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Abstract. The photometric behaviour of the peculiar
Ble] star HD 45677 over the last 25 years is inves-
tigated. We conclude that the photometric variations
(V = 722—-8"85) on such a time scale can be well ex-
plained by obscurations, possibly due to large (> 1 um)
circumstellar (CS) dust grains which were created after
an explosive event around 1950. Intermediate time scale
variations are also identified and can be well explained by
infall of CS material.

Evidence is also found for smaller, pulse-like, ampli-
tude variations. The time scale of this “flickering” ranges
from days down to hours and is explained by instabilities
in accretion flows towards HD 45677. The accretion mech-
anisms can be the origin of the hypothesized existence of
a bipolar flow.

HD 45677, seen edge-on, shows evidence for the pres-
ence of a circumstellar disk. The significant accretion flows
in this disk probably increased some time after the 1950
event, either due to a fall-back of part of the ejected mate-
rial by a blow-out around 1950 or either due to the explo-
sive dissociation of a large cometary-like body. Dynamic
effects of such infalling and outflowing material close to
the stellar surface are also detected by high resolution
spectroscopy in the Ha and He1 profiles. These short time
scale variations are also seen in the cool material as de-
tected by the variations in the violet part of the Na1D
profiles, which are probably due to collisions of the out-
flowing material with the outer disk.

The presence of a disk is often indicated and here by
the emission of the sodium lines with a strong absorption
component at the systemic velocity (about 20 km s~1).
Most detected lines, except Ha, are well centered at this
velocity. Apart from the red [S11] lines, all other nebular
lines as well as many other emission lines, including the
Fell emission spectrum, were seen in spectra taken far
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before and after the 1950 event as well as in the latest
spectra. So, the situation of the gaseous stellar environ-
ment seems to be stable in spite of the large photomet-
ric variations. The Fell emission lines are double peaked
with a velocity separation of about 32 km s~!. This could
mean that the inner disk material, in which these lines are
thought to be formed, rotates with about 16 km s~!. In
our 1992 data this rotation velocity seems to range up to
30 km s—!, which could be due to material accelerated by
the 1950 event.

We discuss in this paper the evolutionary status of HD
45677. Because of its rather isolated position in the sky
and because of 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 sequence object. Options like an
evolved object such as a LBV or PN are not suitable be-
cause of the probable luminosity class III, IV or V and its
rather cool central source, respectively. HD 45677 shows
no evidence of any companion. The slight possibility of it
being symbiotic can be added as well as instabilities in its
unknown post-main sequence phase and the option that
HD 45677 could be a hot post-AGB star.
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1. Introduction

The star HD 45677 ( = FS CMa, aspoo = 06h28™ 1734,
d2000 = —13°03'10"), is a well studied peculiar Be star
with a strong infrared excess. Several attempts were made
to classify peculiar Be stars in homogeneous groups. Wack-
erling (1970) indicated a variety of hot stars with abnor-
mal spectra as BQ, and additionally those with forbidden
lines were classified as BQ[ ] (Ciatti et al. 1974). Stars with
characteristics such as HD 45677, were named Ble] stars
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(Allen & Swings 1976) referring to the presence of forbid-
den lines, e.g. [O1] and [Fel11], besides permitted emission
lines of which the Balmer lines can be very strong with
sometimes indications of stellar winds. Because of their ab-
sence in star-forming regions it is often believed that these
objects are evolved objects, e.g. being peculiar Be-stars,
being in certain stages of the early evolution of plane-
tary nebulae (PN) or being symbiotic (Zickgraf & Schulte-
Ladbeck 1989; Halbedel 1989). Evidence for the evolved
state of such objects are the Ble] supergiants as located in
the Magellanic Clouds (Zickgraf & Schulte-Ladbeck 1989).
Most known galactic Ble] stars have unknown luminosity
class but the ones with reasonably well-determined lumi-
nosity classes seem to be quite heterogeneous in it. Their
exact evolutionary state is therefore doubtful. Especially
interesting is the case of HD 45677, in the past literature
often called the “prototype” of the Ble] stellar group but
also suggested to be a young stellar object.

The spectral classification of HD 45677 is difficult be-
cause of the presence of strong emission lines in its spec-
trum. It is generally agreed that its spectral type is B2
(e.g. Allen 1973; Feinstein et al. 1976). Its luminosity class
however is still uncertain, most probably it is III, IV or V.
In the recent catalogue of members and candidate mem-
bers of the Herbig Ae/Be stellar group (Thé et al. 1994),
HD 45677 is classified as an extreme emission line object
(EELO). This term only indicates the spectral properties.

Recently, Sitko et al. (1994) argued that the differ-
ence in two photometric datasets of HD 45677, obtained
in 1980 and in 1992, could be explained by changes in
the level of stellar obscuration by circumstellar dust. This
dust then acts as a grey absorber, being effective from the
UV to the near infrared. Support for this explanation is
that they observed a small decrease in total infrared flux,
which is then caused by a decrease of the total mass of the
star’s circumstellar dust envelope. Interesting is that they
obtained datasets consisting of UV to IR data at stages
when HD 45677 was at minimum brightness (1980) and
in a much brighter one (1992). However, their observa-
tional interval to obtain these multiwavelength datasets
was about 1 month. It is known that HD 45677 varies
significantly in brightness on such a time scale. It can
therefore be questioned whether the deviations of their
differential data from a grey absorber model are real or
are due to photometric variations between their data at
different wavelengths. Furthermore, modelling of the UV
extinction curve of HD 45677 with a multi-scattering non-
spherical circumstellar dust shell by Voshchinnikov et al.
(1995) showed that it is possible to obtain a flat extinc-
tion curve using smaller dust particles, but with a non-
standard chemical composition, as well.

Schulte-Ladbeck et al. (1993) demonstrated that the
position angle of the intrinsic polarization in the UV is
flipped 90° compared to that in the visual. This observa-
tion can be perfectly described by two polarization com-
ponents, one from a bipolar flow with small optical depth,
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and one from the equatorial disk of large optical depth.
At short wavelengths the direct starlight is blocked by the
equatorial disk and the polarization of the scattered light
from the polar lobs will dominate. Polarization from the
equatorial disk will dominate at long wavelengths. The po-
larization flip occurs where both contributions are equal.
Furthermore, the observed UV intrinsic polarization dis-
plays a stronger increase than in the red. This observa-
tion is explained by two distinct grain-size distributions
in both regions or by the variation of the optical depth in
the disk with wavelength which effects polarization values
for both regions as well. Further support for the first pos-
sibility comes from the IRAS LRS spectrum of HD 45677,
in which the 9.8 um silicate feature, seen superimposed
on a strong dust continuum, is broadened between 9 and
11 pm (Fajardo-Acosta & Knacke 1995). The models by
Simpson (1991) demonstrate that such broadening of the
silicate emission can indeed be due to the presence of dif-
ferent sizes of dust grains.

The presence of high-velocity (+200 to +400 km s~1),
accreting gas in all IUE spectra between 1979 and 1992
led Grady et al. (1993) to extend this picture by suggest-
ing that HD 45677 may be a massive Herbig Be star with
an actively accreting gaseous circumstellar disk, viewed
nearly edge-on. The polarization data would then be ex-
plained by some of the UV light being scattered in a bipo-
lar nebula oriented orthogonally to the dust disk. However,
recent observations by Oudmaijer & Drew (1995) showed
that the intrinsic polarization in He is also flipped, but
only by about 30° compared to that in the continuum.
This would indicate the presence of a significant amount
of gas located intermediate between the bipolar flow and
the disk. Grady et al. (1994) noted that the prominence
of the pronounced near-UV emission, mainly due to Fe11
and Mg 11, has decreased with increasing system light.

Although there is no obvious nebulosity visible around
HD 45677 (Swings 1973) and the star is not located in
or near a star forming region, it has been suggested that
HD 45677 is a young stellar object (age < 108 year) sur-
rounded by a dust shell left over from star formation
(Sorrell 1989). This view is supported by the polarization
measurements of Coyne & Vrba (1976), who concluded
that HD 45677 is surrounded by a ring of patchy clouds of
dust with an inner radius of 45 AU, which also explains the
strong infrared-excess. Another suggestion for the infrared
excess of HD 45677 is a cool companion. This hypothetical
companion has been suggested to be a cool giant (Ciatti
et al. 1974), or an infrared object similar to the Becklin-
Neugebauer 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) emis-
sion from HD 45677 have been made, but all detections
were negative. Since the recent CO and OH surveys were
quite deep, and HD 45677 is much brighter than most
objects that were detected, it is likely that the shell of
HD 45677 is either too thin or too small to produce such
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emission or that the mass loss has been started recently.
Therefore, it seems unlikely that HD 45677 is an evolved
post-AGB OH/IR-object.

In this paper we will discuss the photometric and spec-
troscopic behaviour of HD 45677 over the last 25 years,
based on both newly obtained data and data from the
literature. Photometric variability from the UV to near
infrared wavelength ranges on long (& 40 years), interme-
diate (a few months), and short (hours) time scales will
be discussed and explained. Furthermore, we will discuss
the star’s spectral characteristics, and discuss and explain
observed short-term spectroscopic variations in the Na1D
and Ha lines. However, a more detailed description of the
implications of these data will be given in a forthcoming
paper (Israelian et al. 1996). Finally, some remarks will
be added to the discussion on the evolutionary phase of
HD 45677.

2. The observations
2.1. Photometry

New and unpublished photometric data of HD 45677
in the Walraven WULBV, Stromgren uvby,
Johnson/Cousins UBV (RI)c and ESO JHKLM system
are listed in an accompanying paper (de Winter et al.
1996; Paper I) and will be analyzed and discussed in this

paper.

2.2. Spectroscopy

Several new low resolution CCD spectra of HD 45677 were
taken at La Silla using the Boller and Chivens spectro-
graph mounted on the ESO 1.52 m telescope. Details of
the observations are given in Table 1. In order to get a
sufficiently good S/N for weaker emission lines it was nec-
essary to have the strength of Ha exceed the CCD satu-
ration limit. To be able to measure the relative strength
of Ha second, shorter, exposures during the same two De-
cember nights were taken in which Ha was not saturated.
A combined spectrum of the 1992 d, e, f and 1992 g spectra
is presented in Fig. 4.

To reveal the Ha profile and to test for short time scale
variations two intermediate resolution spectra, Fig. 5, cen-
tered around Ha, were obtained. These observations, see
Table 1, were made with the Boller and Chivens spec-
trograph mounted on the ESO 1.52 m telescope at La
Silla. The detector for all the low and intermediate res-
olutions taken spectra was a Ford Aerospace 2048 x 2048
pixel CCD, with a 15 x 15 pum pixel size.

To detect short time scale variations, HD 45677 was
followed day to day between the 8" and the 14" of Octo-
ber 1993 by using the CAT/CES combination at La Silla.
This combination was used to obtain high resolution spec-
tra in the Ha and Na1D wavelength ranges, which are
presented in Figs. 9 and 10. Further high resolution spec-
tra, in the Ha, Ca11 K, and [0 1] 6300 A wavelength ranges
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(Figs. 6-8), were obtained in January 1994. During all ob-
servations, the detector was a 1024 x 640 RCA SID 006
high resolution CCD, with a pixel size of 15 x 15 pm. All
the CAT/CES observations were controlled remotely from
ESO Headquarters, Garching bei Miinchen, Germany.

All spectra were reduced using the MIDAS software
running under SUN/OS at ESO headquarters. For op-
timal extraction of spectral data from the CCD images
the optimal extraction algorithm by Horne (1986) was
applied. After reduction, the low-resolution spectra were
combined into one single, completely unsaturated, spec-
trum, with spectrophotometric quality. The new spectral
data are shown in Figs. 4-10. Additional details of all spec-
troscopic observations are listed in Table 1.

2.3. Imaging

Images of HD 45677 were obtained, under reasonable
(171-1"6) seeing conditions, with the Dutch 92 cm tele-
scope at La Silla. Two observing runs were used, on the
10t and 14*" of February 1993, and on the 7" of Au-
gust 1993. The images were reduced using MIDAS, run-
ning on a VAX cluster at the University of Amsterdam.
On all of the images, taken through B, V, R, Gunn 4,
Gunn z, wideband He, narrowband Ha and narrowband
[O1]A6300 filters, HD 45677 was indistinguishable from
a stellar point source. No nebulosity of emission or re-
flection nature were visible. By checking POSS (Palomar
Observatory Sky Survey) plates, searching for significant
changes of the number of stellar objects in the surround-
ings of HD 45677, no dark region could be marked.

3. Analysis of the photometric behaviour

Together with the newly taken and previously unpublished
data in Paper I, we collected all available visual photo-
metric data from the literature. An overview of all visual
photometry of HD 45677 used in our analysis is given in
Table 2. As described in Paper I, these data were trans-
formed, as good as possible, to values in similar bands of
the “standard” Johnson UBYV and Stromgren uvby pho-
tometric systems.

The photographic magnitudes from Swings & Swings
(1972) are comparable to the visual magnitude at the
time the first photoelectric measurements were taken,
B —V ~ 0™0 (Mendoza 1958; Wampler 1968 in Swings &
Allen 1971). A different effective wavelength of the pho-
tographic and photoelectric measurements will therefore
not cause a large systematic difference between my, and
V. For the transformation of UBV data of the Geneva
system to those of the Johnson system we derived the
following formulae from the absolute calibrations of both
systems given by Schmidt-Kaler (1982) and by Rufener &
Nicolet (1988):

Uy = Ug — 0.305 (1)
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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 datasets discussed in Sects. 3.2 and 3.3
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Table 1. Log of published and newly taken optical spectroscopic observations of HD 45677

No. Reference Date Range (A) Dispersion Remarks
1923-1927 Merrill 1928 1923-1928 Blue Medium Set of 9 plates
1932-1947 Merrill 1952 1932-1947 Blue Medium Set of 11 plates
1964-1971 Swings & Allen 1971 1964-1971 Blue Medium Set of 21 plates
1966 Burnichon et al. 1967  1964/1966 3000-4900 Medium
1971a Ciatti et al. 1974 28 10 1971 Visual Medium
1971b Ciatti et al. 1974 04 12 1971 Red Low
1973 Ciatti et al. 1974 28 08 1973 Red Low
1974 Swings 1974 — 02 1974 Blue
1974/1992 Jaschek et al. 1992 Several 3400-102500 Medium Several types of spectra
1979 Swings et al. 1980 1977/1979 Hry High Two sets of spectra
1988a McGregor et al. 1988 NIR Low
1988b Doazan et al. 1991 24 10 1988 HpB High
1989a Halbedel 1989 20 03 1987 Ha Medium
1989b Jaschek et al. 1992 1511 1989 Red Medium
1990 Jaschek et al. 1993 07 01 1990 7570-7980 Medium

New spectra:
No. JD —2440000 Date uT Exp. time Range Resolution Remarks
1992a 8698.6558 18 03 1992 03:44 1800s 6098-6913 A 0.40 A /pixel
1992b 8704.5970 23 03 1992 02:20 1800s 6098-6913 A 0.40 A /pixel
1992¢ 8705.5817 24 03 1992 01:58 60s 6022-8659 A 1.29 A /pixel
1992d 8962.7479 06 12 1992 05:57 300s 6090-8720 A 1.28 A/pixel  Ha saturated
1992e 8962.7556 06 12 1992 06:08 60s 6090-8720 A 1.28 A /pixel
1992f 8964.7154 08 12 1992 05:13 60s 4180-7860 A 1.80 A/pixel  Ha saturated
1992g 8964.7236 08 12 1992 05:22 30s 4180-7860 A 1.80 A /pixel
1993a 9267.8083 07 10 1993 07:24 1200s Ha 50 000 Ha saturated
1993b 9269.8431 09 10 1993 08:14 300s Ha 50 000
1993c¢ 9270.8375 10 10 1993 08:06 180s Ha 50 000
1993d 9270.8701 10 10 1993 08:53 180s Ha 50 000
1993e 9271.8229 11 10 1993 07:45 120s Ha 50 000
1993f 9272.8340 12 10 1993 08:01 120s Ha 50 000
1993g 9269.8097 09 10 1993 07:26 300s NalD 55 000
1993h 9270.8076 10 10 1993 07:23 600s NalD 55 000
1993i 9271.7917 11 10 1993 07:00 600s NalD 55 000
1993j 9272.7979 12 10 1993 07:09 600s NalD 55 000
1993k 9273.8563 13 10 1993 08:33 600s NalD 55 000
19931 9274.8833 14 10 1993 09:12 600s NalD 55 000
1994a 9363.780 11 01 1994 06:43 600s Ha 55 000
1994b 9364.708 12 01 1994 05:00 6000s Call K 55 000
1994c 9365.779 13 01 1994 06:42 3000s [OI]A6300 55 000
1994d 9733.2592 16 01 1994 06:13 1200s NalD 55 000

By = Bg +0.993 (2)
Vi = Vi + 0.052. (3)

The (V —1I) and (V — R) colours in the Johnson system
were transformed to the Cousins system using the formu-
lae derived by Bessell (1979). Note that the Strémgren
photometry of HD 45677 in Sterken et al. (1993) are not
included in Table 2 because they are in fact measurements
of another star. Also note that in the paper by Feinstein
et al. (1976), the labels m; and ¢; have been interchanged
in their Table 2.

The light curve for the visual magnitude in the
Johnson system, further quoted as V', vs. the Julian date,
JD, of HD 45677 is shown in Fig. 1. From this figure one
can clearly identify a very deep minimum of long duration
around 1981 (~ JD 2444500). Furthermore, superimposed
on this relatively large variation rough changes between
the different groups of data points and changes within
such concentrations of measurements can be seen. These
variations will be analyzed separately and quoted as long,
intermediate and short time scale variations, respectively.

3.1. Long time scale variations/obscuration

The light curve of HD 45677 plotted in Fig. 1a shows an
asymmetric, long (At & 44 years), and deep (AV ~ 1'6)
minimum. Although in the beginning of the monitoring,
around 1899, HD 45677 is rather stable, it seems to get
brighter with increasing variations, from 73 with Amy,
072 at 1900 up to 70 with Ampe 04 around 1940. From
this year on HD 45677 seems to faint which probably starts
to become significant around 1950. This trend could be the
beginning of the deep minimum. If we extrapolate linearly
by connecting the minima of the data-points of the shorter
time scale variations in Fig. 1a, until the mean magnitude
of 72 from before 1950 is reached again, we find that we
expect that HD 45677 will remain increasing in brightness
until about the year 2020. We believe therefore that Fig.
1b only shows a part, including the minimum, of a varia-
tion in brightness on a time scale longer, ~70 years, than
the one covered in our light curve.

From the photoelectric measurements taken between
1971 and 1993, connected by linear interpolation to the
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Fig. 2. Photometry of HD 45677 in the Johnson/Cousins system from 1971 to 1994

photographic magnitudes from before, the slope of the
decreasing brightness is seen steeper than the branch of
increasing brightness which starts at the turning point at
~1981. By the extrapolation to 2020, the speeds of the
brightness changes are determined to be 005 year—! and
0004 year—! for the decreasing and increasing branches,
respectively. The difference, which is significant on this
time scale, means that the mechanism responsible for the
increasing branch is not simply a reversed effect of the
mechanism causing the decrease in brightness.

Changes in photometric colour indices are measurable,
but relatively small compared to the ones in V. Figure 2
show the light curves in both visual magnitude and colours
in the Johnson/Cousins photometric system over the last
20 years. From these figures it is easily seen that, super-

imposed on variation on smaller time scales, the U — B
and B — V colours have shown a trend of getting redder
during the last 20 years by about 071, during the phase
of increasing brightness. The scatter in the data of these
colours is too large to follow this trend during the obscu-
ration phase as well, but an indication of this behaviour
can be seen in the B — V colour.

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

3.2. Short time scale variations/flickering

To understand the way the intermediate variations
are distributed it is better first to explain the short
time scale variations, i.e. to study whether they are
caused by obscurations or brightenings. Short time scale
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literature

JD —2400000 Photometric system Reference

14943-38409 Photographic Swings & Swings (1972)
~ 36360 UBV Mendoza (1958)

~ 39280 uvbyB Cameron (1966)

~ 39830 UBV Haupt & Schroll (1974)
~ 40010 UBV(R); Low et al. (1970)

~ 40740 UBV(RI); Low et al. (1970)

~ 41025 UBV(RI)j Swings & Allen (1971)
~ 41025 UBV Penston (1973)
41369-42802 UBV + uvby Feinstein et al. (1976)

4099444633
42784-45808
43124-43902
44596-44633
46391-47595
47793-48350
43773-48978
48500-49200

Geneva UB1 BBy V1 VG
UBV(RI)c + uvbypf
UBV + uvby
Walraven WU LBV
BV

BV

IUE V(FES)

BV

Gilbert (1994)
Kilkenny et al. (1985)
de Winter et al. (1996)
de Winter et al. (1996)
Halbedel (1989)
Halbedel (1991)

Pérez (1994)

Sitko et al. (1994)

48932-48997 UBV(RI)j Bergner et al. (1995)
44589-49372  UBV(RI)g de Winter et al. (1996)
49022-49359 uvbyB de Winter et al. (1996)

variations are seen in the lightcurve as dense groups of
data points. The typical time scales vary from several
days to several hours, depending on the monitoring pro-
grammes. They can be easily studied by constructing light
curves and colour-magnitude diagrams over several short
periods during the last twenty years. Pérez et al. (1993)
suggested the presence of short time scale “pulse-like”, or
“flickering”, type of variations, characteristic of instabili-
ties in accretion flows.

We examined light curves and colour-magnitude dia-
grams of several datasets obtained within several days,
which are denoted in Fig. 1b as A-E. UBV and
Stromgren data of Feinstein et al. (1976), sets A and B
respectively, are shown in Fig. 3. As can be seen from
this figure, HD 45677 shows irregular minima and max-
ima of which the time scale seems to be up to days, see
plot B1 of Fig. 3. These “pulse-like” variations from night
to night, and their colours clearly indicate a dependence
on magnitude: the blue colours, U — B, u —v and v — b
are getting redder as the magnitude decreases but then
colours like B—V and b—y become bluer. A better exam-
ple of the “pulse-like” behaviour and their colour effects
are seen in the same figure for the transformed Geneva
colours of Gilbert (1994), set C, and the BV observations
of Halbedel (1989), set D (see next section). At decreasing
brightness the U — B colour of sets A and C gets redder
while B —V becomes bluer again. The amount of the get-
ting redder seems to increase slightly towards the blue, i.e.
most strongest in u — v. Even in the colours U — B and
v—>b the getting bluer is significant higher than the getting
redder in the b —y and B —V colours. The Walraven data
in Table 1 of Paper I confirms this behaviour.

3.3. Intermediate time scale variations/semi periodic

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

A clear representation of these changes, in the pho-
toelectric data, are only given beyond JD ~2446000. Be-
fore this, HD 45677 was not monitored sufficiently regu-
lar. The empty intervals in the lightcurve (Fig. 1b) are
the reason for the difficulties to explain these variations
by Halbedel (1989) and Feinstein et al. (1976). Producing
colour-magnitude diagrams for the intermediate time scale
variations is not easy because of the different photometric
systems used for the measurements. However, using the
BV data from Halbedel (1989, 1991), Sitko et al. (1994)
and from Paper I, which extend over several similar years,
a slight relation is seen between B —V and V' (Fig. 3).
Superimposed on the short time scale variations and their
colour dependencies a reddening is seen with decreasing
brightness. Because of the lack of other colours measured
over such time intervals their effects are not known.

4. Analysis of the spectroscopic behaviour

As we have seen dramatic changes in the photometry of
HD 45677 on different time scales one could expect to see
such changes in the spectroscopic behaviour as well. In-
deed, spectral variations have been observed for the lines
of Mgi11, He1 and slightly in Ca1l (Swings et al. 1980).
Because of the high radial velocities measured for the Hel
and Mg1I lines, 150—200 km s~!, those lines are thought
to be formed close to the stellar surface. For the H§ and
H~ lines more dramatic variations are seen as well, most
significantly in the violet parts of the profiles and on time
scales ranging from hours up to days (Merrill 1952; Swings
et al. 1980). Similar variations in the H~y profiles were
already reported on a longer time scale on plates taken
between 1923 and 1947 (Swings & Struve 1943; Merrill
1952). Although Swings & Allen (1971) did not report
any correlations of line variations with detected photo-
metric changes, we can give a more exact view at the mo-
ment since more spectroscopic observations overlap with
the different time scales of the photometric variations.
To study the long time scale variations we use as a
starting point the spectral descriptions of Merrill (1928)
and of Swings et al. (1980). We have searched for addi-
tional spectra which are listed in Table 1. This summary
is certainly not complete as 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 Table 1, will be
discussed in detail by Israelian et al. (1996). We refer to
the spectra in the following sections by their number, the
year of observation, as listed in Col. 1 of Table 1. Most
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historical known spectra are of low resolution. It is there-
fore only possible to make use of our own low and inter-
mediate resolution spectra for these purposes. As our low
resolution spectra are quite similar we have only presented
the 1992e and 1992g in Fig. 4, together with the line iden-
tifications which will be discussed. For a similar reason
the 1992b intermediate resolution spectrum is not shown
in Fig. 5. However, from the presented Ha profiles clear
changes are seen.

Investigating such short time scale variations, as also
known from the literature, we use our monitoring data. We
have obtained time series with a duration of 6 days by high
resolution spectroscopy in two wavelength regions. Besides
spectra centered on the Ha laboratory wavelength, with a
resolving power of 50 000, we have monitored the Na1D
lines, with a resolving power of 55 000. The choice for this
line is inspired by the clear detection of accreting cool
material in the case of the Herbig Ae star UX Ori (Grinin
et al. 1994). Furthermore, our setup includes the He1 line
at 5876 A and the [Fe11] line at 5870 A. The Na1D and
Ha time series were taken in October 1993. One other
spectrum, in both regions, was obtained in January 1995.
The spectra are plotted in Figs. 9a and 10a.

There is no spectral data that would illustrate changes
on intermediate time scales in either low or high resolu-
tion. This will therefore not be discussed.

4.1. Long time scale variations

The existence of an extended gaseous shell of considerable
density was first inferred from the appearance of nebu-

lar lines of [O1] at 6300 A and 6363 A and of [S11] at
4068 A (Merrill & Burwell 1933; Swings & Allen 1971).
Contrary to spectroscopic variations as mentioned
above, the forbidden lines, like [Fe11], [O1], [N11], are sta-
ble; no clear changes are seen since the first detections.
Probably those lines are formed in an extended region far
away from the central star, see Fig. 13 of Swings (1973).
The red [S11] lines were not detected and the [N11] lines
very weak. As reported by Swings (1973), the FeII lines are
double peaked and more dispersed than the [FeTi] lines.
Because of the wide variety of the spectroscopic data in
wavelength coverage and resolution we will discuss them
by each group separately. In some cases a more detailed
description will be given by Israelian et al. (1996).

4.1.1. Visual: Low and intermediate resolution spectra

In the 1971 and 1992 spectra, Ha is seen in emission ac-
companied at the red side by the [N11] line. In the in-
termediate resolution 1992a and b spectra He is also ac-
companied at the blue side by the weaker [N11] line of
the same multiplet. Both are in emission. It is also seen
in most other spectra, like in 1989, in which Ha shows
self-absorption. The velocities and line profiles measured
in the 1989 spectrum are similar to those reported be-
fore, e.g. Merrill (1952). However, the Ha profile is very
complex. We will discuss this further in Sect. 4.2.2.

In the 1992c—e spectra, as in the previous ones, the
O1 lines at 7774 A and 8446 A are very strong. The [S11]
lines, which were not detected before, are weakly in emis-
sion (spectra 1992a and b). No differences can be seen
for the Felr lines in the 1992 spectra and those observed
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Table 3. Identified emission lines in the low- and intermedi-
ate-resolution spectra of HD 45677, Figs. 4 and 5. Uncertain
identifications are given between brackets

Element Multiplets n

Hi 1, 9, 10, 11, 12, (13) 3:af7, 2,5, 5, 4, (1)

Ni 1,2,3 3,1,

Oi 1,4 3,3

Mgi 2, 14, 23 1,2,2

Mg ii 8, 16 2,1

Caii 2 1(2)

Feii 27, 37, 38, 40, 42, (46), 2(1), 5(1), 4, 2, 3, (2),
48, 49, 55, 74, 7 2(2),4,1,2(4),7

INi] 1 2

[N ii] 1,3 2(1), 1

[O1] 1 2

[Sii] 2 2

[Crii] 1 4

[Fe i) 6, 7,13, 14, 15, 17 2,4(1),1,3,2,4
18, 19, 20, 21, 34, 43 2(1), 4(1), 8(1), 3,1, 1

[Niii] 2 2

before. The Hvy and other blue hydrogen line profiles con-
firm the detections given by Swings (1973) and Swings et
al. (1980). From 1964 to 1966 emission components ap-
peared in the blue hydrogen lines, from H10 up to H5 (=
He). In 1979 H~y shows central emission. In 1974, Swings
(1974) reported that Hvy exhibits a very strong P Cygni
profile. In 1966 no emission is seen. Furthermore, the
known strong iron emission lines were observed double
peaked, separated by Av ~ 30 km s~!, being the same
value as reported above. In the 1992a and b spectra Hy
is seen in emission with a central emission embedded in a
photospheric absorption line, as the profile was observed
in the 1971 spectra. In the 1992 intermediate resolution
spectra we also note that the Fell lines are relatively
broad, when compared to typical nebular lines as [N11,
[S11] and [O1] in the same spectra. The Fe1I lines also hide
traces of double peaked profiles with a separation of about
40—60 km s~!, which is somewhat higher than in the spec-
tra taken before the photometric minimum. Although the
Fe1l lines are relatively broad and the resolution of the
1992 spectra are too low to determine good velocities,
most identified lines seem to be centered on a velocity
of about 20 km s~ 1.

The properties of the described spectra are similar to
those observed and discussed by Swings (1973) and Swings
et al. (1980). Even the short time scale variations reported
in these papers are seen in the 1992 intermediate reso-
lution spectra. We have compared both of the spectra,
1992a and 1992b. The difference spectrum (not shown
here) clearly indicates significant changes in the Ha line
while all other lines seem to be stable. In the 1992b spec-
trum we clearly have a broad extra absorption at the blue
side of the Ha spectrum, as well as two small absorption
components at +4 and —60 km s~!. In the next section
we will discuss the Ha profile in more detail.

D. de Winter and M.E. van den Ancker: The peculiar Ble] star HD 45677

4.1.2. Visual: high resolution spectra

High resolution spectra of HD 45677 are rare. A com-
parison of our data with other spectra, besides the
hydrogen lines, is therefore not possible. However, we
will discuss here the spectra mentioned in Table 1 of
Cau K (Fig. 6) and [O1]A6300 (Fig. 7) including the Mg1
6318.23/.75 A doublet (Fig. 8). The other high resolution
spectra will be discussed in the next section.

A Hp spectrum from Doazan et al. (1991) shows a
strong double peaked emission line with the red compo-
nent much stronger than the violet peak similar to the
1989a spectrum and the ones reported before (e.g. Merrill
1928). However, the peak separation in the H3 spectra by
Doazan et al. (1991) and by Merrill (1928) is much big-
ger (150 and 170 km s~ !, respectively) than in all the Ha
spectra (= 75 km s~1). This difference supports our inter-
pretation of the double-peaked structure of the hydrogen
lines as being due to self-absorption rather than being due
to two separate regions of hydrogen emission. For our 1993
Ha spectra the two peaks differ less in strength than in the
1988b Hf spectrum, while in the 1992a and b Ha spectra
we even have V/R~1. This indicates a strong variability
of the hydrogen lines as noted previously by Swings et al.
(1980).

The Cal1 K line is seen with the absorption center at
20 km s~1. At the blue and red side of this narrow line (the
maximum velocity dispersion, at the continuum level, is
less than 50 km s~1) weak emission is seen. This profile
is identical to the ones from 1932 to 1947 (Merrill 1952)
and similar to the one mentioned by Swings (1973). The
[O1]A6300 and the MgI doublet are in emission with the
central peak at about 20 km s—!. Although the velocity
dispersion of the [O 1] line is higher, about 90 km s~!, than
the Ca1I line, it is much lower than the 250 km s~! of the
Mg1 doublet. Note also that the latter is asymmetric with
extra emission at the blue side of its profile extending to
150 km s~!, whereas in the red part the velocity goes up
to about 100 km s~ 1.

From the velocities we conclude that the MgI line is
formed closer to the central star than the [O 1]A6300, which
must be formed in an extended low density region. Al-
though Mg1 will be destroyed close to the central star
there must be some outflow of this material. Also the emis-
sion in the Ca1I resonance line shows the presence of some
cool material. When distributed in a disk this material
must be very dense as seen by the strong self-absorption
line.

4.1.3. Red spectra

In comparing the red spectra of 1971b and 1973, although
the 1971b spectrum is of poor quality, we see in the 1971b
spectrum He1 6678 A in emission but not in the 1973 spec-
trum. In 1973 Fe1r 7712 A and O17774 A are in emission
but in 1971b weak or probably not. In the red part of
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plots for Ha

1992¢ and in 1992d the Fe11 7712 A, [Fe1] 7732 A and O1
7774 A are seen in emission, similar to the 1973 situation.
In 1993 these lines are also visible in emission, only the
O1 line was weaker than it was in 1992d. In the 1989b
spectrum the O1 8446 A is strong in emission, also the
Paschen lines and many Fell lines are in emission, very
similar to the 1973 situation. The same wavelength region
of the 1992d spectrum looks exactly like in the previous
ones, with the exception of the one detecting the decreas-
ing strength of O1 7774 A.

4.1.4. NIR spectra

The 1988 spectra look exactly as the ones of HD 87643 and
CD—42°11721, two other well known Ble]-stars. Only H-
lines are in emission, no other features are seen. No other
corresponding spectra are available for comparison.

4.2. Short time scale variations

The high resolution sodium and Ha line profiles are pre-
sented in Fig. 9a and Fig. 10a, respectively. Their charac-
teristics will be presented separately. A more qualitatively
modeling on these spectra will be presented in another pa-
per (Israelian et al. 1996).

4.2.1. The sodium spectra

It is striking to see that in all spectra the Na1D lines
are significantly in emission with a strong absorption core
at 20 km s~!, similar to the observed Ca1 K line. The
emission components of the D; lines is somewhat stronger
than the D> line, as usual, but combined with the rel-
atively strong self-absorption component the Do profile
looks somewhat different. The interstellar component is
not visible and is probably blended in the broad circum-
stellar absorption feature.
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Between the spectra taken in 1993 and the one of 1995,
no dramatic changes are seen, although the strong telluric
waterlines could give a wrong impression. However, com-
paring the time series spectra to each other, using the
difference between a spectrum and the one of 09/10/1993,
it is clear that day by day variations are significant in both
the Na1D and the HeI lines (Fig. 9b). Note the changes of
the emission strength at the blue sides of the Na1D lines.
However, the wings of the red sides of these lines are re-
markably stable as they all extent up to 147 & 5 km s~!
for the D; and up to 140 & 5 km s~! for the Dy compo-
nents. Similar profiles, but with more dramatic changes,
are observed by Israelian et al. (1996) on a somewhat
longer time scale.

1.25

Relative Intensity

0.00 :
—400

v, (km/s)

Fig. 6. High resolution Cain K spectrum of
rebinned to heliocentric velocities

HD 45677,

Relative Intensity

I I
—200

I
-100 0 100 200

v, (km/s)

Fig. 7. High resolution [O1A6300 spectrum of HD 45677,
rebinned to heliocentric velocities

In the spectra of 13 and 14/10/1993 the blue emis-
sion wings are quite strong and extend up to —99
+ 3 kms! and —65 £ 5 km s™!, respectively, while on
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Fig. 8. High resolution spectrum of the Mgi1 6318.23 +
6318.75 A doublet of HD 45677, rebinned to heliocentric
velocities

10 and 11/10/1993 these blue parts are depressed, and
show even weak narrow absorption components at —18
+1 kms! (not to be confused with the telluric wa-
terline as seen in the 16/1/1995 spectrum). On 09
and 12/10/1993 these weak lines are located at —11
+ 1 km s™!. An extra wide but very weak absorption is
also seen on 11/10/1993 at —75 + 2 km s~ 1.

The blueshifted weak absorption components seem to
be dynamical on a daily time scale, but can also appear for
a few days, with relatively large changes in their velocities.
In our time series this 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

Several Ha spectra were taken in the same nights as the
Na1D spectra. The one taken on 11/01,/1994 is somewhat
saturated, as is the 09/10/1993 spectrum slightly overex-
posed. As we noticed only small daily changes between
the Na1D spectra, the same seems to be the case for the
quasi-simultaneously taken Ha profiles, see Fig. 10a. The
Ha profiles are quite complex. A strong self-absorption
component at +11 £ 1 km s~! is visible in all the spec-
tra. However, it is not located at the center of the emission
profile.

We have determined the center of the emission pro-
file by the fitting of a Gaussian to the observed profiles
and to modified ones, in which the absorption compo-
nents are deleted by interpolation. The results of both
fitting procedures are almost identical. The emission peak
seems to shift from +37.5 £ 1 km s~ for the 09/10/1993
profile to +40.5 £+ 1 km s~ for the 12/10/1993 spectrum,
with a daily step of +1 km s~!. This is almost 10 km s~!
higher than the radial velocity of the He lines before 1928
(Merrill 1928). The velocity offset between the Ha emis-
sion and systemic velocity from +17.5 to +20.5 km s~!
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Fig. 9. a) High resolution Na1 D spectra of HD 45677, rebinned to heliocentric velocities. b) The same spectra but taken as

the difference compared to the one of 09/10/1993

indicates gaseous movements and acceleration towards the
central star. It would be interesting to monitor HD 45677
daily for a longer time-interval to reconfirm such a mech-
anism.

In a plot of the differences between the spectra (Fig.
10b), the daily movement is seen as the sharp extra
emission on the red side. Furthermore it is clear that
an extremely broad and very weak component in the
Ha profile changes from a slightly redshifted absorption
(10/10/1993), in fact less emission as it is the difference
spectrum with the one taken on 09/10/1993, to extra
blueshifted emission (11 and 12/10/1993), note the veloc-
ity dispersion close to the continuum level in these spectra.
Again, this daily change visible as small V/R-variations,
with an extremely broad velocity dispersion, is either due
to the underlying photospheric line or to variations in the
wings of the emission profile. Anyway, it seems that in-
falling gaseous material is followed by extra outflow. This
process must be studied further, but it will be related to
a region close to the stellar surface.

Another important detection in the Ha profiles are
the weaker absorption components and very weak dips,

besides the very strong absorption line at +11 km s—!.

We detected these components at —80, —37, +49 and
+90 km s~!. For the weaker ones the error is about
5 km s~!. The redshifted components are more prominent.

Table 4. SED fit results for HD 45677 at different V'

magnitudes

JD V E(B-V) Ry Ay Vo L,/d?
—2440000 [1072 Lg/pc?]
A~ 700  8™18 0™27 48 1M30 6™M88 1.16
2785.51 8™49 0™30 5.6 1M68  6M81 1.13
3862.68 8M74 028 > 5.8 > 1M62 < 712 > 0.90
4596.77  8™71  0™30 > 5.8 > 1M74 < 6M97 > 0.89
4977.45 856 0™30 5.6 1768 6788 1.04
497750 8™57  0™33 54 1M78  6™79 1.17
4978.46 8™53 030 5.6 1M68 6785 1.10
5331.52 8M55 0™30 5.4 1M62  6M93 1.03
5332.42 8M59 028 5.8 1M62  6M97 1.02
8700.31 7M96 0M31 4.4 1™36  6M60 1.23
Error 0™o1  0™02 0.2 0™05  0™06 0™03
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5. The spectral energy distributions

To obtain more information about the variations of the
continuum light in the different episodes during the long
time scale variations of HD 45677 we have constructed
the spectral energy distribution (SED), from the UV to
the infrared wavelength ranges, for several V' magnitudes.
An attempt was made to use as much simultaneous mea-
sured data as possible in these SEDs, but simultaneous
blue and optical photometry and UV spectrophotometric
data were available for a few dates only. Data measured
at slightly different times, but at the same stellar bright-
ness were therefore combined into one SED. The SEDs
were corrected for interstellar and circumstellar extinc-
tion by comparing the observed fluxes to the theoretically
observed flux (F'*") at earth in a photometric system:

oo 2
Fth = /O (”dlz* Fidex (—?—%)) SxdA. (4)

In this formula F) is the flux emitted by the star per
surface unit, R, is the stellar radius, d is the stellar dis-
tance, A, is the total extinction at a given wavelength
(in magnitudes) and S} is the transmission function (nor-
malized to unity) of the photometric filter. F was taken
from the Kurucz (1991) model for a B2 V star, assum-
ing solar abundance. Ay was obtained from the extinction
laws by Steenman & Thé (1991), using the relation Ay =
Ry x E(B—V), with Ry the ratio of total to selective ex-
tinction. A best value of this Ry, according to the x? test,
was determined using a trial and error method. Since R,
and d are not accurately known we fitted the parameter
(R,/d)? to the observed fluxes for each value of Ry . The
results of the fit procedure are listed in Table 4 and a typ-
ical resulting SED fit is shown in Fig. 11. In this figure we
notice a very good fit to the theoretical Kurucz model in
the ultraviolet and in the optical, with a large amount of
excess radiation above photospheric levels in the infrared.
The presence and appearance of this infrared excess once
again indicates the existence of circumstellar dust around
HD 45677.

From the SED, we also computed the scaled stellar
luminosity using the following formula:

L,

ﬁ - 47T/O F)\,Kuruczd)\7 (5)

with F) kurucz the Kurucz model flux, fitted to the
extinction-corrected SED. These scaled stellar luminosi-
ties are also listed in Table 4.

Again using Eq. (5), we also computed the total lumi-
nosity of the infrared excess of HD 45677 by taking F)\
from a (-spline fitted to the extinction-corrected SED of
HD 45677 minus the corresponding Kurucz model flux.
Beyond the last wavelength at which we have observa-
tional data, this model was extrapolated with a Planck-
ian curve of 900 K, smoothly joined to the slope of
the last spline curve. The resulting scaled luminosity of

291

the infrared excess (Ligrg) turns out to be about 0.26
1072 Lg/pc?, or about 28% of the stellar luminosity.
When we also compute the fraction of the stellar luminos-
ity absorbed by dust in the blue and ultraviolet (Laps.) by
taking the difference between the luminosities of the Ku-
rucz model fitted to the extinction-corrected SED and a
version of this model reddened with the parameters listed
in Table 4, we typically obtain values like 82% of the
stellar luminosity. The ratio Laps. /Lirg ~3.0. The fact
that Laps. > Ligrg suggests that either we are seeing a
star/disk system at a small inclination angle, or that % of
the star’s total extinction must be interstellar rather than
circumstellar as % is necessary to produce the re-radiated
light as Ligg. In view of the discussion in the previous
sections, the first possibility seems more likely.

6. Discussion of the variations
6.1. The photometric variations
6.1.1. Long time scale variations/obscuration

Let us consider the decrease in brightness of HD 45677
from V = 72 to V = 8”8 as being due to long-term ef-
fects (the brighter data-points of the minimum V = 88
may be due to shorter time scale variations, which will
be discussed in the next two subsections). If we think of
this long-term variation as being caused by some obscu-
ration effect, one would need to cover ~77% of the stellar
surface. As was discussed for the pre-main sequence star
UX Ori (Bibo & Thé 1991), these amounts are difficult to
realize by intrinsic stellar activities such as star spots, but
a slow recovery would explain the relatively slow increase
in brightness.

The large changes in V at the long time scale, decen-
nial, and the form of the light curve are also not easily
understood by means of obscuration effects like eclipsing
by companion(s). The large AV would indicate a nearly
total eclipse. Because the complete minimum itself already
takes several decennia, the period would be extremely
long, indicating a very wide binary or one with a very
slow moving eclipsing object. The orbital period of the
companion can be much shorter if one explains the long
duration of the minimum as one at apastron in a very ec-
centric orbit, but this can not explain the asymmetric min-
imum. Another argument against an eclipsing companion
is the absence of any periodicity in the radial velocity vari-
ations of HD 45677 (Swings & Allen 1971). However, these
amounts of obscuration could be realized by the presence
of large (> 1 pm), presumably circumstellar, dust parti-
cles in our line of sight, which will not redden the light of
the star, but simply obscure the stellar radiation from the
UV to the near infrared.

The colour changes on the long time scale are quite
remarkable. The U — B and B — V are getting red-
der throughout the available data, while the opposite
colour changes are seen for V' — R and V — I during the
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period of increasing brightness. The complete photometric
behaviour can thus not be explained as a simple obscura-
tion effect, as hypothetically discussed above: In that case
the getting bluer would be followed by a getting redder
again when the star recovers in brightness. In case of pure
extra extinction one expects all the colours to get redder.
However, if we have a distribution consisting of two dis-
tinct grain sizes, as proposed before by SchulteLadbeck et
al. (1993), of small grains (< 0.5 pum) located in the polar
lobs and of large grains located in the disk, an increase of
both grain populations can produce the observed colour
effect. In the polar lobs scattered light will increase and be-
ing more reddened by the extra extinction, whereas in the
optically thick disk extinction due to larger grains is dom-
inant more efficiently to the longer wavelengths. Such a
mechanism effects the visual radiation the less and can ex-
plain the colour behaviour. The production of grey grains
shortly after a blow-out or evaporation of a cometary body
could account for the large obscuration as measured in all
pass-bands and the possible getting redder of the V — R
and mainly the V' —TI colours due to extra extinction before
the minimum if this was the case.

The difficulty with this scenario is the steady contin-
uation of the UBV colour effects. To account for the re-
quired continuous production of small grains out of the
larger ones, we need a constant production mechanism to
do so, such as a stellar wind, stellar radiation field or mass
accretion or a combination of these processes. (a) If accre-
tion is the process, the destruction of the large grains will
increase the brightness, small grains will be produced in
the polar lobs. Accretion could produce a more compact
disk, also explaining the decrease of total infrared flux
(Sitko et al. 1994), and therefore getting optically thicker
accounting for the extra extinction in the red. In such a
model the production of grey grains is then followed by ac-
cretion, contributing to the destruction of the large grains
mostly close by the central star. (b) Destruction of the
grey grains by the stellar wind and the stellar radiation
field will create the small grains in outer regions. Scat-
tering at these grains will be added by the scattering in
and near a bipolar flow. Radiation and stellar wind pres-
sure could produce a more compressed “ring” of the blown
out material to produce the extra extinction. However,
when getting thinner reduced extinction due to its expan-
sion must be compensated in this case. The brightening of
HD 45677 in this case would be due to evaporation of dust
by the stellar radiation and a stellar wind.

Additionally to (a) and (b), if the grey grains were
produced by a blow-out around 1950, this material will
continue to expand, becoming less efficient in the obscu-
ration. We must note here that the obscuration due to
grey grains supports the hypothesis by Sitko et al. (1994).
Support for our suggestion that the small grains can also
be (continuously) generated by accretion, which is then
also seen by an energetic bipolar flow, is given by Grady
et al. (1993).
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Another model to produce changes in the grain size
distribution is to introduce a magnetic field. After the
blow-out, the magnetic field recovers in strength, causing
a more efficient alignment of the dust particles in time. For
this effect one spheroid grain population is needed. Then
the colour effects will continue until the original magnetic
field is recovered. The brightness variations can be ex-
plained in the same way as above. However, this model
does not need a bipolar flow of which the existence is still
hypothetical.

6.1.2. Short time scale variations/flickering

In the paper of Pérez et al. (1993) a strong near-UV ex-
cess was reported. If this relatively strong near-UV excess
is explained by scattering, as mentioned before in the two
grain population model, it will be stable throughout the
detected short time scale variations. However, variable ex-
tra extinction, due to the production of small grains by
accretion, on the scattered and the blue stellar light will
effect the near-UV colour more than the blue. If the grains
are small enough they will redden the blue colours most
efficient, which will result in the colour behaviour as de-
tected. A support for the production of small grains is
that, if we explain the photometric short time scale vari-
ations as due to variable extinction, their reddening slope
indicates Ry values < 3.1.

The shortest time scale variations are then seen as
brightening effects in the visual by: re-radiation from the
extinction in the blue and near-UV and by the extra ac-
cretion luminosity. The resulting “flickering” acts on a
time scale of days, as resolved by our new Stromgren 1993
dataset (E) as shown in Fig. 3.

In plots E1-3 of Fig. 3 only a part of one “pulse-like”
variation, with a daily trend of diminishing brightness,
during the three following nights is seen. Superimposed
on this, small brightenings are seen on a time scale of
several minutes. As both kinds of “flickering” show the
same trends in the colour-magnitude diagrams, see plot E6
of Fig. 3, they are probably of the same origin and are not
due to scatter in the data as their errors are of about 0™008
(de Winter et al. 1996) and even less when taken during
one night, as is the case. In this case the short time scale
“flickering” of minutes are instabilities in the “pulse-like”
variations of days. However, here all the colour variations
are orientated towards the red at increasing light with a
large scatter in the u — v colour, which becomes visible
as the points are chronological connected to each other in
these plots by lines. We explain these shortest time scale
variations as being brightenings due to accretion which
will be reflected by grains, being more effective in the less
bluer passbands of the observed colours. In this period,
1993, either no extra extinction due to produced small
grains seems to be present, which explained the reddening
of some colours of the other short time scale variations, as
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before and during the minimum at 1981 or the monitoring
period was to short to detect this effect.

The amplitude of the short time scale variations within
the different datasets does not seem to vary much, this is
best seen in Fig. 1b. The flickering seems therefore present
before and after the maximum obscuration around 1981.

We must note that due to inhomogeneities in the cir-
cumstellar material there may be moments during which
we can look to regions closer to the star which can produce
similar effects as mentioned above. In this case variations
within a few minutes of 0™015, in the 1993 Stromgren
data, is equivalent with about 1 to 2% less obscuration
of the surface of the central regions. But also in this case
these variations are brightening effects.

6.1.3. Intermediate time scale variations/semi periodic

Although colour changes of the intermediate time scale
variations could only be studied in B — V, we can fit
them well with the other variations seen when we explain
them as obscuration effects by concentrations of dust. The
higher extinction then causes the extra reddening with de-
creasing brightness. If the average grain-size is large this
effect will not be significant. A support for this hypothe-
sis is the large Ry -value of the reddening slope in the V
versus B — V diagram of about 7.0—7.5.

Rotation of such dust clouds around the central
star could cause the obscurations, extra reddening and
recovering in brightness as seen in the lightcurve of
HD 45677, Fig. 1b. However, the decrease of brightness
in 1989 and 1992 seems to occur slowly compared to the
getting brighter in 1991. This can be explained as due to
the superpositions of the brightening in the long time scale
variations. Another explanation for the intermediate time
scale variations is the production of large grains at certain
moments. The getting brighter is then due to the subse-
quent destruction of such grains or the rotating away of
these regions from our line of sight.

As we have seen that the short time scale variations are
brightening effects, the same could be true for the interme-
diate time scale variations. In that case we have maxima
during 1988 and 1992. Just before these maxima we see in
Fig. 1b that the “flickering” amplitude is relatively high,
followed by a decrease during the maxima and after that
getting larger again. In this picture there seems to be a
connection between the short time scale accretion and the
intermediate time scale variations. The latter can be ex-
plained by infall of circumstellar material which lasts 1-2
years and which produces minima. Then the dense obscur-
ing material will be destroyed by accretion as seen by the
short time scale variations. The infall explanation will not
violate the B — V colour effects for the intermediate time
scale variations, it is still due to extra CS extinction. Here
the brightening and fading are simply due to the accretion
efficiency and do not need a complex explanation.
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Continued monitoring, both in magnitude and in
colours, of HD 45677 is necessary to select the correct
mechanism.

6.1.4. Variations in Ry values

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

These variations of the Ry values with stellar bright-
ness had previously also been found by Brown et al. (1995)
from UV extinction curves, in which they found the value
of Ry for the total extinction towards HD 45677 to vary
between 4 and 5. Brown et al. (1995) did also note that the
value of Ry for individual dust clouds around HD 45677
must be much larger (Ry > 7), see also Sect. 6.3.

From the variations of Ry with brightness we conclude
also that the long time scale variations are not caused by
intrinsic variations of the central star, but to an exter-
nal effect. A change in the average particle size in the
circumstellar dust would indeed change the circumstellar
extinction law. Note that the derived Ry values describe
a theoretical extinction law of Steenman & Thé (1991)
which is taken to be the observed average extinction law
from the UV to the near-IR, but wavelength-dependent
deviations of this law due to other grain populations can
be expected.

6.2. The spectroscopic behaviour
6.2.1. Long time scale variations

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

An exception is the Fell spectrum. As reported the
Fe1l lines are double peaked and more dispersed that the
[Fe11] lines. The FelI lines are thus formed in another re-
gion, closer to the star with gases moving at higher veloci-
ties and therefore with wider emission profiles. Since there
is no central re-absorption, the outer material is optically
thin for this radiation. This leaves the double peaked Fe11
to be explained by a rotating disk or ring with 16 km s~*.
In all observations made Fe 11 shows an emission spectrum
including the forbidden transitions. Note the remarkably
stable average radial velocity of 18 + 7 km s~! (Swings
& Allen 1971). The so-called stellar lines are stable at a
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somewhat higher displacement, 24 47 km s~!. This is ex-
plained by outflowing material as the bright lines show
absorption cores in their violet wing and low V/R values
for most hydrogen lines (Merrill 1928).

In the 1992 intermediate resolution spectra the double
peaked profiles show separations of about 40 — 60 km s,
which is somewhat higher than in the spectra taken be-
fore the photometric minimum. This can be explained by
assuming that the Fell lines are formed in the disk region
which contains gas, moving faster than before 1982, and
dense enough for some self-absorption, or with a higher
rotation velocity. The stable identified nebular lines must
be produced in a region further out, but in a region which
is not much flattened and of which the velocity dispersion
is low as they are not as broad as the FelI lines.

In combination with the dramatic photometric changes
(thus in the continuum), we conclude that these do not
seem to affect the spectral lines much. The mechanism
causing the photometric changes is thus either sepa-
rated from the line forming regions or not influencing the
amount and other properties of the gaseous material. Fur-
thermore, indications for the existence of a disk like region
by spectral lines and their profiles are based on data taken
and models proposed far before the 1950 event.

6.2.2. Short time scale variations

Although the long time scale variations are only seen for
the photometric behaviour, short time scale changes in
line profiles were reported above as well as before in many
papers (Merrill 1928; Swings et al. 1980). This indicates
that HD 45677 was already active in the beginning of this
century. To have a better view of such behaviour today we
monitored HD 45677 for several days around the Na1D
lines, including He1, and Ha.

First of all we detected the Na1D lines to be in emis-
sion. If we take a one atom thick shell of neutral sodium
at a distance of roughly 1 AU from a B2 V central star,
all of this material will be evaporated and ionized within
1 second. The presence of D; and D- emission profiles,
therefore, indicates the existence of cool material far away
from the hot central star. On the one hand the slight P
Cygni nature of these lines proves the existence of out-
flowing radiating cool gas from the central star. On the
other hand, the strong absorption cores at 20 + 2 km s~!
indicate that a significant part of this material is at zero
velocity, adopting a systemic velocity of 20 km s~!. The
equal strength of the D; and Dy absorption components,
which are stable throughout all spectra, indicates the sat-
uration of these components and therefore the presence of
a high column density of the circumstellar material in the
disk, of which the existence was indicated before.

Dense outflowing material, released in the disk, could
be present as indicated by the blueshifted absorption lines
being dynamical on a daily time scale. The outer sides
of the disk can then be responsible for the wide sodium
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emission. It is not clear what the central velocity of this
broad emission line is and therefore it remains unclear if
the strong absorption at systemic velocity could be due
to self-absorption in the outer part of the disk. Further-
more, collisions of the outflowing material with the accret-
ing or study disk material at rest, causing inhomogeneous
dense structures, could also be the origin of the blueshifted
narrow absorption components; see also Israelian et al.
(1996). This could explain the wide variety of the veloc-
ities, strength and duration of visibility of such compo-
nents. However, the enrichment of the disk with new ma-
terial could also act as the environment for the formation
of the necessary large grains although the destruction of
the material could be more significant, as discussed before.

It must also be noted that the variable brightness of
HD 45677 could be the cause of the slight differences in
the Na1 D emission strength, when produced in the outer
parts of the circumstellar disk.

The variation in the strength of the Hel absorption
line can be partly caused by obscurations of the central
star as the photometry indicates such time scale varia-
tions. However, the variations are also seen in the line
profiles and are too strong to be accounted for by the
relatively weak photometric changes on the daily varia-
tions. As compared to 09/10/1993, Fig. 9b, we see espe-
cially on 13 and 14/10/1993 extra “emission”. Note that
this component is asymmetric, the red side is extended
to higher velocities, especially on 14/10/1993, when this
relative emission is at its strongest. The extra emission
or less absorption at the red side, exactly the opposite as
what we see for the NaI D lines in the same spectra, must
originate from infalling material very close to the stellar
surface. This could also produce collisionally ionized gas
when it coincides with the inner disk material. Because
of the redshifted origin, this component of a hot wind,
can not be accounted for by a bipolar outflow. The exis-
tence of this emission component and the short time scale
indicates a strong dynamical process close to the central
star. This infall process is necessary for the existence of a
bipolar flow anyway.

Because of the co-variations of the emission compo-
nents that are red- and blueshifted for the He1 and Na1D
lines, respectively, there must be some common origin. Al-
though the processes are of different velocity sign and the
line formation region must be different we assume that
on moments that dust-concentrations obscure the central
regions and the star, we will not see much of the He1 emis-
sion region but only a contribution of the stellar spectrum.
However, also parts of the disk itself will be obscured and
these high dust densities can also cause the narrow ab-
sorption lines in Na1 D. It would be interesting to test this
hypothesis by simultaneous high resolution spectroscopy
and photometry.

In addition to these effects Israelian et al. (1996) re-
ported emission at the violet side of the HeI profile as well
at times when its central absorption is at its strongest.
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Fig. 12. E(B — V) versus photometric distance for stars from
the Hipparcos Input Catalogue within 1° of HD 45677

7. Evolutionary status

The group of Ble] stars, to which HD 45677 belongs, is not
very homogeneous. It contains young stellar objects, such
as Herbig Be stars, but also evolved objects, such as post-
AGB stars, Luminous Blue Variables (LBVs) and plane-
tary nebulae (Thé et al. 1994). Some of these stellar groups
even occupy overlapping regions in the HR-diagram, which
makes it even more difficult to classify such objects. To ob-
tain a star’s position in the HR-diagram we must know its
distance, which is very uncertain for HD 45677. Sitko et al.
(1994) argued that the UV extinction curve of HD 45677
in 1992 is compatible with interstellar extinction over a
distance of 900 pc. At this distance HD 45677 would be at
approximately the same distance as the outer ridge of a
large molecular complex that stretches from the Mon R2
cloud to the CMa OB1 complex (Maddalena et al. 1986).

However, since our line of sight towards parts of Canis
Majoris is known to be almost devoid of interstellar extinc-
tion (e.g. Bruhweiler 1994), the use of an average distance-
interstellar extinction relation by Sitko et al. (1994) may
yield erroneous results. Therefore, we constructed a graph
of E(B — V) versus photometric stellar distance for stars
from the Hipparcos Input Catalogue, located within an
1° circle around HD 45677. This plot is shown in Fig.
12. From this plot we derive a maximum distance of
~ 1.5 kpc towards HD 45677, by assuming that its
E(B — V) of 030 is completely due to interstellar ex-
tinction.

Furthermore, we can compute a photometric distance
towards HD 45677 by assuming that it is located on the
zero-age main-sequence (ZAMS) and by assuming that
there is no circumstellar obscuration present at the maxi-
mum recorded brightness of HD 45677 by Swings & Swings
(1972). If we also assume that its B — V at that time was
not very different from the minimum of the range shown
in Fig. 2, and use the appropriate parameters for a B2
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V star from Schmidt-Kaler (1982), the resulting ZAMS
distance is 550 pc. Under the same assumptions we com-
puted the maximum intrinsic luminosity of HD 45677 by
adopting the maximum distance of 1.5 kpc, resulting in
Ly max = 3.7 10* L.

A HR-diagram with the position of HD 45677, com-
puted using the ZAMS distance of 550 pc, the distance
of 900 pc by Sitko et al. (1994), and the maximum dis-
tance of 1.5 kpc is shown in Fig. 13. In Fig. 13a the pre
main-sequence evolutionary tracks and the birthline by
Palla & Stahler (1993) for a proto-stellar accretion rate
of 1075 Mg yr~! are also plotted, whereas in Fig. 13b
we plotted the post main-sequence evolutionary tracks by
Maeder & Meynet (1988). As can be seen from Fig. 13a,
of the three positions of HD 45677 in the HR diagram, the
one computed using the ZAMS distance of 550 pc is the
only one which falls below the birthline. This implies that
if HD 45677 is a young object, as suggested by Grady et
al. (1993), its distance will be close to its ZAMS distance
of 550 pc. In that case the star cannot be formed in the
molecular cloud suggested by Sitko et al. (1994), leaving
us with the question where the star formation region is.
However, as shown by Palla & Stahler (1993) a higher
proto-stellar accretion rate will result in a birthline which
will intersect the ZAMS at considerably higher masses.
But for masses like for HD 45677 still not more than
10° yr is needed to reach the ZAMS.

If we assume that HD 45677 is in fact an evolved ob-
ject, we do not have these problems. In that case the star
might very well have formed in the molecular complex sug-
gested by Sitko et al. (1994), but a few times 107 years ago.
Let us first consider several options of evolved objects.

Eruptive behaviour is known for massive stars close
to the Humphrey-Davidson (HD) limit, such as LBVs
(Humphreys et al. 1989). In the case of HD 45677 the
temperature did not change as much as seen for LBVs in
such a situation, and would be too high to fit a position
close to the HD limit within a reasonable distance. Note
here that indications of the luminosity class of HD 45677
are III or IV (Pérez et al. 1993). However, the existence of
the AG Car ring nebula is also not well explained by insta-
bilities close to the HD limit as its luminosity class is still
not exactly known (Humphreys et al. 1989). Other evolved
objects that undergo phases of mass ejections leading to
the formation of dusty disks as visible in the near- and
far-IR are post-AGB stars and Symbiotics. HD 45677 is
too hot to be a post-AGB star, but it could be in a cer-
tain transition phase of PNs. The presence of a companion
could be the origin of the perturbations as detected. At
the moment there are not even traces of such a companion.

Forbidden lines of [O1], [N11], [S11] and [Fe11] indicate
the existence of a low density region. The electron den-
sity of this region, N, ~ 8 10% cm™3, is determined by the
ratio of the [S11] lines and is high compared to most neb-
ulae (Osterbrock 1974). Because HD 45677 is too “cool”
to ionize gas that emits lines of [O111], we derived the
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electron temperature by the [N1I] lines and determine
T, ~ 6 10* K, which is very high. The N./T+/? value of
30 is not far from those of some planetary nebulae (Os-
terbrock 1974). Since the temperature of HD 45677 is rel-
atively low, these values should indicate that an extended
region should be visible. However, on our images HD 45677
appears unresolved, so it seems unlikely that HD 45677 is
such a planetary nebula. The values also agree with the
conclusion of Swings (1973) who mentioned this region as
being of considerable density, but with a low temperature
based on the absence of some forbidden lines like [S11].
Swings (1973) reported the occurrence of [N11] lines, now
the [S11] are also detected, clearly indicating the ongoing
evolution of this region.

However, one of the most peculiar lines is the very
strong and narrow blueshifted Ha absorption component
at 9 km s~ relative to the systemic velocity. If we propose
that this concentration of considerable density of gas is
distributed in a ring-like structure, indicated by its low
velocity-dispersion, it might originate from the 1950 event.
At a minimum distance of 500 pc, the angular size of this
ring will be about 0”2 and indeed not yet visible.

As the evolved status of HD 45677 is also not clear we
return to the hypothesis that HD 45677 is still in a pre-
main sequence phase. This option has some support by
the new vsini value of 70 km s~! (Israelian et al. 1996),
a value similar to several comparable PMS objects, and
the detection of blueshifted Hel emission as is reported
for several HAeBe stars by Bohm & Catala (1995). These
findings are probably not unique for HAeBes. Further-
more, the evaporation of cometary-like bodies in the vicin-
ity of some Herbig Ae type stars, the UXOR-group, has
recently been discovered (Grinin et al. 1994 and 1996, de
Winter et al. 1995 and de Winter 1996) and show some
typical behaviour in colour and variation in line profiles.
A colour behaviour due to pure extinction, in the minima,
or the so-called “blueing effect”, during the deep minima,
as due to revolving dust clouds in a proto-planetary disk,
are not seen for HD 45677. Also the UXOR-group shows
clear evidence for infalling evaporating comet-like bodies
by redshifted absorption components in the Na1 D lines
with co-variations in the Hel and Ha profiles on a daily
time scale. The suggested evaporation of a large cometary-
like body around 1950 should have produced similar line
profiles. However, no dramatic changes in the mentioned
lines have been noticed, although the resolution could be
a limiting factor. Also, the time scale and amplitude of
the minimum is comparable to those for objects in the
UXOR-group.

Finally, when HD 45677 is indeed a product of a molec-
ular complex related to the Mon R2 cloud and the CMa
OB1 complex (Maddalena et al. 1986), it would be inter-
esting to know whether it is still young enough for post-
natal circumstellar material to be the origin for the dy-
namical properties observed. HD 45677 would then be an
isolated young object being only some 10° yrs old, similar
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to isolated HAe objects, such as HD 104237, HR 5999 and
HD 163296. But, in these cases evidences of their relative
youth, up to several times 107 yrs, are still seen in their
near surroundings such as T Tauri stars.

To give the final answer to the question of the evo-
lutionary statues of HD 45677, a more accurate distance
determination than the one presented here is necessary. If
all goes well, this will become available soon, since this
object is one of the primary targets for the Hipparcos as-
trometric satellite.

8. Concluding remarks

From an intensive study of the photometric and spectro-
scopic properties of HD 45677, including published data
as well as own observations, we have detected many dif-
ferent variations and properties. We have tried to explain
these variations, from short to long time scales. Different
mechanisms must produce the variations, each with their
own characteristics. Furthermore, we have discussed dif-
ferent options for the evolutionary status of HD 45677.
Although the properties of HD 45677 are disputable we
can make the following concluding remarks:

— Photometric variations and spectroscopic properties
prove the hypothesis of a significant disruption of ma-
terial around HD 45677. By extrapolation to the max-
imum brightness as measured by Swings & Swings
(1972), before any large photometric changes occured,
we determined this event took place around 1950. The
minimum brightness at V' = 8"8 was reached around
1981. Linear extrapolation of the current increase of
brightness indicates that the maximum brightness of
V = 772 will be reached again about the year 2020.

— During this long time scale obscuring effect we ob-
served that the colours do not change significantly at
both the obscuration and brightening phases. To ex-
plain this, formation of large grey grains is proposed
which caused the strong obscuration of HD 45677 just
after the 1950 event. The existence of such grains was
also detected by extinction studies of Sitko et al. (1994)
and already proposed by Low et al. (1970). We suggest
that the origin of this material around 1950 is either
due to the evaporation of a large cometary-like body,
equal to less dramatic but similar as events for UX Ori
(Grinin et al. 1994), or caused by a blow-out of mate-
rial. Probably this blow-out was not extremely violent
because of a fall back of material causing accretion ef-
fects.

— The relatively small and continuous changes of the
colours during the period 1971-1993 are remarkable
because of the opposite sign of the blue colours ver-
sus the red colours. If part of the erupted mate-
rial falls (back) in the direction of the central star,
a more compact inner disk region will cause higher
extinction for the red colours, while the blue colours



D. de Winter and M.E. van den Ancker: The peculiar Ble] star HD 45677 297

6.0 Mo
5.0 MoS

&r 3.0 MO&\ ]
i 2.5 MQS\\\\\{*

i 2.0 Mg _
1 S
[ 1.5 MQS\\\\Jx

@ TN

4.6 4.4 4.2 4 3.8 3.8

log L/Lg

log Tege

log Teg

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 pre main-sequence evolutionary tracks and birthline by Palla & Stahler (1993), b) With the post main-sequence
evolutionary tracks by Maeder & Meynet (1988)

can be compensated with the production of small
grains by accretion probably being visible in the bipo-
lar flow.

Variations on a time scale of days down to several min-
utes are detected. These short time scale variations
are explained by brightenings or “flickerings” in the
brightness as well as in the colour due to accretion. To
understand the colour variations a production of small
grains by accretion is necessary. The existence of small
grain particles, producing scattering, is detected by an
UV-excess (Pérez et al. 1993) which could be due to
a bipolar flow (Schulte-Ladbeck et al. 1993), maybe
produced but certainly enriched by the accretion it-
self. This accretion supports the explanations for the
origin of the long time scale variations in which the
presence of accretion is suggested.

Photometric variations on an intermediate time scale
are also detected and well known. These variations
need more observations to be well explained. They
seem to exist before and after the minimum in 1981 but
their changes of 04 within a few years were probably
absent before 1930. The intermediate time scale vari-
ations could be produced by revolving “dust clouds”
or by shock fronts. In the latter case the blow-out hy-
pothesis suggests certain eruptions. The occurrence of
larger variations and the slightly getting brighter just
before the strong fading around 1950 would support
this. Then the intermediate time scale variations fol-
lowing the 1981 minimum are more probably due to
infall. Support for this is that the brightening seems
to occur in certain “waves” and dust destruction by
accretion is seen by the higher amplitudes of the short

time scale variations. The latter can vary then up to
about 0.1 L, within a few days. Obscurations by “dust
clouds” will also cause completely different colour ef-
fects as well discussed for the HAe UXOR type objects
(e.g. Grinin et al. 1994 and references therein).

The fact that Ry changes from 4.8 in 1970 to > 5.8
in 1981 and back to 4.4 in 1992 means that the aver-
age particle size in the circumstellar matter responsi-
ble for the extinction increased from 1970 to 1982 and
decreased from 1982 until 1992.

Probably the large grains were directly formed after
1950, due to a blow out or by the evaporation of
a cometary-like body. Then the combination of the
ongoing wind/outflow, coinciding with the previously
erupted material and the pressure at the edges of the
shockfront can produce larger grains by collision. The
increase of the average grain size seems then to be most
effective in obscuring the central star.

At a certain point, ~1982, the large grains were de-
stroyed again. Infall of material seems to occur in
waves, the intermediate time scale variations, which
stimulates the accretion as seen as the higher ampli-
tudes of the short time scale variations. As a result,
the average grain size will decrease, producing the ob-
served lower Ry values and giving rise to brightening
of the object again, apart from the effect of an expand-
ing ring of material. A dramatic colour change on the
longer time scale due to the production of these smaller
grains is not necessary when the material is either ef-
fectively evaporated or destroyed and blown away in
a bipolar flow. It supports the conclusion of Sitko et



298

D. de Winter and M.E. van den Ancker: The peculiar Ble] star HD 45677

al. (1994) of a decrease of the total mass of the star’s
circumstellar dust envelope.

Spectroscopically we have noticed that forbidden lines
are narrow compared to other observed emission lines
and are well centered on 20 km s~!. This velocity is
also valid for the narrow absorption components of
Na1D and Canl K lines and the central velocity of the
Fe1r spectral lines. We adopted therefore a systemic
velocity of 20 km s~!. Relative to this velocity in- and
out-flow of gaseous hot and cool material are seen.
Remarkable blueshifted absorption lines of Na1D are
detected at —10 to —20 km s~!. They are shifted with
about 30 to 40 km s~! compared to the systemic veloc-
ity. They are probably caused by material swept up by
the radiation pressure and stellar wind. This cool grain
material will collide with the outer disk causing extra
cogglumeration and obscurations on short time scales.
Although the intermediate time scale variations can be
explained in a similar way, by material moving away
from the central star, a more plausible explanation is
accretion activity. During the observations of the high
resolution time series, this activity was decreasing, see
Fig. 10b.

Ha profiles are detected to contain absorption com-
ponents on the large emission profile at certain veloc-
ity regimes of which the red components are the most
prominent. The Ha profiles are therefore interesting as
they show velocity regimes of both infalling and out-
flowing material. Although the infalling gaseous mate-
rial seems to be of higher densities, the strongest nar-
row absorption core is blueshifted with 9 km s~! with
respect to the systemic velocity adopted as 20 km s—1.
We might expect that especially this very strong Ha
component originates from a very dense gaseous ring
of which the velocity-dispersion will be as low as is
observed. It could be questioned if this “wave” might
exist for about 40 years.

Accretion close to the stellar surface is indicated by the
He1 and Ha short time scale variations, probably fol-
lowed by a reaction of outflowing gas. This dynamical
process could replenish the bipolar flow. It could be
questioned if the spectroscopic short time scale vari-
ations show co-variations to the “flickering” as be-
ing of a similar, daily, time scale. Furthermore, the
line variations are very different from those seen for
many of the UXOR type stars (Grinin et al. 1994 and
1995) for which redshifted absorption components of
the Na1 D are detected as evidence of the evaporation
of cometary-like bodies.

Observations as for the Hel lines are also reported by
Israelian et al. (1996), whose conclusions do support
our detection of accreting gas.

Outflow of cool material is seen by emission lines that
are stronger towards the blue as in Mg1 and in Na1 D.
The strong absorption cores of the Na1D and Ca11 K
indicate the presence of an optically thick disk at

zero-velocity. This suggests that this disk was already
present and is now enriched by the 1950 event.

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

— The evolutionary status of HD 45677 is discussed ex-
tensively. However, no strong conclusions can be drawn
about its age. HD 45677 seems to fit best in the picture
of Zickgraf & Schulte-Ladbeck (1989) of non-luminous
Ble| stars in contradiction to the Ble] supergiants of
the Magellanic clouds (Zickgraf et al. 1986). Probably
in the case of HD 45677 the dust does not occur by a
dense, slow expanding equatorial wind, but by erup-
tions. HD 45677 could therefore act as a key object to
understand the reason of dust formation rather than
to evolve to an early-type emission line star without
dust.
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