kaler’s tables and a distance
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and 14686. It is not possible to discriminate between absorp-
tion and emission in the Held471 line, even if this line is an-
_alyzed with the higher spectral resolution spectéin= 1.1 A

Hell |

Hell
TITIS

Lo
T

CACIW]

[Fellll

1.4 -
- - oObtainedin 1995 (Table 1). Comparing the composite spectrum
F 1 shown in Fig. 3 with that in the atlas of Walborn & Fitzpatrick
FlE 1 (1990), we estimate that the exciting source of N88A has an
L.z H| .

equivalent spectral type of O6-O8 V.

The spectral type classification is strengthened by the NIR
spectrum (Paper II), where the ratio of 2/rh He | to Bry =
0.06. According to Hanson et al. (2002), this ratio is consistent
with an ionizing source of spectral tyge®7 V. Data in Fig. 3
+= also show the spectrum of N88B and in addition allow the clas-
! P ‘1 sification of the ionizing star of N88B, which appears to be a
|": [ l;:\ [ | \\ [ \\ [ |\ [ \7 IateOStar'

4500 4550 4600 4650 4700

Fig. 3. E-W rectified composite spectra of the ionizing source embed-3. Temperature and density

ded in the core N88A, in a 4450-4750 A wavelength range obtain@% ical i ted using the 1996 .
in 1991 (grey line) and 1988 (black line). The spectrum of the compo- ysical parameters were computed using the version

nent B is also presented (dotted line). The continuum level is norm@f- APelion developed by Stasinska. This program uses a five-
ized to unity. level atom code and the atomic data are described by Stasinska

& Leitherer (1996). The emission-line intensities (Fig.4) were

corrected for reddening using the observeg i ratios and
modulus of 19.09, such a magnitude suggests that the ionizfseaton’s law (Seaton 1979) for N88A, whereas for the fainter
source could be a very early star of type O3. component N88B we used theofHg ratio. The reddening-
uncorrected lines normalized tgstare listed in Table 4 with
the corresponding signal to noise rat&yK) derived from the
method given by Newberry (1994).

The Lyman continuum photon rate in photons per sechind, ~ Four electron temperatures were derived, associated
produced by stars surrounded by an Hlil region can be derivih different ionization regions in the nebula. These

from the flux of Hx photonsF, (Devereux & Scowen 1994) temperatures were computed from the following line in-
tensity ratios: Tg[O 1ll] 2436311(4959+5007), T[N 1]

Niyec = 0.83x 10°%Fy,D?, (1) A575914(6548+6584), T[O 1l] 1372711(7319+7330) and
[S 1] 1631219532. Two electron densities were determined
whereF, should be corrected for reddening abd- 0.065is  from the [S 1111671716731 and [CI 11]] 1551715537 ratios.
the distance in Mpc. Thiy. value obtained can be expresseth the determination of the physical parameters obtained from
in terms of equivalent number of ionizing stars of a given speg-and N lines, only the [O 11§4363.1(4959+5007) and [S I1]
tral type. Using arfrs 0f 4.14x10 *2erg s cm 2, uncorrected 1671716731 ratios were used. The mean electronic densities,
for reddening, obtained through an aperture 644” and a N, and the mean electron temperatufgi© I11], are shown in
logarithmic reddening correctioe{(Hp) of 0.52 (see Table 4), the |ast five rows of Table 4 as well as temperatures and densi-
we derived d\lLyc of 1.372x 10" vsL. This indicates that the ties obtained with other ratios, for Comparison_
whole nebula should be excited by a source of equivalent type
corresponding to an O7 V star (Vacca et al. 1996) or an 06.5V o
(Panagia 1973)Ny,c should be a lower limit as a fraction of4-4- Mass of ionized gas
the ionizing photons should be absorbed by dust grains insignsity diagnostics such as [SlI] line ratios measure the den-
the nebula and another fraction might escape from the nebkig of the matteNe([S 11]) while the mean electron density
as is the case in NGC 346 (Relano et al. 2002). < Ne > (Pereira 2000), as derived froM,y, includes the
medium empty of electrons.

4.2.1. Spectral type derived from Ny

4.2.2. Spectral type derived from spectroscopy ( 6NLye )o‘s
- ’ (2)

<Ne>=
To determine the spectral type of the faint embedded ioniz- ¢ nagD?
Ing source, we used a spectrum res_ultlng from an averagew%fere ag is the recombination cdiécient for Case B
five east-west 1800 s exposures. A single 1D-spectrum was (Osterbrock 1974) an® = 1.2 pc, the diameter of the HIl
treasctgg dt:z stuon;fm_lrrr\]gigsazp;lel ?ne%fu?éovsg;zzﬁgggtgﬁ ([:\1052;3 Aregion as measured using thé glit aperture. The ratio of the
whilzh is o?FWHM o 4in Hp The two components A and square of these two electron densities (Peimbert 1966) is taken

: ) . WO compon .~ 10 be the filling factor f and is given by the relation

B are spatially resolved and the contribution of B is negligible.
In Fig. 3 the E-W spectrum of the component A, in the range < N2 >

4450-4750 A, clearly shows the Hell absorption lind§41 | = Ne([SI)? (3)
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Fig. 4. E-W matched red and blue CCD spectra obtained in 1997 (long exposures) throughxaf 4perture. The intensity is in units of
108 ergscm? AL,

The mass of ionized gadi;) , in units of solar masses, isas well as the N88A abundances derived from the studies of

derived fromNyc using the relation Kurt et al. (1999) and Vermej (2002). Small discrepancies are
derd < N > noticed between the abundances derived from 1991 and 1997

i = S e mH’ ) observations as well as between the mean abundances given by

3 Reyes (1999) and Garnett (1999). Despite our small error bars,

where my is the mass of the hydrogen atom angl the it is difficult to maintain that the scatter of results is physically

Strdmgren radius. We find a filling factdr = 0.5 and a mass real. Except for S that appears underabundant, all our variations

of ionized gaz 0of~32 M,,. This mass is smaller than that foundire within the errors given by most of thefdirent authors. Our

by HM99 (45 M) but lies in the estimated range of A0, detection of a weak emission feature at [@g850 (Table 4)

to 50 M,, of Testor & Pakull (1985). Any discrepancy may behould, according to Rudy et al. (2001), strengthen the conclu-

attributed to the inhomogeneous dust content of N88A, whislon that N88A is carbon rich in nature, as established by Kurt

makes the reddening determinatioffidult. etal. (1999).
Vilchez & Pagel (1988) defined a radiation softness param-
5. Abundances eter from the ionic ratio

N88A is an lall rggion Wellladapted to c_omp.utation of abun- 0" /O
dances. It is bright and its angular size is such that the- —
Stromgren sphere fills the slit of the spectrograph. S°/S

(®)

Using their Fig. 1, and Fig. 6 of Garnett (1989) we find that
then parameter for N88A is consistent with affextive tem-
Table 5 lists the ionic abundances of **, S* and S* for perature 0F~50000 K corresponding to an ionizing source of
component A. The total abundances of Ne, N, S and Ar hasjgectral type 03-0O4 V (Vacca et al. 1996) in agreement with
been calculated using ionization corrector factors (ICFs) dire suggestion in Sect. 4.2. This very early type implies that an
scribed by Vermej & van der Hulst (2002, Egs. (6)—(8)) witladditional star of type equal or hotter than an O4 V is likely
a = 2.5, using the derived, [O Ill] and N [S 1I] values to be hidden in the faintest dusty component. The spectral type
for the nebula. Results are presented in Table 6. For co®7 V derived from our composite spectrum should correspond
parison, Table 6 also contains the latest average HIl abuothe other two bright stars #1 and #2 composing the ionizing
dances in the SMC derived by Reyes (1999) and Garnett (1986urce.

5.1. lonic and elemental abundances
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Table 4. Forbidden and permitted SMC N88A & B emission line intensities normalizeg3to H

A lon IA/HB S/N 1a/HB8 1a/HB S/N A lon IA/HB S/N 1a/H8 1a/HB S/N
N88A%! N88B°1 N88AY’ N88A%! N88B°! N88AY’

3727 [Oll] 0.2412 457 1.9000 0.5304 3103 5958 Sill 0.0013 19

3868 [Nelll] 0.3955 670 0.2099 0.5495 417 5979 Sill 0.0012 17

4072 [S1] 0.0071 37 0.0075 0.0046 3 6046 O 0.0011 17

4076 [SI] 0.0024 8 6300 [O1] 0.0131 130 0.0387 0.0136 45
4100 Hs 0.1893 500 0.2055 0.2140 220 6311 [SII] 0.0238 197 0.0164 0.0220 82
4157 Ol 0.0003 2 6347 Sill 0.0013 14

4267 CII 0.0002 1 6364 [O1] 0.0043 54

4287 [Fell] 0.0010 7 6563 Id 3.3900 4.15

4340 Hy 0.3907 780 0.4115 0.4400 458 6584 [NI] 0.0306 197 0.1204 0.0461 91
4363 [Oll] 0.1095 338 0.0526 0.1020 130 6678 Hel 0.0433 367 0.0290 0.0438 113
4415 Ol 0.0012 7 6717 [S 1] 0.0214 230 0.1273 0.0301 94
4471 Hel 0.0394 170 0.0332 0.0519 48 6731 [SI] 0.0325 288 0.1124 0.0393 109
4649 Ol 0.0003 3 7002 O 0.0017 20

4658 [Felll] 0.0055 33 7135 [Arlll] 0.1297 729 0.0891 0.1022 259
4701 [Fellll] 0.0016 14 7256 O 0.0018 20

4711 [ArIV]° 0.0090 90 0.0043 0.0171 28 7325 [Oll] 0.0525 268 0.0861 0.0495 121
4740 [ArIV] 0.0068 58 0.0035 0.0068 8413 p19 0.0059 8
4754 [Fellll 0.0015 6 8467 pi7 0.0090 13
4769 [Fellll] 0.0004 3 8502 pi6 0.0101 15
4861 HpB 1. 1690 1. 964 8545 pil5 0.0118 18
4881 [Felll] 0.0020 20 8598 pil4 0.0128 20
4959 [Ol] 25446 2700 8665 pi3 0.0161 25
5007 [Oll] 7.62 4.08 7.44 8750 p12 0.0182 30
5056 Sill 0.0013 16 8863 pll 0.0284 40
5200 [N1] 0.0029 28 9015 p10 0.0408 50
5270 [Felll] 0.0027 32 9069 [S ] 0.3007 300
5299 O 0.0003 3 9229 p9 0.0455 57
5518 [ClIl] 0.0039 41 9473 Hel 0.0065 7
5538 [ClIl] 0.0041 47 9532 [S lIgPs 0.7456 400
5755 [N1]  0.0009 5 0.0040 0.0009 9850 [C ] 0.0015 2
5876 Hel 0.1793 775 0.1384 0.1613 406 10057 p7 0.1083 125
F(HB) 4.06'

c(HB) 0.65 0.29 0.52

Ne[S1I] (cm™3) 2870 369 1710

Ng[CI ] (cm~3) 3623
Ne[Ar V] (cm~3) 5840
Te(K) [Ol] 14100 13100 14300
Te (K) [N 12900 13200 12200

Note. The E-W long slit centered on A crosses B in its northern part.

b As the line is &ected by blending, an additional spectrum was obtained wighvetHM = 1.1 A through the same slit width giving an [Ar

IV] 2471Y[Ar IV] 24711+Hel 14713 ratio of 0.47.
abs Since [SIN9532 is dFected by telluric absorption its intensity has been estimated from the intensi®p69 and taking into account that
the A value 0f19532= 0.0576 and that the A value aP069= 0.0221 (Mendoza 1983).
UIn units of 102 ergs s cm 2, the equivalent width of HY) is 415 A.
91971991 and 1997 observations.

6. Summary of results

Based on optical spectra and NIR data:
- An H, emitting region was detected in the direction of

N88A, composed of 3 main filaments, with the strongest ori-

Table 5.N88A lonic abundances: 1®X/H.

ented N-S and located a few arcsecs to the east of N88A.

- The integrated magnitude of the ionizing source of N88A

was found to be on¥ mag brighter than the value previously

estimated.

Abundance ratio N88% N88AY”

O*/H
O**/H
H

S/
S*/H

534 880
8820 8320
5.10 6.07
104 103
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Table 6. Element abundances in N88 A & B in the form 2ag[N(X)/N(H)]), derived from spectra obtained wittf 2nd 4’ slit widths.

Name 0] N Ne Ar S He c(HB) slit

()

N88A§§ 7.98+0.02 656+005 7.23+0.04 568+0.04 636+0.05 10.90 0.65 X4
B

N88 v 797+0.04 649+006 714+0.05 572+0.06 10.93 0.29 X4
N88AY 7.98+004 646+0.06 735+004 562+005 635+006 10.90 0.52 4«4
SMCRY 803+0.10 663+020 7.27+020 581+ 0.08 10.91

SMCP_ 8.02+0.08 646+0.12 722+0.12 578+0.12 10.92

SMCRE  7.96 6.55 7.17 5.72 6.32 10.91

SMC® 8.0 6.5 7.2 5.9 6.3

N88AK 805+ 0.08 659+ 0.08 726+0.05 569+0.07 642+0.11 10.91 0.66 X330
N88AYH 7.89 6.38 6.97 5.66 6.08 1.7

D Dufour et al. (1982)¢ Garnett (1999)¥ Kurt et al. (1999)R“ Russell et al. (1990} Reyes (1999)VH Vermeij (2002) 3! averaged frames
from 1991 observations.
971997 observations.

- The first composite spectrum of N88A is presented, sho@arnett, D. 1989, ApJ, 345, 282
ing the Hell absorption lines. This spectrum allows classificgarnett, D. 1999, in IAU Symp., 190, 266

tion of the complex ionizing source as O6-08 V. This result Egziszoen’KM'GMIQI_sushrR?;rJ]’sKéLéféRieke’ G. H. 2002, ApJS, 138, 35

in agreement with the exciting source stellar type derived fr%ydari-Malayeri M. & Testor. G. 1982. AGA. 111 L11

the H3 luminosity and the H¢Bry ratio but does not allow us Heydari-Malayeri, Charmandaris, V., Deharveng, et al. 2002, in IAU
to determine with certainty if the source contains a very early Symp., 212, 553

O star, as suspected from the strong extinction detected frbieydari-Malayeri, Charmandaris, V., Deharveng, L., Rosa, M. R., &

NIR observations and thgparameter. Zinneker, H. 1999, A&A, 347, 841
dapp, K. W., & Davis, C. J. 2002, ApJ, 575, 291

" EheopBresence Ofl the red S”ge;%g"m (#33) is consistqlit J"C 5" & Koorneef. J. 1988, ASA. 190, 21
with the OB star population towards N88. Israel, F. P., & Koorneef, J. 1991, A&A, 248, 404

- We calculate, using accurate electron temperatures, elgc/Umasshttp://irsa.ipac.caltech.edu/applications/
tron densities and empirical ICFs, new elemental abundances2mass
of He, O, Ne, S and Ar. These values are found to be consistéatoby, G. H., Ciardullo, R., & Walker, A. R. 1990, ApJ, 365, 471
with the mean average of the SMC. However our values presepfinson, H. L., & Morgan, W. W. 1953, ApJ, 117, 313
small discrepancies both with average SMC abundances Sgy guéglérz’ ibJGg"l‘itlt’ gi' etal. 1999, ApJ, 518, 246, 261
with earlier estimates of N88A abundances, which themsel@gndoza, C. 1983, in IAU Symp., 103, 143
display dfterences. The likely cause of discrepancies lies Newberry, M. V. 1994, CCDA, 1, 34
uncertainties in reddening corrections. Osterbrock, DE. 1974, Astrophysics of Gaseous Nebulae (Freeman:
- We confirm the carbon rich nature of N88A (Kurt et al, San Francisco)
1999), through the detection of the [C1P850 emission line. ggﬁé‘]iaB'ng;L?;f:?F,)A‘\]JS}stgzzlg
In conclusion we note that the nature of the e_xciting _sour_cpgimger’t’ M. 1966, AbJ, 145, 75
of N88A and B could be more precisely determined using higfereira, C. B. 2000, AJ, 119, 63
spatial resolution, NIR imaging and spectroscopy, for exampkelano, M., Peimbert, M., & Beckman, J. 2002, ApJ, 564, 704
with the adaptive optics capability which has recently becorfi@yes, C. 1999, in IAU Symp., 190, 282
available on UT4 (NAOS-CONICA). In Paper II, we extend th&UdY: R, Lynch, David., Mazuk, S., Puetter, R. C., & Dearborn, D. S.

present study to consider in detail the nature of thehitting Rusiéﬁoglbméll:?gbi?a&m A. 1990, ApJS, 74, 93

region in N88. Schmidt-Kaler, T. 1982, Landoldt-Bornstein, New Series, Group VI,
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