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CHAPTERR BI  * 
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Abstractt  - From a spectroscopic and photometric study of the star WRA 751 - Hen 3-591 = IRAS 11065-6026 we have 
estimatedd its Tef ƒ = 30,000 K and its E(B - V) = 1?8. We have been able to estimate also the contribution of the circumstellar 
extinction,, from which we derive a lower limit of the foreground interstellar extinction of 4?6 and a mininyim distance of 5 
kpc.. Above data permit the derivation of an upper limit of Mb* - -9?6, equivalent to log £*/£© > 5.7. Comparison with 
evolutionaryy tracks of Maeder and Meynet (1987) shows that WRA 751 is located in the region of other LBVs at a lower limit 
off  the initial mass of about 50 M 0. From the similarity of other physical characteristics, like light variability, strong [Fe n] lines 
andd extinction-free spectral energy distribution with those of other LBVs we conclude that WRA 751 is a candidate for a new 
luminouss blue variable. 

1.. Introductio n 

Thee first Luminous Blue Variable (LBV) was found almost 400 
yrr ago on August 18th, 1600, by WJ. Blaeu, who saw a nova 
likee third magnitude star in Cygnus; subsequently named P 
Cygni.. After that time only three more LBVs were discovered 
inn our galaxy, i.e. rj  Car, AG Car and HR Car. A few were 
alsoo found outside our galaxy, in the LMC, M31 and M33 
(Appenzellerr 1986; Lamers 1986a). LBVs are evolved, very 
luminous,, unstable hot supergiants, which are in a short (104 

too 105 yr), but physically very important, stage of massive star 
evolution.. The discovery of new LB Vs is important for the study 
off  the evolutionary state of these type of objects. 

Too find such an object is, therefore, one of the purposes of 
ourr systematic investigation of early type emission line stars 
withh very large infrared excess. In this letter we present the 
firstfirst results of our study of the properties of an LB V-candidate, 
WRAA 751, which are in many respect similar to those of known 
LBVs. . 

WRAA 751 (R.A.= llh06m338.5;Dec. = -60°26'35"; 1950) 
wass first recognized as a possible WR star by Henize (Roberts, 
1962).. However, Smith (1968) did not observe strong emission 
liness on a blue objective prism spectrum and rejected the WR 
classification.. Hereafter, Carlson and Henize (1979) pointed 
outt that in the spectrum of WRA 751, the [Fe n] lines are more 
prominentt than the K0 emission line, and suggest that WRA 
7511 is possibly an incipient P Cygni star such as HR Car which 
alsoo have strong [Fen] lines. However, to be able to conclude 
thatt WRA 751 is really an LBV, we should know not only its 
temperaturee but also its luminosity, and thus its distance and 
forr this the total (interstellar+ circumstellar) and circumstellar 
extinction.. In this Chapter we will explain how these physical 
parameterss were estimated. 

**  Based on observations made at the European Southern Obser-
vatory,, La Silla, Chile and on measurements made by the Infrared 
Astronomicall  Satellite. 

2.. The observations 

Thee optical spectrum (4000-6800 A; dispersion 180 A mm-1) 
wass obtained on March 28,1989, using the ESO 1.52 m tele-
scopee to which a Boiler and Chiven spectrograph is attached. 
Thee detector is an RCA high resolution CCD. The wavelength 
scalee of the spectrum was calibrated using He-Ar lines, and 
thee flux of its continuum by means of observations of standard 
starss using the same equipment The reduction was done with 
thee MIDAS software running under SUN/OS at ESO headquar-
ters.. For optimal extraction of spectral data from the CCD image 
thee algorithm by Home (1986) was applied. The spectrum is 
shownn in Fig. 1. 

Thee Johnson-Cousins UBVRI photometry was made on 
Marchh 13 and 14,1989, with the standard photometer attached 
too the ESO 1 m telescope. The detector is an RCA 31034A 
(Quantacon)) photomultiplier. The diaphragm used is 21". For 
thee magnitude calibration Cousins standard stars have been 
chosenn from the list of Menzies et al. (1980). The large differ-
encee in the UBVRI measurements are due partly to intrinsic 
variabilityy of the star and partly to observational errors. 

Thee Walraven photometry was made on March 22, 1989, 
usingg me Dutch Light Collecter stationed at ESO. A diaphragm 
off  20" was used. For calibration the updated standard stars of 
Lubb and Pel (1977) were used. 

Thee near-IR observations were obtained with the standard 
InSbb photometer mounted on the same telescope as for the 
UBVRIUBVRI photometry. They were made on March 18, 1989, 
throughh a diaphragm of 13" and calibrated to standard stars 
publishedd by Koornneef (1983). The results of all the photom-
etryy are listed in Table 1, together with data of WRA 751 from 
thee IRAS point source catalogue. 

Inn Table 1 we also present the optical and near-infrared 
dataa kindly put at our disposal by Dr. O. Stahl. The UBVRI 
measurementss were made on December 29 and 30,1984, with 
thee ESO 50 cm, and me JHKLM observations on December 
244 and 25,1984,with the ESO 1 m telescope. 



74 4 CHAPTERR B1: WRA 751, a candidate for a new Luminous Blue Variable 

3. 0 0 

2. 5 5 

3. . 
MM 2. 0 

°°  1. 5 

1. 0 0 

0. 5 5 

0. 0 0 
45000 500 0 550 0 600 0 650 0 

XX (Angst rom) 

6550 0 6600 0 

Fig.. 1. The spectrum of WRA 751. The dispersion is 180 A mm '; the range is from 4000 to 6800 A. The Ha profile is drawn in more detail 
att the right of this figure. Several emission lines and difusse interstellar bands (DIBs) are identified. 

3.. Analysis of the data 

Thee spectral type of WRA 751 is difficult to determine be-
causee most spectral lines in its spectrum are in emission. Only 
aa few are in absorption (several lines, like that of Ca n and Na i, 
mayy be due to interstellar and/or circumstellar matter and some 
aree diffuse interstellar bands). Therefore, we have fitted the 
observedd spectral energy distribution (SED) towards the appro-
priatee Kurucz (1991) model by means of two free parameters: 
thee effective temperature, Teyy, and the total colour excess, 
E(BE(B — V), and by the adoption of a ratio of total to selective 
extinctionn Ry =3.1. 

Beforee we have determined the Tejj  and the E(B — V) we 
havee estimated die influence of emission lines on the wide band 
photometry.. The strongest influence of die emission lines seems 
too take place in die R pass-band due to die strong Ha-emission 
line.. We have determined die correction AR = 0?03. The cor-
rectionss in die B and V pass-bands are, however, comparable: 
ABAB = fr04 and AV = 0T03. 

Afterr applying the corrections, a good fit to die Kurucz 
modell  is obtained for Tef} = 30,000 K and E(B - V) = 
1™88  0™1. The error of fTl in E(B - V) is compatible 
withh an error of about  2,000 K in Tejf. The effective tem-
peraturee corresponds to a spectral type of 09.5. Note tiiat die 
intrinsicc colour index (B - V)0 = (B - V)ob, - E(B - V) = 
—0T255  Cr?15. This is comparable to tiiat of a supergiant 
off  30,000 K: (B - V)Q = -0^27 (Schmidt-Kaler 1982 and 
Johnsonn 1966). 

Thee SED of the star is shown in Fig. 2a. They resemble those 
off  AG Car and HR Car, shown in Figs. 2b and 2c respectively. 
Thee near-IR region of tiiese stars is dominated by an excess due 
too free-free emission and the far-IR region is strongly influenced 
byy thermal radiation of a dust shell of about 140 K. 

Tablee 1. Photometric data and IRAS measurements of WRA 751. The 
indexx w stands for Walraven. The IRAS data are in Jansky. 

V V 

11.79 9 
12.43 3 
12.21 1 

B-V B-V 

1.79 9 
1.38 8 
1.71 1 

U-B U-B 

0.34 4 
0.41 1 
0.32 2 

V-R V-R 

1.11 1 
1.16 6 
1.18 8 

VV - I 

2.43 3 
2.45 5 
2.28 8 

Date e 

Dec.. 29 & 30, 1984 
Mar.. 13, 1989 
Mar.. 14,1989 

VVww (V - B)u 

-2.17 7 0.74 4 

,{B,{B - U)u 

0.35 5 

(B(B - L)u 

0.18 8 

{U{U - W), 

0.25 5 

„Date e 

Mar.. 22, 1989 

J J 

7.71 1 
8.37 7 

H H 

6.94 4 
7.50 0 

K K 

6.46 6 
6.98 8 

L L 

5.99 9 
6.31 1 

M M 

5.67: : 
5.96 6 

Date e 

Dec.. 24 & 25, 1984 
Mar.. 18,1989 

12 2 

12.8 8 

25 5 

205.2 2 

60 0 

128.4 4 

100 0 

59.2 2 

microns s 

4.. The variabilit y 

Inn the past die brightness of WRA 751 has been recorded tiiree 
times.. Wray (1966) used objective prism plates taken around 
19500 to estimate die V magnitude to be 10 7̂  0^6. Henize 
(1976)) used a slit spectrum to estimate y = 9™6  OM. Stahl 
observedd photometrically in 1984: V = 11?179 (see Table 1). 
Inn the March, 1989, observing run, the visual magnitude of the 
starr was measured: (V) = 12™32, and on the Walraven system 
wee obtained Vw = -2.17 and (V - B)w = +0.74 expressed in 
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Fig.. 2. The spectral energy distribution (SED) of a) the star WRA 751, 
b)) the same for AG Car, when it is in a faint phase, and c) for HR Car. 
Notee the similarity of these SEDs. 

log100 intensity units. Using the formula V = 6.885 - 2.5{VU, + 
0.030(V-B)0.030(V-B)WW}}  (Pel, 1983) for me transformation of the Vw to 
thee F of the Johnson system, we derive V = 12™26, comparable 
too the direct V measurement. From die comparison of old and 
neww V estimates we conclude mat WRA 751 is variable. 

5.. Distance and luminosity 

Itt is possible to estimate the distance of WRA 751 using 
ann empirical relation between tbe interstellar extinction and 
thee distance, for region 290/00 of Neckel and Klare (1980), 
inn which WRA 751 is located. It is, however, important to 
notee mat the total extinction, up to the surface of the star, 
Av,totaiAv,totai = Av,interêt. + ̂ v,«rctim«t.. since die star has a very 
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Fig.. 3. The positions of WRA 751 and several other LBVs in the 
evolutionaryy diagram with mass loss and overshooting of Maeder and 
Meynett (1987). The Humpreys-Davidson (HD) limit, Lamers' (1986b) 
PCTT limit and van Genderen et al.'s (1983) PC limit are indicated by 
lines. . 

largee IR-excess. In order to estimate the extinction contribution 
off  me circumstellar dust we have calculated roughly a theoret-
icall  relation between AylCt-rc„ ro,t. and log (LIR/Lopt) on tie 
assumptionn that tbe dust shell is spherically symmetric and mat 
thee dust grains are distributed homogenuously in this shell. Fur-
thermoree we assumed (1) that me dust grains are heated only by 
mee absorption of optical and ultraviolet photons from the central 
star,, and (2) that there is tliennal balance between the absorbed 
andd re-radiated energy. From the SED of WRA 751 we can 
estimatee the value of log (LIR/Lopt), and using tie theoretical 
relationn mentioned above we obtain Av,circum>t. < 1™1 (upper 
limit),, so that with E(B - V) = 1?8 and Rv = 3.1, we obtain 
Av,inter>t.Av,inter>t. > 4?6. Employing me relation between interstellar 
extinctionn and distance of Neckel and Klare (1980), we men 

obtainn a distance off  r ~ 5 kpc. It should be mentioned here mat 
WRAA 751, like AG Car and HR Car, is located in the direction 
off  me Carina spiral arm beyond the Carina nebulosity. 

Withh the above estimated distance and temperature it is 
possiblee to derive an upper limit of the bolometric magnitude 
MboiMboi of —9?6, equivalent to a lower limit of log L*/L@ equal 
too 5.7. If we plot these data in the evolutionary diagram of 
Maederr and Meynet (1987; Fig. 9) for stars with mass loss and 
overshootingg (see Fig. 3), it is apparent that WRA 751 is located 
inn me region of other LBVs at a lower limit of the initial mass 
off  about 50 M 0. Note that in Fig. 3 for the positions of AG Car 
andd HR Car the data of Humphreys et al. (1989) and of van 
Genderenn et al. (1989), respectively, are used. The positions of 
PP Cygni and R 71 are reproduced from Fig. 9 of van Genderen 
ett al. (1988). 

Highh resolution spectroscopic observations and observa-
tionstions with the IUE are planned in the near future, as well as a 
systematicc study of its variability. 
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