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Abstractt - In this Chapter the LBV characteristics of the new LBV-candidate WRA 751 (=He 3-591), as presented in Chapter 
Bl ,, are studied in more detail. For this purpose we have made a comparison with observational characteristics of the well known 
LBVss AG Car and HR Car using the photometric (visual, near- and far-IR) and spectroscopic (optical) data of Chapter Bl, 
supplementedd with an IUE spectrum (2500 - 3100 A) and direct CCD images in Ha, blue and red. From the spectroscopic 
comparisonn we found: (a) That the spectra of WRA 751 and HR Car, discussed in this paper, are similar to the minimum-phase 
spectrumm of AG Car and, therefore, resemble the Of/WN 9 spectral type, (b) That from the characteristicss of the optical, near-
aridd far-UV (IUE) spectra the Fe n spectrum in these wavelength regions is due to continuum fluorescence, (c) That the H, He I, 
Fee ii and [Fe n] emisson lines are formed in different parts of the stars' envelope, corresponding to their expanding velocities. 

Fromm the comparison of the photometric data and direct imagery we further found strong similarities concerning the circum-
stellarr material of the studied LBVs: (d) A weak near-IR excess, which is caused by free-free emission of a low velocity stellar 
windd (tf < 500 km s"1, and /? = 0.5), connected with a high mass loss rate (—4.5 < log M < —6.0 M 0 yr_1), and possibly a 
smalll  contribution due to ionized gas contained in a circumstellar nebular region. The relative low mass loss rates of WRA 751 
andd HR Car, compared to those of LBVs at maximum-phase, indicate that these stars are in a phase of quiescence (Lamers 1989). 
(e)) A far-IR excess due to thermal radiation of a dust shell of 130 -170 K which ly between 0.1 - 0.4 pc from the central star, (f) 
Thee existence of a spherical nebular region around WRA 751, is seen on direct imageries in Ha, blue and red; the detailed shape 
off  the nebular structure of WRA 751 is unresolved. 

Fromm the comparirive study, we conclude that WRA 751 has properties which fit well the LBV properties at minimiim 
brightness-phase,, and possesses circumstellar material with similar observational properties as those of the known LBVs AG Car 
andd HR Car. 

1.. Introduction 

Basedd on photometric and spectroscopic studies Chapter Bl 
reportedd the discovery of a new luminous blue variable (LB V)-
candidate:: WRA 751 (R.A. = 1 lh06m33 ;̂ Dec. = -60?26'35"; 
1950).. LBVs form a stellar group which populates a distinct 
veryy luminous part of the HR-diagram. It consists of hot su-
pergiantss with an initial mass of at least 50 M 0 and a large 
photometricc variability. These stars are still in a short (104 to 
1055 yr) unstable stage of their evolution. The phase of stellar 
evolutionn in which this stellar group would fit  is, however, rather 
vague.. The reasons for this are on one hand the small number 
off  known LBVs and LBV-candidates (so that not a good statis-
ticss of their physical properties can be made), and on the other 
handd the difficulty to find general physical properties of these 
stars,, mainly due to their strong irregularities, spectroscopic as 
welll  as photometric. The knowledge of their general physical 
propertiess is important for the purpose of defining a homoge-
neouss stellar group and for having a better understanding of 
theirr place in the stellar evolutionary scenario. Therefore, it is 
veryy important to find new LBVs. The conclusion in Chapter 
Bll  that WRA 751 is an LBV candidate is based on several of 
itss astrophysical parameters of which the most important are 

**  Based partly on observations made at the European Southern Ob-
servatory,, La Silla, Chile. 

TTefJefJ = 30,000 K, log L*/LQ > 5.7 and M* > 50 M 0 and 
itss photometric variability. The IR-excess and optical spectral 
propertiess (such as the appearance of Fen and [Fen] lines) 
weree also taken into account The spectral features of H, He, 
Fee II and [Fe n] in the optical spectrum are in good agreement 
withh those identified by Carlson & Henize (1979). Because 
thee predominance of [Fe n] over Fe II and the significant violet 
shiftedd absorption components of several hydrogen lines, Carl-
sonn & Henize (1979) suggest that WRA 751, like AG Car and 
HRR Car, is an incipient P Cygni star. It must be noted, however, 
thatt the strength of the [Fe n] emission lines, of which some are 
strongerr than the H/3 emission line, is quite unique. 

Inn this paper we present the results of a more detailed inves-
tigationn of WRA 751 based on its optical and UV spectroscopic 
properties,, its IR-excess and direct imageries. The photometric 
(visual,, near- and far-IR) and spectroscopic (optical) observa-
tionss of Chapter Bl, are supplemented with an IUE spectrum 
(25000 - 3100 A) and CCD direct images in Ha, and through the 
broad-bandd B and Gunn z filters of WRA 751 and its imme-
diatee surroundings. This data set is compared with those of the 
welll  known LBVs AG Car and HR Car. This is done to try to 
findfind out what the general properties of LBVs are, and to study 
theirr correlations with the strong photometric variations. Ulti-
matelyy we have tested whetber WRA 751 fits in this picture. 
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2.. The observations 

2.1.2.1. The photometric observations 

Recentt photometric observations and photometric data col-
lectedd from the literature are presented in Chapter Bl. 
Thesee data consists of measurements in the Walraven sys-
temm (WULBV), the Johnson-Cousins UBVRI system and 
thee near-IR JHKLM. Data from the ERAS point source cata-
loguee are also presented. This data set together with data found 
inn the literature proves the variability of the star and shows its 
ER-excesss (Chapter Bl), which will be discussed further in this 
paper. . 

2.2.2.2. The optical spectrum 

AA low resolution optical spectrum (4000 - 6800 A, 180 
AA mm-1) was shown and discussed briefly in Chapter B1. Line 
identificationss of the strongest lines were also given in that 
paper.. We will use this spectrum and the line identifications 
too discuss and to explain the star's spectroscopic behaviour in 
combinationn with those found in newly taken IUE spectra, es-
peciallyy concerning the Fe n spectrum. 

2.3.2.3. The IUE spectra 

Thee low-dispersion (resolution: AA ~ 6 A) LWP 16916 spec-
trumm of WRA 751 was secured on December 13, 1989 with 
ann exposure time of 160 minutes. A blind offset slew was per-
formedd from the star SAO 251200 located about 6.7 arcmin 
away.. The object WRA 751 was bright enough to permit a re-
centeringg before it was sent to the large aperture (10"x20" 
oval).. The observed flux from 2000 to 2400 A was rather weak. 
Inn addition the LWP noise in this wavelength range is high. Fur-
thermore,, although the radiation background was low (max ~ 
33 DN/hour) during the exposure, a strong radiation hit contam-
inatedd the spectrum at 2500 A. Therefore, we have only made 
usee of the most well-exposed part of the spectrum, i.e., beyond 
25000 A. For comparing the spectrum in this spectral range with 
thosee of the well known LB Vs AG Car and HR Car, we have se-
curedd IUE spectra of these stars from the IUE archive. Both are 
well-exposedd low dispersion spectra taken by the LWP camera 
throughh the large aperture. For the AG Car spectra (LWP 3440, 
266 May, 1984) the exposure time was 50 sec, and for that of 
HRR Car (LWP 6037, 23 May, 1985) 3.5 min. In Figs, lb -
cc these spectra are shown in the same spectral range as for 
WRAA 751 (2500-3100 A). 

2.4.2.4. Direct CCD-images 

Thesee observations were secured on Janaury 18,1990 at CTIO 
withh the 0.9 m telescope using the cooled CCD camera (Tl No. 
3)) in the Cassegrain configuration. Due to the small size of the 
TÏÏ  pixels, which oversample the stellar profile, we have used the 
2x22 pixel binning option which effectively creates 30 /i pixels, 
correspondingg to 0.494 arcsec per pixel of sky dimension. The 
subsequentt image-formats were 400x400 pixels. Other setup 
parameterss used were at their standard values such as the CCD 
temperaturee of 140 K. 

Thee broad-band filters (B, and infrared Gunn z, Figs. 4a -
b),, and the interference filter for Ha (Fig. 4c) were provided 
byy CTIO. The Ho interference filter was bandpassed to a band-
widthh of 76 A. The Gunn z filter (set No. 2) cuts out all wave-
lengthss shorter than about 8500 A which in conjunction with 
thee spectral response of the CCD results in a bandpass of about 
20000 A centered at about 10800 A. The seeing was 1.5". The 
exposuree times are 30 sec for the z filter and 240 seconds for 
thee B filter. These exposure times are far from being optimal, 
sincee in the images there are indications of saturation around 
WRAA 751. 

3.. Analysis and discussion 

Opticall  and KJE spectra are analysed for the study of the spec-
trall  properties of WRA 751, AG Car and HR Car, and of the 
relationss of these properties to the star's activities. Furthermore, 
wee have compared the characteristics of the circumstellar ma-
teriall  of the stars using the observed IR-excesses and the direct 
imagariess of WRA 751 in Ha, red and blue. 

3.1.3.1. The optical spectra 

Thee low resolution spectrum (180 A mm-1,4000 - 6800 A) of 
WRAA 751 (see Fig. 3 of Chapter Bl) exhibits a large amount 
off  emission lines of which the strongest are of Fen, [Fen], 
Hee i, H and [N n]. Furthermore, weak lines of N n and Si n as 
welll  as traces of N in, and Fe in can also be identified. Our 
spectrumm agrees quite well with that discussed by Carlson & 
Henizee (1979). 

Thee optical spectra of LBVs are known to have strong H, 
Hee I, Fe n and [Fe n] emission lines (Humphreys 1989). We 
mustt note, however, that in the case of AG Car the [Fe n] emis-
sionn lines, which are of moderate strength, occur only in the 
minimumm brightness phase of its light curve (Thackeray 1977; 
Wolff  & Stahl 1982). Spectral characteristics such as weak high 
excitationn lines of He I, N n, Fe in, and other forbidden lines 
occurr also only when AG Car is faint (Caputo & Viotti 1970). 
Balmerr and Fe n lines with very strong P Cyg type profiles ap-
pearr at its maximum brightness and are similar to those of S Dor 
(Wolff  & Stahl 1982). Therefore, for our study we will separate 
mee spectra of AG Car in a minimum-phase spectrum, resem-
blingg spectra of Of/WN 9 stars, and a maximum-phase (S Dor 
like).. We have compared the identifications of selected ions and 
theirr intensity occuring in the optical spectrum of WRA 751 
withh those of AG Car at minimum-phase, as given by White-
lockk et al. (1982), and at its maximum-phase, as listed by Wolf 
&&  Stahl (1982), and of HR Car, published by Carlson & Henize 
(1979).. The list of line identifications of the strongest lines given 
inn Table 1, is completed with the mean expanding velocities. 
Thee expanding velocities of WRA 751 and HR Car were taken 
fromm published data of Carlson & Henize (1979); of AG Car 
fromm those of Caputo & Viotti (1970), Whitelock et al. (1983) 
andd Wolf & Stahl (1982). From above mentioned comparison 
wee find the following characteristics: (1) the optical spectra 
off  WRA 751, HR Car and the minimum-phase spectrum of 
AGG Car are almost identical; the line profiles are excluded from 
thee discussion because our spectra are of low resolution, (2) the 
[Fen]]  emission lines of WRA 751, compared to those of the 
minimum-phasee spectrum of AG Car, are extremely stronger; 
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Tablee 1. A comparison of the identifications of the optical emission spectra of WRA 751, AG Car and 
HRR Car and the expansion velocities in km s~'. The references of the listed data are given in the text 
Forr each ion the average intensity (Int) is listed together with the profiles (prof.), emission (E), 
absorptionn (A), P Cygni (Ep), and no available information (—). 

Identificationn WRA 751 AG Car HR Car 

Minimumm Maximum 

Int/prof.. Vexp. Int/prof. Vcxp, Int/prof. Vexp, Int/prof. V « p . 

Haa + H/0 strong-E ~150 strong-E 80-100 strong-Ep 100-110 strong-Ep ~70 
H77 + H£ weak-E/A ~120 strong-E 40-100 strong-Ep 80-90 strong-Ep 60 
[Fen]]  strong-E 20-60 moderate-E 40-60 veryweak-E — smong-Ep 20-30 
Fenn strong-E ~40 moderate-Ep 35-60 strong-E,, ~95 strong-Ep 20-40 
Hee I strong-E — strong-E 80-100 weak-Ep ~100 strong-Ep 20-50 
[Nil ]]  strong-E — strong-E — — — — — 

itt seems to be related to the activity of the star, and (3) the 
expandingg velocities of the ions, as given in Table 1, compare 
too each other roughly as: v^xp, v**j£ > v^p

1} > «JJj .̂ In 
thee case of AG Car we can add: t>£p.ir] ~ v^pf  nebula. If we 
adoptt a decreasing velocity field from the stellar surface out-
wards,, the hydrogen and helium lines will be mainly formed 
nearr the star, the iron lines in its immediate environment and 
thee forbidden lines far from the central star. This is in agree-
mentt with the condition that the [Fen] lines must be formed 
inn a quiescent, extended, cool, low density region. Taken into 
accountt the strengths of the [Fen] emission lines, these con-
ditionss seem to be more favourable for WRA 751 and HR Car 
thann for AG Car, independent of its phase of variability. The 
factt that AG Car is more active, as indicated by its rapid photo-
metricc variability, means that its atmospheric conditions, which 
aree mentioned before, are less favourable for producing strong 
[Feu]]  emission Unes. 

Consideringg the strong similarities of the WRA 751, the 
HRR Car and the AG Car minimum-phase spectra, see Table 1, 
wee conclude that WRA 751 and HR Car are most probably in 
theirr minimum brightness as well, and for this reason resem-
blee Of/WN 9 stars. This conclusion is supported by the rela-
tivelyy low brightness at the moment that the optical spectrum 
off  WRA 751 was taken, compared with those found in older 
publicationss as reported in Chapter B1. 

3.2.3.2. The IUE spectra 

Loww dispersion UV spectra (AA~6 A, 2000-3100 A) of 
WRAA 751, AG Car and HR Car were taken with the IUE. The 
spectrumm of WRA 751 was underexposed in the 2000 - 2500 A 
region,, due to its large E(B - V). In the region 2500 - 3100 A 
thee S/N is quite good. This is the reason why we compare 
thee spectra of WRA 751, AG Car and HR Car in the 2500 -
31000 A region only. To know the behaviour of the spectral fea-
turess of LB Vs in the far-UV, the low resolution far-UV spectra 
(12000 - 2000 A) of AG Car and HR Car, which were published 
beforee by Shore et al. (1990), will also be discussed. Because 
WRAA 751 is rather faint and strongly reddened it is difficult to 
obtainn a spectrum in this region. 

Tablee 2. Identified lines of the 2500 - 3000 A IUE spectrum of 
WRAA 751, AG Car and HR Car. Because of the low dispersion 
(AA A ~ 6 A) many lines are blended. The possible ion identifications 
aree given in column 2, their multiplet-n umber in column 3, seperated 
byy slashes. The number of possible blended lines in each multiplet are 
givenn between parentheses behind the multiplet-number. In columns 
44 - 6 an A stands for absorption, an E for emission and an A/E for 
absorptionn filled in with emission. In the latter case the line can have 
eitherr an A/E profile (e.g. a P Cygni profile) or it is not clear, due to 
thee low resolution, whether the identifications belong to the absorption 
orr emission components observed. 

Aiab.[A]]  Spectrum Multipl.(n) AG Car HR Car WRA 751 

2511 1 
2517 7 
2525 5 
2533 3 
2545 5 
2550 0 
2560-65 5 
2585-99 9 
2618-24 4 
2627-31 1 
2665 5 
2691 1 
2701 1 
2734 4 
2750-56 6 
2795 5 
2800 0 
2828 8 
2830 0 
2833-44 4 
2852 2 
2857 7 
2882 2 
2894 4 
2906 6 
2925 5 
2928-36 6 
2946 6 
2970 0 
2983 3 
3004 4 
3083-93 3 

Fei i 
Fei/Mnii i 
Fen/Crv v 
Mni i i 
N i n n 
Mni i i 
Tiin/Feii i 
Fen/Mnii i 
Fen n 
Fen n 
Sin n 
Sin n 
Sm m 
Fen n 
Fen n 
Mgn n 
Mgn n 
Fen n 
Fen n 
Fen n 
Mgl l l 
Fen n 
Fen n 
Fen n 
Fen n 
Fen n 
Mgn n 
Fen n 
Fen n 
Fen n 
Fen/Fem m 
Sim m 

7 7 
7/21 1 
159/14 4 
55(2) ) 
18 8 
55 5 
6/64 4 
l(9)/36+89 9 
1(4) ) 
1(4) ) 
19 9 
19 9 
19 9 
63(8) ) 
62(2) ) 
1+3 3 
1 1 
339 9 
294(2) ) 

E E 
A/E E 
A A 
A A 
E E 
E E 
A/E E 
A A 
A A 
A/E E 
A/E E 
A A 
A A 
A A 
E E 
E E 
E E 
A/E E 
A/E E 

217+280+2944 E 
1 1 
279(3) ) 
230+258 8 
294(4) ) 
60 0 
60 0 
2(2) ) 
60 0 
276 6 
78(5) ) 
78/9+10 0 
1(2) ) 

A A 
A A 
A A 
E E 
E E 
A A 
E E 
E E 
A/E E 
A/E E 
E E 
A A 

A/E E 
A/E E 
A A 
A/E E 
A A 
A/E E 
A A 
A/E E 
A/E E 
A/E E 
— — 
A A 
— — 
A/E E 
A A 
A A 
A A 
A A 
A A 
E E 
A A 
A A 
A/E E 
A A 
E E 
A A 
A A 
A A 
A A 
A/E E 
A A 
A A 

A/E E 
A/E E 
E E 
E E 
A A 
E E 
A A 
A/E E 
A/E E 
A/E E 
A A 
A A 
A A 
A A 
A/E E 
E E 
? ? 
A/E E 
A/E E 
— — 
— — 
A A 
— — 
E E 
A A 
E E 
A/E E 
A A 
E E 
A/E E 
A/E E 
A A 
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3.3.3.3. The 2500 - 3000 A IUE spectra 

Thee de-reddened low resolution IUE spectra of WRA 751, 
AGG Car and HR Car in this wavelength region are shown in 
Figs,, la - c. The fluxes are corrected for reddening using the in-
terstellarr extinction law of Savage & Mathis (1979) and values 
off  E(B - V)s, indicated in each figure, are taken from Chapter 
Bl .. The identified lines in these spectra are listed in Table 2. 
Thee identifications for AG Car are in agreement with those by 
Johnsonn (1982). Comparing these IUE spectra we conclude: 

(1)) Most Fen lines are dominantly present in each of the 
spectra. . 

(2)) The Fe n lines in the long wavelength region 
(>> 2800 A) are not only in emission, like in the optical region. 
Severall  of the absorption lines are filled in with emission. The 
strengthh of the absorption and emission lines or components are 
roughlyy comparable. 

(3)) The Fe II lines in the short wavelength region 
(<< 2800 A) of these spectra are mostly in absorption. The 
strengthss of the absorption lines are clearly stronger than those 
whichh are in emission. 

3.4.3.4. The 1200 - 2000 A IUE spectra 

Thee low resolution IUE spectra of AG Car and several of 
HRR Car (at different brightnesses) in the 1200 - 2000 A wave-
lengthh region are shown in Fig. 2, in which several strong iden-
tifiedd lines are indicated. Following Shore et al. (1990) we have 
comparedd the IUE spectrum of AG Car with the well studied 
IUEE spectrum of HD 87643 (de Freitas Pacheco et al., 1982; de 
Freitass Pacheco et al., 1985). From these IUE spectra we note 
thee following: (a) the spectra of AG Car and HR Car are similar 
too that of HD 87643, (b) all identified lines of Fe n, Fe in and 
Sii  n are in absorption and are of strong or of moderate strength, 
(c)) the Fe n absorption lines of HR Car are somewhat weaker 
whenn the star becomes fainter. This last note is supported by 
thee AG Car far-UV and near-UV IUE spectra, taken in differ-
entt brigthness phases, published by Viotti et al. (1984, 1988). 
Thee Fe II absorption lines in the far-UV and the absorption and 
emissionn lines in the near-UV appears stronger when the star is 
brighter. . 

3.5.3.5. The Fen spectrum 

Fromm the discussion of the spectra of WRA 751, AG Car (at 
minimumm brightness) and HR Car in the previous sections, con-
cerningg the Fen lines, we can draw the following conclusions: 

(1)) in the far-UV all Fe n lines are in absorption of which 
mostt of them are strong, 

(2)) in the near-UV the Fe n lines are weakly in emission or 
aree in absorption, 

(3)) in the optical all Fe n lines are strongly in emission, 
(4)) absorption and emission lines appear stronger when the 

starr brightens. 
Too explain the remarkable behaviour of the Fe n lines in 

thesee spectral ranges, we consider the mechanism of continuum 
fluorescencee as proposed by de Freitas Pacheco et al. (1985) for 
thee star HD 87643. This star exhibits very strong absorption 
liness in its far-UV spectrum (see also Fig. 2), and extremely 
strongg Fe n emission lines in its optical spectrum (de Winter et 

al.. in preparation). In this mechanism, which is also applicable 
too our program stars, the excitation of the far-UV Fe n mul-
tipletss is followed by decay through the near-UV and optical 
multiplets.. It is important to note that this mechanism can also 
explainn the variations of the intensity of the Fe n lines. Its effect 
onn absorption and emission lines is strongest when the star is 
inn its maximum-brightness phase. 

-11 .5 5 
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-12.3 3 

«CC -12 .7 

EE -13 .1 . 
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* V * * ^ I X £ ^ ^ 
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Wavelengthh (A) 
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Fig.. 2. Low dispersion IUE spectra (1200-2000 A) of AG Car 
HDD 87643 and several spectra of HR Car taken at different brightness 
stagess and displaced from one another by 10_13erg cm- 2 s_1 A - 1 . 
Thee spectra are also discussed in Shore et al. (1990). Some strong ab-
sorptionn lines are indicated. Note the strong resemblence of the spectra 
andd the variations of several Fe II absorption lines at different phases 
ofHRCar. . 

3.6.3.6. Spectral energy distribution and IR-excess 

Thee spectral energy distributions (SEDs) of WRA 751, AG Car 
andd HR Car have been shown in Fig. 2, with the parameters 
Teff,Teff, log g, and E(B - V) as used in Chapter Bl. In these 
SEDss a clear IR-excess remains by fitting an appropriate Kurucz 
(1979)) model to the photometric data. Note the remarkable 
resemblancee of the IR-excesses, in which we can distinguish 
twoo separate parts: 

(1)) a near-IR excess, which can be interpretated as due to 
free-freee emission. In the case of AG Car a free-free emission 
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model,, of the matter of a stellar wind, with wind parameters: 
Wooo < 500 km s~' and (3 = 0.5, in connection with a strong 
masss loss rate (—4.5 < log M < —5.0 M Q yr_1), can be 
properlyy fitted to its near IR-excess (Groot et al., in prepara-
tion).. The derived wind parameters of this fitting procedure are 
inn good agreement with the terminal velocity of 455 km s_ ' de-
terminedd by Johnson (1982) and the mass loss rate, modified to 
aa 5 kpc distance to AG Car, of log M 4.5 M Q yr_1 of Mc-
Gregorr et al. (1988a). The same wind model is used to explain 
tliee near-IR excesses of WRA 751 and HR Car. The required 
masss loss rates are for WRA 751: —5.5 < log M < —6.0, 
andd for HR Car: log M ss - 5.5 M Q yr_1. The estimated 
masss loss rate for HR Car, by McGregor et al. (1988a) of 
—5.44 < log M < —5.9 M 0 yr_1, again adapted to a dis-
tancee of 5 kpc, agrees with our derived wind model. It should 
bee mentioned here tliat in the case of AG Car a small contribu-
tionn of tbe 2 fim flux, originating from its whole ring structure, 
wass noticed (McGregor et al., 1988b). Thus free-free emission, 
mainlyy due to a low velocity wind at high mass loss rate and a 
relativelyy small component of ionized gas from the surrounding 
nebulaa (see Sect. 3.5.), can account for the near-IR excess of 
tbee stars we have studied. 

(2)) a far IR-excess, which can be explained by tbermal ra-
diationn of a circumstellar dust shell, to which a black body 
cann be fitted (see Fig. 3), wit i temperatures of 140  20 K, 
1300  10 K and 170  10 K for WRA 751, AG Car and 
HRR Car, respectively. If we assume that the dust grains are 
inn thermal balance, we can tien estimate a distance of die dust 
shelll  to the central star (see de Winter & Thé 1990). We obtain 
forr WRA 751, at minimum luminosity, a distance of 0.18 pc, 
forr HR Car 0.10 pc and for AG Car, at its minimum-brightness 
phase,, 0.41 pc. 

Becausee of tbe similarities of tbe far-IR excess we will 
comparee in more detail the far-IR properties of WRA 751 and 
HRR Car witb tbose of AG Car and its surrounding ring nebula 
ass discussed by McGregor et al. (1988b). 

Thee far-IR excess is studied in detail by scanning the near-
surroundingg of AG Car and its ring at 100 fim. Comparing tbe 
fluxflux contribution at 100 van witb tbat at Ha as a function of the 
apparentt distance to tbe central star it is found tbat: (a) AG Car 
itselff  does not contribute to tbe 100 /xm flux, eventhough its 
contributionn in tbe Ha scan is quite large, (b) tbe sizes of tbe 
sourcess are similar. Thus the far-IR radiation originates in tbe 
nebularr ring. Since the distances we have estimated for die dust 
shellss and tbe distance of 0.48  0.07 pc derived by Humphreys 
ett al. (1989) for tbe ring nebula of AG Car, using its angular di-
ameter,, are in good agreement, we believe tbat if indeed around 
WRAA 751 and HR Car a gaseous nebula exists, tben like in 
AGG Car tbe dust shell wil l coincide with this nebula. Because 
off  the large distances of tbese nebular structures to the central 
stars,, they can be identified using direct imagery. 

3.7.3.7. Direct imagery of WRA 751 

Al ll  the CCD frames Figs. 4a - c reveal a distinctive and clear 
extendedd shell around WRA 751, being more conspicious in 
thee Gunn z filter image. The best unsaturated picture of the 
shelll  around WRA 751 was obtained through tbe Ha filter. The 
typicall  dimension of the gaussian fitting of tbe profiles of me 
fieldfield stars tbrough tins filter is 2.8 pixel at FWHM, whereas me 
imagee around WRA 751 extends up to 5.3 pixels at FWHM, 
correspondingg to a diameter of 2.6 ". The outer ring of die 
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Fig.. 3.. Black body fits of the IR-excesses (log AF\), obtained from 
thee differences of the SEDs and the Kurucz fits as given in Chapter 
Bl ,, of WRA 751, AG Car and HR Car. The best fits were obtained 
forr black-body temperatures of 140  20 K for WRA 751, of 130
100 K for AG Car and of 170  10 K for HR Car. 

nebulosityy around WRA 751 extends up to 7.5 " in diameter. 
Inn the East-West direction die shell seems to be larger due to 
tbee inclusion in tbe isophotes of an apparentiy unrelated object 
too tie East of WRA 751. This object can be clearly separated 
inn tie short B and z images (Figs. 4a - b). The geometry of the 
shelll  in the line-of sight appears quite circular in all me images. 

4.. Conclusions 

Fromm tbe results of t ie comparative study of the LB Vs AG Car, 
HRR Car and tbe LBV-candidate WRA 751 we found several 
similarr characteristics in the observational data. 

(1)) Dominating Fe n and [Fe n] emission lines in tbe optical 
spectrum,, weak emission and absorption of Fe n in tbe near-
UV,, and for AG Car and HR Car strong absorption of Fe n in 
tbee far-UV. 

(2)) Correlated to die variations in brightness, we can distin-
guishh a spectroscopic LBV minimum- and maximum-phase. In 
strongg contrast to tbe absence of tbe [Fe n] emission lines, tbe 
Fee ii absorption and emission lines are stronger when t ie LBV 
iss at maximum-phase. 

(3)) An IR-excess, consisting of a low near-IR excess, ex-
plainedd by free-free emission of a low velocity stellar wind at 
aa very high mass loss rate, and a far-IR excess caused by a 
130-1700 K black body. 

(4)) The occurence of circumstellar nebulosities is perhaps 
aa general property of LB Vs. 

Thee similarities can be understood in tbe following ways: 
(a)) A mechanism which we can use to explain tbe behaviour 

off  tie Fe n spectrum of WRA 751, AG Car and HR Car, from 
diee optical to t ie far-UV, is continuum fluorescence, wiich is 
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Fig.. 4. Direct CCD-images in the broad B (Fig. 4a), infrared Gunn z 
(Fig.. 4b) and Ha (Fig. 4c) filters. In these figures the presence of a 
shelll  can be clearly and distinctively recognized. The diameter of this 
shelll  is 2.6" at FWHM, and extends up to 7.5 " in width above the null 
backgroundd (the central part of this envelope in Ha is shown in Fig. 
4c),, whereas the gaussian fitting of the stellar profiles gives a stellar 
diameterr of 1.4" at FWHM. A full description of these images is given 
inn the text. 

nott unique for LB Vs only. The effect of the mechanism seems 
too be stronger when the star is in its maximum-phase. 

(b)) The presence of strong [Fen] is typical for LBVs in 
theirr Of/WN 9 like stage. These lines are formed in a quiescent, 
extended,, cool, low density region far from tie stellar surface. 
Becausee for AG Car *£««] ~ 1»™?"*"'", this region does 
nott ly beyond the ejected material forming the ring nebula. 
Consideringg the line strength, the conditions in tiiis extended 
linee forming region, seems to be more favourable in WRA 751 
andd HR Car than in AG Car. Given the dependence of the [Fe n] 

linee strength on its light curve (Lamers 1989), which show 
brightnesss variations on a shorter time-scale than of HR Car 
(Carlsonn & Henize, 1979) and WRA 751 (Chapter Bl), we 
concludee that the strength of the [Fen] emission lines depends 
alsoo on die star's activity. 

(c)) The near-TR excesses of the program stars can be prop-
erlyy fitted to free-free emission models of Groot et al. (in 
preparation).. The parameters of the best fitted models, indicate 
thee presence of a low velocity wind (v^ < 500 km s_1, and 
/33 = 0.5), connected wiua a very high mass loss rate (—4.5 < 
logg M < -6.0 M 0 yr_1), which is a common property of 
LBVss (Lamers 1989). It indicates the presence of instabilities 
andd die high masses of Üiese stars. The differences in die de-
rivedd mass loss rates, MWRA 751 < MHR Car < MAG Car, 
cann be understood by differences in mass and evolutionary 
stagee (Maeder 1983), in combination with their minimum- or 
maximum-brightnesss phase (Lamers 1989). Adopting the mass 
losss versus Mboi relation of Lamer's Fig. 2 (1989) and applying 
diiss to our program stars, we find that die derived mass loss 
ratess of WRA 751 and HR Car are like those of normal super-
giantss widi similar temperatures and luminosities and tiierefore 
wee assume tiiat diey are in a phase of quiescence. Because die 
minimumm mass of WRA 751, derived in Chapter Bl, and die 
masss of HR Car are similar (~ 50 M0), die difference in mass 
losss rate could be due to a difference in evolutionary phase, 
whichh is indicated by tiieir location in the HR-diagram (see 
Fig.. 3 of Chapter Bl). For AG Car, because of its very high 
MMbohboh the above mediod does not give a reliable conclusion 
aboutt its brightness-phase. However, die higher mass loss rate 
off  AG Car, compared to WRA 751 and HR Car, can be caused 
byy its higher mass and its instability, which is indicated by its 
locationn near die HD-limit in die HR-diagram (see Fig. 3 of 
Chapterr Bl). 

(d)) The far-IR properties have been compared widi those 
derivedd for AG Car (McGregor et al. 1988b). It turns out that a 
cooll  dusty region (causing the far-IR excess) probably coincides 
widii  an ionized gaseous region which contribute to die free-
freee emission in die near-ER. excess. This model can be well 
appliedd to the properties of WRA 751 and HR Car. The direct 
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imageriess of WRA 751 (Figs. 4a - c) give further support to 
thiss conclusion. A clear circular nebulosity can be seen in the 
near-surroundingss of WRA 751, like the ring nebula of AG Car; 
however,, the nebular structure of WRA 751 is yet unresolved. 
Thee ejected material, if present, lies far from the immediate 
environmentt (0.1 - 0.4 pc) of the LBV. 

Takenn into account the characteristics of the spectra and 
spectrall  variations, of the mass loss rates, of the ejected ma-
terial,, and of the variabilities, the properties of WRA 751 fits 
veryy well to those of the well known LB Vs AG Car and HR Car. 
Therefore,, we propose that WRA 751 is also an LBV, but at a 
phasee of quiescence, like HR Car. Concerning the evolutionary 
statee of LBVs we must note that the optical spectral similari-
tiess of WRA 751 to HR Car and the minimum-phase spectra of 
AGG Car, resemble those of Of/WN 9 stars. Following the evolu-
tionaryy scenario given by Stahl (1986), Humphreys (1989), and 
inn more detail by Maeder (1989), and considering the remark-
ablee agreement of the AG Car maximum-phase spectra and the 
SS Dor variables, AG Car can be denoted as a transition object 
fromm the Of/WN 9 stars to the Wolf Rayet stars. The fit of the 
evolutionaryy states of WRA 751 and HR Car in this evolution-
aryy path, whether they are relatively less or more evolved than 
AGG Car, is yet not clear. 

Too complete the generalisation of the LBV properties and 
off  their state (physical and evolutionary) we should, preferably, 
alsoo include the results of the study of other LBVs, especially 
thosee in the LMC. In the present study we have put forward some 
off  the general properties of LBVs and their dependence on the 
stellarr activity, by comparing the properties of WRA 751 with h 
thosee of the well known LBVs AG Car and HR Car. However, 
forr a better understanding of the evolutionary state of LB Vs and 
theirr activity we should have a general knowledge of the LBV 
characteristicss as a group. Such a knowledge is also important 
forr distinguishing stars which show comparable properties. It 
is,, therefore, strongly needed to enlarge the observational data. 
Becausee of the brightness variability of LBVs, which is related 
too different spectral phases, all observations should be done 
simultaniouslyy with visual photometry. 
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