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CHAPTERR B4 * 

Thee Photometric behaviour  and spectroscopic properties of the 
peculiarr  B[e] star  HD 45677 
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Combinedd version of two papers submitted by de Winter, D., van den Ancker, M.E., to Astron. Astrophys. and by de Winter, D., van den Ancker, 
M.E.,, Perez, M.R., Swings, J.-P., Thé, P.S., Johnson, S.B., Molster, F.J., van Loon, J.Th., to Astron, Astrophys. Suppi Ser. (1996) 

Abstractt  - The photometric behaviour of the peculiar B[e] star HD 45677 over the last 25 years is investigated. We con-
cludee that the photometric variations (V = 7P22-8T85) on such a time scale can be well explained by obscurations, possibly due 
too large (> 1 jun) circumstellar (CS) dust grains which were created after an explosive event around 1950. Intermediate time 
scalee variations are also identified and can be well explained by infall of CS material. 

Evidencee is also found for smaller, pulse-like, amplitude variations. The time scale of this "flickering" ranges from days down 
too hou ŝ and is explained by instabilities in accretion flows towards HDD 45677. The accretion mechanisms can be the origin of 
thee hypothesized existence of a bipolar flow. 

HDD 45677, seen edge-on, shows evidence for the presence of a circumstellar disk. The significant accretion flows in this disk 
probablyy increased some time after the 1950 event, either due to a fall-back of part of the ejected material by a blow-out around 
19500 or either due to the explosive dissociation of a large cometary-like body. Dynamic effects of such infalling and outflowing 
materiall  close to the stellar surface are also detected by high resolution spectroscopy in the Ha and He i profiles. These short time 
scalee variations are also seen in the cool material as detected by the variations in the violet part of the Na i D profiles, which are 
probablyy due to collisions of the outflowing material with the outer disk. 

Thee presence of a disk is often indicated and here by the emission of the sodium lines with a strong absorption component at 
thee systemic velocity (about 20 km s"1). Most detected lines, except Ha, are well centered at this velocity. Apart from the red 
[SII ]]  lines, all other nebular lines as well as many other emission lines, including the Fe n emission spectrum, were seen in spectra 
takenn far before and after the 1950 event as well as in the latest spectra. So, the situation of the gaseous stellar environment seems 
too be stable in spite of the large photometric variations. The Fe n emission lines are double peaked with a velocity separation of 
aboutt 32 km s_1. This could mean that the inner disk material, in which these lines are thought to be formed, rotates with about 
166 km s~l. In our 1992 data this rotation velocity seems to range up to 30 km s"1, which could be due to material accelerated by 
thee 1950 event. 

Wee discuss in this paper the evolutionary status of HD 45677. Because of its rather isolated position in the sky and because 
off  the very fast evolution of a B2 type star, we think that HD 45677 could be young, but not in the sense of being a pre-main 
sequencee object. Options like an evolved object such as a LB V or PN are not suitable because of the probable luminosity class III , 
IVV or V and its rather cool central source, respectively. HD 45677 shows no evidence of any companion. The slight possibility of 
itt being symbiotic can be added as well as instabilities in its unknown post-main sequence phase and the option that HD 45677 
couldd be a hot post- AGB star. 

1.. Introductio n 

Thee star HD 45677 (= FS CMa, a2ooo = 06h28m17B.4> fcooo = 
-13°03'10"),, is a well studied peculiar Be star wiüi a strong 
infraredd excess. Several attempts were made to classify peculiar 
Bee stars in homogeneous groups. Wackerling (1970) indicated 
aa variety of hot stars with abnormal spectra as BQ, and addition-
allyy those with forbidden lines were classified as BQ[] (Ciatti 
ett al. 1974). Stars with characteristics such as HD 45677, were 

**  B ased on observations collected at the European Southern Observa-
tory,tory, La Silla, Chile, and on data collected in the long-term photometry 
off  variables programme at ESO. 

namedd B[e] stars (Allen & Swings 1976) referring to the pres-
encee of forbidden lines, e.g. [O i] and [Fe n], besides permitted 
emissionn lines of which the Balmer lines can be very strong 
withh sometimes indications of stellar winds. Because of their 
absencee in star-forming regions it is often believed that these 
objectss are evolved objects, e.g. being peculiar Be-stars, being 
inn certain stages of the early evolution of planetary nebulae (PN) 
orr being symbiotic (Zickgraf & Schulte-Ladbeck 1989, Halbe-
dell  1989). Evidence for the evolved state of such objects are the 
B[e]]  supergiants as located in the Magellanic Clouds (Zickgraf 
&&  Schulte-Ladbeck 1989). Most known galactic B[e] stars have 
unknownn luminosity class but the ones with reasonably well-
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determinedd luminosity classes seem to be quite heterogeneous 
inn it. Their exact evolutionary state is therefore doubtful. Espe-
ciallyy interesting is the case of HD 45677, in the past literature 
oftenn called the "prototype" of the B[e] stellar group but also 
suggestedd to be a young stellar object. 

Thee spectral classification of HD 45677 is difficult because 
off  the presence of strong emission lines in its spectrum. It is 
generallyy agreed that its spectral type is B2 (e.g. Allen 1973; 
Feinsteinn et al. 1976). Its luminosity class however is still un-
certain,, most probably it is in, IV or V. In the recent catalogue 
off  members and candidate members of the Herbig Ae/Be stellar 
groupp (Thé et al. 1994), HD 45677 is classified as an extreme 
emissionn line object (EELO). This term only indicates the spec-
trall  properties. 

Recently,, Sitko et al. (1994) argued that the difference in 
twoo photometric datasets of HD 45677, obtained in 1980 and 
inn 1992, could be explained by changes in the level of stellar 
obscurationn by circumstellar dust. This dust then acts as a grey 
absorber,, being effective from the UV to the near infrared. Sup-
portt for this explanation is that they observed a small decrease 
inn total infrared flux, which is then caused by a decrease of the 
totall  mass of the star's circumstellar dust envelope. Interesting is 
thatt they obtained datasets consisting of UV to IR data at stages 
whenn HD 45677 was at minimum brightness (1980) and in a 
muchh brighter one (1992). However, their observational interval 
too obtain these multiwavelength datasets was about 1 month. 
Itt is known that HD 45677 varies significantly in brightness 
onn such a time scale. It can therefore be questioned whether 
thee deviations of their differential data from a grey absorber 
modell  are real or are due to photometric variations between 
theirr data at different wavelengths. Furthermore, modelling of 
thee UV extinction curve of HD 45677 with a multi-scattering 
non-sphericall  circumstellar dust shell by Voshchinnikov et al. 
(1995)) showed that it is possible to obtain a flat extinction curve 
usingg smaller dust particles, but with a non-standard chemical 
composition,, as well. 

Tablee 1. Walraven photometric data of HD 45677 

JD-2440000 0 

4596.774 4 
4597.699 9 
4599.788 8 
4601.797 7 
4604.771 1 
4607.692 2 
4617.749 9 
4618.744 4 
4620.669 9 
4621.668 8 
4622.729 9 
4623.716 6 
4624.712 2 
4630.718 8 
4631.733 3 
4632.731 1 
4633.720 0 

V V 

-0.721 1 
-0.742 2 
-0.708 8 
-0.739 9 
-0.744 4 
-0.729 9 
-0.717 7 
-0.719 9 
-0.708 8 
-0.732 2 
-0.743 3 
-0.721 1 
-0.720 0 
-0.717 7 
-0.727 7 
-0.727 7 
-0.720 0 

V-B V-B 

0.034 4 
0.029 9 
0.036 6 
0.028 8 
0.030 0 
0.030 0 
0.036 6 
0.034 4 
0.036 6 
0.030 0 
0.029 9 
0.030 0 
0.032 2 
0.031 1 
0.030 0 
0.032 2 
0.032 2 

B-L B-L 

0.037 7 
0.042 2 
0.039 9 
0.044 4 
0.046 6 
0.042 2 
0.045 5 
0.043 3 
0.036 6 
0.041 1 
0.049 9 
0.044 4 
0.040 0 
0.043 3 
0.045 5 
0.044 4 
0.045 5 

B-U B-U 

0.040 0 
0.062 2 
0.042 2 
0.061 1 
0.063 3 
0.051 1 
0.057 7 
0.061 1 
0.035 5 
0.047 7 
0.071 1 
0.064 4 
0.053 3 
0.063 3 
0.063 3 
0.066 6 
0.060 0 

B-W B-W 

0.082 2 
0.101 1 
0.084 4 
0.101 1 
0.110 0 
0.090 0 
0.100 0 
0.104 4 
0.081 1 
0.088 8 
0.113 3 
0.106 6 
0.097 7 
0.106 6 
0.104 4 
0.108 8 
0.100 0 

Vj Vj 

8.671 1 
8.724 4 
8.638 8 
8.717 7 
8.729 9 
8.692 2 
8.661 1 
8.666 6 
8.638 8 
8.699 9 
8.727 7 
8.672 2 
8.669 9 
8.661 1 
8.687 7 
8.686 6 
8.669 9 

Schulte-Ladbeckk et al. (1993) demonstrated that the po-
sitionn angle of the intrinsic polarization in the UV is flipped 
90°° compared to that in the visual. This observation can be per-
fectlyy described by two polarization components, one from a 
bipolarr flow with small optical depth, and one from the equato-
riall  disk of large optical depth. At short wavelengths the direct 
starlightt is blocked by the equatorial disk and the polarization of 
thee scattered light from the polar lobs will dominate. Polariza-
tionn from the equatorial disk will dominate at long wavelengths. 
Thee polarization flip occurs where both contributions are equal. 
Furthermore,, the observed UV intrinsic polarization displays a 
strongerr increase than in the red. This observation is explained 
byy two distinct grain-size distributions in both regions or by the 
variationn of the optical depth in the disk with wavelength which 
effectss polarization values for both regions as well. 

Thee presence of high-velocity (+200 to +400 km s-1), ac-
cretingg gas in all IUE spectra between 1979 andd 1992 led Grady 
ett al. (1993) to extend this picture by suggesting that HD 45677 
mayy be a massive Herbig Be star with an actively accreting 
gaseouss circumstellar disk, viewed nearly edge-on. The po-
larizationn data would then be explained by some of the UV 
lightt being scattered in a bipolar nebula oriented orthogonally 
too the dust disk. However, recent observations by Oudmaijer 
&&  Drew (1995) showed that the intrinsic polarization in Ha 
iss also flipped, but only by about 30° compared to that in the 
continuum.. This would indicate the presence of a significant 
amountt of gas located intermediate between the bipolar flow 
andd the disk. Grady et al. (1994) noted that the prominence 
off  the pronounced near-UV emission, mainly due to Fe n and 
Mgg ii, has decreased with increasing system light 

Althoughh there is no obvious nebulosity visible around HD 
456777 (Swings 1973) and the star is not located in or near a 
starr forming region, it has been suggested that HD 45677 is 
aa young stellar object (age < 108 year) surrounded by a dust 
shelll  left over from star formation (Sorrell 1989). This view is 
supportedd by the polarization measurements of Coyne & Vrba 
(1976),, who concluded that HD 45677 is surrounded by a ring 
off  patchy clouds of dust with an inner radius of 45 AU, which 
alsoo explains the strong infrared-excess. Another suggestion 
forr the infrared excess of HD 45677 is a cool companion. This 
hypotheticall  companion has been suggested to be a cool giant 
(Ciattii  et al. 1974), or an infrared object similar to the Becklin-
Neugebauerr object (Low et al. 1970). Searches for CO (1-
0)) (Nyman et al. 1992), 18 cm OH maser (Le Squeren et al. 
1992),, and SiO maser (Dickinson et al. 1978) emission from 
HDD 45677 have been made, but all detections were negative. 
Sincee the recent CO and OH surveys were quite deep, and HD 
456777 is much brighter than most objects that were detected, 
itt is likely that the shell of HD 45677 is either too thin or too 
smalll  to produce such emission or that the mass loss has been 
startedd recently. Therefore, it seems unlikely that HD 45677 is 
ann evolved post-AGB OH/TR-object. 

Inn this paper we will discuss the photometric and spectro-
scopicc behaviour of HD 45677 over the last 25 years, based 
onn both newly obtained data and data from the literature. Pho-
tometricc variability from the UV to near infrared wavelength 
rangess on long (« 40 years), intermediate (a few months), and 
shortt (hours) time scales will be discussed and explained. Fur-
thermore,, we will discuss the star's spectral characteristics, and 
discusss and explain observed short-term spectroscopic varia-
tionss in the NaiD and Ha lines. However, a more detailed 
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Tablee 2. Unpublished and new Strömgren photometric data of HD 
45677 7 

Tablee 2. (Continued) 

JD-2440000 0 

3887.6222 2 
3887.6389 9 
3887.6538 8 
3887.6677 7 
3888.6365 5 
3888.6490 0 
3888.6615 5 
3888.6740 0 
3890.6490 0 
3890.6649 9 
3890.6802 2 
3892.6302 2 
3892.6441 1 
3892.6583 3 
3892.6743 3 
3892.6896 6 
3893.6406 6 
3893.6576 6 
3893.6747 7 
3893.6910 0 
3893.7066 6 
3893.7229 9 
3894.6295 5 
3894.6354 4 
3894.6628 8 
9022.6223 3 
9022.6256 6 
9022.6272 2 
9022.7278 8 
9022.7311 1 
9022.7327 7 
9023.6490 0 
9023.6524 4 
9023.6539 9 
9023.7215 5 
9023.7249 9 
9023.7265 5 
9024.6409 9 
9024.6448 8 
9024.6465 5 
9025.6255 5 
9025.6291 1 
9025.6309 9 
9221.8888 8 
9222.8971 1 
9224.8964 4 
9225.8924 4 
9226.8989 9 
9228.8812 2 
9356.60930 0 
9356.65652 2 
9356.65858 8 
9356.66070 0 
9356.66278 8 
9356.66686 6 
9356.66892 2 
9356.67090 0 
9356.67500 0 
9356.67836 6 
9356.68038 8 
9356.68252 2 
9356.68460 0 

y y 
8.664 4 
8.669 9 
8.673 3 
8.672 2 
8.677 7 
8.682 2 
8.683 3 
8.678 8 
8.666 6 
8.649 9 

--
8389 9 
8381 1 
8.578 8 
8.594 4 
8.606 6 
8.571 1 
8.550 0 
8.554 4 
8.582 2 
8368 8 
8.561 1 
8.611 1 
8.603 3 
8.606 6 
8.1857 7 
8.1703 3 
8.1787 7 
8.1770 0 
8.1804 4 
8.1856 6 
8.2016 6 
8.2056 6 
8.2116 6 
8.1546 6 
8.1997 7 
8.2076 6 
8.2214 4 
8.2385 5 
8.2587 7 
8.1776 6 
8.1674 4 
8.1839 9 
8.152 2 
8.153 3 
8.212 2 
8.170 0 
8.219 9 
8.177 7 
8.143 3 
8.149 9 
8.147 7 
8.150 0 
8.157 7 
8.148 8 
8.166 6 
8.154 4 
8.151 1 
8.147 7 
8.145 5 
8.152 2 
8.153 3 

b-y b-y 

0.112 2 
0.113 3 
0.111 1 
0.115 5 
0.109 9 
0.095 5 
0.098 8 
0.098 8 
0.110 0 
0.116 6 
0.104 4 
0.109 9 
0.113 3 
0.117 7 
0.110 0 
0.113 3 
0.100 0 
0.118 8 
0.112 2 
0.104 4 
0.109 9 
0.111 1 
0.101 1 
0.110 0 
0.104 4 
0.1023 3 
0.1011 1 
0.0977 7 
0.1004 4 
0.1060 0 
0.1003 3 
0.1102 2 
0.1108 8 
0.1061 1 
0.0906 6 
0.1053 3 
0.1093 3 
0.1108 8 
0.1073 3 
0.1092 2 
0.1149 9 
0.1245 5 
0.1231 1 
0.104 4 
0.107 7 
0.101 1 
0.105 5 
0.106 6 
0.102 2 
0.103 3 
0.099 9 
0.104 4 
0.102 2 
0.098 8 
0.108 8 
0.096 6 
0.103 3 
0.104 4 
0.105 5 
0.108 8 
0.107 7 
0.103 3 

" * i i 

0.018 8 
0.015 5 
0.018 8 
0.022 2 
0.004 4 
0.019 9 
0.018 8 
0.024 4 
0.020 0 
0.009 9 
0.023 3 
0.029 9 
0.028 8 
0.024 4 
0.027 7 
0.017 7 
0.018 8 
0.006 6 
0.015 5 
0.015 5 
0.013 3 
0.015 5 
0.023 3 
0.010 0 
0.023 3 

0.0288 8 
0.0229 9 
0.0360 0 
0.0320 0 
0.0386 6 
0.0180 0 
0.0314 4 
0.0317 7 
0.0422 2 
0.0147 7 
0.0484 4 
0.0473 3 
0.0288 8 
0.0370 0 
0.0453 3 
0.0367 7 
0.0359 9 
0.0311 1 
0.013 3 
0.008 8 
0.013 3 
0.011 1 
0.005 5 
0.011 1 
0.014 4 
0.022 2 
0.011 1 
0.006 6 
0.018 8 
0.005 5 
0.022 2 
0.009 9 
0.009 9 
0.014 4 
0.010 0 
0.003 3 
0.013 3 

Cl l 

0.114 4 
0.114 4 
0.109 9 
0.105 5 
0.162 2 
0.172 2 
0.166 6 
0.163 3 
0.086 6 
0.100 0 
0.107 7 
0.084 4 
0.086 6 
0.078 8 
0.092 2 
0.094 4 
0.061 1 
0.052 2 
0.046 6 
0.054 4 
0.056 6 
0.052 2 
0.114 4 
0.131 1 
0.115 5 
0.0157 7 
0.0216 6 
0.0199 9 
0.0221 1 
0.0059 9 
0.0239 9 
0.0184 4 
0.0189 9 
0.0186 6 
0.0125 5 
0.0159 9 
0.0241 1 
0.0199 9 
0.0234 4 
0.0206 6 
0.0101 1 
0.0029 9 
0.0060 0 
0.139 9 
0.134 4 
0.174 4 
0.130 0 
0.158 8 
0.156 6 
0.107 7 
0.113 3 
0.127 7 
0.135 5 
0.134 4 
0.130 0 
0.125 5 
0.138 8 
0.131 1 
0.114 4 
0.126 6 
0.141 1 
0.132 2 

Q Q 

— — 
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--

2.3176 6 
2.3159 9 
2.3086 6 
2.3163 3 
2.3098 8 
2.3116 6 
2.3049 9 
2.2999 9 
2.3187 7 
2.3221 1 
2.3184 4 
2.3232 2 
2.3085 5 
2.3122 2 
2.3098 8 
2.3343 3 
2.3284 4 
2.3293 3 

--
--
--
--
--
--
--
--
--
--
--
--
--

--
--
--
--

JD-2440000 0 

9356.68668 8 
9356.68884 4 
9356.69010 0 
9356.69378 8 
9356.69740 0 
9356.70114 4 
9356.70488 8 
9356.70692 2 
9356.70902 2 
9356.71118 8 
9357.60288 8 
9357.64538 8 
9357.64730 0 
9357.64920 0 
9357.65110 0 
9357.65308 8 
9357.65496 6 
9357.65688 8 
9357.65888 8 
9357.66078 8 
9357.66270 0 
9357.66466 6 
9357.66666 6 
9357.66856 6 
9357.67048 8 
9357.67240 0 
9357.67430 0 
9357.67624 4 
9357.67816 6 
9357.68008 8 
9357.68206 6 
9357.68400 0 
9357.68588 8 
9357.68780 0 
9357.68968 8 
9357.69160 0 
9357.69352 2 
9358.57532 2 
9358.61388 8 
9358.61578 8 
9358.61978 8 
9358.62178 8 
9358.62308 8 
9358.62520 0 
9358.62716 6 
9358.62922 2 
9358.63128 8 
9358.63486 6 
9358.63696 6 
9358.63826 6 
9358.64034 4 
9358.64246 6 
9358.64458 8 
9358.64672 2 
9358.64870 0 
9358.65070 0 
9358.65282 2 
9358.65690 0 
9358.65900 0 
9358.66098 8 
9358.66306 6 
9358.66514 4 

y y 

8.170 0 
8.157 7 
8.155 5 
8.151 1 
8.157 7 
8.159 9 
8.153 3 
8.164 4 
8.159 9 
8.170 0 
8.177 7 
8.174 4 
8.162 2 
8.164 4 
8.178 8 
8.167 7 
8.167 7 
8.161 1 
8.166 6 
8.169 9 
8.166 6 
8.169 9 
8.169 9 
8.170 0 
8.163 3 
8.169 9 
8.159 9 
8.166 6 
8.163 3 
8.163 3 
8.161 1 
8.170 0 
8.174 4 
8.171 1 
8.170 0 
8.169 9 
8.169 9 
8.160 0 
8.172 2 
8.177 7 
8.170 0 
8.167 7 
8.162 2 
8.165 5 
8.177 7 
8.166 6 
8.168 8 
8.180 0 
8.166 6 
8.176 6 
8.171 1 
8.162 2 
8.172 2 
8.172 2 
8.171 1 
8.179 9 
8.175 5 
8.170 0 
8.169 9 
8.171 1 
8.173 3 
8.166 6 

66 — y 

0.100 0 
0.104 4 
0.104 4 
0.109 9 
0.106 6 
0.106 6 
0.101 1 
0.104 4 
0.104 4 
0.095 5 
0.097 7 
0.088 8 
0.098 8 
0.100 0 
0.084 4 
0.093 3 
0.098 8 
0.096 6 
0.092 2 
0.096 6 
0.099 9 
0.094 4 
0.093 3 
0.098 8 
0.097 7 
0.088 8 
0.100 0 
0.094 4 
0.096 6 
0.100 0 
0.102 2 
0.093 3 
0.092 2 
0.100 0 
0.090 0 
0.094 4 
0.095 5 
0.097 7 
0.087 7 
0.092 2 
0.093 3 
0.093 3 
0.100 0 
0.090 0 
0.093 3 
0.094 4 
0.092 2 
0.087 7 
0.096 6 
0.101 1 
0.099 9 
0.098 8 
0.089 9 
0.093 3 
0.095 5 
0.087 7 
0.0988
0.095 5 
0.099 9 
0.091 1 
0.099 9 
0.099 9 

m, , 

0.021 1 
0.016 6 
0.015 5 
0.004 4 
0.009 9 
0.000 0 
0.022 2 
0.005 5 
0.010 0 
0.017 7 
0.021 1 
0.031 1 
0.019 9 
0.018 8 
0.029 9 
0.025 5 
0.020 0 
0.022 2 
0.023 3 
0.016 6 
0.018 8 
0.020 0 
0.024 4 
0.017 7 
0.019 9 
0.033 3 
0.018 8 
0.022 2 
O.O20 0 
0.014 4 
0.014 4 
0.025 5 
0.020 0 
0.014 4 
0.028 8 
0.021 1 
0.022 2 
0.006 6 
O.011 1 
0.013 3 
0.007 7 
0.009 9 
0.001 1 
0.013 3 
0.006 6 
0.011 1 
0.014 4 
0.019 9 
0.005 5 

-0.009 9 
0.004 4 
0.008 8 
O.014 4 
0.013 3 
0.007 7 
0.015 5 

-0.003 3 
0.010 0 
0.003 3 
0.015 5 
0.001 1 
0.004 4 

cii  6 

0.124 4 
0.118 8 
0.127 7 
0.129 9 
0.129 9 
0.150 0 
0.121 1 
0.147 7 
0.134 4 
0.138 8 
0.123 3 
0.144 4 
0.147 7 
0.150 0 
0.155 5 
0.145 5 
0.144 4 
0.154 4 
0.152 2 
0.153 3 
0.145 5 
0.153 3 
0.145 5 
0.156 6 
0.157 7 
0.142 2 
0.148 8 
0.155 5 
0.149 9 
0.156 6 
0.155 5 
0.147 7 
0.162 2 
0.158 8 
0.150 0 
0.158 8 
0.148 8 
0.118 8 
0.125 5 
0.115 5 
0.114 4 
0.118 8 
0.118 8 
0.122 2 
0.127 7 
0.108 8 
0.109 9 
0.108 8 
0.117 7 
0.143 3 
0.110 0 
0.115 5 
0.117 7 
0.118 8 
0.121 1 
0.119 9 
0.123 3 
0.109 9 
0.112 2 
0.115 5 
0.121 1 
0.114 4 
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Tablee 2. (Continued) Table3.. Unpublished and new UBV(RI)C observations of HD45677 

JD-2440000 0 

9358.66720 0 
9358.66908 8 
9358.67118 8 
9358.69634 4 
9358.69840 0 
9358.70046 6 
9358.70400 0 
9358.70610 0 
9358.70820 0 
9358.71032 2 
9358.71240 0 
9358.71566 6 
9358.71776 6 
9358.71986 6 
9358.72200 0 
9358.72720 0 
9358.72942 2 
9358.73158 8 
9358.73578 8 
9358.73782 2 
9358.73994 4 

y y 

8.168 8 
8.193 3 
8.167 7 
8.190 0 
8.164 4 
8.177 7 
8.182 2 
8.172 2 
8.173 3 
8.173 3 
8.168 8 
8.177 7 
8.166 6 
8.170 0 
8.174 4 
8.172 2 
8.170 0 
8.168 8 
8.171 1 
8.170 0 
8.168 8 

b-y b-y 

0.093 3 
0.100 0 
0.101 1 
0.098 8 
0.102 2 
0.090 0 
0.096 6 
0.103 3 
0.093 3 
0.093 3 
0.095 5 
0.102 2 
0.097 7 
0.099 9 
0.094 4 
0.096 6 
0.104 4 
0.102 2 
0.105 5 
0.100 0 
0.099 9 

mi i 

0.008 8 
-0.003 3 

0.001 1 
-0.001 1 

0.004 4 
0.018 8 
0.012 2 

-0.001 1 
0.010 0 
0.011 1 
0.016 6 
0.000 0 
0.012 2 
0.004 4 
0.011 1 
0.008 8 

-0.006 6 
0.000 0 

-0.003 3 
0.006 6 
0.002 2 

Cll  0 

0.1200 -
0.1377 -
0.1111 -
0.1300 -
0.1044 -
0.1044 -
0.1011 -
0.1100 -
0.1100 -
0.1088 -
0.0966 -
0.1199 -
0.0999 -
0.1100 -
0.1077 -
0.1066 -
0.1200 -
0.1088 -
0.1033 -
0.1088 -
0.1100 -

descriptionn of the implications of these data will be given in a 
forthcomingg paper (Israelian et al. 1996). Finally, some remarks 
wil ll  be added to the discussion on the evolutionary phase of HD 
45677. . 

2.. The observations 

22 J. Photometry 

Photometricc data in the Walraven WÜLBV system of HD 
456777 were obtained in December 1980 and January 1981 at 
thee 90-cm Dutch Light Collector at the European Southern 
Observatoryy (ESO), La Silla, Chile, but were unpublished up to 
now.. Measuring and reduction procedures have been explained 
byy Lub & Pel (1977). Typical errors in these data, given in log10 

intensityy values, are 0.004,0.003,0.009,0.004, and 0.006, for 
V,, V - By B - L, B - 17, and B - W, respectively. The 
measurementss obtained through a 2175 diaphragm are listed in 
Tablee 1. 

Photometricc data in the Strömgren uvby system of HD 
456777 were obtained in January 1979 at ESO, in February 
19933 at the Cerro Tololo Inter-American Observatory (CTIO) 
andd in August 1993 and January 1994 at ESO. The 1993 CTIO 
observations,, during which the B index was also measured, 
weree done with the Lowell 60 cm telescope, equipped with an 
RCAA 31034A (Quantacon) photomultiplier, whereas the ESO 
observationss were carried out with the Danish 50 cm tele-
scopee equipped with an identical photomultiplier and using 
aa 17" diaphragm. The august 1993 observations were part of 
thee long-term photometry of variables (LTPV) programme at 
ESOO (Manfroid et al. 1991; Sterken et al. 1993,1995). The new 
Strömgrenn photometric data are listed in Table 2. Typical errors 
inn these data are 07*007, OTKXtè, 07010, and (T012 for y, b - y, 
ti*i ,, and ci, respectively. 

Johnsonn UBV photometric data of HD 45677 were ob-
tainedd with the Bochum 61 cm telescope at ESO during two 

JDD -2440000 

31243 3 
3177360 0 
3177.619 9 
3177.658 8 
3177.678 8 
3177.729 9 
3178.602 2 
3178.613 3 
3178.623 3 
3178.654 4 
3178.671 1 
3178.687 7 
3179.538 8 
3179.555 5 
3179.564 4 
3179.580 0 
3179.597 7 
3179.605 5 
3179.623 3 
3180.738 8 
3181.542 2 
3181.558 8 
3181.573 3 
3181.580 0 
3181.719 9 
3181.729 9 
3182.534 4 
3182.549 9 
3182.679 9 
3183.572 2 
3183.581 1 
3183.608 8 
3183.616 6 
3183.628 8 
3183.635 5 
3183.649 9 
3183.658 8 
3183.673 3 
3183.683 3 
3183.691 1 
3184.536 6 
3184.545 5 
3184.554 4 
3184.563 3 
3184.596 6 
3184.606 6 
3184.620 0 
3184.630 0 
3184.639 9 
3184.647 7 
3184.661 1 
3184.669 9 
3184.679 9 
3897.4 4 
3898.4 4 
3899.4 4 
3902.3 3 
4589.734 4 
4590.794 4 
8700.305 5 
8702.317 7 
8706.230 0 

V V 

8.568 8 
8.542 2 
8.543 3 
8.540 0 
8.542 2 
8.546 6 
8343 3 
8.530 0 
8.526 6 
8.530 0 
8.522 2 
8.517 7 
8.514 4 
8.498 8 
8.501 1 
8.503 3 
8.509 9 
8.515 5 
8.507 7 
8.547 7 
8.558 8 
8363 3 
8.557 7 
8359 9 
8364 4 
8.549 9 
8.483 3 
8.479 9 
8.485 5 
8.505 5 
8.467 7 
8.484 4 
8.482 2 
8.479 9 
8.480 0 
8.468 8 
8.473 3 
8.493 3 
8.463 3 
8305 5 
8310 0 
8322 2 
8321 1 
8311 1 
8.520 0 
8.522 2 
8.519 9 
8.527 7 
8.528 8 
8.527 7 
8.531 1 
8.518 8 
8.523 3 
8.673 3 
8.725 5 
8.665 5 
8.647 7 
8.660 0 
8.713 3 
7.958 8 
7.940 0 
7.941 1 

U-B U-B 

-0.646 6 
-0.674 4 
-0.662 2 
-0.664 4 
-0.659 9 
-0.648 8 
-0.656 6 
-0.670 0 
-0.692 2 
-0.660 0 
-0.661 1 
-0.668 8 
-0.679 9 
-0.682 2 
-0.679 9 
-0.685 5 
-0.683 3 
-0.682 2 
-0.672 2 
-0.647 7 
-0.641 1 
-0.655 5 
-0.645 5 
-0.653 3 
-0.620 0 
-0.630 0 
-0.669 9 
-0.655 5 
-0.667 7 
-0.725 5 
-0.717 7 
-0.718 8 
-0.721 1 
-0.710 0 
-0.712 2 
-0.716 6 
-0.707 7 
-0.697 7 
-0.702 2 
-0.702 2 
-0.680 0 
-0.681 1 
-0.673 3 
-0.680 0 
-0.678 8 
-0.674 4 
-0.684 4 
-0.676 6 
-0.675 5 
-0.668 8 
-0.682 2 
-0.675 5 
-0.682 2 
-0.663 3 
-0.622 2 
-0.651 1 
-0.663 3 

--
--

-0.618 8 
-0.638 8 
-0.595 5 

B-V B-V 

0.041 1 
0.024 4 
0.022 2 
0.023 3 
0.020 0 
0.020 0 
0.043 3 
0.028 8 
0.030 0 
0.022 2 
0.031 1 
0.035 5 
0.043 3 
0.042 2 
0.041 1 
0.038 8 
0.045 5 
0.032 2 
0.054 4 
0.028 8 
0.042 2 
0.041 1 
0.037 7 
0.035 5 
0.050 0 
0.056 6 
0.050 0 
0.047 7 
0.038 8 
0.055 5 
0.052 2 
0.039 9 
0.050 0 
0.039 9 
0.047 7 
0.055 5 
0.048 8 
0.046 6 
0.047 7 
0.036 6 
0.034 4 
0.021 1 
0.028 8 
0.035 5 
0.034 4 
0.028 8 
0.042 2 
0.034 4 
0.029 9 
0.033 3 
0.030 0 
0.039 9 
0.034 4 
0.055 5 
0.053 3 
0.082 2 
0.072 2 

--
--

0.073 3 
0.081 1 
0.069 9 

V-R V-R 

— — 
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
_ _ 
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--

0.279 9 
0.279 9 
0.177 7 
0.186 6 
0.195 5 

V-V- I 

— — 
--
--
--
--
— — 
--
--
— — 
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
_ _ 
--
--
--
--
_ _ 
--
--
--
--
_ _ 
--
--
--
_ _ 
--
--
--
_ _ 
--
--
--
--
--
--
— — 
--
— — 

0.403 3 
0.392 2 
0.348 8 
0.329 9 
0.341 1 
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Tablee 3. (Continued) 

JD-2440000 0 

8707.260 0 
8957.810 0 
8958.774 4 
8960.781 1 
9347.3322 2 
9347.3485 5 
9348.2546 6 
9348.8209 9 
9349.2523 3 
9370.7534 4 
9371.6530 0 
9371.7253 3 
9371.7796 6 

V V 

7.935 5 
8.049 9 
8.105 5 
8.073 3 
8.14 4 
8.15 5 
8.15 5 
8.13 3 
8.07 7 
8.145 5 
8.117 7 
8.134 4 
8.146 6 

U-B U-B 

-0.620 0 
-0.657 7 
-0.589 9 
-0.655 5 
-0.62 2 
-0.60 0 
-0.56 6 
-0.53 3 
-0.64 4 
-0.547 7 
-0.617 7 
-0.599 9 
-0.622 2 

B-V B-V 

0.063 3 
0.074 4 
0.055 5 
0.067 7 
0.09 9 
0.07 7 
0.03 3 
0.04 4 
0.07 7 
0.045 5 
0.135 5 
0.117 7 
0.165 5 

V-R V-R 

0.177 7 
0.207 7 
0.199 9 
0.209 9 
0.24 4 
0.25 5 
0.25 5 
0.23 3 
0.25 5 
0.241 1 
0.211 1 
0.209 9 
0.221 1 

V-V- I 

0.318 8 
0.331 1 
0.306 6 
0.316 6 
0.37 7 
0.37 7 
0.35 5 
0.33 3 
0.37 7 
0.403 3 
0.330 0 
0.341 1 
--

Tablee 4. Unpublished JHKLM  photometry of HD 45677 

JD-2440000 0 

3922.404 4 
3925.406 6 
4299.622 2 
4307.518 8 
4618.729 9 
4621.721 1 

J J 

7.79 9 
7.70 0 
7.93 3 
7.91 1 
7.65 5 
7.58 8 

H H 

6.49 9 
6.44 4 
6.76 6 
6.79 9 
6.69 9 
6.74 4 

K K 

4.83 3 
4.63 3 
4.81 1 
4.86 6 
4.80 0 
4.81 1 

L L 

2.13 3 
1.94 4 
2.11 1 
2.22 2 
2.16 6 
2.19 9 

M M 

1.07 7 
1.00 0 
1.30 0 
1.35 5 
1.21 1 
1.28 8 

observingg runs in February 1977 and in January 1979. Addi-
tionall  Cousins VRI photometry was observed with the ESO 
50-cmm telescope at La Silla in december 1980, but both were 
againn not published up to now. Furthermore, new observations 
inn the Johnson/Cousins UBV(RI)c photometric system were 
obtainedd during observing runs in March and December 1992, 
Decemberr 1993 and January 1994 on the ESO 50-cm and 1-
mm photometric telescopes at La Silla. Both telescopes were 
equippedd with an EMI 9658RA photomultiplier, using a 7'/5 
diaphragm.. Typical errors are 05H)lt (T01, (T02, 07K)1, (T02 
forthee V, B - V, U - B, V - Rand V -1 data, respectively. 
Thee new UBV(RI)c data are listed in Table 3. 

Near-IRR photometric measurements in the ESO JHKLM 
systemm (Bouchet et al. 1989,1991) of HD 45677 were obtained 
inn February 1979, March 1980 and January 1981, respectively, 
usingg the ESO 1-m telescope at La Silla. During these obser-
vationss the telescope was equipped with an InSb detector. The 
observationss were made through a 15" diaphragm. Sky sub-
tractionn was achieved by chopping, with a frequency of 8 Hz, in 
thee east-west direction with a throw of 30" amplitude. Typical 
errorss in the data are (T04,0?04,0?03,0?05,0PO6 for the / , 
HH,, K, L and M magnitudes, respectively. These data are listed 
inn Table 4. 

2.2.2.2. Spectroscopy 

Severall  new low resolution CCD spectra of HD 45677 were 
takenn at La Silla using the Boiler and Chivens spectrograph 
mountedd on the ESO 1.52-m telescope. Details of the observa-
tionss are given in Table 5. In order to get a sufficiently good S/N 
forr weaker emission lines it was necessary to have the strength 

off  Ha exceed the CCD saturation limit To be able to measure 
thee relative strength of Ha second, shorter, exposures during 
thee same two December nights were taken in which Ha was not 
saturated.. A combined spectrum of the 1992d, e, f and g spectra 
iss presented in Fig. 4. 

Too reveal the Ha profile and to test for short time variations 
twoo intermediate resolution spectra centered around Ha, shown 
inn Fig. 5, were obtained. These observations were also made 
withh the Boiler and Chivens spectrograph mounted on the ESO 
1.52-mm telescope at La Silla. The detector for all the low and 
intermediatee resolutions taken spectra was a Ford Aerospace 
20488 x 2048 pixel CCD, with a 15 x 15 pm pixel size. 

Too detect short timescale variations, HD 45677 was fol-
lowedd day to day between the 8th and the 14th of October 1993 
byy using the CAT/CES combination at La Silla. This combi-
nationn was used to obtain high resolution spectra in the Ha 
andd Nai D wavelength ranges, which are presented in Figs. 9 
andd 10. Further high resolution spectra, in the Ha, Ca n K, and 
[Oi]]  6300 A wavelength ranges (Figs. 6-8), were obtained in 
Januaryy 1994. During all observations, the detector was a 1024 
xx 640 RCA SID 006 high resolution CCD, with a pixel size 
off  15 x 15 Aim. AU the CAT/CES observations were controlled 
remotelyy from ESO Headquarters, Garching bei München, Ger-
many. . 

Alll  spectra were reduced using the MIDAS software running 
underr SUN/OS at ESO headquarters. For optimal extraction 
off  spectral data from the CCD images the optimal extraction 
algorithmm by Home (1986) was applied. After reduction, the 
low-resolutionn spectra were combined into one single, com-
pletelyy unsaturated, spectrum, with spectrophotometric quality. 
Thee new spectral data are shown in Figs. 4-10. Additional de-
tailss of all spectroscopic observations are listed in Table 5. 

23.23. Imaging 

Imagess of HD 45677 were obtained, under reasonable (l ' / l -
l'/6)) seeing conditions, with the Dutch 92-cm telescope at La 
Silla.. Two observing runs were used, on the 10*  and 14th of 
Februaryy 1993, and on the 7th of August 1993. The images were 
reducedd using MIDAS, running on a VAX cluster at the Univer-
sityy of Amsterdam. On all of the images, taken through B, V, 
R,R, Gunn i, Gunn z, wideband Ha, narrowband Ha and narrow-
bandd [O i] A6300 filters, HD 45677 was indistinguishable from 
aa stellar point source. No nebulosity of emission or reflection 
naturee were visible. By checking POSS (Palomar Observatory 
Skyy Survey) plates, searching for significant changes of the 
numberr of stellar objects in the surroundings of HD 45677, no 
darkk region could be marked. 

3.. Analysis of the photometric behaviour 

Togetherr with the newly taken and previously unpublished data, 
Tabless 1 - 4, we collected all available visual photometric data 
fromm the literature. An overview of all visual photometry of HD 
456777 used in our analysis is given in Table 6. These data were 
transformed,, as good as possible, to values in similar bands of 
thee "standard" Johnson UBV and Strömgren uvby photometric 
systems,, as follows: 

Thee photographic magnitudes from Swings & Swings 
(1972)) are comparable to the visual magnitude at the time the 
firstfirst photoelectric measurements were taken, B — V ta 07H) 
(Mendozaa 1958; Wampler 1968 in Swings & Allen 1971). A 



988 CHAPTER B4: The Photometric behaviour and spectroscopic properties of the peculiar B[e] star HD 45677 

1900 0 1920 0 

7.00 -

7.55 -

8.0 0 

8.55 -

9.0 0 

II I I I - 11 1 1 1— 
1940 0 

"1 1 
1960 0 1980 0 

offoff yr 
%% tao« 

»» 0»o oat, 

?o o 
00 o f 

oo o 

4 4 

a%o o 

s s 
Ogoo

 o 
BSS  o 

Hii  if. 
( a) ) 

 ' _L L  ' '

20000 0 30000 0 

JDD -2400000 

40000 0 50000 0 

7.75 5 

8.00 0 

8.25 5 

8.50 0 

8.75 5 

<b b 

0 0 

Ig g 
f f 

M M 
< < 

(b) ) 

i i 

O O 

«s s 
o o 

o o 
0 0 

o o 

1 1 

1975 5 
1 1 

O O 

m m 

o o 
e e 
o o 

' J J 

198C C 

O O 

1 1 
J J 

1 1 

1 1 

oo e 

O O 
O O 

o o 

"O O 

o o 

0 0 

l l 

! ! 

0 0 

1985 5 
,, | , 

8 8 

8 8 

o o 

oo ° 
oo

0 0 

oo o 
oo o 

1 1 

1 1 

0 0 

e e 

o o 
p*1 1 

#° ° 
0 0 

o o 
*° ° te te 
o o 
% % 
0 0 

« « 
0 0 

1990 0 
1 1 

O O 
O O 

ft ft 

0° ° 
0 0 

0o o 

ll  ° 
tb b 

o o 
0 0 o o 

Q Q 

1 1 

o * * 

ou8 8 

 o 

°00 OO

O O 

0 0 

oo o 

MM  . 

_l l 

2000 0 40000 6000 

JDD -2440000 

8000 0 

Fig.. 1. Light curve of HD 45677. (a) Using photographic and photoelectric data from 1899 to 1994. (b) Using photoelectric data from 1971 to 
1994.. The labels A-E denote the different data sets discussed in sections 3.2 and 3.3. 
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Tablee 5. Log of published and newly taken optical spectroscopic observations of HD 45677 

No. . 

1923-1927 7 
1932-1947 7 
1939-1943 3 
1964-1971 1 
1966 6 
1971a a 
1971b b 
1973 3 
1974 4 
1974/1992 2 
1979 9 
1988a a 
1988b b 
1989a a 
1989b b 
1990 0 

Reference e 

Merrilll  1928 
Merrilll  1952 

Swingss & Struve 1943 
Swingss & Allen 1971 
Burnichonn et al. 1967 

Ciattii  et al. 1974 
Ciattietal.. 1974 
Ciattii  etal. 1974 

Swingss 1974 
Jaschekett al. 1992 
Swingss et al. 1980 

McGregorr etal. 1988 
Doazanetal.. 1991 

Halbedell  1989 
Jaschekett al. 1992 
Jaschekett al. 1993 

Date e 

1923-1928 8 
1932-1947 7 
1939-1943 3 
1964-1971 1 
1964/1966 6 
288 10 1971 
044 12 1971 
288 08 1973 
—— 021974 

Several l 
1977/1979 9 

244 10 1988 
200 03 1987 
155 11 1989 
077 01 1990 

Range(A) ) 

Blue e 
Blue e 
Blue e 
Blue e 

3000-4900 0 
Visual l 
Red d 
Red d 
Blue e 

3400-102500 0 
H 7 7 

NIR R 
H/3 3 
Ha a 
Red d 

7570-7980 0 

Dispersion n 

Medium m 
Medium m 
Medium m 
Medium m 
Medium m 
Medium m 

Low w 
Low w 

Medium m 
High h 
Low w 
High h 

Medium m 
Medium m 
Medium m 

Remarks s 

Sett of 9 plates 
Sett of 11 plates 
Sett of 5 plates 
Sett of 21 plates 

Severall  types of spectra 
Twoo sets of spectra 

NewNew spectra: 

No. . 

1992a a 
1992b b 
1992c c 
1992d d 
1992e e 
1992f f 
1992g g 
1993a a 
1993b b 
1993c c 
1993d d 
1993e e 
1993f f 
1993g g 
1993h h 
1993i i 
1993J J 
1993k k 
19931 1 
1994a a 
1994b b 
1994c c 
1994d d 

JD-2440000 0 

8698.6558 8 
8704.5970 0 
8705.5817 7 
8962.7479 9 
8962.7556 6 
8964.7154 4 
8964.7236 6 
9267.8083 3 
9269.8431 1 
9270.8375 5 
9270.8701 1 
9271.8229 9 
9272.8340 0 
9269.8097 7 
9270.8076 6 
9271.7917 7 
9272.7979 9 
9273.8563 3 
9274.8833 3 
9363.780 0 
9364.708 8 
9365.779 9 
9733.2592 2 

Date e 

188 03 1992 
233 03 1992 
244 031992 
066 12 1992 
066 12 1992 
088 12 1992 
088 12 1992 
077 10 1993 
099 10 1993 
100 10 1993 
100 10 1993 
111 10 1993 
122 10 1993 
099 10 1993 
100 10 1993 
11101993 3 
122 10 1993 
133 10 1993 
144 10 1993 
11011 1994 
12011 1994 
133 01 1994 
166 01 1994 

UT T 

03:44 4 
02:20 0 
01:58 8 
05:57 7 
06:08 8 
05:13 3 
05:22 2 
07:24 4 
08:14 4 
08:06 6 
08:53 3 
07:45 5 
08:01 1 
07:26 6 
07:23 3 
07:00 0 
07:09 9 
08:33 3 
09:12 2 
06:43 3 
05:00 0 
06:42 2 
06:13 3 

Exp.. time 

1800s s 
1800s s 
60s s 
300s s 
60s s 
60s s 
30s s 

1200s s 
300s s 
180s s 
180s s 
120s s 
120s s 
300s s 
600s s 
600s s 
600s s 
600s s 
600s s 
600s s 
6000s s 
3000s s 
1200s s 

Range e 

6098-69133 A 
6098-69133 A 
6022-8659A A 
6090-8720A A 
6090-8720A A 
4180-7860A A 
4180-7860A A 

Ha a 
Ha a 
Ha a 
Ha a 
Ha a 
Ha a 

N a iD D 
N a iD D 
N a iD D 
Nai£> > 
Nai£> > 
N a iD D 

Ha a 
CaiiJT T 

[Oi]A6300 0 
Nai l> > 

Resolutionn Remarks 

0.400 A/pixel 
0.400 A/pixel 
1.299 A/pixel 
1.288 A/pixel Ha saturated 
1.288 A/pixel 
1.800 A/pixel Ha saturated 
1.800 A/pixel 

50,0000 Ha saturated 
50,000 0 
50,000 0 
50,000 0 
50,000 0 
50,000 0 
55,000 0 
55,000 0 
55,000 0 
55,000 0 
55,000 0 
55,000 0 
55,000 0 
55,000 0 
55,000 0 
55,000 0 

differentt effective wavelength of the photographic and photo-
electricc measurements will therefore not cause a large system-
aticc difference between mpg and V. For the transformation of 
UBVUBV data of the Geneva system to those of the Johnson system 
wee derived the following formulae from the absolute calibra-
tionss of both systems given by Schmidt-Kaler (1982) and by 
Rufenerr & Nicolet (1988): 

UjUj  = UG- 0.305 

BjBj = BG+  0.993 

V>> = VG+ 0.052 

(1) ) 

Cousinss V magnitudes can be transformed to Johnson V mag-
nitudess using: 

VjVj = Vc + 0.080 (4) ) 

Strömgrenn y magnitudes can be transformed to Johnson V mag-
nitudess using: 

VjVj = y + 0.065 (5) ) 

VV intensities in the Walraven WULBV system can be trans-
(2)(2) formed to Johnson V magnitudes using the formula derived by 

Pell  (1976): 

(3)) Vj = 6.874 - 2.5{Vw + 0.065(F - B)w }  (6) 
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Tablee 6. Visual photometric data of HD 45677 from the literature 

JDD -2400000 Photometric system Reference 

Thee transformed V magnitudes are, additionally, also given in 
Tablee 1, column 7. The error in these transformed V magnitudes 
wil ll  be about 0™015. The (V - T) and (7 - R) colours in 
thee Johnson system were transformed to the Cousins system 
usingg the formulae derived by Bessell (1979). Note that the 
Strömgrenn photometry of HD 45677 in Sterken et al. (1993) are 
nott included in Table 2 because they are in fact measurements 
off  another star. Also note that in the paper by Feinstein et al. 
(1976),, the labels mi and c\ have been interchanged in their 
Tablee 2. 

Thee light curve for the visual magnitude in the Johnson 
system,, further quoted as V, vs. the Julian date, JD, of HD 
456777 is shown in Fig. 1. From this figure one can clearly 
identifyy a very deep minimum of long duration around 1981 
(~~ JD 2444500). Furthermore, superimposed on this relatively 
largee variation, rough changes between the different groups of 
dataa points and changes within such concentrations of measure-
mentss can be seen. These variations will be analyzed separately 
andd quoted as long, intermediate and short timescale variations, 
respectively. . 

3.1.3.1. Long timescale variations/obscuration 

Thee light curve of HD 45677 plotted in Fig. 1 a shows an asym-
metric,, long (At« 44 years), and deep (A V « 1™6) minimum. 
Althoughh in the beginning of the monitoring, around 1899, HD 
456777 is rather stable, it seems to get brighter with increasing 
variations,, from T?3 with Amp, 0?2 at 1900 up to 770 with 
Af7ip99 0?4 around 1940. From this year on HD 45677 seems to 
faintt which probably starts to become significant around 1950. 
Thiss trend could be the beginning of the deep minimum, If we 
extrapolatee linearly by connecting the minima of the data-points 
off  the shorter time scale variations in Fig. la, until the mean 
magnitudee of 7?2 from before 1950 is reached again, we find 
thatt we expect that HD 45677 will remain increasing in bright-
nesss until about the year 2020. We believe therefore that Fig. 
lbb only shows a part, including the minimum, of a variation 
inn brightness on a time scale longer, ~70 years, than the one 
coveredd in our light curve. 

Fromm the photoelectric measurements taken between 1971 
andd 1993, connected by linear interpolation to the photographic 
magnitudess from before, the slope of the decreasing brightness 
iss seen steeper than the branch of increasing brightness which 
startss at the turning point at —1981. By the extrapolation to 
2020,, the speeds of the brightness changes are determined to be 
0?055 year-1 and (F04 year-1 for the decreasing and increas-
ingg branches, respectively. The difference, which is significant 
onn this time scale, means that the mechanism responsible for 
thee increasing branch is not simply a reversed effect of the 
mechanismm causing the decrease in brightness. 

Changess in photometric colour indices are measurable, but 
relativelyy small compared to the ones in V. Fig. 2 show the 
lightt curves in both visual magnitude and colours in the John-
son/Cousinss and Strömgren photometric systems over the last 
200 years. From these figures it is easily seen that, superimposed 
onn variation on smaller time scales, the U — B and B — V 
colourss have shown a trend of getting redder during the last 20 
yearss by about 0?1, during the phase of increasing brightness. 
Thee scatter in the data of these colours is too large to follow this 
trendd during the obscuration phase as well, but an indication of 
thiss behaviour can be seen in the B — V colour. 

Thee opposite colouring, getting bluer, is seen for V — R and 
VV — I during the period of increasing brightness. 

3.2.3.2. Short timescale variations/flickering 

Too understand the way the intermediate variations are dis-
tributedd it is better first to resolve the short time scale variations, 
i.e.. to study whether they are caused by obscurations or bright-
enings.. Short time scale variations are seen in the lightcurve as 
densee groups of data points. The typical time scales vary from 
severall  days to several hours, depending on the monitoring 
programmes.. They can be easily studied by constructing light 
curvess and colour-magnitude diagrams over several short peri-
odss during the last twenty years. Pérez et al. (1993) suggested 
thee presence of short time scale "pulse-like", or "flickering", 
typee of variations, characteristic of instabilities in accretion 
flows. flows. 

Wee examined light curves and colour-magnitude diagrams 
off  several datasets obtained within several days, which are de-
notedd in Fig. lb as A-E. UBV and Strömgren data of Feinstein 
ett al. (1976), sets A and B respectively, are shown in Fig. 3. As 
cann be seen from this figure, HD 45677 shows irregular minima 
andd maxima of which the time scale seems to be up to days, see 
plott Bl of Fig. 3. These "pulse-like" variations from night to 
night,, and their colours clearly indicate a dependence on mag-
nitude:: the blue colours, U — Bt it — v and v — b are getting 
redderr as the magnitude decreases but then colours like B - V 
andd b- y become bluer. A better example of the "pulse-like" 
behaviourr and their colour effects are seen in the same figure 
forr the transformed Geneva colours of Gilbert (1994), set C, 
andd the BV observations of Halbedel (1989), set D (see next 
section).. At decreasing brightness the U — B colour of sets 
AA and C gets redder while B -V becomes bluer again. The 
amountt of the getting redder seems to increase slightly towards 
thee blue, i.e. most strongest in u — v. Even in the colours Ü-B 
andd v - b the getting bluer is significant higher than the getting 
redderr in the b — y and B — V colours. The Walraven data in 
Tablee 1 of Paper I confirms this behaviour. 

14943-38409 9 
«« 36360 
«« 39280 
«39830 0 
«4O010 0 
«40740 0 
«41025 5 
«41025 5 
41369-42802 2 
40994-44633 3 
42784-^5808 8 
46391^7595 5 
47793^18350 0 
43773^8978 8 
48500-49200 0 
48932-48997 7 

Photographic c 
UBV UBV 
vvbyf3 vvbyf3 
UBV UBV 
UBV(R)j UBV(R)j 
UBV(RI)j UBV(RI)j 
UBV(RI)j UBV(RI)j 
UBV UBV 
UBVUBV + uvby 
Genevaa UB1BB2V VG 
UBV(RI)cUBV(RI)c + uvby/3 
BV BV 
BV BV 
IUEE V(FES) 
BV BV 
UBV(RI)j UBV(RI)j 

Swingss & Swings (1972) 
Mendoza(1958) ) 
Cameronn (1966) 
Haupt&Schroll(1974) ) 
Loww etal. (1970) 
Loww etal. (1970) 
Swingss & Allen (1971) 
Penstonn (1973) 
Feinsteinn etal. (1976) 
Gilbertt (1994) 
Kilkennyy etal. (1985) 
Halbedell  (1989) 
Halbedell  (1991) 
Perezz (1994) 
Sitkoo et al. (1994) 
Bergnerr etal. (1995) 
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Fig.. 2. Photometry of HD 45677 in the Johnson/Cousins system from 1971 to 1994. 

3.3.3.3. Intermediate timescale variations/semi periodic 

Thee intermediate time scale variations, with typical time scales 
off  a few years, were studied and found to be semi-periodic by 
Halbedell  (1989). However, the monitoring from 1899 to 1969 
byy Swings & Swings (1972) indicated no presence of clear 
periodicityy on such time scales. 

AA clear representation of these changes, in the photoelec-
tricc data, are only given beyond JD ~2446000. Before this, 
HDD 45677 was not monitored sufficiently regular. The empty 
intervalss in the lightcurve (Fig. lb) are tie reason for the dif-
ficultiesficulties to explain these variations by Halbedel (1989) and 
Feinsteinn et al. (1976). Producing colour-magnitude diagrams 
forr die intermediate time scale variations is not easy because of 

diee different photometric systems used for tie measurements. 
However,, using the BV data from Halbedel (1989,1991), Sitko 
ett al. (1994) and from Paper I, which extend over several similar 
years,, a slight relation is seen between B - V and V (Fig. 3). 
SS uperimposed on the short time scale variations and their colour 
dependenciess a reddening is seen with decreasing brightness. 
Becausee of the lack of oüier colours measured over such time 
intervalss their effects are not known. 

4.. Analysis of the spectroscopic behaviour 

Ass we have seen dramatic changes in the photometry of HD 
456777 on different time scales one could expect to see such 
changess in the spectroscopic behaviour as well. Indeed, spec-
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Fig.. 3 . The short timescale variations expressed in light curves and in colour-magnitude diagrams for the data sets taken in 1972, set A (UBV 

dataa of Feinstein et al. 1976); 1975, set B (uvby data of Feinstein et al. 1976); 1981, set C (Gilbert 1994) and 1993, set E (Table 2). 
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6000 0 85000 9000 
JDD -2440000 

Fig.. 3. (Continued) The intermediate timescale variations expressed in light curves and in colour-magnitude diagrams for the data sets taken 
betweenn 1986 and 1993, set D, by Halbedel (1989 and 1991), Sitko et al. (1994) and from Paper I. 

trall  variations have been observed for the lines of Mg n, He i and 
slightlyy in Can (Swings et al. 1980). Because of the high ve-
locitiess measured for thee He i and Mg n lines, 150-200 kms"1, 
thosee lines are thought to be formed close to the stellar surface. 
Forr the US and H7 lines more dramatic variations are seen as 
well,, most significantly in the violet parts of the profiles and 
onn time scales ranging from hours up to days (Merrill 1952; 
Swingss et al. 1980). Similar variations in the H7 profiles were 
alreadyy reported on a longer time scale on plates taken be-
tweenn 1923 and 1947 (Swings & Struve 1943; Merrill 1952). 
Althoughh Swings & Allen (1971) did not report any correla-
tionss of line variations with detected photometric changes, we 
cann give a more exact view at the moment since more spectro-
scopicc observations overlap with the different time scales of the 
photometricc variations. 

Too study the long time scale variations we use as a starting 
pointt the spectral descriptions of Merrill (1928) and of Swings 
ett al. (1980). We have searched for additional spectra which 
aree listed in Table 1. This summary is certainly not complete 
ass probably many plate and CCD spectra are reported but not 
discussed,, e.g. Jaschek et al. (1992), or unpublished, e.g. Swings 
(1995).. Several of such spectra, as well as many others listed in 
Tablee 1, will be discussed in detail by Israelian et al. (1996). We 
referr to the spectra in the following sections by their number, 
thee year of observation, as listed in column 1 of Table 1. Most 
historicall  known spectra are of low resolution. It is therefore 
onlyy possible to make use of our own low and intermediate 
resolutionn spectra for these purposes. As our low resolution 
spectraa are quite similar we have only presented the 1992e and 
1992gg in Fig. 4, together with the line identifications which 
willl  be discussed. For a similar reason the 1992b intermediate 

resolutionn spectrum is not shown in Fig. 5. However, from the 
presentedd Ha profiles clear changes are seen. 

Investigatingg such short time scale variations, as also known 
fromm the literature, we use our monitoring data. We have ob-
tainedd time series with a duration of 6 days by high resolution 
spectroscopyy in two wavelength regions. Besides spectra cen-
teredd on the Ha laboratory wavelength, with a resolving power 
off  50,000, we have monitored the Na 1D lines, with a resolving 
powerr of 55,000. The choice for this line is inspired by the clear 
detectionn of accreting cool material in the case of the Herbig 
Aee star UX Ori (Grinin et al. 1994). Furthermore, our setup 
includess the Hei line at 5876 A and the [Fen] line at 5870 A. 
Thee Nai D and Ha time series were taken in October 1993. 
Onee other spectrum, in both regions, was obtained in January 
1995.. The spectra are plotted in Figs. 9a and 10a. 

Theree is no spectral data that would illustrate changes on 
intermediatee time scales in either low or high resolution. This 
willl  therefore not be discussed. 

4.1.4.1. Long time scale variations 

Thee existence of an extended gaseous shell of considerable 
densityy was first inferred from the appearance of nebular lines 
off  [01] at 6300 A and 6363 A and of [S11] at 4068 A (Merrill 
&&  Burwell 1933; Swings & Allen 1971). 

Contraryy to spectroscopic variations as mentioned above, 
thee forbidden lines, like [Fen], [Oi], [Nn], are stable; no clear 
changess are seen since the first detections. Probably those lines 
aree formed in an extended region far away from the central 
star,, see Fig. 13 of Swings (1973). The red [S11] lines were not 
detectedd and the [N n] lines very weak. As reported by Swings 
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(1973),, the Fen lines are double peaked and more dispersed 
thann the [Fe n] lines. 

Becausee of the wide variety of the spectroscopic data in 
wavelengthh coverage and resolution we will discuss them by 
eachh group separately. In some cases a more detailed description 
wil ll  be given by Israelian et al. (1996). 

Tablee 7. Identified emission lines in the low- and intermedi-
ate-resolutionn spectra of HD 45677, Figs. 4 and 5. Uncertain iden-
tificationss are given between brackets 

Elementt Multiplets n 

H i i 
N l l 
O i i 
Mg i i 
M g n n 
Can n 
F e n n 

[Nl] ] 
[Nil] ] 
[Oi] ] 
[SH] ] 
[ C m ] ] 
[Fen] ] 

[Nil i] ] 

1,9,, 10 ,11 ,12 , (13 ) 
1 , 2 , 3 3 
1,4 4 
2 , 1 4 , 2 3 3 
8 ,16 6 
2 2 
27,, 37, 3 8 , 40 , 42 , (46), 
4 8 , 4 9 , 5 5 , 7 4 , ? ? 
1 1 
1,3 3 
1 1 
2 2 
1 1 
6 ,7 ,, 13 ,14 ,15 , 17 
1 8 , 1 9 , 2 0 , 2 1 , 3 4 , 4 3 3 
2 2 

3 : a ^ 7 , 2 , 5 , 5 , 4 , ( l ) ) 
3 , 1 ,2 (1 ) ) 
3 , 3 3 
1 , 2 , 2 2 
2 ,1 1 
1(2) ) 
2(1),, 5(1), 4, 2 , 3 , (2), 
2(2),, 4, 1,2(4), 7 
2 2 
2(1),, 1 
2 2 
2 2 
4 4 
2,4(1),, 1 , 3 , 2 , 4 
2(1),, 4(1), 8(1), 3, 1,1 
2 2 

4.1.1.. Visual:: low and intermediate resolution spectra 

Inn the 1971 and 1992 spectra, Ha is seen in emission accom-
paniedd at the red side by the [N n] line. In the intermediate 
resolutionn 1992a and b spectra Ha is also accompanied at the 
bluee side by the weaker [N n] line of the same multiplet. Both 
aree in emission. It is also seen in most other spectra, like in 
1989,, in which Ha shows self-absorption. The velocities and 
linee profiles measured in the 1989 spectrum are similar to those 
reportedd before, e.g. Merrill (1952). However, the Ha profile is 
veryy complex. We will discuss this further in section 4.2.2. 

Inn the 1992c-e spectra, as in the previous ones, the [Oi] 
liness at 7774 A and 8446 A are very strong. The [S n] lines, 
whichh were not detected before, are weakly in emission (spectra 
1992aa and b). No differences can be seen for the Fen lines in 
thee 1992 spectra and those observed before. The H7 and other 
bluee hydrogen line profiles confirm the detections given by 
Swingss (1973) and Swings et al. (1980). From 1964 to 1966 
emissionn components appeared in the blue hydrogen lines, from 
H100 up to H5 (= He). In 1979 H7 shows central emission. In 
1974,, Swings (1974) reported that H7 exhibits a very strong 
PP Cygni profile. In 1966 no emission is seen. Furthermore, 
thee known strong iron emission lines were observed double 
peaked,, separated by Av as 30 km s~l, being the same value 
ass reported above. In the 1992a and b spectra H7 is seen in 
emissionn with a central emission embedded in a photospheric 
absorptionn line, as the profile was observed in the 1971 spectra. 
Inn the 1992 intermediate resolution spectra we also note that 
thee Fe 11 lines are relatively broad, when compared to typical 
nebularr lines as [N11], [S11] and [01] in the same spectra. The 

Fee 11 lines also hide traces of double peaked profiles with a 
separationn of about 40-60 km s~', which is somewhat higher 
thann in the spectra taken before the photometric minimum. 
Althoughh the Fe 11 lines are relatively broad and the resolution 
off  the 1992 spectra are too low to determine good velocities, 
mostt identified lines seem to be centeredd on a velocity of about 
20kms-1. . 

Thee properties of the described spectra are similar to those 
observedd and discussed by Swings (1973) and Swings et al. 
(1980).. Even the short time scale variations reported in these 
paperss are seen in the 1992 intermediate resolution spectra. We 
havee compared both of the spectra, 1992a and 1992b. The dif-
ferencee spectrum (not shown here) clearly indicates significant 
changess in the Ha line while all other lines seem to be stable. 
Inn the 1992b spectrum we clearly have a broad extra absorption 
att the blue side of the Ha spectrum, as well as two small ab-
sorptionn components at +4 and —60 km s~l. In the next section 
wee will discuss the Ha profile in more detail. 

4.1.2.. Visual: high resolution spectra 

Highh resolution spectra of HD 45677 are rare. A comparison 
off  our data with other spectra, besides the hydrogen lines, is 
thereforee not possible. However, we will discuss here the spectra 
mentionedd in Table 1 of Can A" (Fig. 6) and [Oi]A6300 (Fig. 
7)) including the Mg 16318.23/.75 A doublet (Fig. 8). The other 
highh resolution spectra will be discussed in the next section. 

AA H/? spectrum from Doazan et al. (1991) shows a strong 
doublee peaked emission line with the red component much 
strongerr than the violet peak similar to the 1989a spectrum 
andd the ones reported before (e.g. Merrill 1928). However, the 
peakk separation in the H0 spectra by Doazan et al. (1991) and 
byy Merrill (1928) is much bigger (150 and 170 km s~', respec-
tively)) than in all the Ha spectra (« 75 km s~l). This difference 
supportss our interpretation of the double-peaked structure of the 
hydrogenn lines as being due to self-absorption rather than be-
ingg due to two separate regions of hydrogen emission. For our 
19933 Ha spectra the two peaks differ less in strength than in 
thee 1988b H/3 spectrum, while in the 1992a and b Ha spectra 
wee even have V/R « 1. This indicates a strong variability of the 
hydrogenn lines as noted previously by Swings et al. (1980). 

Thee CanüT line is seen with the absorption center at 
200 km s~l. At the blue and red side of this narrow line (the 
velocityy dispersion is less than 50 km s-1) weak emission is 
seen.. This profile is identical to the ones from 1932 to 1947 
(Merrilll  1952) and similar to the one mentioned by Swings 
(1973).. The [Oi]A6300 and the Mg 1 doublet are in emission 
withh the central peak at about 20 km s~l. Although the velocity 
dispersionn of the [01] line is higher, about 90 km s"1, than the 
Caa 11 line, it is much lower than the 250 km s" * of the Mg 1 dou-
blet.. Note also that the latter is asymmetric with extra emission 
att the blue side of its profile extending to 150 km s~l, whereas 
inn the red part the velocity goes up to about 100 km s~l. 

Fromm the velocities we conclude that the Mg 1 line is formed 
closerr to the central star than the [Oi]A6300, which must be 
formedd in an extended low density region. Although Mg 1 will 
bee destroyed close to the central star there must be some outflow 
off  this material. Also the emission in the Can resonance line 
showss the presence of some cool material. When distributed in 
aa disk this material must be very dense as seen by the strong 
self-absorptionn line. 
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Fig.. 5. May 1992 intermediate-resolution spectra of HD 45677. The full wavelength range of the 1992a spectrum is shown, the 1992b spectrum 
iss very similar and therefore not included. However, line profiles can be very different as shown in the lower plots for Ha. 

4.1.3.. Red spectra 

Inn comparing the red spectra of 1971b and 1973, although the 
1977 lb spectrum is of poor quality, we see in the 197 lb spectrum 
Hee 16678 A in emission but not in me 1973 spectrum. In 1973 
Fee ii 77122 A and 017774 A are in emission but in 1971b weak 
orr probably not. In the red part of 1992c and in 1992d me Fe II 
77122 A, [Fen] 7732 A and Oi 7774 A are seen in emission, 
similarr to me 1973 situation. In 1993 these lines are also visible 
inn emission, only the O i line was weaker man it was in 1992d. 
Inn the 1989b spectrum the O i 8446 A is strong in emission, 
alsoo the Paschen lines and many Fe II lines are in emission, 
veryy similar to the 1973 situation. The same wavelength region 
off  the 1992d spectrum looks exactly like in the previous ones, 
withh the exception of the one detecting me decreasing strength 
off  Oi 7774 A. 

4.1.4.. NIR spectra 

Thee 1988 spectra look exacdy as the ones of HD 87643 and 
CD-42°° 11721, two other well known B[e]-stars. Only H-lines 
aree in emission, no other features are seen. No omer correspond-
ingg spectra are available for comparison. 

4.2.4.2. Short timescale variations 

Thee high resolution sodium and Ha line profiles are presented 
inn Fig. 9a and Fig. 10a, respectively. Their characteristics wil l 
bee presented separately. A more qualitatively modeling on mese 
spectraa will  be presented in another paper (Israelian et al. 1996). 

4.2.1.. The sodium spectra 

Itt is striking to see mat in all spectra the Na i D lines are signif-
icantiyy in emission with a strong absorption core at 20 km s- 1 , 
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similarr to the observed Ca n K line. The emission components 
off  the £>i lines is somewhat stronger than the £>2 line, as usual, 
butt combined with the relatively strong self-absorption compo-
nentt die £>2 profile looks somewhat different. The interstellar 
componentt is not visible and is probably blended in die broad 
circumstellarr absorption feature. 

Betweenn die spectra taken in 1993 and die one of 1995, no 
dramaticc changes are seen, although die strong telluric water-
liness could give a wrong impression. However, comparing die 
timetime series spectra to each otiier, using the difference between 
aa spectrum and die one of 09/10/1993, it is clear that day by 
dayy variations are significant in botii die NaiD and die Hei 
liness (Fig. 9b). Note die changes of die emission strengtii at the 
bluee sides of die Na i D lines. However, die wings of die red 
sidess of tiiese lines are remarkably stable as tiiey all extent up 
too 147  5 km s_1 for the D\ and up to 140  5 km s_1 for 
diee Di components. Similar profiles, but witfi more dramatic 
changes,, are observed by Israelian et al. (1996) on a somewhat 
longerr time scale. 

Inn die spectra of 13 and 14/10/1993 die blue emission wings 
aree quite strong and extend up to -99  3 km s- 1 and —65  5 
kmm s_1, respectively, while on 10 and 11/10/1993 tiiese blue 
partss are depressed, and show even weak narrow absorption 
componentss at —18  1 km s_1 (not to be confused with the 
telluricc waterlineas seen in the 16/1/1995 spectrum). On 09 and 

11/10/19933 these weak lines are located at—11  lkms_1.An 
extraa wide but very weak absorption is also seen on 11/10/1993 
at-755  2 km s-1. 

Thee blueshifted weak absorption components seem to be 
dynamicall  on a daily time scale, but can also appear for a few 
days,, witii relatively large changes in tiieir velocities. In our 
timee series tiiis absorption slowly disappears and in the last two 
spectra,, 13 and 14/10/1993, only extra emission is seen. 

4.2.2.. The Ha lines 

Severall  Ha spectra were taken in the same nights as the Na i D 
spectra.. The one taken on 11/01/1994 is somewhat saturated, as 
iss the 09/10/1993 spectrum slightly overexposed. As we noticed 
onlyy small daily changes between die Na i D spectra, die same 
seemss to be die case for die quasi-simultaneously taken Ha 
profiles,, see Fig. 10a. The Ha profiles are quite complex. A 
strongg self-absorption component at +11  1 km s_1 is visible 
inn all die spectra. However, it is not located at die center of die 
emissionn profile. 

Wee have determined die center of die emission profile by 
diee fitting of a Gaussian to die observed profiles and to modi-
fiedfied ones, in which die absorption components are deleted by 
interpolation.. The results of botii fitting procedures are almost 
identical.. The emission peak seems to shift from +37.5  1 
kmm s"1 for the 09/10/1993 profile to +40.5  1 km s"1 for die 
12/10/19933 spectrum, witii a daily step of +1 km s_1. This is 
almostt 10 km s_1 higher than die radial velocity of the Ha lines 
beforee 1928 (Merrill 1928). The velocity offset between the Ha 
emissionn and systemic velocity from+17.5 to+20.5 km s_1 in-
dicatess gaseous movements and acceleration towards die central 
star.. It would be interesting to monitor HD 45677 daily for a 
longerr time-interval to reconfirm such a mechanism. 

Inn a plot of die differences between die spectra (Fig. 10b), 
diee daily movement is seen as die sharp extra emission on die 
redd side. Furthermore it is clear that an extremely broad and 
veryy weak component in die Ha profile changes from a slightly 
redshiftedd absorption (10/10/1993) to a blueshifted emission 
contributionn (11 and 12/10/1993). Again, tiiis daily change vis-
iblee as small V/R-variations, with an extremely broad velocity 
dispersion,, is either due to die underlying photospheric line or 
too variations in die wings of die emission profile. Anyway, it 
seemss tiiat infalling gaseous material is followed by extra out-
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Fig.. 9. (a) High resolution Na iD spectra of HD 45677, rebinned to heliocentric velocities, (b) The same spectra but taken as the difference 
comparedd to the one of 09/10/1993. 

flow.. This process must be studied further, but it will be related 
too a region close to the stellar surface. 

Anotherr important detection in the Ha profiles are the 
weakerr absorption components and very weak dips, besides the 
veryy strong absorption line at +11 km s -1 . We detected these 
componentss at -80, -37, +49 and +90 km s_1. For the weaker 
oness the error is about 5 km s_1. The redshifted components 
aree more prominent. 

5.. The spectral energy distributions 

Too obtain more information about the variations of the contin
uumm light in the different episodes during the long time scale 
variationss of HD 45677 we have constructed the spectral en
ergyy distribution (SED), from the UV to the infrared wave
lengthh ranges, for several V magnitudes. An attempt was made 
too use as much simultaneous measured data as possible in these 
SEDs,, but simultaneous blue and optical photometry and UV 
spectrophotometricc data were available for a few dates only. 
Dataa measured at slightly different times, but at the same stellar 
brightnesss were therefore combined into one SED. The SEDs 
weree corrected for interstellar and circumstellar extinction by 
comparingg the observed fluxes to the theoretically observed flux 
(F*)) at earth in a photometric system: 

-f( -f( - /FAdex x (-ê)H H (7) ) 

Inn this formula Fx is the flux emitted by the star per surface unit, 
it»,, is the stellar radius, d is the stellar distance, A\ is the total 

extinctionn at a given wavelength (in magnitudes) and Sx is the 
transmissionn function (normalized to unity) of the photometric 
filter.. F\ was taken from the Kurucz (1991) model for a B2 
VV star, assuming solar abundance. Ax was obtained from the 
extinctionn laws by Steenman & Thé (1991), using the relation 
AAvv = Rv x E{B - V), with Rv the ratio of total to selective 
extinction.. A best value of this Rv, according to the x2 test, 
wass determined using a trial and error method. Since R* and 
dd are not accurately known we fitted the parameter (R*/d)2 to 
thee observed fluxes for each value of Rv. The results of the fit 
proceduree are listed in Table 4 and a typical resulting SED fit is 
shownn in Fig. 11. In this figure we notice a very good fit to the 
theoreticall Kurucz model in the ultraviolet and in the optical, 
withh a large amount of excess radiation above photospheric lev
elss in the infrared. The presence and appearance of this infrared 
excesss once again indicates the existence of circumstellar dust 
aroundd HD 45677. 

Fromm the SED, we also computed the scaled stellar lumi
nosityy using the following formula: 

dd2 2 -- 47T / Fx,Kuruc 

Jo Jo 
,dA, , (8) ) 

withh Fx,Kurucz the Kurucz model flux, fitted to the extinction-
correctedd SED. These scaled stellar luminosities are also listed 
inn Table 4. 

Againn using equation (5), we also computed the total lumi
nosityy of the infrared excess of HD 45677 by taking Fx from 
aa /3-spline fitted to the extinction-corrected SED of HD 45677 
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minuss the corresponding Kurucz model flux. Beyond the last 
wavelengthh at which we have observational data, this model 
wass extrapolated with a Planckian curve, smoothly joined to 
thee slope of the last spline curve. The resulting scaled lumi-
nosityy of the infrared excess (LIRE) turns out to be about 
0.266 x 10~2 L0/PC2, or about 28% of the stellar luminosity. 
Whenn we also compute the fraction of the stellar luminosity 
absorbedd by dust in the blue and ultraviolet (LAbt.) by taking 
thee difference between the luminosities of the Kurucz model 
fittedfitted to the extinction-corrected SED and a version of this 
modell  reddened with the parameters listed in Table 4, we typi-
callyy obtain values like 82% of the stellar luminosity. The ratio 
Lji&i ./LIREE » 3.0. The fact that LAbs.^> LIRE suggests that 
eitherr we are seeing a star/disk system at a small inclination 
angle,, or that \ of the star's total extinction must be interstellar 
ratherr than circumstellar as 5 is necessary to produce the re-
radiatedd light as LIRE • In view of the discussion in the previous 
sections,, the first possibility seems more likely. 

Tablee 8. SED fit results for HD 45677 at different V magnitudes. 

JD D 
-244000C C 

« 7 0 0 0 
2785.51 1 
3862.68 8 
4596.77 7 
4977.45 5 
4977.50 0 
4978.46 6 
5331.52 2 
5332.42 2 
8700.31 1 

Error r 

V V 
) ) 

8?18 8 
8?49 9 
8?74 4 
8?71 1 
8?56 6 
8?57 7 
8?53 3 
8?55 5 
8?59 9 
7?96 6 

OF01 1 

E(BE(B - V) 

0?27 7 
ÖP30 0 
0?28 8 
OF30 0 
O?30 0 
0?33 3 
0?30 0 
0?30 0 
0?28 8 
0?31 1 

0?02 2 

Rv Rv 

4.8 8 
5.6 6 

>5 .8 8 

AAv v 

1?30 0 
r?68 8 

Vo Vo 

6?88 8 
6?81 1 

>> 1?62 < 7?12 
>> 5.8 > 1?74 < 6F97 
5.6 6 
5.4 4 
5.6 6 
5.4 4 
5.8 8 
4.4 4 

0.2 2 

1?68 8 
1?78 8 
I?68 8 
1?62 2 
1?62 2 
1?36 6 

0?05 5 

6?88 8 
6?79 9 
6?85 5 
6?93 3 
6?97 7 
6?60 0 

0?06 6 

ui* ui* 
[lO-2L0 /pc2] ] 

1.16 6 
1.13 3 

>0.90 0 
>0.89 9 
1.04 4 
1.17 7 
1.10 0 
1.03 3 
1.02 2 
1.23 3 

0?03 3 

6.. Discussing the variations 

6.1.6.1. The photometric variations 

6.1.1.. Long time scale variations/obscuration 

Lett us consider the decrease in brightness of HD 45677 from V 
== 772 to V = 8™8 as being due to long-term effects (the brighter 
data-pointss of the minimum V = 8™8 may be due to shorter 
timee scale variations, which will be discussed in the next two 
subsections).. If we think of this long-term variation as being 
causedd by some obscuration effect, one would need to cover 
~77%% of the stellar surface. As was discussed for the pre-main 
sequencee star UX Ori (Bibo & Thé 1991), these amounts are 
difficultt to realize by intrinsic stellar activities such as star spots, 
butt a slow recovery would explain the relatively slow increase 
inn brightness. However, these amounts of obscuration could 
bee realized by the presence of large (> 1 /*m), presumably 
circumstellar,, dust particles in our line of sight, which will 
nott redden the light of the star, but simply obscure the stellar 
radiationn from die UV to the near infrared. 

Thee large changes in V at the long time scale, decennial, 
andd the form of the light curve are also not easily understood by 

meanss of obscuration effects like eclipsing by companion(s). 
Thee large AV would indicate a nearly total eclipse. Because 
diee complete minimum itself already takes several decennia, 
thee period would be extremely long, indicating a very wide 
binaryy or one with a very slow moving eclipsing object The 
orbitall period of the companion can be much shorter if one 
explainss the long duration of the minimum as one at apastron in 
aa very eccentric orbit, but this can not explain the asymmetric 
minimum.. Another argument against an eclipsing companion is 
diee absence of any periodicity in the radial velocity variations 
off HD 45677 (Swings & Allen 1971). 

Thee colour changes on the long time scale are quite remark
able.. The U — B and B — V are getting redder throughout the 
availablee data, while me opposite colour changes are seen for 
V—RV—R and V—I during die period of increasing brightness. The 
completee photometric behaviour can mus not be explained as a 
simplee obscuration effect, as hypotheticalry discussed above: In 
matt case the getting bluer would be followed by a getting redder 
againn when the star recovers in brightness. In case of pure extra 
extinctionn one expects all the colours to get redder. However, 
iff we have a distribution consisting of two distinct grain sizes, 
ass proposed before by Schulte-Ladbeck et al. (1993), of small 
grainss (< 0.5 /on) located in the polar lobs and of large grains 
locatedd in die disk,, an increase of both grain populations can 
producee the observed colour effect. In me polar lobs scattered 
lightt will increase, whereas in the optically thick disk extinction 
duee to larger grains is dominant Such a mechanism can explain 
mee colour behaviour. The early production of grey grains, by 
aa blow-out or evaporation of a cometary body could accounts 
thenn for the large obscuration as measured in all pass-bands and 
mee possible getting redder of the V — R and mainly the V — I 
colourss due to extra extinction before the minimum. 

Thee difficulty with this scenario is the steady continuation 
off die UBV colour effects. To account for the required continu
ouss grain production we need a constant production mechanism 
suchh as a stellar wind, stellar radiation field or mass accretion or 
aa combination of mese processes, (a) If accretion is the process, 
thee destruction of die large grains will increase the brightness, 
smalll grains will be produced in the polar lobs. Accretion could 
producee a more compact disk, also explaining me decrease of 
totall infrared flux (Sittco et al. 1994), and merefore getting op
ticallyy diicker accounting for the extra extinction in die red. In 
suchh a model die production of grey grains is men followed 
byy accretion, contributing to the destruction of die large grains 
mostlyy close by the central star, (b) Destruction of die grey 
grainss by the stellar wind and die stellar radiation field will cre
atee die small grains in outer regions. Scattering at these grains 
willl be added by the scattering in and near a bipolar flow. Radia
tionn and stellar wind pressure could produce a more compressed 
"ring"" of die blown out material to produce die extra extinction. 
However,, when getting thinner reduced extinction due to its 
expansionn must be compensated in tiiis case. The brightening 
off HD 45677 in tiiis case would be due to evaporation of dust 
byy the stellar radiation and a stellar wind. 

Additionallyy to (a) and (b), if die grey grains were pro
ducedd by a blow-out around 1950, this material will continue 
too expand, becoming less efficient in die obscuration. We must 
notee here that die obscuration due too grey grains supports die 
hypothesiss by Sidco et al. (1994). Support for our suggestion 
tiiattiiat die small grains can also be (continuously) generated by 
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accretion,, which is then also seen by an energetic bipolar flow, 
iss given by Grady et al. (1993). 

Anotherr model to produce changes in grain size distribution 
iss to introduce a magnetic field. After the blow-out, the magnetic 
fieldfield recovers in strength, causing a more efficient alignment of 
thee dust particles in time. For this effect one spheroid grain 
populationn is needed. Then the colour effects will continue 
untill  the original magnetic field is recovered. The brightness 
variationss can be explained in the same way as above. However, 
thiss model does not need a bipolar flow of which the existence 
iss still hypothetical. 

6.1.2.. Short time scale variations/flickering 

Inn the paper of Perez et al. (1993) a strong near-UV excess was 
reported.. If this relatively strong near-UV excess is explained 
byy scattering, as mentioned before in the two grain population 
model,, it will be stable throughout the detected short time scale 
variations.. However, variable extra extinction, due to the pro-
ductionn of small grains by accretion, on the scattered and the 
bluee stellar light will effect the near-UV colour more than the 
blue.. If the grains are small enough they will redden the blue 
colourss most efficient, which will result in the colour behaviour 
ass detected. A support for the production of small grains is 
that,, if we explain the photometric short time scale variations as 
duee to variable extinction, their reddening slope indicates Rv 
valuess <C 3.1. 

Thee shortest time scale variations are then seen as brighten-
ingg effects in the visual by re-radiation from the extinction in 
thee blue and near-UV and by the extra accretion luminosity. The 
resultingg "flickering" acts on a time scale of days, as resolved 
byy our new Strömgren 1993 dataset (E) as shown in Fig. 3. 

Inn plots El-3 of Fig. 3 only a part of one "pulse-like" vari-
ation,, with a daily trend of diminishing brightness, during the 
threee following nights is seen. Superimposed on this, small 
brighteningss are seen on a time scale of several minutes. As 
bothh kinds of "flickering" show the same trends in the colour-
magnitudee diagrams, see plot E6 of Fig. 3, they are probably 
off  the same origin and are not due to scatter in the data as 
theirr errors are of about 0^008 (see Sect. 2) and even less when 
takenn during one night, as is the case. In this case the short time 
scalee "flickering" are instabilities in the "pulse-like" variations. 
However,, here the colour variations are also orientated towards 
thee red with increasing light with a large scatter in the u — v 
colour,, which becomes visible as the points are chronological 
connectedd to each other in these plots by lines. Brightenings due 
too accretion will also be reflected by grains, being more effective 
inn the less bluer colours. In this period, 1993, either no extra 
extinctionn due to produced small grains seems to be present 
ass before and during the minimum at 1981 or the monitoring 
periodd was to short to detect this effect 

Thee amplitude of the short time scale variations within the 
differentt datasets does not seem to vary much, this is best seen 
inn Fig. lb. The flickering seems therefore present before and 
afterr the maximum obscuration around 1981. 

Wee must note that due to inhomogeneities in the circumstel-
larr material there may be moments during which we can look to 
regionss closer to the star which can produce similar effects as 
mentionedd above. In this case variations within a few minutes 
off  0?H)15, in the 1993 Strömgren data, is equivalent with about 
11 to 2% less obscuration of the surface of the central regions. 
Butt also in this case these variations are brightening effects. 

6.1.3.. Intermediate time scale variations/semi periodic 

Althoughh colour changes of the intermediate time scale varia-
tionstions could only be studied in B — V, we can fit  them well with 
thee other variations seen when we explain them as obscuration 
effectss by dust. The higher extinction then causes the extra red-
deningg with decreasing brightness. If the average grain-size is 
largee this effect will not be significant A support for this hy-
pothesiss is the large Rv -value of the reddening slope in the V 
versuss B — V diagram of about 7.0-7.5. 

Rotationn of such dust clouds around the central star could 
causee the obscurations, extra reddening and recovering in 
brightnesss as seen in the lightcurve of HD 45677, Fig. lb. 
However,, the decrease of brightness in 1989 and 1992 seems 
too occur slowly compared to the getting brighter in 1991. This 
cann be explained as due to the superpositions of the brighten-
ingg in the long time scale variations. Another explanation for 
thee intermediate time scale variations is the production of large 
grainss at certain moments. The getting brighter is then due to 
thee subsequent destruction of such grains or the rotating away 
off  these regions from our line of sight. 

Ass we have seen that the short time scale variations are 
brighteningg effects, the same could be true for the intermediate 
timee scale variations. In that case we have maxima during 1988 
andd 1992. Just before these maxima we see in Fig. lb that the 
"flickering""  amplitude is relatively high, followed by a decrease 
duringg the maxima and after that getting larger again. In this 
picturee there seems to be a connection between the short time 
scalee accretion and the intermediate time scale variations. The 
latterr can be explained by infall of circumstellar material which 
lastss 1-2 years and which produces minima. Then the dense 
obscuringg material will be destroyed by accretion as seen by 
thee short time scale variations. The infall explanation will not 
violatee the B — V colour effects for the intermediate time scale 
variations,, it is still due to extra CS extinction. Here the bright-
eningg and fading are simply due to the accretion efficiency and 
doo not need a complex explanation. 

Continuedd monitoring, both in magnitude and in colours, of 
HDD 45677 is necessary to select the correct mechanism. 

6.1.4.. Variations in Rv values 

Fromm Table 4 we see that the obtained Rv values range from 4.4 
too > 5.8, and vary roughly with V, resulting in a nearly constant 
intrinsicc stellar brightness. Also note that the maximum value 
off  Rv in the grid of extinction curves by Steenman & Thé 
(1991)) is 5.8 and our SED fit resulted in that value for several 
fitsfits near the state of minimum brightness of HD 45677 around 
1980.. Therefore, it seems likely that the true value of Rv near 
minimumm brightness will be somewhat higher than 5.8. 

Thesee variations of the Rv values with stellar brightness 
hadd previously also been found by Brown et al. (1995) from 
UVV extinction curves, in which they found the value of Rv for 
thee total extinction towards HD 45677 to vary between 4 and 
5.. Brown et al. (1995) did also note that the value of Rv for 
individuall  dust clouds around HD 45677 must be much larger 
(Rv(Rv > 7), see also sect 6.3. 

Fromm the variations of Rv with brightness we conclude 
alsoo that the long time scale variations are not caused by in-
trinsicc variations of the central star, but to an external effect. 
AA change in the average particle size in the circumstellar dust 
wouldd indeed change the circumstellar extinction law. Note that 
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thee derived Rv values describe a theoretical extinction law of 
Steenmann & Thé (1991) which is taken to be the observed aver-
agee extinction law from the UV to the near-IR, but wavelength-
dependentt deviations of this law due to other grain populations 
cann be expected. 

6.2.6.2. The spectroscopic behaviour 

6.2.1.. Long time scale variations 

Concerningg the long time scale variations, the major point is that 
thee observations and conclusions of Swings et al. (1980) and 
alll  the observations made since 1928 (Swings & Allen 1971) 
aree confirmed. The lines as detected in the new spectra are in 
majorityy very constant in relative strength, radial velocity and 
profiles,, when detectable, compared to those seen before. 

Ann exception is the Fen spectrum. As reported the Fen 
liness are double peaked and more dispersed that the [Fen] 
lines.. The Fe n lines are thus formed in another region, closer 
too the star with higher inner movements and therefore with 
widerr emission profiles. Since there is no central re-absorption, 
thee outer material is optically thin for this radiation. This leaves 
thee double peaked Fen to be explained by a rotating disk or 
ringring with 16 km s-1. In all observations made Fen shows an 
emissionn spectrum including the forbidden transitions. Note 
thee remarkably stable average radial velocity of 18  7 km s~l 

(Swingss & Allen 1971). The so-called stellar lines are stable at a 
somewhatt higher displacement, 7 kms"1. This is explained 
byy outflowing material as the bright lines show absorption cores 
inn their violet wing and low V/R values for most hydrogen lines 
(Merrilll  1928). 

Inn the 1992 intermediate resolution spectra the double 
peakedd profiles show separations of about 40-60 kms-1, which 
iss somewhat higher than in the spectra taken before the photo-
metricc minimum. This can be explained by assuming that the 
Fenn lines are formed in the disk region which contains gas, 
movingg faster than before 1982, and dense enough for some 
self-absorption,, or with a higher rotation velocity. The stable 
identifiedd nebular lines must be produced in a region further 
out,, but in a region which is not much flattened and of which 
thee velocity dispersion is low as they are not as broad as the 
Fenn lines. 

Inn combination with the dramatic photometric changes (thus 
inn the continuum), we conclude that these do not seem to affect 
thee spectral lines much. The mechanism causing the photo-
metricc changes is thus either separated from the line forming 
regionss or not influencing the amount and other properties of 
thee gaseous material. Furthermore, indications for the existence 
off  a disk like region by spectral lines and their profiles are based 
onn data taken and models proposed far before the 1950 event 

6.2.2.. Short time scale variations 

Althoughh the long time scale variations are only seen for the 
photometricc behaviour, short time scale changes in line profiles 
weree reported above as well as before in many papers (Merrill 
1928;; Swings et al. 1980). This indicates that HD 45677 was 
alreadyy active in the beginning of this century. To have a better 
vieww of such behaviour today we monitored HD 45677 for 
severall  days around the Na iD lines, including He i, and Ha. 

Firstt of all we detected the Na \D lines to be in emission. 
Sincee a one atom thick sodium shell at a distance of roughly 

11 AU from a B2 V central star will be destroyed within 1 
second,, the presence of D\ and Jh. emission profiles indicates 
thee existence of cool material far away from the hot central star. 
Onn the one hand the slight P Cygni nature of these lines proves 
thee existence of outflowing radiating cool gas from the central 
star.. On the other hand, the strong absorption cores at 20  2 
kms- 11 indicate that a significant part of this material is at zero 
velocity,, adopting a systemic velocity of 20 km s-1. The equal 
strengthh of the D\ and Ih absorption components, which are 
stablee throughout all spectra, indicates the saturation of these 
componentss and therefore the presence of a high column density 
off  the circumstellar material in the disk, of which the existence 
wass indicated before. 

Densee outflowing material, released in the disk, could be 
presentt as indicated by the blueshifted absorption lines being 
dynamicall  on a daily time scale. The outer sides of the disk 
cann then be responsible for the wide sodium emission. It is 
nott clear what the central velocity of this broad emission line 
iss and therefore it remains unclear if the strong absorption at 
systemicc velocity could be due to self-absorption in this part of 
thee disk. Furthermore, collisions causing inhomogeneous dense 
structuress could also be the origin of the blueshifted narrow ab-
sorptionn components; see also Israelian et al. (1996). This could 
explainn the wide variety of the velocities, strength and duration 
off  visibility of such components. However, the enrichment of 
thee disk with new material could also act as the environment 
forr the formation of the necessary large grains although the de-
structionn of the material could be more significant, as discussed 
before. . 

Itt must also be noted that the variable brightness of HD 
456777 could be the cause of the slight differences in the Na i D 
emissionn strength, when produced in the outer parts of the cir-
cumstellarr disk. 

Thee variation in the strength of the Hei absorption line 
cann be partly caused by obscurations of the central star as the 
photometryy indicates such time scale variations. However, the 
variationss are also seen in the line profiles and are too strong 
too be accounted for by the relatively weak photometric changes 
onn the daily variations. As compared to 09/10/1993, Fig. 9b, 
wee see especially on 13 and 14/10/1993 extra "emission". Note 
thatt this component is asymmetric, the red side is extended to 
higherr velocities, especially on 14/10/1993, when this relative 
emissionn is at its strongest. The extra emission or less absorption 
att the red side, exactly the opposite as what we see for the 
Naa i D lines in the same spectra, must originate from infalling 
materiall  very close to the stellar surface. This could also produce 
collisionallyy ionized gas when it coincides with the inner disk 
material.. Because of the redshifted origin, this component of a 
hott wind, can not be accounted for by a bipolar outflow. The 
existencee of this emission component and the short time scale 
indicatess a strong dynamical process close to the central star. 
Thiss infall process is necessary for the existence of a bipolar 
flowflow anyway. 

Becausee of the co-variations of the emission components 
thatt are red- and blueshifted for the He i and Na ID lines, re-
spectively,, there must be some common origin. Although the 
processess are of different velocity sign and the line formation 
regionn must be different we assume that on moments that dust-
concentrationss obscure the central regions and the star, we will 
nott see much of the Hei emission region but only a contribu-
tiontion of the stellar spectrum. However, also parts of the disk itself 
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wil ll  be obscured and these high dust densities can also cause the 
narroww absorption lines in Na i D. It would be interesting to test 
thiss hypothesis by simultaneous high resolution spectroscopy 
andd photometry. 

Inn addition to these effects Israelian et al. (1996) reported 
emissionn at the violet side of die He i profile as well at times 
whenn its central absorption is at its strongest. 
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Fig.. 12. E(B — V) versus photometric distance for stars from the 
Hipparcoss Input Catalogue within 1° of HD 45677. 

7.. Evolutionary status 

Thee group of B[e] stars, to which HD 45677 belongs, is not 
veryy homogeneous. It contains young stellar objects, such as 
Herbigg Be stars, but also evolved objects, such as post-AGB 
stars,, Luminous Blue Variables (LBVs) and planetary nebulae 
(Théé et al. 1994). Some of these stellar groups even occupy 
overlappingg regions in the HR-diagram, which makes it even 
moree difficult to classify such objects. To obtain a star's position 
inn the HR-diagram we must know its distance, which is very 
uncertainn for HD 45677. Sitko et al. (1994) argued that the 
UVV extinction curve of HD 45677 in 1992 is compatible witi i 
interstellarr extinction over a distance of 900 pc. At this distance 
HDD 45677 would be at approximately the same distance as die 
outerr ridge of a large molecular complex mat stretches from 
thee Mon R2 cloud to die CMa OB 1 complex (Maddalena et al. 
1986). . 

However,, since our line of sight towards parts of Canis Ma-
joriss is known to be almost devoid of interstellar extinction (e.g. 
Bruhweilerr 1994), the use of an average distance-interstellar 
extinctionn relation by Sitko et al. (1994) may yield erroneous 
results.. Therefore, we constructed a graph of E{B — V) versus 
photometricc stellar distance for stars from the Hipparcos Input 
Catalogue,, located within an 1° circle around HD 45677. This 
plott is shown in Fig. 12. From mis plot we derive a maximum 
distancee of « 1.5 kpc towards HD 45677, by assuming mat its 
E(BE(B — V) of Cr?30 is completely due to interstellar extinction. 

Furthermore,, we can compute a photometric distance to-
wardss HD 45677 by assuming that it is located on the zero-age 
main-sequencee (ZAMS) and by assuming that there is no cir-
cumstellarr obscuration present at the maximum recorded bright-
nesss of HD 45677 by Swings & Swings (1972). If we also as-
sumee mat its B — V at that time was not very different from the 

minimumm of die range shown in Fig. 2, and use the appropri-
atee parameters for a B2 V star from Schmidt-Kaler (1982), die 
resultingg ZAMS distance is 550 pc. Under me same assump-
tionss we computed the maximum intrinsic luminosity of HD 
456777 by adopting die maximum distance of 1.5 kpc, resulting 
inn i*,max = 3.7 x K^L© . 

AA HR-diagram with the position of HD 45677, computed 
usingg the ZAMS distance of 550 pc, die distance of 900 pc 
byy Sitko et al. (1994), and me maximum distance of 1.5 kpc 
iss shown in Fig. 13. In Fig. 13a die pre main-sequence evolu-
tionaryy tracks and die birthline by Palla & Stahler (1993) for a 
proto-stellarr accretion rate of 10- 5 M Q yr - 1 are also plotted, 
whereass in Fig. 13b we plotted die post main-sequence evo-
lutionaryy tracks by Maeder & Meynet (1988). As can be seen 
fromm Fig. 13a, of die tiiree positions of HD 45677 in die HR 
diagram,, the one computed using die ZAMS distance of 550 
pcc is the only one which falls below me birthline. This implies 
thatt if HD 45677 is a young object, as suggested by Grady et al. 
(1993),, its distance wil l be close to its ZAMS distance of 550 
pc.. In that case die star cannot be formed in die molecular cloud 
suggestedd by Sitko et al. (1994), leaving us with die question 
wheree the star formation region is. However, as shown by Palla 
&&  Stahler (1993) a higher proto-stellar accretion rate will  result 
inn a birthline which will  intersect the ZAMS at considerably 
higherr masses. But for masses like for HD 45677 still not more 
mann 105 yr is needed to reach the ZAMS. 

Iff  we assume tiiat HD 45677 is in fact an evolved object, 
wee do not have these problems. In mat case die star might very 
welll  have formed in die molecular complex suggested by Sitko 
ett al. (1994), but a few times 107 years ago. Let us first consider 
severall  options of evolved objects. 

Eruptivee behaviour is known for massive stars close to die 
Humphrey-Davidsonn (HD) limit, such as LBVs (Humphreys 
ett al. 1989). In the case of HD 45677 the temperature did not 
changee as much as seen for LBVs in such a situation, and 
wouldd be too high to fit a position close to the HD limit witiii n a 
reasonablee distance. Note here that indications of die luminosity 
classs of HD 45677 are III or IV (Perez et al. 1993). However, die 
existencee of die AG Car ring nebula is also not well explained 
byy instabilities close to die HD limit as its luminosity class is 
stilll  not exacdy known (Humphreys et al. 1989). Other evolved 
objectss that undergo phases of mass ejections leading to die 
formationn of dusty disks as visible in the near- and far-IR are 
post-AGBB stars and Symbiotics. HD 45677 is too hot to be a 
post-AGBB star, but it could be in a certain transition phase of 
PNs.. The presence of a companion could be die origin of die 
perturbationss as detected. At die moment mere are not even 
tracess of such a companion. 

Forbiddenn lines of [O i] , [N n], [S n] and [Fe n] indicate the 
existencee of a low density region. The electron density of this 
region,, Ne » 8 x 103 cm- 3, is determined by the ratio of die 
[SS n] lines and is high compared to most nebulae (Osterbrock 
1974).. Because HD 45677 is too "cool" to ionize gas that emits 
liness of [O in], we derived the electron temperature by the [N n] 
liness and determine Te ~ 6 x 104 K, which is very high. The 

ll li NNee/T/Tee'' value of 30 is not far from those of some planetary 
nebulaee (Osterbrock 1974). Since the temperature of HD 45677 
iss relatively low, tiiese values should indicate tiiat an extended 
regionn should be visible. However, on our images HD 45677 
appearss unresolved, so it seems unlikely that HD 45677 is such 
aa planetary nebula. The values also agree witii die conclusion of 
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Swingss (1973) who mentioned this region as being of consider-
ablee density, but with a low temperature based on the absence of 
somee forbidden lines like [S n]. Swings (1973) reported the oc-
currencee of [N II ] lines, now the [S n] are also detected, clearly 
indicatingg the ongoing evolution of this region. 

However,, one of the most peculiar lines is the very strong 
andd narrow blueshifted Ha absorption component at 9 km s"1 

relativee to the systemic velocity. If we propose that this concen-
trationn of considerable density of gas is distributed in a ring-like 
structure,, indicated by its low velocity-dispersion, it might orig-
inatee from the 1950 event. At a minimum distance of 500 pc, 
thee angular size of this ring will be about (K'2 and indeed not 
yett visible. 

Ass the evolved status of HD 45677 is also not clear we 
returnn to the hypothesis that HD 45677 is still in a pre-main se-
quencee phase. This option has some support by the new v sin * 
valueoff  70 km s_1 (Israelianetal. 1996), a value similar to sev-
erall  comparable PMS objects, and the detection of blueshifted 
Hee I emission as is reported for several HAeBe stars by Böhm 
&&  Catala (1995). These findings are probably not unique for 
HAeBes.. Furthermore, the evaporation of cometary-like bod-
iess in the vicinity of some Herbig Ae type stars, the UXOR-
group,, has recently been discovered (Grinin et al. 1994 and 
1995;; Chapters A3 and A4) and show some typical behaviour 
inn colour and variation in line profiles. A colour behaviour due 
too pure extinction, in the minima, or the so-called "blueing ef-
fect",, during the deep minima, as due to revolving dust clouds 
inn a proto-planetary disk, are not seen for HD 45677. Also 
thee UXOR-group shows clear evidence for infalling evaporat-
ingg comet-like bodies by redshifted absorption components in 
thee Nai D lines with co-variations in the He I and Ha profiles 
onn a daily time scale. The suggested evaporation of a large 
cometary-likee body around 1950 should have produced similar 
linee profiles. However, no dramatic changes in the mentioned 
liness have been noticed, although the resolution could be a lim-
itingg factor. Also, the time scale and amplitude of the minimum 
iss comparable to those for objects in the UXOR-group. 

Finally,, when HD 45677 is indeed a product of a molecular 
complexx related to the Mon R2 cloud and the CMa OB 1 com-
plexx (Maddalena et al. 1986), it would be interesting to know 
whetherr it is still young enough for post-natal circumstellar 
materiall  to be the origin for the dynamical properties observed. 
HDD 45677 would then be an isolated young object being only 
somee 105 yrs old, similar to isolated HAe objects, such as HD 
104237,, HR 5999 and HD 163296. But, in these cases evidences 
off  their relative youth, up to several times 107 yrs, are still seen 
inn their near surroundings such as T Tauri stars. 

Too give the final answer to the question of the evolutionary 
statuess of HD 45677, a more accurate distance determination 
thann the one presented here is necessary. If all goes well, this will 
becomee available soon, since this object is one of the primary 
targetss for the Hipparcos astrometric satellite. 

8.. Concluding remarks 

Fromm an intensive study of the photometric and spectroscopic 
propertiess of HD 45677, including published data as well as 
ownn observations, we have detected many different variations 
andd properties. We have tried to explain these variations, from 
shortt to long time scales. Different mechanisms must produce 
thee variations, each with their own characteristics. Furthermore, 
wee have discussed different options for the evolutionary status 

off  HD 45677. Although the properties of HD 45677 are dis-
putablee we can make the following concluding remarks: 

-- Photometric variations and spectroscopic properties prove 
thee hypothesis of a significant disruption of material around 
HDD 45677. By extrapolation to the maximum brightness as 
measuredd by Swings & Swings (1972), before any large 
photometricc changes occured, we determined this event 
tookk place around 1950. The minimum brightness at V = 
8™88 was reached around 1981. Linear extrapolation of the 
currentt increase of brightness indicates that the maximum 
brightnesss of V = T?2 will be reached again about the year 
2020. . 

-- During this long time scale obscuring effect we observed 
thatt the colours do not change significantly at both the ob-
scurationn and brightening phases. To explain this, formation 
off  large grey grains is proposed which caused the strong ob-
scurationn of HD 45677 just after the 1950 event. The exis-
tencee of such grains was also detected by extinction studies 
off  Sitko et al. (1994) and already proposed by Low et al. 
(1970).. We suggest that the origin of this material around 
19500 is either due to the evaporation of a large cometary-
likee body, equal to less dramatic but similar as events for 
UXX Ori (Grinin et al. 1994), or caused by a blow-out of 
material.. Probably this blow-out was not extremely violent 
becausee of a fall back of material causing accretion effects. 

-- The relatively small and continuous changes of the colours 
duringg the period 1971-1993 are remarkable because of the 
oppositee sign of the blue colours versus the red colours. If 
partt of the erupted material falls (back) in the direction of 
thee central star, a more compact inner disk region will cause 
higherr extinction for the red colours, while the blue colours 
cann be compensated with the production of small grains by 
accretionn probably being visible in the bipolar flow. 

-- Variations on a time scale of days down to several minutes 
aree detected. These short time scale variations are explained 
byy brightenings or "flickering" in the brightness as well as 
inn the colour due to accretion. To understand the colour 
variationss a production of small grains by accretion is nec-
essary.. Tne existence of small grain particles, producing 
scattering,, is detected by an UV-excess (Perez et al. 1993) 
whichh could be due to a bipolar flow (Schulte-Ladbeck et 
al.. 1993), maybe produced but certainly enriched by the ac-
cretionn itself. This accretion supports the explanations for 
thee origin of the long time scale variations in which the 
presencee of accretion is suggested. 

-- Photometric variations on an intermediate time scale are 
alsoo detected and well known. These variations need more 
observationss to be well explained. They seem to exist before 
andd after the minimum in 1981 but their changes of ffM 
withinn a few years were probably absent before 1930. The 
intermediatee time scale variations could be produced by 
revolvingg "dust clouds" or by shock fronts. In the latter 
casee the blow-out hypothesis suggests certain eruptions. 
Thee occurrence of larger variations and the slightly getting 
brighterr just before the strong fading around 1950 would 
supportt this. Then the intermediate time scale variations 
followingg the 1981 minimum are more probably due to 
infall.. Support for this is that the brightening seems to occur 
inn certain "waves" and dust destruction by accretion is seen 
byy the higher amplitudes of the short time scale variations. 
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Fig.. 13. HR-diagram with the position of HD 45677 assuming a distance of 550 pc (bottom), 900 pc (center), and 1.5 kpc (top), (a) With the 
pree main-sequence evolutionary tracks and birthline by Palla & Stahler (1993), (b) With the post main-sequence evolutionary tracks by Maeder 
&&  Meynet (1988). 

Thee latter can vary then up to about 0.1L*  within a few days. 
Obscurationss by "dust clouds" will also cause completely 
differentt colour effects as well discussed for the HAe UXOR 
typee objects (e.g. Grinin et al. 1994 and references therein). 
Thee fact that Rv changes from 4.8 in 1970 to > 5.8 in 1981 
andd back to 4.4 in 1992 means that tie average particle size 
inn the circumstellar matter responsible for the extinction 
increasedd from 1970 to 1982 and decreased from 1982 until 
1992. . 
Probablyy the large grains were directly formed after 1950, 
duee to a blow out or by the evaporation of a cometary-like 
body.. Then the combination of the ongoing wind/outflow, 
coincidingg with the previously erupted material and die 
pressuree at the edges of the shockfront can produce larger 
grainss by collision. The increase of the average grain size 
seemss then to be most effective in obscuring the central star. 
Att a certain point, ~1982, the large grains were destroyed 
again.. Infall of material seems to occur in waves, the inter-
mediatee time scale variations, which stimulates the accre-
tionn as seen as the higher amplitudes of the short time scale 
variations.. As a result, the average grain size will decrease, 
producingg the observed lower Rv values and giving rise to 
brighteningg of the object again, apart from the effect of an 
expandingg ring of material. A dramatic colour change on 
thee longer time scale due to the production of these smaller 
grainss is not necessary when the material is either effec-
tivelyy evaporated or destroyed and blown away in a bipolar 
flow.flow. It supports the conclusion of Sitko et al. (1994) of a 
decreasee of the total mass of the star's circumstellar dust 
envelope. . 

•• Spectroscopically we have noticed that forbidden lines are 
narroww compared to other observed emission lines and are 
welll centered on 20 km s_1. This velocity is also valid for 
thee narrow absorption components of NaiD and Canif 
liness and the central velocity of the Fen spectral lines. 
Wee adopted therefore a systemic velocity of 20 km s_1. 

Relativee to this velocity in- and out-flow of gaseous hot and 
cooll material are seen. 

-- Remarkable blueshifted absorption lines of Na i D are de
tectedd with velocities of about 30 to 40 km s_1 higher 
thann compared to the systemic velocity. They are proba
blyy caused by material swept up by the radiation pressure 
andd stellar wind. This cool grain material will collide with 
thee outer disk causing extra cogglumeration and obscura
tionstions on short time scales. Although the intermediate time 
scalee variations can be explained in a similar way, by ma
teriall moving away from the central star, a more plausible 
explanationn is accretion activity. During the observations of 
thee high resolution time series, this activity was decreasing, 
seee Fig. 10b. 

-- Ha profiles are detected to contain absorption components 
onn the large emission profile at certain velocity regimes 
off which the red components are the most prominent. The 
Haa profiles are therefore interesting as they show velocity 
regimess of both infalling and outflowing material. Although 
diee infalling gaseous material seems to be of higher densi
ties,, the strongest narrow absorption core is blueshifted with 
99 km s_1 with respect to the systemic velocity adopted as 
200 km s~'. We might expect that especially this very strong 
Haa component originates from a very dense gaseous ring of 
whichh the velocity-dispersion will be as low as is observed. 
Itt could be questioned if this "wave" might exist for about 
400 years. 

-- Accretion close to the stellar surface is indicated by the He i 
andd Ha short time scale variations, probably followed by 
aa reaction of outflowing gas. This dynamical process could 
replenishh the bipolar flow. It could be questioned if the spec
troscopicc short time scale variations show co-variations to 
thee "flickering" as being of a similar, daily, time scale. Fur
thermore,, the line variations are very different from those 
seenn for many of the UXOR type stars (Grinin et al. 1994 
andd 1995) for which redshifted absorption components of 
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thee Na i D are detected as evidence of the evaporation of 
cometary-likee bodies. 
Observationss as for the He i lines are also reported by Is-
raeliann et al. (1996), whose conclusions do support our 
detectionn of accreting gas. 

-- Outflow of cool material is seen by emission lines that are 
strongerr towards the blue as in Mgi and in NaiD. The 
strongg absorption cores of the Nai D and Can K indicate 
thee presence of an optically thick disk at zero-velocity. This 
suggestss that this disk was already present and is now en-
richedd by the 1950 event 

-- The presence of a disk before 1950 is also indicated by 
otherr emission lines which are stable throughout the large 
andd long-term photometric variations and even far before 
1950.. In this case the 1950 event is due to an instability 
whichh is probably not the first one. Evidence of "ancient" 
activities,, probably close to the stellar surface, were seen 
fromm 1926 on (Swings 1973) until now by activity in several 
off  the Balmer lines. 

-- The evolutionary status of HD 45677 is discussed exten-
sively.. However, no strong conclusions can be drawn about 
itss age. HD 45677 seems to fit  best in the picture of Zick-
graff  & Schulte-Ladbeck (1989) of non-luminous B[e] stars 
inn contradiction to the B[e] supergiants of the Magellanic 
cloudss (Zickgraf et al. 1986). Probably in the case of HD 
456777 the dust does not occur by a dense, slow expanding 
equatoriall  wind, but by eruptions. HD 45677 could there-
foree act as a key object to understand the reason of dust 
formationn rather than to evolve to an early-type emission 
linee star without dust 
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