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ABSTRACT

Context. The RAVE spectroscopic survey for galactic structure aradugion obtains 8400-8800 A spectra at 7500 resolving patéie UK
Schmidt Telescope using the 6dF multi-fiber positioner. &bian 300 000 8I-<12 and|b|>25 southern stars have been observed to date.
Aims. This paper presents the first intrinsic examination of atedpectra from the RAVE survey, aimed at evaluating theigaidstic potential
for peculiar stars and at contributing to the general urideding of Luminous Blue Variables (LBVS).

Methods. We used the multi-epoch spectra for all seven LBVs obselvetlyeen 2005 and 2008, in the Large Magellanic Cloud (LMC) by
the RAVE survey.

Results. We demonstrate that RAVE spectra possess significant ditigmmtential when applied to peculiar stars and, in paldic LBVSs.
The behaviour of the radial velocities for both emission ahdorption lines, and the spectral changes between outmdsjuiescence states
are described and found to agree with evidence gatheredratecoaventional wavelengths. The wind outflow signaturekthgir variability
are investigated, with multi-components detected in S BusaPhotoionisation modelling of the rich emission linectpum of R 127 shows
evidence of a massive detached ionised shell that was éjdoteng the 1982-2000 outburst. Surface inhomogeneitiéisa nuclear-processed
material, brought to the surface by heavy mass loss, cowe been observed in S Doradus, even if alternative explamatre possible. We
also detect the transition from quiescence to outburse taR 71. Finally, our spectrum of R 84fers one of the clearest views of its cool
companion.

Key words. Stars: emission-line — Stars: winds, outflows — Stars: \Ralftet — Magellanic Clouds — Surveys

1. Introduction itudes|b| >25°. Spectra are recorded over the 8400-8800 A
range, at a resolving powef7500, with the UK Schmidt tele-
cope feeding light to a spectrograph via the 6-degree Field
6dF) 150 fiber positioner. Via the determination of radied v
)cities, chemistries, temperatures, and gravities foargd
number of high-latitude stars, the overarching scienceedri

RAVE (RAdial Velocity Experiment) is an ongoing digital
spectroscopic survey of stars in the magnitude interval
Ic <12, distributed over the whole southern sky at galactic Ia}
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for the survey is the investigation of the structure andetioh Table 1. List of the LBVs observed by RAVE in the LMC,
of the Milky Way. At the time of writing, RAVE has observedtheir date of observation and optical brightness at that tand
over 300,000 stars, Data Releases 1 and 2 have been publishedadial velocities of the associated emission and alisarp
(Steinmetz et al. 2006; Zwitter et al. 2008), the third is aogn lines.

(Siebert et al. 2009), and scientific exploitation of theadads
begun (e.g. Smith et al. 2007; Siebert et al. 2008; Seabrioke e HD name  obs. date VRV em RV abs
al. 2008; Munari et al. 2008; Veltz et al. 2008). o I (km/s). (km/s)l

The essentially unbiased selection of targets guararitaest
in addition to normal stars, peculiar ones are also obsefe® 35343 S Dor 20050320 955 293.0 + 1.4 299.0 +0.2

type of peculiarities most easy to recognise with RAVE spec- 2006 0323 9.45 297.4 + 1.0 266.5 2.7
tra are the presence of emission lines, absorption lingisgli 2006 09 27  9.60 298.2 +£1.9 253.0 £0.5
in double-line binaries, signatures of stellar winds, anthe 269006 R 71 2006 03 23 10.70 199 =+ 11 186.7 £2.1
bination spectra. The present paper is the first to explare th 2006 09 27 10.65 1934 £2.4 205.4 £2.2
performance of RAVE in relation to the physics of peculiar 2008 0204 9.95 197.5+£59 157.7 £2.6

R 99 2006 0323 11.50 289.6 + 5.1
2006 09 27 11.55 288.4 £ 3.4
2008 02 04 11.60 289.1 £ 4.0

stars, in particular, the Luminous Blue Variables (LBVS) 0f269445
the Large Magellanic Cloud (LMC). As part of its tiling strat
egy, RAVE observed the region of sky occupied by the LMC,

. 69929 R 143 2006 09 27 11.15 286.6 +2.4
in March 2005, March 2006, September 2006, and February 2008 02 04 949.1 +2.6
2008. As LBVs are intrinsically very luminous, and those be<gg216 S88 2005 03 20 10.40 933.8 4+3.4
longing to the LMC are brighter than tHe<12 survey limit 269227 R 84 2006 09 27 11.80 254.2 £1.2

(indeed, many possess an HD identifier), they naturallyrent€69858 R 127 2006 09 27 10.40 276.5 £0.4
the RAVE target set. A list of the LBVs observed by RAVE in
the LMC is given in Table 1.

LBVs were first identified in M31 and M33 by Hubble &
Sandage (1953) as extremely luminous hot stars that under-
went irregular photometric variability of modest amplieuga — WN(H-poor) — WC — SNic, while for those of initial
few mag) over timescales of years. Their bolometric magieitumass 4&M<75 M it is O — LBV — WN(H-poor) - WC
generally exceeds9.5, corresponding to a luminosity of the— SNIc (cf. Crowther 2007, and references therein). Direct
order~10° L, close to their Eddington Limit. During quies-Spectroscopic evidence for LBV progenitors transitiontog
cence, the LBVs obey a tight temperature-luminosity refgti supernovae is being obtained (eg. SN 2005gj - Trundle et al.
calibrated as log}/L,, = 1.37 logTes — 0.03 by van Genderen 2008). Only lower-mass O-type stars can experience a red su-
(2001). The existence of such a relation, their extreménintr pergiant phase just before or after the LBV phase (Szeitert e
sic brightness and easy identification (the latter provided al. 1996; Smith et al. 2004), their evolutionary sequendegde
their variability), make LBVs important players in the cdsm O — LBV/RSG — WN(H-poor) — SNIb (where RSGRed
distance ladder game (e.g. Davidson et al. 1989). The LBBgpergiant). This is supported by the simultaneous preseinc
are sometimes also called Hubble-Sandage variables or S bBVs and RSGs observed in Westerlund 1, the most massive
variables from the archetype of the class, and are beliavedyoung open cluster of our Galaxy, withk10° M, total mass
be the immediate progenitor of Wolf-Rayet stars of the atasand<25 M, turn-off mass (Clark et al. 2005). To the best of our
N-type (nitrogen rich and hydrogen poor). The LBV phase knowledge, this simultaneity is not known to occur elseweher
not particularly long-lasting~<0.025 Myrs) and, together with ~ The large amount of mass lost during the LBV phase is the
the paucity of massive stars, accounts for the relativéyrafi critical stage that a very massive star must pass througitdef
LBVs (Crowther 2007). The number of recognised LBVs difeoecoming a WR star. Mass ejection via major outbursts is far
fers from author-to-author, ranging from 20 to 50 throughomore dficient than that via steady winds, as most notably un-
the entire Local Group (e.g. van Genderen 2001; Weis 2008%rgone by Car during the 19th century when the star shed
The most famous LBVs includgCar and P Cyg, in the Galaxy,several M, in less than a decade (Smith & Owocki 2006). The
and S Dor in the LMC. mass lost by the central LBV star frequently gives rise te cir

After the main sequence phase, the most massive starcdmstellar nebulae (e.g. Langer et al. 1999, Weis 2003) that
not evolve all the way to the reddest part of the HR diagraturn out to be enriched in processed material, such as eitrog
but instead enter a phase of very high mass loss*@®> and helium, coming from the stellar interior.
M, yr-t) and reverse their evolution back toward hott&ee- During the quiescent phase, the optical spectra of LBVs are
tive temperatures, becoming LBVs. The position of this {furrtharacterised byfiective temperatures ranging from 12 000 to
ing point depends upon the star's luminosity and sets w000 K (B-spectral types) and strong emission lines of tydr
is called theHumphreys-Davidson Limit (cf. Humphreys & gen, Hel, Fell, Call and other singly ionised metals, oftétiw
Davidson 1994). The LBVs lay to the hotter side of tiig P-Cygni profiles when observed atfBciently high resolution
limit, which may be crossed during eruptive events of thetmagf. Kenyon & Gallagher 1985). The mass loss rate in quies-
massive objects. The evolutionary sequence leading tathe tence is smaller and the wind faster. While not well-underdt
mation of LBVs depends on the mass of the progenitor. Fan LBV occasionally passes through an 'outburst’ phase, dur
stars more massive than 75N is O — WN(H-rich) —» LBV ing which the luminosity remains the same as in quiescence,
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Fig. 1. Multi-epoch RAVE spectra of S Doradus. Paschen and NI (iplels 1 and 8) absorption lines are indicated by comb
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Fig. 2. Multi-epoch RAVE spectra of R 99 and R 71.

while in tandem the mass loss rate increases and the wind thee éfective temperature is7500-8500 K regardless of the
locity decreases. This pushes outward the pseudo-phaosph BV luminosity and temperature in quiescence, and the spec-
with a consequent increase in thieetive radius and decreasdrum turns to that of A-type supergiants, while [Fell], Hel
in the surface temperature (whose Wien peak moves from #maission lines, and P-Cygni absorptions weaken or disappea
ultraviolet toward the optical region). At outburst maximu Wolf (1989; see Vink 2008 for an update) pointed out the ex-
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istence of an amplitude-luminosity relation for LBV erupis following Strittmatter et al. (1977) analytical modellindg the
and calledS Doradusinstability strip the region of the HR dia- pumping mechanism.

gram occupied by LBVs in quiescence. Stothers & Chin (1995)

suggested the existence of a period-luminosity relatiothef )

form Mpo = —12.5(x0.5) + 2.4(+0.5) logP where P, expressed?-2- Wind outflows

in yrs, is the typical interval from one eruption to the next. Significant mass loss from a central star is revealed in ol LB

spectra by pronounced P-Cygni profiles. A selection of such
profiles is presented in Fig. 4. The line showing a wind-drive
P-Cygni profile most consistently is that of Ol 8446 A.

The spectra that RAVE collected for the LBVs in the LMC are In a P-Cygni profile, the emission component traces the
presented in Figs. 1-3, where the ordinate scale is kept cegstemic velocity (eg. Castor & Lamers 1979), so that the-blu
stant for an easier inter-comparisonfibrences in &l among ward displacement of the absorption component relateseto th
the multi-epoch spectra of the same star are mainly due 1o diélocity of the wind at the position in the expanding medium
ferences in the throughputs offidirent fibers and in the skywhere the given line forms (Lamers & Cassinelli 1999). The
conditions. The radial velocities derived from the absiorpt RAVE spectra in Fig. 4 show that the wind velocity from Ol
and emission lines are given in Table 1 (for comparison, thiges is slow and quite similar in each of the surveyed LBVs,
heliocentric barycentric velocity of the LMC 8278 knys, ranging from 130 to 210 kysec. These velocities closely
Mateo 1998, although significantly variable across the face match those derived from high resolution optical and uitrav
the galaxy). Table 1 also lists thé-magnitude at the time olet spectra (eg. Leitherer et al. 1992; Crowther & Willi929
of the RAVE observation as estimated by consulting vario@arcia-Lario et al. 1998). The RAVE spectra demonstrate tha
databases of variable star amateur observers (AAVSO, VSNEe velocity, intensity, and shape of the wind absorptiom-co
VSOLJ) and the ASAS Survey database (Pojmanski 2002). ponent is highly variable for any given object, as illustchin
These observations indicate that the RAVE spectra are wieiy). 4 by the Ol profiles of S Dor and R 71 at three distinct
suited to detect and study peculiar stars, and LBVs in pdaic  epochs. For R 71, the wind absorption emerged only in the out-
confirming early investigations in this wavelength intérog  burst spectrum of 4 February 2008, contrary to the normal be-
Munari (1998, 2002, 2003). The peculiarities stands out wélaviour of LBVs. S Dor showed significant variability of the
in terms of absorption features, wind outflow signatures|, a®l| absorption component during a period of constant bright-
emission lines, and will now be considered in turn. ness. The S Dor spectrum of 27 September 2006 shows two
distinct wind components, at 140 and 210/ket. Wind ab-
sorption profiles characterised by multi-components élde
with time) have been previously observed in high-resofutio

The ionised circumstellar gas is easily revealed by the ri@Rtical spectra of R 127 (Stahl et al. 1983) and AG Car (Stahl
emission line spectrum observable over the RAVE wavelendthal. 2001), extending over the same range of velocities de-
regime. The principal ions contributing emission lineshetse  tected in the RAVE spectra of S Dor.
wavelengths are HI, Hel, Call, NI, Cll, ClIl, Ol, SI, [Fell],  The high variability of the absorption components of P-
Fell, Felll, [CllI], and [CIIII]. The emission lines iderfted and Cygni profiles reflects the complexity of wind condition and
measured in the LBV RAVE spectra of Figs. 1-3 are listed structure in massive and LBV stars. The winds of LBVs are
Table 2. They all belong either to Ol, NI, [Fell], Hel, Calltmr  both aspherical and inhomogeneous, as revealed by theyhighl
the Paschen series of hydrogen. variable polarisation measured by Davies et al. (2005). The
The emission lines in RAVE spectra of LBVs are fairlyamount of mass loss (in dyr!) in such stars relates to both
“sharp”. The expansion velocity derived from the width o thluminosity (in L) and efective temperatures (K) as ldg =
profiles (corrected for the FWHM(PSF30 knysec instrumen- 1.738 logL —1.352 logTes — 9.547, following the calibration of
tal resolution) is on average 25 ksec, which is the samelLamers & Leitherer (1993). The wind velocity field is usually
as obtained from observations at more classical opticabwa@ssumed to follow &-type velocity lawv(r) = V(1 - R, /r)?
lengths (Weis 2003). The only exception is R 99 (cf. Fig. 2f¢f. Schmutz et al. 1991). The smaller thethe shorter the
whose expansion velocity from Paschen lines in RAVE spedistance the wind needs to travel before reaching the tedmin
tra is~90 knys, comparable to the Balmer line-based results @¢locity. Guo & Li (2007) found that 05§3<0.7 fits the ob-
Nota et al. (1996). servations of LBVs in quiescence, whige1.5 is required for
The intensity of the Ol 8446 emission line can be boost&dight states. Thus, in quiescent LBMs, is reached within a
by fluorescence pumping from absorption of hydrogen Lyma¥ery few stellar radii, beyond which the gas density dedline
B photons by Ol in its ground state, as first pointed out B8p(r) = p(ro)[r./r]?, while during bright states., is reached
Bowen (1947). For the Lymag-fluorescence to befiective, ©only ata much greater distance.
the optical depth in H should be large, owing to the popula- A cursory inspection of the spectra of S Dor in Fig. 1 either
tion of then = 2 level by trapped Lyman- photons. Such a (i) could suggest the presence of weak and variable emission
fluorescence pumping is at work in R 127 (cf. Fig. 3), but nabres within Paschen absorption lines, or (ii) could intiica
in R 99 (cf. Fig. 2), as derived by comparing the intensity dhat Call emission lines appear in emissiathin the adjacent
Ol 8446 emission with that of the Paschen series of hydrog&aschen 13, 15, and 16 lines, with no associated true P-Cygni

2. RAVE Spectra of the LBVs

2.1. Emission lines
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Fig.3. RAVE spectra of R 127, S 88, R 84, and R 143.
absorption component. That this is not the case is illustray e O A M N Sl
Fig. 5, W.her_e a “zoqmed” view is provided foroneofthe SDor | Sher. . 1 [ Faschen 14 12
spectra in Fig. 1. Figure 5 clearly illustrates how the thespr R005-03-20 -
ence of weak emission cores within Paschen absorption lines o 1o
is actually due to the interplay with nearby NI absorptiowes, ‘ ‘ F R \
and how Call lines do really present a P-Cygni absorption-com 1.0
ponent not associated with the wings of adjacent Paschesi lin  *° s 88 R 143
0l B446 ] 0l 8446 ]
- ‘ ‘ 20(‘)57037‘20 L ‘ ‘ 20(‘)67097‘27, 0.8
2.3. Absorption spectrum and chemical abundances “f ‘ T \ AR AR AR AR AR
»x 1.0 — OI 8446 —1.1
The classification of the absorption spectrum of B-A-F stdrs = S Dor r 110
the RAVE wavelengths is straightforward, as illustratedty % °° oroaas. ol 1
. = R005-03-20 2006-03-237 0.9
observed MK spectral atlases of Munari & Tomasella (19993, B A B e 7“1%:7:1}::::}::::‘::::}::
Cenarro et al. (2001), le Borgne et al. (2003), Marrese et dl.1.0 |- - 01 8446 11
(2003), and Andrillat et al. (1995), as well as the LTE syn- | S Dor 1 F 110
. . . : Ol 8446 L 4
thetic spectral atlas by Castelli & Munari (2001) and thastl NS R006-03-234 L~ " a006_09-27 0.9
of non-LTE synthetic spectra of OB super-giants by Clark et L S R I RS A RS AR
al. (2005). The absorption spectra of LBVs can be classified ' ° w [ 018446 1+
using these atlases, with the caveat that both markedly nonws |- ISP B 110
solar surface abundance patterns and the pseudo-photesphe [, .., "5 %) [ 07 L 20980206 09
-200 -100 Q 100 —-200 -100 0 100

being placed in a moving, partially ionised wind, can coefus
the picture (see Jaschek & Jaschek 1987 for a self-consisten

velocity (km/sec)

velocity (km/sec)

definition of classification criteria attributes). Neveslss, the Fig. 4. Sample of P-Cygni profiles of LBVs from RAVE spec-

distinction between quiescent (B-type absorption speetnd g
outburst states (A-type absorption spectra), as well asithe
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natures of type la luminosity class are straightforwarettmg- Table 2. Equivalent width of the emission lines identified and
nise. measured in the RAVE spectra of LBVs in the LMC.

Significant mass loss removes the external layers of mas-
sive stars, exposing progressively deeper internal regoml ; :

. X ) . Ao(A) i ivalent width (A
reveals the mixing with nuclearly processed material, Whic () don equivalent width (2)
manifests as a depletion of hydrogen, oxygen, and carbon, R 99 R 127 S Dor
and an enhancement of helium and (especially) nitrogen (cf. (27-09-06)  (27-09-06)  (20-03-05)
Meynet & Maeder 2005_). Hyd_rogen, helium, nitrogen, ar_ld 8413 P19 0.974 0.556
oxygen possess strong lines within the RAVE wavelength in- 8438  P-18 1.167 0.606
terval, at the fective temperatures and gravities characteriz- 8446  [O7] 0.216 3.445 0.148
ing LBVs. Actually, multiplets 1 and 8 over the RAVE range 8451 7 0.825

8467  P-17 1.270 1.057

are the strongest NI features observable over the wholeapti
range (cf. Jaschek & Jaschek 1995). The hydrogen deficiency Sjgg gjﬁ} 0156 1023

0.734
and nitrogen enrichment is quite obvious in the RAVE spectra 8502 pag 1618 0.460
of LBVs presented in this paper. There is no temperature;lum 8518  Hel 0.080
nosity, and metallicity combination, for which a normalliste Sgié g:&I 0.098 0.107 138
atmosphere with a solar abundance pattern can display &4 lin 45 poas 2065 0.875 '
stronger than Paschen ones as, for example, seen in the S Dor 8583  Hel 0.269 0.143
spectra of Fig. 1. This is both true for LTE and non-LTE syn- 8598  P-14 1.640 0.725
thetic spectra (Castelli & Munari 2001; Clark et al. 2009, f 8615 Hel 0.326
this to occur, it would require, at the same tineth an en- 8617 [Fell] 0.068
b quire, at the 8629 NI 0.573 0.188
hancement in nitrogen and depletion in hydrogen. 8636 7 0.101
8662  Call 0.968
s665 Pz J2891 0.642
2.4. Radial velocities 8671  Hel 0.290
8680 NI 0.392
Table 2 presents the radial velocities of the LBVs measured gggg E% 8-1‘;;
from the RAVE spectra. The accuracy of the wavelength scale 8703 NI }1'377 0.240
of RAVE spectra is~1.0 kmsec (Zwitter et al. 2008). The 8712 NI 0.126
radial velocities of emission lines for the objects with tiul 8719 NI 0.090
epoch observations are stable within a dispersion of 2,3den :Z;Z EII 0504 g-ggg
for S Dor, 2.4 kns for R 71, and 0.5 kpis for R 99. This is con- 8750 P-el2 1232 0.845
sistent with the long-term stability seen by Thackeray @)97 8777  Hel 0.300 0.177
in LBV emission line radial velocities (within a few kis),
regardless of the phase (quiescent or outburst). Note lileat t
R 71 S 88 R 143

observations of R 71 in Table 2 cover both the quiescent and
outburst phases.

The radial velocity of the emission lines in Table 2 are gigg {SGII]H 0.369 8-?2(2] 8-}23
comparaple to those derived frpm h|gh—resoIL_Jt|on optipaks $617  [Fell] 0.743 ' 0.053
tra at various epochs. Wasselink (1956) deriv@®5 knysec
for S Dor, Thackeray (1974) found195 kmnys for R 71, and
Weis reported-286 knys for R 99. The situation for R 127 is
less clear with a low accuracy value 284 knysec claimed amplitude, irregular photometric variability (with timeses
by Feast et al. (1960)292+9 knys by Stahl et al. (1983), of months to a few years) which is persistent in LBVs both
+267 kmys by Weis (2003), and-274+1 knys by Stahl & in quiescence and outburst phases. The light-curves gegsen
Wolf (1986). The RAVE value 0#-276.5:0.4 knys lies within by Sharov (1975), Stahl et al. (1984), Humphreys & Davidson
2.5 knysec of both the mean of these four determinatiori$994), and Lamers (1995), amongst others, provide clear ex
(+279+5 knysec) and the most accurate value amongst themples of this restless variability. This variability camflarther
(+274+1), again consistent with a long-term constant valugppreciated by comparing the RAVE values in Table 2 with the
Small diferences in velocity of the emission component of aWrlocities given by Feast et al. (1960) for S De2(L3 km'sec),
Cygni profile are expected when the line strength is variableR 71 (+198), R 143 £263) and R 84{262).

On the contrary, the radial velocities of the absorptioadin
given in Table 2 are highly variable from epoch-to-epoch,
several tens of kys. This relates to the variable positioning o
the pseudo-photosphere within the accelerating portichef The RAVE spectrum of R 127 provides afcient number of
out-flowing wind, driven at least in part by instability antti emission lines (cf Table 2) to attempt modelling of its phiote
homogeneities in the mass loss rate (Davies et al. 20053. Tisation structure. To this aim, we have used the CLOUDY code
‘breathing’ pseudo-photosphere is also responsible fofdtv  (Ferland et al. 1998) to evaluate the prevailing physical-co

(23-03-06)  (20-03-05)  (27-09-06)

.5. Photoionisation analysis



U.Munari et al.: RAVE spectroscopy of LBVs in LMC 7

which R 127 is embedded, so this is also not likely to be a prob-
lem. The adaptive optic observations by Heydary-Malayeri e
al. (2003) resolved R 127 into a dense cluster of stars, with
two close optical companions to the LBV: one is 1 arcsec away
and 5 mag fainter, and the other is 3 arcsec away and 2.7
mag fainter. The spectrum of the latter star (as presented by
Heydary-Malayeri et al. 2003) is deficient in emission lines
and consequently, is not contaminating the LBV emissioa lin
spectrum. In conclusion, only the ionised mass outflow from
the LBV is contributing to the emission lines observed in the
RAVE spectra.

Walborn et al. (2008) have reviewed the recent photometric
and spectroscopic history of R 127, and found it enteredgtlon
lasting outburst phase in the early-1980s, peaking ivthand
at 8.9 mag during 1988-1991, and then slowly declining towar
quiescence (by the time of the RAVE observations in 2006,

3 20/03/2005 R
r S Dor h

normalized flux + offset

NI 8747 —
- | j R 127 had reached reached this quiescent state). Accomling t

| , , the analysis of Guo & Li (2007), the wind of LBVs in quies-
i xNI 8594 1 1 1 ] cence is accelerated to its terminal velocity within a fesllat
.00 —200 o 200 radii. Therefore, the vast majority of its mass is locatetbex

nal to the acceleration zone and is expanding at constamt-vel
ity. In our modelling, we thus adoptedr) = p(r.)[r./r]? for
the dependence of density on distance from the centrallstar.
Fig.5. Expanded view of the S Doradus spectrum of Figuredde conservative, we also explored other density depenglenci
near the Paschen H2NI 8747, Paschen 13 Call 8662, and (eg. wind accelerated to terminal velocity over significdist
Paschen 15 Call 8542 features. The arrow points to the altances, density independent of distance from the centig), st
sorption component of the Call P-Cygni profiles. but abandoned them ultimately due to the resulting infeger
sults. We assumed Case B nebular conditions (Osterbrock &
Ferland 2006), spherical geometry with the photoionisiag s
ditions in R 127 at the time of the RAVE observations, anak the center, and chemical homogeneity throughout the gas.
to assess the diagnostic potential of emission lines obb&v The stellar photosphere was assumed to emit as a black body.
in the RAVE wavelength regime. Even though this exerciSthe chemical partition was taken to be solar for all elements
did provide consistent results (as outlined below), some dexcept those allowed to vary. The initial value for the ollera
gree of caution must be exercised, as the number of emissinetallicity was taken to be [WH]=-0.5. Having no observed
lines observable over the restricted wavelength range MEBRAemission line from carbon, and CLOUDY not treating the He
is somewhat limited, and only a fraction of them is currentlgnd N lines recorded over the RAVE spectral range, we as-
treated by CLOUDY (most notably, the NI and Hel lines arsumed (and kept fixed) their abundance to the average value
ignored). This type of modelling is best carried out by confeund in other LBVs - i.e., a 20 enhancement for N and 5
bining emission lines from the entire optical, ultraviplahd for He, and a 0. depletion for C (cf. Crowther & Willis 1994,
infrared regimes, which provides access to a larger set if-enmand references therein). These fixed values for He, N, and C ar
sion lines from more ions and from a wider range of excitatiariose to those found by Lamers et al. (2001) for the external,
conditions. Such an expanded set of input data could alsw allspatially resolved, nebula around R 127.
exploration of more complex, multi-component emissionienv  The emission lines that we used in the modelling, along
ronments, than the simple one-component geometry adopigth their observed and computed flux ratios, are shown in
here. Table 3. The dierence between computed and observed fluxes
RAVE optical fibers have an aperture of 7 arcsec, whidgh~10%. This can be regarded as an excellent match, reflecting
corresponds to 1.7 pc at distance of the LMC. This is lardiee limitationgcapabilities of such photoionisation modelling,
enough to include a contribution (by unknown relative pmeporegardless of the object under analysis (eg. novae, pligneta
tion) to the observed spectrum from the central star, itddwimebulae, galactic nuclei, etc.)
the extended circumstellar nebula, any parent Hll regiod, a The output parameters of the modelling are given in
any close optical companion (many LBVs are members of ma&ble 4, where is the filling factor (the ratio of filled-to-total
sive and dense young stellar clusters). Concerning R 1%, ittolume in the ejecta). The derived temperature, radius)and
surrounded by a faint nebula 5 arcsec in diameter. Judgimg frminosity are consistent with other modelling attempts ia th
spatially-resolved long slit spectra presented by WeiD80 literature, despite being based on completefjedent sets of
the light from this nebula (clearly visible on HST images olinput data. For example, Stahl et al. (1983) derived frorncapt
tained through an &H[NII] narrow-band filter) contributes a and IUE high resolution observations of R 127 (during the qui
negligible fraction of the light compared with the unresmlv escence phase of the early-1980%)=16 000 K,R=150 R,,
central source. Similarly, there is is no parent HIl regian iandMp,=—10.6. The hydrogen and oxygen under-abundances

radial velocity in the rest frame
of Paschen lines (km/sec)
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Table 3. Comparison between computed and observed emigble 4. Basic parameters for the central star and ionised cir-
sion lines. Intensities are scaled to Paschen 14. cumstellar material derived by photoionisation modellinfg
the emission line spectrum of R 127.

Ao(A)  ion relative flux
observed computed TE% 15000 K
Rpp 140 R
8446 [O1] 475 473 Lgg 9x10° Lg (Mpoi=—10.1)
8498  Call ~0 <0.01 rheb 19 R, (13.4 AU)
8542  Call ~0 <0.01 rieb 27 R, (17.6 AU)
8545 P-15 1.21 1.61 pH 1.7%x10'9 cm—3
8598  P-14 1.00 1.00 plt 8.5%10° em—3
8617 [FOH} 0.09 0.08 Ni% 2'1><1010 CH173
ST O
8750 P-12 1.17 1.29 T, 10750 K
T, 2200 K
¢ 0.92
[M/H] —0.4
we have obtained are similar to those found in other LBVs H/He  0.50
(Lennon et al. 1994; Crowther & Willis 1994; Venn 1997; g/(%@ (1)'22
Smith 1997), in R 127 itself (Lamers et al. 2001), and exjbcte CZ//(?; 501
by theoretical evolution models of massive stars that ihelu He/He;D @_5)
rotation (Meynet & Maeder 2005). N/Ng (10)
The results in Table 4 indicate that the emission lines of C/Cq (0.2)

R 127 originate in an ionised shell detached from the central
star, extending from 19 to 27 stellar radii. The mass withia t
ionised shell is:

£ (T terial lost earlier in the outburst had, by the time of the FEAV
Mshell = Yf 4nr?pH(ndr = 1.33%x 102 M, (1) observations, moved exterior to the ionisation boundahngne
Fin the irradiation from the central star is no longéieetive in ion-

where X is the hydrogen mass fraction, afidr) = pH(rin/r)%. isin_g t_he gas, and therefore it was no longer contributirthéo
The existence and meaning of such a detached shell 88lssion line spectrum.
serves comment, as fits squarely into the coherent picture This scenario is well matched by the spectroscopic evolu-
emerging as a result of the full suite of data associated wian that Walborn et al. (2008) presents for R 127. The 1999-
R 127. 2000 timeframe, during which the star ejected the material
Weis (2003) and Smith et al. (1998) determined from higkpmprising the ionised shell seen in the RAVE spectra, was
resolution spectra that the bulk velocity of the mass outfloviparacterised by the disappearance of P-Cygni absorpt@mn p
during the recent outburst wasl0 knysec. Material expand- files and by the appearance of very sharp emission line pgofile
ing with this velocity should have left R 127 during 2000, if hese are indicative an extended atmosphere moving outward
order to have reached (by the time of our RAVE observation&) low velocity. Later spectra, when the significant mass los
a distance from the central star equal to that of the innetdror had finished and the detaching of the massive shell had ini-
of the ionised shell in our model. It is interesting to notattine tiated, started showing a progressive broadening of the-emi
lightcurve of Walborn et al. (2008) shows R 127 started adrap#ion lines and re-emergence of P-Cygni profiles charatiteris
decline in brightness in 1999 that ended in 2000 when the s@ra less-significant and faster mass loss regime. The winds
reached its “stable” quiescent brightness. Thus, we atgate tof LBVs are line-driven, and the drop in outward velocity and
the end of the outburst in 2000 brought with it also the cesdarge increase in mass loss rate during outburst phasessisda
tion of an enhanced mass loss phase, producing a cavitycroly the driving éfect of Felll lines below the sonic point as the
the star that was only tenuously filled by the much lighterdvireffective temperature decreases (Vink et al. 1999). The bifur-
characterizing the subsequent quiescence conditions. cated wind regimes between quiescence and outburst phases,
The material at the external ionisation boundary of thelshégferred to as the ’bi-stability’ jump (Pauldrach & Puls D99
(17.6 AU), expanding at 10 kfsec, should have left R 127is a defining characteristic of the S Dor instability strign(/
2.5 yr before the material at the inner edge. The mass loss atde Koter 2002).
necessary to produce the observed shell is therefore

M = Mshell _ 5x 1074 Mo/yr @) 3. Remarks on Individual Objects

At
This is a magnitude larger than the mass loss rate derived%yll' S Doradus

Stahl et al. (1983) for R 127 before the outburst. A large if-he three RAVE spectra presented in Fig. 1 were obtained
crease in the mass loss is a characteristic feature of LB¥s dwhile S Dor was stable during its outburst\at9.5 mag. Much
ing outburst phases (Humphreys & Davidson 1994). The mike the Thackeray (1965) analysis, the continuum of the RAV
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spectra of S Dor can be readily classified ag3N2*e, by com- Sanduleak & Philip (1977) on objective prism plates, and by
parison with the Munari & Tomasella (1999) atlas. Cowley & Hutchings (1978) in slit spectra. Allen & Glass
Quite interesting is the reversal in the ratio of equivaleft976) found no evidence of them in far red spectra, but re-
width (REW) of hydrogen and NI absorption lines that ogPorted that the Mgb triplet could be present weakly in ab-
curred between 20 March 2005 and 27 September 2006 speg@i#tion and that the IR colors implied the presence of a cool
(cf. Fig. 1). The ratio changed from REMJ.7 to REW=3.0. super-giant. Stahl et al. (1984) noted that the IR colouesgc
This happened at stable brightness, surface temperanae, &as too large to result only from a late-type companion, and
wind outflow velocity, while the intensity of the Call emissi suggested the presence of dust in R 84, which was confirmed
components increased by ¥.Between the two dates. It wouldby the mid-IR observations of Glass (1984).
be tempting to interpret the reversal of REW as an indicatfon ~ These apparently contradicting reports on the spectral ap-
chemical inhomogeneities in the nuclearly processed iahtepearance support a binary or optical pair nature of R 84. Some
progressively exposed at the stellar surface by the onggign  Photometric variability of one or both component stars s th
nificant mass loss. To support this interpretation additiamd probable cause of their brightness ratio to change with.time
higher resolution observations are however necessargchn f Schmutz et al. (1991) argued strongly in favor of the LBV and
the observed variation in the intensity of the Call emissiines  the cool star being merely along the same line of sight and not
could suggest the presence of unresolved and variableiemisghembers of a binary system. It should be noted that adaptive
cores as a (contributing) reason for the observed changdles inoptic observations by Heydari-Malayeri et al. (2003), vhic
equivalent widths of nitrogen and hydrogen lines. have a resolution limit of 0.12 arcsec (corresponding to0600
AU at the distance of the LMC), did not resolve the central
star. Stahl et al. (1984) found a good fit to the IUE-optidal-I
32.R71 spectral energy distribution by combining an M4la spectrum

The LBV nature of R 71 was discovered by Thackeray (197 ith a BOla spectrum, and with the addition of a circumstella

who reported that the star oscillates between 9.8 and 109 jst component. The spectral type of the cool super-giast wa
(see also Lamers 1995) and that the corresponding specgﬂgﬂlhasl;x\flzby CO\;vIey &fiug'!ngs (1278)' s the o ¢
types ranged from Aleq to B2.5laep. During bright optical € Spectrum o INF1g. S presents the cleares

phases, Balmer lines show deep P-Cygni profiles and the] [Fé’l'lew so far published of the cool super-giant. It has no emis-

emission lines disappear sion lines superimposed andya fitting to the same Munari

i . . et al. (2005) synthetic spectral library used in the autdenat
The first two RAVE observations of R 71 were obtaine ! .
when the star was in quiescence\&t10.7, while the third gnalyms of RAVE spectra suggests atmospheric paramdters o

_ - ! er=3925:155, [M/H]=-0.39+0.26, logg=2.87+0.91, and a
was durmg O.UtburSt’ av_g'%.' The corresponding SpeCtraheliocentricradial velocity of 25421.2 knysec. The radial ve-
changes in Fig. 2 bear a striking resemblancg to the beha\fg’(fity reported by Schnurr et al. (2008) is 255 fe@c. The rela-
described by Thackeray (1974). The RAVE quiescence Speq\r/%ly large errors of thg? fitting are due to the contamination
are clearly those of an early B super-giant (strong Hel giso

S . _ _ rom the superimposed hot super-giant spectrum, whose main
tion lines, no Ol, and broader Paschen lines) with supergago P b berg P

¢ Fell ission i Th tburst ¢ is dfian effect is to provide an overall veiling of the absorption lines.
strong [Fe ]em_|55|on INes. The outburst Spectrumis This has a particularly advers&ect on the wings of the Call
early A super-giant, where the Hel lines have disappeardd

i . es (most sensitive to lag), amplified by the perturbation of
ﬁ?!n%ntdh(Slsr:]:r\;/)iriﬂge;rgiégLoenngliggz tgi?n Egrnzgrfﬁemj&? {fle shape of the adjacent continuum by the wide underlying
spectra, in the outburst spectrum recorded by RAVE, thd][Fei\t schen absorption lines of the hot component,Fttemper-

. ure would suggest a spectral type around K7, with the metal
has nearly disappeared and Ol has developed a strong P-C}/igm/ being app?gpriate f?)r massK/pe stars in the LMC.
absorption component.

4. Conclusions
3.3. R84

The primary science driver for the RAVE survey is the in-

R 84 is an enigmatic object, suggested to be a dormant LE¥stigation of the structure and evolution of the Milky Way.
by Crowther et al. (1995). Walborn (1977) classified the blugevertheless, as a natural byproduct of the survey, the reso
optical spectrum as Olafpe, with many strong emission linggion and diagnostic potential of the associated stefiecta
(including Hell 4686) and P-Cygni profiles. Higher resaduti ensures a valuable resource for the stellar astrophysicsce
blue optical spectroscopy by Stahl et al. (1985) show theesanity.
characteristics. Breysacher et al. (1999, and refereheesinh) The present paper is the first in our series to explore the
summarised the determinations of the physical paramekers performance of RAVE in relation to the physics of peculiar
tained by various authors, which cluster around a tempeFatstars, in particular, the Luminous Blue Variables of thegear
of 30000 K, a radius of 30 & a luminosity &10° L, and a Magellanic Cloud. The RAVE spectra provide a clear and com-
mass loss ratexaL0™* Mo/yr. prehensive view of the LBVs, highlighting their temporabev

The spectral appearance at longer wavelengths is howewtion and star-by-star fferences. In particular, these havig: (
in conflict with that at the bluest end of the optical rangextended the temporal baseline and wavelength domain over
TiO absorption bands were observed shortward of 6000 A bnich the radial velocities of emission lines have been ob-
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served to remain constant, which reinforces the notion of aaschek, C., Jaschek, M. 1995, The Behaviour of Chemicaidties
origin in a spherically symmetric component of the circushst in Stars, Cambridge Univ. Press

lar environment, dynamically de-coupled from the centrat;s Kenyon, S.J., Gallagher, J.S.-I1l 1985, ApJ 290, 542

(ii) mapped the large variability of the absorption lines (botffmers, H.J.G.L.M., Leitherer, C. 1993, ApJ 412, 771

in radial velocity and profiles) in response to the "breaghin Lamers, H.J.G.L.M. 1995, in Astrophysical Application ofeffar
of the pseudo-photosphere forming in the heavy, out-flowin Pulsation, R.S. Stobie and P.A. Whitelock eds., ASPC 83, 176

L . T . Lamers, H.J.G.L.M., Cassinelli J.P. 1999, Introduction Stellar
wind; (iii) documented the high variability and multi-shell na- Winds, Cambridge University Press

ture of the wind P-Cyg absorption profiless)(provided a clear Lamers, H.J.G.L.M., Nota, A., Panagia, N. et al. 2001, Apl, 5%54

recipe of the spectroscopic changes characterising theitra, 5nger N., Garca-Segura, G., Mac Low, M.-M. 1999, ApJ 5269 L
tion of LBVs from quiescence to outburst phases and Vicgaitherer, C., Damineli Neto, A., Schmutz, W. 1992, in Nattispic

versa, in a close match to evidence gathered at more conven-and Variable Outflows from Stars, L. Drissen, C. Leitherat An
tional (blue) optical wavelengths;)offered the opportunity to Nota eds., ASPC 22, 1992

test quantitatively the soundness of photoionisation rioade Lennon, D.J. et al. 1994, Sp. Sci. Rev. 66, 207,

of the rich emission line spectrum observable over the RAV#arrese, P.M., Boschi, F., Munari U. 2003, A&A 406, 995
range; (ii) discovered in R 127 the presence, and quantified tN&t€o, M.L. 1998, ARA&A 36, 435

physical properties of, a massive detached ionised shathwhMeynet, G., Maeder, A. 2005, A&A 429, 581 .

was ejected during the 1982-2000 outburst Munari, U. 1998, in Proccedings of the Gaia Workshop, V. i3ya
) ed., BalA 8, 73
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