Astron. Astrophys. 340, 483496 (1998) ASTRONOMY
AND
ASTROPHYSICS

An optical and near-IR spectroscopic study
of the extreme P Cygni-type supergiant HDE 316285

D.J. Hillier I, P.A. Crowther?*, F. Najarro®**, and A.W. Fullerton3:***:1

! Department of Physics and Astronomy, University of Pittsburgh, 3941 O’Hara Street, Pittsburgh, PA 15260, USA
2 Department of Physics and Astronomy, University College London, Gower Street, London, WC1E 6BT, UK
3 Universitats-Sternwarte Mnchen, Scheinerstrasse 1, D-81678ri¢hen, Germany

Received 29 May 1998 / Accepted 12 June 1998

Abstract. A detailed study of the Galactic P Cygni-type supeabundance ratio and high N/He abundance ratio confirms that

giant HDE 316285, based on high quality optical (AAT, MSCHDE 316285 is evolved.

CTIO) and near-IR (UKIRT, CFHT, CTIO) spectroscopy, ispre- Although we find no evidence in the literature for photomet-

sented. As has been noted previously, its spectrum is dominatedsariability, we find strong evidence for significant spectral

by H, Her, and Fa1 P Cygni profiles. Emission lines due taN variability. Because of the spectral variability, and because the

N1, [N11], O1, Nai, Mg, Al 11, Car, Sitr, Simr, Ferr and  stellar properties and chemical content of HDE 316285 are sim-

[Ferr] can also be readily identified. Many of the metal line#ar to known luminous blue variables (LBVs), we suggest that

are produced by continuum fluorescence. The rich N spectrutnis a LBV. Support for this contention comes from the de-

the paucity of the O spectrum (only 2 O lines can be identifiedgction by McGregor et al. (1988) of a cold circumstellar dust

and the apparent absence of emission due to C, strongly sugghkstl associated with HDE 316285. However HDE 316285, like

that the atmosphere of the star is contaminated by CNO pR-Cygni, could currently be in a relatively quiescent phase of

cessed material. A comparison of the spectrum of HDE 316288 LBV life, exhibiting significant spectral variations but not

with P Cygni and He 3-519 is presented. undergoing major photometric outbursts similar to AG Car.
From a spectral analysis using the non-LTE atmosphere code The mass loss of HDE 316285 is prodigious. In less than

of Hillier (1991), and assuming a distance of 1.85 kpc, our pr&@° years it will lose over 20/,. Even if HDE 316285 is not an

ferred model for HDE 316285 has the following parameterkBY, it is obviously in an evolutionary phase of short duration.

T. = 15kK, log L./Le = 5.44, N[ = 2.4 x 10~* My yr~,

Voo = 410km s, Eg_y=1.81mag, and H/Hel.5 by num- Key words: stars: early-type — stars: individual: HDE 316285

ber. Due to the low degree of He ionization the derived H/Hestars: mass-loss — stars: supergiants

abundance ratio and mass-loss rate are strongly coupled. Mod-

els with H/He=10to 0.5 are equally capable of explaining the H

and He spectrum provided the mass-loss rate is scaled accord-

ing to the approximate formuld/ = 9.1+ 26.3(He/H—0.1) x _

10-°M_, yr~'. Preliminary work, however, indicates that a sot- Introduction

|aI‘ H/He ratiO can be ruled out on the baSiS Of “ne Strengths mfassive stars p|ay adominant role in the eco|ogy of ga|axies in
other species — particularly N, Mg, Al. various ways. First, the bulk of their radiation is emitted in the
The stellar wind from HDE 316285 is more extreme thagy yitraviolet, thus providing the dominant source of ionization

P Cygni with a performance number (= ratio of wind momefor the surrounding interstellar medium. Their powerful stellar
tum to radiative momentum) 30 times greater. The low H/Hginds also inject huge amounts of mechanical energy and chem-
ically enriched material into their local environments, thereby
Send offprint requests 1®. John Hillier influencing the chemical evolution of their galactic neighbour-

* Visiting Astronomer, Cerro Tololo Inter-American Observatoryhgods. The least understood phase of the evolution of massive
Nation_al _Optical A_stron_o_my Observatories: which are operated by ﬁé‘?ars is the transition between H-burning O-type stars and He-
Association of Universities for Research in Astronomy, Inc., und%rurning Wolf-Rayet stars; current detailed evolutionary compu-

contract with the National Science Foundation. . . :
** Presentaddres<SIC, Instituto de Estructura de la Materia, DptoFatIons (e.g., MaedgrTOP1) indicate that the most massive stars

Fisica Molecular C/Serrano 121, 28006 Madrid, Spain pass through a phase identified with luminous blue variables
~+ Present addressCAS, Department of Phys. and Astr., The John-BVYS). During the brief, unstable LBV phase extreme mass
Hopkins University loss peels off the outer H-rich atmosphere, to reveal the prod-

' Visiting Astronomer, Canada-France-Hawaii Telescope, operafé@tS 0f CNO-cycle burning. LBVs are characterised, at least
by the National Research Council of Canada, the Centre Nationaldi¢fing some epochs, by irregular photometric (0.5-2 mag) and
la Recherche Scientifique de France, and the University of Hawaii.spectral variations over timescales of decades.



484 D.J. Hillier et al.: A spectroscopic study of the extreme P Cygni-type supergiant HDE 316285

Table 1. Journal of principal optical and near-IR spectroscopic obsespectral resolution (which is expresse#tin s !, as determined
vations of HDE 316285R, is the approximate size of a resolutionfrom extracted arc spectra or the carriage travel in the case of

element, expressed km s~ *. FTS spectra). The majority of our optical spectroscopy was ob-
tained at the 3.9m Anglo-Australian Telescope (AAT). Addi-
Telescope Spectrograph / Epoch Range  Ra tional observations have been acquired at CTIO using the 1 m
Detector pm kms™  yale telescope, and with the 74elescope at Mount Stromlo
AAT RGO/IPCS Aug 1984 0.445-0.492 10 Observatory (MSO). Near-IR spectra have been obtained at
AAT RGO/CCD Aug 1985 0.600-1.000 10 the 3.8m UK Infra-Red Telescope (UKIRT), the 3.6m Canada-
AAT RGO/CCD Mar 1986 0.480-1.000 250 France Hawaii Telescope (CFHT), and the 4.0m Blanco tele-
CTIO 2D-FRUTTI Mar 1989 0.380-0.490 70 scope at Cerro Tololo Inter-American Observatory (CTIO).
AAT UCLES/1K Tek May 1995 0.382-0.733 8
MSO Coud/2K Tek Jun 1995 0.445-0.664 50 .
MSO  Coud/2K Tek Mar 1996 0.398-0.497 50 2-1. Optical spectroscopy
UKIRT CGS4/5862 InSh Aug 1994 2.055-2.062 20 Our principal optical spectra were obtained at the AAT, us-
CFHT FTS/InSb Aug 1995 1.065-1.100 30 ing either the RGO spectrograph or UCL echelle spectrograph
CFHT FTS/InSb Aug 1995 1.520-1.798 30 (UCLES). High resolution observations were collected with
CFHT  FTS/InSb Aug 1995 2.030-2.465 37 UCLES, using the 31.6 lines mm grating and a Tektronix 1K

CTIO IRS/256 InSb Mar 1996 0.996-1.025 100 ccCD. Other data were obtained with the RGO spectrograph and

CTIO  IRS/258 InSb Mar 1996 1.071-1.099 100 the |PCS or the RGO spectrograph and a GEC CCD. Comple-
mentary 74 MSO observations were taken with the céspec-
trograph, 32 inch camera and 2K Tektronix CCD. All optical
data were bias-corrected and flat-fielded withiaaAro (Mey-

Itis expected that detailed observations and analysis of indrdierks| 1998). RGO data were extracted and sky subtracted
vidual evolved massive stars will improve our understanding o§ingricGARO, UCLES echelle orders were optimally extracted
mass-loss and evolutionary properties of massive stars in gesing the software packageromor (Mills & Webb [1994),
eral. One such object, which has been described as an LB%ile Mount Stromlo coué data were optimally extracted using
candidate, is the early-type Galactic supergiant HDE 316285MELA (Horne[1986). Photometric standards were observed
(CD—27° 119444, He 3-1482, MWC 272), which was discov-to flux calibrate the stellar spectra. Once calibrated, the spectra
ered by Humason & Merrill[(1922). Despite its close spectravere rectified using low order polynomials and measured within
scopic similarity to P Cygni, the properties of HDE 316285 havatprso (Howarth et al. 1995). At the request of the authors fur-
remained poorly determined, largely because of the high extitlker optical observations were obtained, using 2D-FRUTTI on
tion associated with its location in the Galactic plane (Hilliethe 1m Yale telescope at CTIO, and reduced by Edward Fitz-
et al.[1988). Although P Cygni has been intensively studigatrick (see Fitzpatrick 1991 for details).

(Lamers etal. 1983, Pauldrach & Puls 1990, Najarro etal.l1997),

HDE 31_6285 is sufficiently different th_at it can provid_e furtheﬁ_z_ Near-IR spectroscopy

constraints on the mass-loss properties, and evolution of mas-

sive stars. Near-IR spectroscopy was obtained using various telescopes

In this paper we perform a detailed spectroscopic studpd instruments (Tablg 1). In all cases, care was taken to re-
and analysis of HDE 316285. New optical and near-IR spewove atmospheric features through division by an appropriate
troscopy of HDE 316285 are presented in Séct.2. Specisédndard star observed at approximately the same time and air-
morphology, line identifications, and the spectral similarity ghass.

HDE 316285 to other LBVs, are discussed in 9dct. 3. The dis- High resolution UKIRT spectra were obtained with the
tance of HDE 316285 and the amount of interstellar extincti@®oled grating spectrograph CGS4, the 300mm camera and the
are discussed in Sekt. 4. Photometric and spectroscopic veghelle grating. Data were bias-corrected, flat-fielded, extracted
ability are examined in Se€f. 5, using published observatiomd sky-subtracted using:s4Dr (Daly & Beard 1992). Subse-

as well as our own data. A detailed, but preliminary, spectrguent reductions and analysis were carried out UBIGGRO.
scopic analysis of HDE 316285 is presented in $é&ct. 6. Finallg, addition to the He 2.05§:m data included in Tablel 3, we

in Sect(7, we discuss our results. The evolutionary statusa$o obtained fluxed low resolutio®f ~ 400km s~ ") 1, J, H
HDE 316285 and the implications of our study for massive stand K-band data at UKIRT-CGS4, using the 75 I/mm grating.
evolution are also examined. These served mainly to confirm the earlier, more extensive flux
calibrated near-IR spectroscopiy ~ 600km s~ ') obtained

by McGregor et al[(1988) covering 1.05—3r8.

Spectra of HDE 316285 covering part of the J-band in the
Table[1 summarizes the optical and near-IR spectroscopic ¥isinity of He 1 1.083:m and the entire H and K-bands with
servations of HDE 316285 that we have collected over the pi§@podized spectral resolutions between 8,200 (K band) and
decade, listing the relevant instrumentation, spectral range, 3000 (Her and H filters) were obtained with the Fourier

2. Spectroscopic observations
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3 VMJ\"W} IW\NF\/\/\M/\/\ Fig.1. A comparison of the blue
HDE316285 spectra of P Cygni (Stahl et al.

1993), HDE 316285 and He 3-519
(Smith et al.[1994) that illustrates
their very similar morphologies; see
P Cygni also Shore et all (1990). For clar-
i . | . | . | . ity successive spectra are offset by
4200 4400 4600 4800 2 continuum units.

F,/F¢ +const.

transform spectrometer (FTS) at CFHT (Maillard & MicheB. Optical and near-IR spectral morphology
1982). Scans of the filters consisted of short integrations (1

200 msec) at a large number of path differences (1,536-5,12 € optical spegtrum of HDE 3.16285 has previously been dis
; I . .cUssed by Merrill|(1925), Swings & Struve (1941), Carlson
which were chosen to avoid aliasing during the computati : - ‘
. . & Henize [1979), Hillier et al.[(1988), Shore et al. (1990) and
of spectra from the observed interferograms. Total scan tm]_eos es et al[{1952). Itis characterized by P Cygni profiles of the
amounted to 5.1, 8.5, and 10.2 minutes for thetHé, and K- P T yr=Lygnip

Bglmer series, Heand Fai, plus a continuum that appears very

filters, respectively. All scans were made with an internal phased' Features due to [, Na1, Cail and possibly Ni, Mg

modulation at 150 Hz in order to suppress the effects of dreﬁd Sin have also been identified. Our extended wavelength

tector and scintillation noise. For HDE 316285, each filter W%évera e allows us to confirm the maiority of these identifica-
scanned a number of times (4, 8, and 6 times for the Heand 9 o fhe majortty ; .
tions, although definitive identification of the major contribu-

K-filters, respectively). The resultant interferograms were in . . .
P ) g tors to some spectral features is complicated by the rich Fe

verted by means ofthe standard CFHT FTS reduction packa E ctrum, the extreme non-LTE line formation, and the intrin-

and the spectra obtained from individual scans were coadde i idth (~400 km s1) of the observed spectral features. Line

order to produce a single stellar spectrum with a high signals e ¢ . .
P 9 P gh si9 |d0ent|f|cat|ons were based on a variety of sources. These include

t‘?‘f“?'se ratio 100). Subsequent' processing §teps. includ e papers on HDE 316285 by Swings and Striive (1941) and
division by a lunar spectrum obtained at a similar airmass ; : . -
i ! . rlson and Henizé (1979), work gnCarinae by Hillier and
the stellar spectrum in order to remove the filter function ar% len (1992) (which was based to a large extent on early work
most of the telluric contamination; multiplication by a high qual- (1992) (w ", w - ge ex Y Wo
ity solar spectrum (obtained by manipulating machine-reada Thackeray 1958, 1962), and the spectral atlas of P Cygni by
ahl et al.[(1993). In addition, tables on atomic transition prob-

versions of the high-resolution solar atlases of Livingston abilities (Wiese et al. 1966, 1969), and the Grotrian diagrams of

: i, 9 a : _ _
Wallace 1991 and Wallace, Hinkle & Livingston 1993) to reﬁashkm and Stoner (19F75) proved invaluable. The few remain-

move the solar spectrum imprinted on the stellar data by the™ . o
. . P im 1mp . . y Ing unidentified features are probably due taie
previous step; and rectification to a unit continuum.

Finally, spectra were obtained at the 4.0m CTIO Blanco In Fig.l we present a comparison between high resolu-

telescope with the Infrared Spectrometer (IRS) together wi Rg E'qusgigtrg;fit;' DtEﬁlfggf F(;\(IZ);glrlu S[t)?;héleé;g;ﬁg?)
the 210 I/mm grating in 4th (J-band) order. Two separate s F € o ( elal ): erall, ) ore
tings were used to cover He1.012:m (0.995-1.026m) and closely resembles He 3-519 since their stellar winds produce
He1 1.083:m (1.070-1.098m) .Data redljction Was encormeolfeatures of comparable line strength and width, which are con-
within. RAF usi.ng pipéline t0(.)|s developed at CTIE) siderably stronger than analogous features in the spectrum of

P Cygni. He 3-519 clearly shows the highest excitation of the
three stars, with Ha A\4686 emission. Next is P Cygni, which
shows prominent Fe1 emission but lacks He A\4686, while

U 1rar is distributed by the National Optical Astronomy Observatd-DE 316285 has only weak Fg and also lacks He A\4686.
ries, which is operated by the Association of Universities for Researéflne strengths of the principal optical and far-red spectral fea-
Inc., under cooperative agreement with the National Science Founti#€s in our AAT observations of HDE 316285 are presented in
tion. Table2.
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Table 2. Equivalent widths {V) and peak intensitiedH,) of the principal optical ¥ EZA) and red WAES,&) emission features in our AAT
observations of HDE 316285. Wavelengths and equivalent widths are both gidfemeaygative equivalent widths refer to principal P Cygni

absorption components.

A Species wabs wgm pgm A Species wabs o pygm o pgm
3890 He (2) + HC 14 45 20 6371 Si(2) 16 13
3970 H —2.4 4.0 1.8 6383 Fm 3.1 1.3
4101 Hb -1.7 7.1 2.2 6456 Fm (74) 2.3 1.2
4233  Fai(27) —07 27 13 6489 Fe 45 20
4340 Hy -2.0 10.0 3.3 6563 H —-2.3 190.0 215
4354  Fai(27) 3.7 14 6678 He(46) 15 82 20
4388 Fai(27), Hel (51) 10 13 7043 Al (3) 29 1.2
4418  [Feu](7F), Feui(4) 25 1.3 7065 He(10) 65 2.0
4471 He (14) 08 48 18 7155  [Fa] (14F) 30 1.1
4481 Mg (4) 18 13 7283 He(45) 37 14
4522 Fai1(37,38) 2.3 1.4 7512 Fe(73) +? 7.3 1.3
4552 Sii (2) 41 15 7876 Mg (8) 63 1.4
4584 Fai (38) 40 15 7896 Mg (8) 86 15
4632 Nu (5) 65 1.5 8232 Mgl (7) 134 1.3
4713 Hea (12) 2.1 1.4 8291 45 1.2
4861 H3 21 390 78 8445 ©(4) 92 16
4922  Fai (42) + Her (48) -2.0 7.3 2.0 8467 P17 5.8 1.4
5015 Fai1 (42) + Her (4) —-2.3 11.1 2.4 8502 P16 6.1 1.4
5156 Fari (5) 3.2 1.4 8545 P15 -0.7 5.6 1.5
5169 Fa1(42) -1.0 10.7 2.3 8598 P14 7.9 1.5
5197 Fai (49) 25 1.3 8665 P13+ Qa(2) 74 16
5275 Fai (49) 44 15 8682 N(1) 71 15
5316 Far (48,49) -0.5 5.7 1.6 8750 P12 9.5 1.7
5364 Fa1(48) 2.5 1.2 8863 P11 11.0 1.9
5666 N (3) 23 39 12 8925 Fa 51 13
5755  [N11] (3F) 40 13 9015 P10 152 2.0
5876 Hea (11) -1.5 8.9 2.8 9069 9.5 1.3
5890 Na (1) 38 31 17 9126 Fe 40 12
6243  Fa1 (74) + Al1 (10) 49 13 9229 P+ Mg (1) 68.7 26
6317 2.5 1.2 9390 IN(7) 11.0 1.6
6347  Sii1 (2) 03 34 14 9546 P 21.0 2.4

High resolution near-IR observations of HDE 316285 ai@nd Pfund series are strongly in emission, and can be followed
presentedin Figl2. Asinthe optical, spectra are characterizedinyil at least H(21-3), H(28—4) and H(29-5), respectively. Weak
strong Hir and Hex emission lines, together with permitted Mg absorption components are present for at least some members
(2.137um, 2.144:m) and Far features. Emission equivalentof these series.
widths of prominent near-IR spectral features are presented in The Hel lines also show strong P Cygni characteristics. In
Table3. general, the observed Herofiles are narrowerVfewan ~

We now discuss lines of hydrogen and helium, CNO ar&f0km s~ ') than the hydrogen line§%wuy ~ 340 km s ).
heavy elements in more detail. Further, the minimum of the blue shifted absorption is centered
at lower velocities {; ~ —270km s~ ') than in the hydrogen
lines. Near-IR He features also show strong P Cygni profiles
(e.g.2.0581m, Fig[2) when observed at sufficient spectral res-
The Balmer lines show strong emission, together with bludution.
shifted absorption. Swings & Struve (1941) indicate that the No evidence is found for the presence of iitig our obser-
Balmer lines are in emission to at least H(12-2). Our high regations. The strongest Hefeatures expected in our wavebands
olution spectra of i, H3 and Hy indicate that the absorp-are\4686 or 1.0124m — both are absent.
tion profile is almost blackl(,s =~ 0.1/, in IPCS datar: 0.2
in UCLES data), and centered at a radial velocity of approxi-
mately—330km s~ '. Both Ha and H3 show broad blue and red)g'z' CNO elements
wings extending tec1500km s~ ! which are attributed to elec- Several multiplets belonging toiNand Ni1 can be identified in
tron scattering (Bernat & Lambert 1978). The Paschen, Bracketir data. N1 A4601-43 is clearly present in the blue spectral

3.1. Hydrogen and helium
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0 L Fig. 2. H- and K-band spectroscopy
L for HDE 316285 obtained with
n N CFHT-FTS, showing the presence
00l o i of numerous H, Hei, Mg1r and
2.00 210 220 2.30 240 250 Fenfeatures,Whichwerefirst iden-

tified in low resolution data by Mc-

Wavelength (pm) Gregor et al.[(1988).

range, while [Ni1] A5755 shows a square profile as illustrated iof Nar at AA5890-5896 is present (FIg. 3), as\4552-4575
Fig.[d and provides a useful abundance diagnostic. In additi@ij (Fig.[).
the N1 spectrum is particularly rich, with at least 4 multiplets Strong Mg emission is found in the near-UV multiplet
identifiable. The strongest Nine occurs at 8684 and has a at A\2795-2803 (Shore et al. 1990), 64481 (M4, identifica-
central intensity greater than 50% above the adjacent continutiom tentatively proposed by Carlson & Henize 1979), and in
(Fig.[3). the near-IR multiplets 7877-7896 (M8), 8213—8235 (M7), and
No identifications of spectral features with oxygen i89218-9244 (M1). Three further Mg multiplets are detected
HDE 316285 have previously been reported. In our spectra oimythe IR — 10914-10952 (M3), 2.137-2.14¢h (5p-5s) and
two oxygen lines, both belonging toi@an be unambiguously 2.404-2.413im(5p-4d). The 2.404 line explains the anomalous
identified. O AA7772-5 shows a P Cygni profile, while1O strength of H(22-5) seen in Fig. 2.
28446 is seen in emission and is attributed to & lfjiores- The strength of the optical and IR emission lines indicates
cence mechanism. that they cannot be formed by a pure recombination mechanism,
No emission (or absorption) features are identified with @r by collisional excitation, and so the most likely mechanism
or Ci1, with Ci1 at A\7231-6 — the strongest carbon feature iis continuum fluorescence. This continuum fluorescence occurs
P Cygni—not visible in our high resolution spectra. Weak emisither via absorption from the ground state, or via absorption
sion is seen in a low resolution spectrum, allowing a maximufrom the first excited state (3°) which has an excitation
EW of 1A to be placed on the strength of thai@eature. Con- energy of 4.43 eV. The viability of continuum fluorescence, via
firmation of the weak feature with € is not feasible as the the 3p?P° state, is verified by the presence of P Cygni absorption
optical spectrum of HDE 316285 is rich in weak emission fean Mg A4481 (whose lower state is 3D).
tures, and in addition the region around 7238 affected by Bruhweiler et al.[(1982) suggest that a Bowen fluorescent
telluric absorption. While the weakness of C emission coufdechanism is responsible for the Mgemission observed in
be an excitation effect, the prevalence of &hd N1 emission some Be stars. The fluorescent mechanism arises from a coinci-
suggests that it is most likely due to a relatively low (i.e., belodence of Mg1 AA1025.98, 1026.11 (5p-3s) with Jy\1025.97.
solar) C abundance. We can rule out Bowen fluorescence as being the most impor-
tant mechanism in HDE 316285 using the following argument.
In the Bowen process Mg 2.137-2.144:m is produced which
in turn directly feeds\A\8214-8235 (M7). Consequently the
Inaddition to hydrogen, helium and CNO elements, several linfix in the 2.137-2.144m feature should be greater than 0.38
from heavier elements are also present in the optical and near#8.82/2.14) times the flux inA\8214-8235 (the greater sign
spectrum of HDE 316285. For example, the resonance douldetes since the upper level of M7 can also decay téP3p

3.3. Sodium—iron group elements
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3

Table 3. Emission equivalent widthdA(, in A) and peak intensities
(P») of the principal near-IRW{, >10A) features in our CTIO, UKIRT (a)
and CFHT observations of HDE 316285 (quantities in parentheses are g 3
from low resolution UKIRT data or McGregor et al. 1988). 0® T cli
i jas)
A (um)  Species Wy Py = . MM
0.9997 Far 28 25 L
1.0053 B 30 34 o
1.0498 (26) 0 8, ‘
1.0830 Ha 47 4.8 .57 .58 .59
1.0860 25 20
1.0911 Mg[[ 13 2.0 5 5 (b) e . .
10938 B 58 4.5 Lodow ¥ m & L
LUz P 9 T
1.2818 B (126) & 20 1w = >
1.5556 Bri6 13 16 o | | |
1.5701 Bri5 14 1.6 1.5
1.5881 Bri4 22 19
1.6109 Bri3 18 1.8 10
1.6407 Bri2 29 20 ’
1.6807 Brill 44 2.2 .82 .84 .86 .88 .90
1.6879 40 2.0 4 .
1.7002 Ha 10 15 = ©
1.7362 Bt 32 23 5 (c) = A
1.7418 12 13
2.0581 Ha 39 27 =
2.091  Far 16 1.4 32
2.137 Mait 13 13
2.1665 By 88 35 1
2.4029 Pf22 + Mgl 19 15
2.4157 Pf21 17 1.2 o ‘ ‘ ‘ ‘ ‘
2.4307  Pf20 14 12 1995 1.005 1.015 1.025
2.4483  Pf19 22 14 6
The observed flux in\8214-8235 (M7) is at least afactorof 5 4
larger than would be predicted on the basis of the observed flux:
in 2.137—2.144im, and hence some other mechanism must be="
producing the observed emission. 2
Three multiplets of Alr are found to be definitely in emis-
sion — 6816-6837 (M9), 7042—-7064 (M3), and 6226—6243

(M10). Their emission can also be explained via continuum L o7 1.085  1.0%

fluorescence. In this case the important UV transitions have the Wavelength (um)

metastable 3s3pP° state as their lowest level, with the most_ . .
important pump transitions occurringt1180—1220. The ex- Fi9-3a-d. Selected spectra in the yellow-far-red regions for
citation energy of 3s3j# is 4.65 eV. Other fluorescent lines ar DE 316285.a AAT-UCLES observations showing theiNA5755,

also possible, but there are several decay routes from the u eIr/\5876 and NaA5890-96 emission lines, plus\5780-97 diffuse
P ’ Yy PRt stellar bands (DIBsh AAT-RGO observations showing the high

level and consequently the resultant lines are at the limit of d&s5.hen series linesCTIO-IRS observations of theun region, in-

tection. They might be detectable in high resolution and highy,ging f5, with Herr 1.0124:m absentd CFHT-FTS observations
signal-to-noise spectra, provided the spectral region is relativgffhe Her 1.083Q:m and P profiles.

blend free.

Swings & Struvel[(1941) proposed that thei@a line was in
absorption in HDE 316285. Our observations confirm the idetmiplet, can be identified in our spectra. While all three mem-
tification, and show that it is a P Cygni type profile with thdéers of the Ca triplet are severely blended with members of
emission component weaker than the absorption componéhé Paschen series, the “relatively” smooth progression of the
The Cat H line at 3968A is also present — absorption fromPaschen series, and the line centroids, suggest that the triplet
this transition is clearly modifying the H(7-2) P Cygni profilecan only be a minor contributor to the observed emission seen
at 3970.4A. No other Cat lines, including thexA\8498-8662 near the triplet wavelengths.
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4 ' ' ' ' ' reddening and distance we now attempt to obtain more reliable
WVRIJHK LU N . determinations.
2t ¢ : Interstellar reddenings are commonly determined by com-
g o SPIY bining observed colours with estimates of intrinsic colours.
~ 0 Tl ® ] However, these can be extremely inaccurate for stars with pe-
;:n e culiar spectral appearances, such as HDE 316285. In addition,
S * e since strong emission features are observed in the optical spec-
=] E(B-V)=1.80 ‘o‘w,.‘ trum of HDE 316285, broad-band Johnson photometry may
R suffer from line contamination effects. Shore et @l._(1990) es-
-4 : : : : : timated (B-V)o=—0.21mag from the Q-method, which im-
-1 0 1 & 3 4 5 plied Ez_y~2. Meanwhile, Rao & Morrisori (1989) suggested

log Wavelength (um) Fp_y~1.1 based on their estimate of{&/),=+0.6 mag. Pre-

Fig. 4. Comparison between observed UV and near-IR spectropt@Mpting the result of our model analysis in Sekt. 6 we obtain
tometry for HDE 316285, plus optical, IR, mm and radio broad-baral (line free) intrinsic colour of (BV),=—0.08 mag, implying
photometry (McGregor et &l. 1988; van der Veen €t al. 1994; Shorefé_+,=1.86 since B-V=1.78 mag (Shore et al. 1990).
al[1990) with our theoretical flux distribution, reddeneddy_v=1.8 We also attempted to use the diffuse interstellar bands
assuming a standard Galactic extinction curve. The mid-IR excesg[iﬂ Bs), observed in our AAT-UCLES spectrum of HDE 316285
due to the presence of dust with characteristic temperatwes0K i, order to estimate its reddening, since their strengths are
(McGregor et al 1988). considered to be closely related to the interstellar extinc-
tion (Herbig[1995). From the equivalent widths of DIBs at
Ab5797 and\6614 relative to those in HD 183413, we obtain

As noted previously by Carlson & Henize (1979), thefFe Ep_v=0.88t0.1 mag, in very poor agreement with our more
spectrum is extremely well developed, with many of thaiFeaccurate determination, suggesting the presence of dark inter-
lines exhibiting P Cygni characteristics. The strongest opticgkllar clouds along its line-of-sight.

Fer features can be identified with multiplet 42 8k4924, Since the above determinations suffer from important de-
5018, 5169, and all show strong P Cygni characteristics. Thglencies, we have carried out a comparison between the ob-
first two members of M42 are blended with Hines, but the served UV to IR energy distribution of HDE 316285 with a
importance of Fer to the feature neak4924 can be gleaned theoretical energy distribution, that results from our spectro-
easily from Fig. 1. From that figure we see that the emissi@gopic analysis, as shown in Fifj 4. Optical and IR photome-
ratio of Her A4922 to Her A\4471 in HDE 316285 is anoma-try is taken from Cohen & Barlow (1975), van der Veen et al.
lous compared with both P Cygni and He 3-519. Further, t{gg4), while supplementary UV, IR and radio spectroscopy is
absorption of the 4922 line is much stronger than that of Hgaken from Swingd(1981), McGregor et al. (1988) and Shore et
A4471. Other strong optical Fe features can be attributed tog|. (1990). The strong infrared excess observed in HDE 316285
the multiplet arrays M49, M73, and M74. Continuum fluoress due to a dust shell, whose properties have been studied by
cence is probably the dominant mechanism which gives riseNreGregor et al.[(1988) and van der Veen etlal. (1994). Our op-
the observed optical Fespectrum, as discussed by Brandi aimum fit to the overall energy distribution leads to a reddening
al. (1987) for the peculiar emission line star GG Car. of Eg_v=1.8+0.05mag.

Several forbidden Fe lines are also observed in  Obtaining reliable distances to peculiar galactic field stars is
HDE 316285 (e.g. [Fa] A7135). Their weakness, and broaghotoriously difficult. In general, we could derive an approximate
“flat-topped” profiles suggest that they are formed in the stellgistance for a particular star by comparing its interstellar extinc-
wind, not in a circumstellar nebula. In addition toikeseveral tion to other nearby stars whose distance is known. In some cases
allowed Farr transitions [e.g.A\5127, 5156 (M5) ] can also we could compare the systemic velocity of interstellar absorp-
be identified in the spectrum of HDE 316285. OveralliiFe tion lines to the standard galactic rotation curve. Unfortunately,
more prominent than Fer in HDE 316285, unlike in P Cygni, HDE 316285 lies towards the galactic center, preventing this.
suggesting a lower ionization. Given our inability to constrain the distance we assume that
HDE 316285 lies at an approximate distance of 2 kpc. Rather
than fine tune each model to match the observed fluxes for a
distance of 2 kpc exactly, we derive a “distance” for each set of
While it is generally accepted that the interstellar extinctiolodel parameters, and this distance is quoted with our results.
towards HDE 316285 is extremely high, its exact value is uo scale the stellar parameters of HDE 316285 (discussed in
certain. A wide range in valuesig_v=1.1-2) have been re- Sect6) to other distances we can use the following proportion-
ported in the recent literature (Rao & Morrisbn_1989; Shogities:

4. Interstellar extinction and distance

et al.[1990). Similarly, the distance of HDE 316285 remains M o dt
poorly constrained, with estimates ranging from 1 kpc (van der R, <d [d*-05]
Veen et all 1994) to 3.4 kpc (Shore et[al._1990). Since the de- T o d? [d79]

rived intrinsic properties of HDE 316285 depend critically on Topp o< d [d—0-08]
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These were found to hold for WN stars by Schmutz ef al. (1989gble 4. Ha equivalent widths

and should provide reliable conversions for changes in distance

of afactor 2 or less. The values in square brackets give the scabate EWQ) Reference

) . ' I

Tgs foutnd bber:lJar;(:het lzil\./(1997) f(;r F; %y?nl, V\'lrhr:Ch prﬁlsetr;‘/eMay 1085 275 RGO/CCD

its spectrum, but not the UV energy distribution. Thus while the,.© 7 6e7 195 Shore et @l 1990)

uncertainty in distance limits our ability to place HDE 316285,,,: 1988 375 Lopes et al. (1992)
accurately in the H-R diagram, it does not limit the validity of j,h 1991 300 Schulte-Ladbeck
our spectral analysis. May 1995 190 UCLES

Note that if we had assumed that the luminosity of
HDE 316285 is comparable to that derived by Najarro et al. ] .
(1997) for P Cygni (i.eJog L/ L, = 5.75) the implied distance 12bPle 5-HJ equivalent widths
for HDE 316285 would be 2.6 kpc. Given the qualitative differ
ences in the spectra of the 2 stars, however, there is little reasbite

EWAR) Reference

to suppose such an assumption is valid. The mass loss rate Qfig 1984 66 RGO/IPCS
HDE 316285 is, for example, an order of magnitude higher thamar 1986 51 RGO/CCD
for P Cygni. Mar 1988 41 Lopes et al. (1992)
Mar 1989 50 2D-FRUTTI
Jun 1991 49 Schulte-Ladbeck
5. Spectroscopic and photometric variability May 1995 41 UCLES

Since HDE 316285 closely resembles the LBV P Cygni, and
LBV-candidate He 3-519 (Smith et al. 1994), it might be
expected to exhibit spectroscopic or photometric variabilitppcation results only in an error of F0in the EW. For our
However, Merrill (1925) did not detect brightness variationsieasurements the electron scattering wing has been included.
(Am<0.1mag) in Harvard plates spanning the years between We have also examined thegZHEWs, and these are presented
1890 and 1918. This constancy is supported by recent photamTable[5. Significant variations are also seen in these data. A
etry of Carlson & Henize (1979) who obtained V=9.02, Dactdifference of 10 in the EW is significant — the errors on an
et al. (1982) who reported V=9.11, and Shore efal. (1990) whalividual measurement are less than a f&vespecially when
measured V=9.1. The (BV) colours observed by Dachs et almade by the same person (and hence with the same biases in
(1982) and Shore et al. (1990) differ by 0.11 mag. Since no otltrawing the continuum). The 1984 spectrum was taken with the
recent optical photometry has been obtained for HDE 3162B%CS, a photon counting device, and hence there is some concern
we concur with Merrill (1925) that there does not appear to lbegarding possible coincidence corrections (which can go in
any significant photometric variability for this star. Similarly, n@ither direction). However the Fe 4921 EW at this epoch
variability is known from infrared JHK photometry (McGregoiis also larger than in the UCLES data, and this line, due to its
et al[1988). weakness, will not be affected by any problems with coincidence
Very recently van den Ancker et al. (1998) have analyzedrrections. In addition, the P Cygni absorption component on
Hipparcos photometry of Herbig Ae/Be stars and other emids differs significantly in the two data sets.
sion line stars. They flag HDE 316285 as a probable variable. The best evidence for spectral variability comes from a com-
We note that the range in variability is only 0.13 magnitudgmrison of the 1995 UCLES observations with the 1989 CTIO
(5 to 95 percentile), and hence the variability is marginal. dtbservations. This comparison reveals that the emission com-
should also be noted that the spatial resolution of the obserpanents in the H lines (particularly+land later) are all weaker
tionsis only 10 arcseconds, and that consequently the magnit(iole approximately a factor of 1.5) than in the CTIO observa-
of HDE 316285 is affected by a nearby companion. tions (Fig[%). Many of the metal lines are also weaker, although
To search for spectral variability we have examined our dagarprisingly, the He lines are similar in the two data sets.
sets obtained over the past decade, and compared these Wiklile echelle data are notoriously difficult to rectify, we have
published spectroscopy. Such a comparison is hindered by teexamined the original extracted orders, and are convinced
wide variety of instruments and instrumental resolutions usedtwt the rectification could not explain the observed discrepan-
obtain the data. Moreover blends, and the existence of electoies. Likewise we do not believe there is a problem with the
scattering wings on strong lines, can cause problems with c@D-FRUTTI data. The reality of the variability is, we believe,
tinuum placement. Despite these problems, our data strongbnfirmed by its nature; some features in the 2 data sets are
suggest that HDE 316285 is a spectroscopic variable. Signifery similar while other spectral features, both weak and strong
cant variability is seen in both H emission lines, and some metalative to the continuum, show marked differences.
lines. Based on our analysis of the data we are forced to conclude
A tabulation of Hv equivalent widths is presented in Table 4hat HDE 316285 is a spectroscopic variable. The absence of
together with the epoch of observations. The EWSs vary by upgthotometric variability may be real, or could be a chance oc-
afactor of 2. Such a variation seems too large to be explaineddwrence arising from the limited and sporadic photometric data
observational error. An error as large as 10% in the continuwget. The observed spectroscopic variations, while not sufficient
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Table 6. Comparison of derived stellar parameters for HDE 316285 with those for P Cygni (Najarrg_et dl. 1997), including the performance
numbem = (Mvoo)/(L*/c). The H/He ratio is given by number; other symbols have their customary meanings.

Star T, T R Ry logL/Le HIHe log M Voo Ié; n (B=V)o My
(kK)  (kK) (Ro) (R.) (Molyr)  (km/s)

HDE316285 153 10.1 75 2.3 5.44 1.5 -3.6 410 25 18 —-0.08 -84

P Cygni 182 154 75 1.4 5.75 33 —-45 185 25 05 —-0.26 —8.0

to alter the star’s classification, are large enough to affect spdeduced He abundance and the mass-loss rate are strongly cou-
tral analyses. Future spectroscopic analysis should be basegled. In particular, the lower the mass-loss rate the lower the He
data obtained at a single epoch. As in P Cygni, the obsenadalindance required to match the Hiee strengths (Se¢t.8.1).
changes in the spectrum of HDE 316285 might arise from ioS8econd, the velocity law plays an important role in determining
ization instabilities in the wind. the ionization structure. The velocity law thus provides addi-
tional degrees of freedom, which are difficult to constrain, for
the model fits. Third, we have neglectediEavhich will have a
6. Spectroscopic analysis of HDE 316285 strong blanketing effectin the UV spectral region, and which po-
For stars with extended atmospheres such as HDE 3162§§nially cou!d cause systematic effects in our analysis. Finally,
ta from different epochs have been used, and as discussed

the usual assumptions of plane parallel geometry and lo arlier, we now find evidence for significant spectroscopic vari-
thermodynamic equilibrium (LTE) are totally inadequate. We : 9 P P

therefore utilize the iterative technique of Hilliér (1987, 1990%bIIIty in HDE 316285.
which solves the transfer equation in the co-moving frame sub-
ject to statistical and radiative equilibrium in an expandin®,1. Model results

spherically-symmetric, h.omogeneous, steaQy—state atmOSphfereTabIe [6 we present our derived stellar parameters for
Y J:ea%eaeonglm%dtﬁlesrlgcgt?:;z%rfﬁ gr;tgtnﬁ onFeletg;i'F%SE 316285, together with results for P Cygni from the recent
Fé w,hich have )t/).een ne FI)ected , are bein ,incgllL,Jde’d in,calc Eilg-ta”ed parameter study by Najarro etial.{1997), on which we
! . 9 T 9! ve drawn heavily inthe presentwork. In orderto reproduce hy-
tions currently being undertaken using the improved non-L

code of Hillier and Miller (T998) rogen and helium lines simultaneously it was necessary to use
The spectroscopic an‘alysis.of HDE 316285 has proved a slow velocity law with3=2.5, also obtained by Najarro et al.
T997) for P Cygni, and a photospheric velocity«@0km s .

be extremely difficult — much more so than the recent spect évertheless we were unable to reproduce the observed profiles
analysis of P Cygni undertaken by Najarro etial. (1997). This ! P P

difficulty can be traced to several causes. First and foremost, ﬂrehlgh Paschen members and the precise shape ofihizs
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Fig. 6. Synthetic fits (dotted line) to & and selected Helines. Solid lines) for HDE 316285.

lines are AAT-UCLES observations. The fit to H85876 is affected
by NaD on the red side. Similarly the fit to Ha4471 is affected by

Mg A4481 on its red side. The effect is illustrated in Tablg 7 where the parameters of four

models, all capable of reproducing the H andrldbservations

(particularly the broad absorption components). RepresentafigéPProximately the same accuracy, are tabulated. This model
fits to optical line profiles are shown in Fig. 6 while additional€generacy can be traced to the low degree of He ionization. In
fits to selected near-IR (CFHT) observations are presented{RE 316285, unlike P Cygni, He is predominantly neutral in
Fig.[7. As with P Cygni (Lamers et &1, 1996), we anticipate thHpe Het line formation zone. A dgcrease inHe a_lbundance can b_e
forthcoming 1SO-SWS spectroscopy will allow an improve§ompensated by a corresponding decrease in mass-loss which
velocity distribution to be derived for HDE 316285. causes an increase in the He ionization. Note that the I_urr_nnosny
Surprisingly, itis possible to match the H and Hpectrum and eff_ectlve temperature _of all the models are very similar. _
of HDE 316285 using a range of H/He ratios [10 (i.e., solar) While a solar H/He ratio cannot be ruled out on the basis

to 0.5] provided the mass-loss rate is scaled according to ff¢he H and He modeling, other considerations suggest that
approximate formula the ratio is substantially below solar. First, a model with a so-

lar H/He ratio requires a very large N/He abundance ratio of
M =9.1+26.3(He/H—0.1) x 107" M, yr— . (1) 2.4 x 10~2in order to explain the [Ni] A\5754 emission; such
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Table 7.Model parameter sets 6.2. Comparison with previous results

All previous attempts to determine the stellar properties of

Model ~H/He = N/He M Lo HDE 316285 have relied on inadequate model assumptions,

—3 —5
# 10 10 10 with the exception of Hillier et al. (1988). Shore et al. (1990)
1 10 24 9.1 2.7 suggested a temperaturelof: ~23 kK, corresponding to their
2 5 12 118 27 estimate of the intrinsic colour for HDE 316285. They esti-
3 15 42 24 2.8 mated a distance of 3.4 kpc, which implieg L. /L = 6.6.
4 0.5 2.0 62 2.9

In addition, Shore et al. suggested a huge mass-loss rate of
M~4x1073 Mgyr—! (scaled to d=1.85 kpc) for HDE 316285

on the basis of their VLT radio observations. However, their 2—
6 cm radio data are in reasonable agreement with our mass-loss
an abundance exceeds that expected from full CNO process#sgmate, a factor of 15 times lower. Note that i fully ion-

for solar metallicity by a factor of 6. Second, our preliminarized in the radio emitting region (also true for P Cygni), and this
calculations indicate that with the lower mass-loss rate of apust be taken into account when using the formula of Wright
proximately9d x 10~5 M, yr—! (TabldT) it would be difficultto & Barlow (1975) to estimate the mass-loss rate.

produce the strength of emission lines due, for example, to Al From Table[b it is apparent that the stellar properties of
and Mgi1. Third, the paucity of C and O lines in the spectrurhiDE 316285, while similar to those of P Cygni, are not identi-
of HDE 316285, and the richness of the N spectrum, sugges#s. This is not surprising given the similarities and differences
that we are seeing CNO processed material at the stellar dagtween their spectra. Both stars are highly evolved supergiants
face. The nitrogen abundance for the preferred model is simitaith slow winds (/.. < 500km s~'), and with effective tem-

to that derived earlier by Hillier et al. {1988), and is consisteperatures less than 20,000 K. The biggest difference between
with that expected for a star of solar metallicity and equilibriurthe two stars is the mass-loss rate, and the efficiency of mo-
CNO abundances. mentum deposition from the radiation field, as measured by the

The present models can match the strength afisv55, performance numbey (=cMV,./L). A value ofn in excess
but underestimate the strength of theiNmission lines. To of 10 is, with the exception of Wolf-Rayet stars, unprecedented
match the N1 lines requires an increase in luminosity by a fade.g., Howarth & Schmui{z 1992).
tor of 2 (which in turn would necessitate a higher H/He ratio).

We attribute this discrepancy to the neglect of line blanketing, Discussion

particularly by Fa1. The presence of strong emission due to

Mg, Al 11, and Na is more consistent with the lower lumi-The analysis of HDE 316285 raises many interesting questions:
nosity model presented in this paper.

The estimate of the mass-loss (for the assumed distanke Why is the performance number for HDE 316285 so large?
and the adopted H/He ratio) is reliable provided clumping i Why is continuum fluorescence so efficient in producing
unimportant. However the strength of the electron scattering many of the metal emission lines seen in the spectrum of
wings, which can be unambiguously identified on many emis- HDE 3162857
sion lines, are genera”y overestimated (e_m,, Hﬁ, F|g) 3. Why is it so difficult to match the h|gh n-Paschen lines, and
This suggests that clumping is important, and consequently the the absorption components on the Hiees?
mass-loss could be a factor of 2 lower. This issue will be adt- What is the exact evolutionary status of HDE 316285, and
dressed more rigorously in a subsequent paper. how does it differ from that of P Cygni?

The value of 41G&m s~ for V.. is based primarily on the 5. Is HDE 316285 a dormant LBV?
width of the emission lines. Onsome lines (see, e.g.[Fig. 6) there , )
is evidence for blue-shifted absorption by material with velocRlOW we will address some of these questions:
ties greater than 506n s~ . This absorption may have a similar
origin to the extended absorption (seen shortwardgpf)) in  7.1. Wind performance number
spectra of O and W-R stars (e.qg., Prinja €tal.”1990), and which is

believed to arise from shocks in the stellar wind (see, e.g., P-Lll-ge wind performance number (defined hy= cMVeo/L)

et al[ 1998). Examination of weak forbidden lines (e.g.,ijFe Indicates the efficiency with which momentum from the radi-

5376), which should originate at electron densities of less th fon ﬁeld, is deposited into the wind. .Values belovy 1 indicate
108 cm~3, confirms that/.. is approximately 408m s~ *. High that the wind momentum can be supplied through single scatter-

signal-to-noise, moderate resolution observations, of additio

ﬂ%@ of continuum photons, while values in excess of 1 indicate
forbidden lines might provide further constraints B, (and that multiple scattering is extremely important. To obtain per-

the velocity law), however it should be noted that most of tH‘grmance numbers of order 10 is extremely difficult, but not

forbidden lines are weak, often blended, and can suffer frd}ﬁcessarily impossible (e.g., LuéyAbbott[1993). It requires
telluric absorption extreme line blanketing in the UV near the flux maximum, with

approximatelyn optically thick lines everyl,,(Springmann
1994).
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The performance number for HDE 316285 is approximatebptical (or IR), and the other in the UV. If the UV transition
15, and exceeds that of P Cygni by more than a factor of 30!ig\optically thick, which will often be the case for a resonance
performance number in excess of 10 is usually only associateghsition or for a transition to a low lying level, this transition
with W-R stars (see, e.g., tabulation by Hama&nioesterke will absorb UV continuum photons. These photons may scatter
1998). While HDE 316285 has a H/He ratio comparable to WNh this transition (producing a UV P Cygni profile) or may be
stars, it is of a much lower excitation. downgraded by emission in the optical transition. For the latter

The large performance number (relative to P Cygni) migptocess to be efficient the branching ratio from the upper level,
be attributable to the low wind ionization, and consequently tlas set by atomic physics, should favor the optical transition.
enhanced importance of Hen initiating and driving the mass Alternatively the UV line must be sufficiently optically thick
flow. The importance of Fe, particularly ein determining the thata photon trapped in this line undergoes sufficient scatterings
wind properties of stars with temperatures less than 25,008 that the probability of degradation into the optical line is
has been discussed by Pauldrdchamers|(1990). significantly enhanced.

Alternatively the high performance number might indicate In HDE 316285 the dense wind and low ionization means
that some other mechanism is responsible for, or at least infloat many transitions to the ground state and low lying states
ences, the mass-loss process. Rotation, for example, couldvi¢gh excitations of a few eV, for example) have significant
important. Langer (1997) notes that as a massive star evolvesjiical depths. Further, species like Mgften have favorable
rotation velocity at the surface will approach the critical valueranching ratios so that the optical depths need not be large. In
for breakup. Perhaps HDE 316285 is rotating near breakgoeme cases the optical line is the preferred branch. Optical depth
V sini cannot be determined for HDE 316285, as no “photeffects in the optical fluorescent lines are often unimportant
spheric” absorption lines are seen. (although exceptions are seen in the spectrum of HDE 316285),
because the lower level of these transitions has a relatively large
excitation energy.

Models with Mgit and Alir confirm the viability of the
The inability of our models to match all H and Herofiles continuum fluorescence mechanism in HDE 316285.
might simply be due to the use of the wrong model; e.g., incor-
rect.velocny Iavy, our neglect .OT line bIankeyng, or the negle .4. The evolutionary status of HDE 316285
of higher velocity material arising from radiation-driven win
instabilities. An interesting alternative is that the deficienci¢$DE 316285 shares many spectroscopic and physical similari-
might arise from the neglect of the effects of rotation. ties with other P Cygni type stars. They are all very luminous

HDE 316285 is polarized (3.1%, van Smiith 1956), and givezarly B-type stars with extremely dense, slow stellar winds, and
its largeEg-v value most of this is likely to be due to interstellaall show evidence for CNO processing. Their B-supergiant stel-
scattering. Low resolution spectropolarimetry observations kr temperatures range fromB4 for HDE 316285 to~BO0 for
Schulte-Ladbeck (private communication), covering the rangte 3-519 (Smith et al. 1994).
from 4000 to 700, were undertaken in 1991. Due to intermit- HDE 316285 has an associated nebula, as evidenced from
tent CCD controller problems the level of polarization cannds circumstellar dust shell (McGregor etlal. 1988; van der Veen
be determined reliably (although the value agrees with thatetfal.”7994). However, unlike P Cygni (Johnson etal. 1992) or
van Smith), however, there is evidence for a line effect (i.e., thte 3-519 (Smith et gl. 1994) a detailed dynamical or abundance
polarization is not constant) inddwhich indicates the presencestudy has yet to be carried out. We note that neither nebular H
of intrinsic polarization. This would suggest that rotation mighior [N11] A6583 are observed in the AAT-UCLES spectrum,
be important, or by analogy with P Cygni, it might indicate theo that any ionized nebula is likely to be small. Indeed, the low
presence of random structures in the wind (Taylor et al. 199#egree of ionization of the central star (no H ionizing photons are
High resolution and time resolved spectropolarimetry af Hproduced due to the optically thick wind) together with its heavy
and other lines would be highly desirable, as there is increasinggrstellar reddening conspire to make such studies difficult.
evidence that rotation plays a critical role in the evolution djecta-type nebulae are characteristic of a violent outburst of the
massive stars (e.g., Meyret 1998), particularly for those staentral starin the recent past, and are commonly associated with
which are evolving to the right on the H-R diagram. LBVs and some WNL stars (e.g. Esteban et al. 1992). It remains
to be determined whether the nebula around HDE 316285 is of
such a type.

The mass-loss rate of HDE 316285 is prodigious. With the
As discussed in the text, many of the metal emission lines anesent mass-loss rate, it will take oril§® years for the star
produced by continuum fluorescence. It is of interest to agklose over 20/, of material. Clearly, HDE 316285 is in an
why this process is so “efficient” in HDE 316285. The answevolutionary phase of short duration. Several lines of evidence
is related to both the dense wind of HDE 316285, and to atoniitlicate that this evolutionary phase is that ascribed to luminous
physics. blue variables. This evidence includes the spectral similarity of

Consider continuum fluorescence in its simplest form #HDE 316285 to P Cygni, the presence of CNO processed mate-
which an atomic level has 2 alternate decay routes, one in tied at its surface, spectroscopic variability, and the presence of

7.2. Line profile mismatches

7.3. Continuum fluorescence
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anebula. The apparent absence of major photometric variati@nswther P.A., 1997, In: Nota A., Lamers H.J.G.L.M. (eds.) Luminous
in HDE 316285 is not unusual for LBVs — P Cygni has been Blue Variables: Massive Stars in Transition. PASPC 120, 51
relatively quiescent since 1700 (Lamgrs 1986, de Groot|1989yowther P.A., Smith L.J., 1997, A&A 320, 500

Because of the importance of this stage to the understandfrfgwther P.A., Smith L.J., Hillier D.J., Schmutz W., 1995, A&A 293,
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