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Abstract. Based on an analysis of all low resolution spectretal., 1991). Thé{,, line has a P Cygni profile indicating current
of HD 89353 (HR 4049) obtained with the International Ultrahigh mass loss. Lamers et al. (1986) report on a large infrared
violet Explorer (IUE) over several years and uniformly repraexcess and an ultraviolet deficiency which they attribute to dust
cessed, we report on large ultraviolet variations for this stiarmed in the matter lost by the AGB star after leaving the AGB.
whose amplitude increases towards long wavelengths. Ultraivi-addition, Geballe et al. (1989) have reported on strong IR dust
olet maximum and minimum occur respectively at phase 0.fatures and CO bands.
and 0.92 of Waelkens et al. (1991) ephemeris which suggestsLambert et al.'s (1988) LTE analysis of the line spectrum
that ultraviolet and optical variations occur in phase. of HD 89353 revealed that the star is actually coolErs¢ =

The ultraviolet energy distribution of HD 89353 is very de7500K, log g =1.0) than a B9.5 supergiant making it an A7l
ficient compared to that of the standard A6lb star, HD 8040dater confirmed by Trams (1990)) and has very low metal
and compared to the predictions of an ATLAS 9 model¢ = abundances ([Fe/Hf -3.0) but normal or overabundances of
7500K,logg = 2.0 and [M/H]= -5.0) which bests fit the opticalC,O,N,S. Waelkens et al. (1991) derivég; ; = 7600K, log g
continuum. The ultraviolet flux deficiency scales\as, atrend = 1.05 and [Fe/H] = -4.80. By extrapolating a Kurucz model,
already noted earlier (Waelkens et al. 1995). The most likely itfaelkens et al. (1995) could fit the ultraviolet energy distribu-
terpretation is that variable circumstellar extinction drives th#on with a model of parameterg.;; = 7500K, loy g = 1.0
ultraviolet and optical variations as proposed by Waelkens etaihd Z = -2.5. Waelkens et al. (1991) found that the abundance
(1991). pattern of HD 89353 to be very similar to that of another post-

AGB star HD52961. The abundance pattern in these stars is

Key words: stars: atmospheres — stars: circumstellar mattesimilar to the gas phase abundances of the interstellar medium.
stars: individual: HD 89353 — stars: AGB and post-AGB Venn and Lambert (1990) and Bond (1991) proposed that the
peculiar abundance pattern in post-AGB stars is due to selec-
tive removal of the metals from the photosphere through grain
formation and mass loss (dust fractionation). Van Winckel et
1. Introduction al. (1992) and Waters et al. (1992) further specified that dust
gctionation must take place in dust formed in matter ejected

High latitude A and F post-AGB supergiants are IRAS sourc :
g b perg ﬁom the star and that the depleted gas is reaccreted onto the

with far-IR colors similar to planetary nebulae with cold and/ formi | llicity bh h h f
warm circumstellar dust shells. These shells probablystemfﬁ!ﬁfrilr orming a low metallicity photosphere. The presence o

severe mass loss experienced by these stars during the (el amo“F“S of dust around p(_)st-AG_B stars certainly supports
(Parthasarathy and Pottasch, 1996). In the frame of a compflé'fé scenario. Apother conc_luswe ewdenge for the dust frac-
analysis of archival IUE data of these stars, we have confirmté‘ﬁqat'or? scenario was prowdeq by, Van Winckel et al. (1992)

large flux variations in the ultraviolet range for the bright pos{'y 0 derived the abundance of zinc in the extremely metal-poor

AGB star, HD 89353 (HR 4049) (Waelkens et al. 1995) whicﬂOSt'AGB star HD 52961. HD 89353 is a binary with an as yet
we report on in this letter unseen companion as suggested by the length of the period of

HD 89353 was first classified a B9.5 Ib-Il supergiant brgle photometric and spectroscopic variations of HD 89353 (429

Houk and Cowley (1975). Abt (1984) stressed that the extren s Waelkens et al., 1995) and the amplitude of radial veloc-

weakness of the metallic lines precluded from ascribing an MR variat;ons (\r/]VaeIkegs et al: 19(19?;]' Vaf'_: Winckel etal. 1995). q
spectral type to this star. The star is located at high galaclitSeCct- 2: We have redetermined the effective temperature an

latitude ¢ = +22.9%) and is a photometric large amplitude an urface gravity of HD 89353 by fitting its energy distribution

spectroscopic variable (Waelkens and Rufener, 1983; Waelk&fd" the u_ItravioIet to t.h? red with recent mode| _atmospheres.
The ultraviolet flux deficiency of HD 89353 previously estab-

Send offprint requests t&. Monier lished versus a hot B9 supergiant by Waters et al. (1989) is
* Based on data from the International Ultraviolet Explorer confirmed in two manners: first, by comparing the ultraviolet
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energy distribution to the model with the right effective tempefrable 1.Log of the observations used
ature (significantly cooler than that of a B9.5I supergiant) and
second by comparingitto the flux level of a standard star of sitfBpectrum  Vrgs  Date  Orbital phase
ilar spectral type. We also report on large ultraviolet variatioré}NP 25474

from archival IUE data. In Sect. 3, we propose an interpretatiofy p 35942 g:gg g?ggig 8:32
ofthese variations in the frame of Waelkens etal.’s (1991, 1999)p 30043 699 870510 0.29
model of HD 89353. SWP 31256 6.92 870626 0.40

SWP 33577 7.75 880520 0.15
2. Ultraviolet variations SWP 40218 6.29 901128 0.28

SWP 40379  6.27 901218 0.32
2.1. Observational material SWP 44702 6.63 920518 0.52
All low resolution IUE spectra of HD 89353 obtained througliwg jgggg Gfl ;’32111223 g 'sf
the large apertures and properly exposed in the continuum hg\ﬁp 50506 7.09 940409 0..11
been retrieved in NEWSIPS (New Spectral Image Processigp 54309 _ 950406 0.94
Software) format. Compared to IUESIPS (IUE spectral imagg&yp 56349 _ 951226 055
processing system), NEWSIPS provides a uniform reprocepgrp 12311 7.88 871219 0.80
ing of IUE data, eliminates the fixed pattern of noise (whichwp 12674 8.70 880216 0.94
amounts to 50% of the noise in IUE data) and results in an imA/P 13274 - 880519 0.15
provement of the signal to noise ratio of 15% or more. The FE®/P 23119  6.59 920518 0.52
counts obtained by the Fine Error Sensor on board IUE befdi&P 24405  6.89 921204 0.99
each exposure measure the brightness of the star around5068/P 26840 — 931130 0.81
contemporary to the IUE spectrum. We have converted them imgP 26841 649 931130 0.81
magnitudesyrgg, using Perez and Loomis’ algorithm (1991 wi gggg ;(1)3 gjgjgg 811
which takes into account corrections for the FES dead timg, 5 59391 - 950406 0.94
focus variations, time sensitivity degradation. Image numbe[§yp 31839 _ 951226 0.55

observing dates, Fine Error Sensor (FES) magnitudess
and orbital phases as computed from Waelkens et al. (1991)
ephemeris are collected in Table 1. A few spectra miss the cor-
responding FES magnitudes as the star was on a few occasions
acquired as a blind offset from a nearby brighter star. Note thdY¥ light, Geneva photometry retrieved from Trams et al. (1991)
the FES magnitudes differ by more than 1 magnitude from tiadiich we converted into absolute fluxes. The observed SEDs
V magnitudes recorded in Waelkens et al. (1991). Vhgs Wwere further corrected for interstellar reddening using Savage
are indeed not V magnitudes and cannot be used as reliaie Mathys (1979) extinction law.
absolute photometry but they help identifying the brightening The theoretical energy distributions are ATLAS 9 LTE, RE,
or faintening of the star. All spectra have been corrected fiime blanketed models (Kurucz, 1992). Molecular opacity was
interstellar extinction using Savage and Mathis (1979) law faot taken into account. Grids of models were calculated for var-
our Galaxy and adopting (B — V) = 0.10. Indeed, Buss et al. ious effective temperatures, surface gravities and most likely
(1989) have derived from the nearby stars HD 89391, HD 8458ietallicities ([M/H] = -1.0 and -5.0 in agreement with Trams
and HD 86612 that the interstellar extinction towards HD 893%8 al. (1991)) and the observed and theoretical energy distribu-
must verify0.07 < E(B - V) < 0.17. tions were normalized at 55@0to allow for comparison. The
effective temperature and surface gravity were determined by
adjusting the photospheric continuum in the optical range. In-
deed, the Balmer Jump is sensitive to the effective temperature
Waters et al. (1989) established that the ultraviolet energy disid surface gravity whereas the Paschen continuum is sensitive
tribution of HD 89353 is deficient with respect to a model afo temperature.
effective temperaturé, s y = 10000K corresponding to a B9.51  We find that the SED of HD 89353, corrected for E(B-
supergiant. Waelkens et al.’s (1991) analysis of the line sp&)- = 0.10 cannot be reproduced by models of temperature
trum of HD 89353 revealed the star is actually much cooleear 10000K and low gravity. Instead, a model witfy; =
(Tesf = 7600K, log g =1.0), we first decided to redetermine the500K, logg = 2.0 and [M/H]= -5.0 best reproduces the opti-
effective temperature and surface gravity by fitting the opticehl SED (Fig. 1). The found effective temperature and surface
spectral energy distribution (SED) of HD 89353 to the predigravity and metallicity agree quite well with the determina-
tions of recent improved model atmospheres calculated wttbns by Waelkens et al. (1991) who derivéd;; = 7600K,
ATLAS 9 (Kurucz, 1992) and second to confirm the ultravioldbg g = 1.00 and [Fe/H] = -4.8 from the analysis of optical
flux deficiency respect to the model at the right temperaturelines. Fig. 1 clearly shows that the SED is deficient with re-
In order to construct the energy distribution of HD 89353%pect to the model in the ultraviolet range, a feature which
we have used the ultraviolet spectrum obtained at maximume further confirmed by comparing the ultraviolet SED of

2.2. Effective temperature and ultraviolet flux deficiency
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Fig. 1.Comparison ofthe SED of HD 89353 displayed as dots inthe UMy 2. Ultraviolet deficiency of HD 89353 respect to the standard star
and stars in the optical with its best fit model. Observed and theoretiggh 80404 at phases = 0.52 (UV max, stars) and = 0.95 (UV min,
fluxes normalised at 5556 diamonds). Fluxes are normalised at 5866

HD 89353 with that of the standard A7l star, HD 80404 Fig.2 *'

displays the large flux deficiency in the ultraviolet, measured as
'\ (H D 80404 ‘A (HD 89353 H H

log( }‘CEHD 80404)) ) —log( ]{CEHD 89353)) ), attwo different orbital

phases of the system (ultraviolet maximgm= 0.52 and mini- 6x10712

mum¢ = 0.95 respectively). We find that the deficiency has thé

same shape at maximum and minimum UV and roughly scalegxio~

asA~!. The fairly large difference in deficiencies between max-

imum and minimum partly stems from the fact that we could not2x10” "

normalise each SED to the corresponding V flux. We do know NN

that the SED at phase 0.95 (minimum) corresponds te 5.8 1000 T500 2000 2500 000 2500

as this spectrum was simultaneous to one of Waelkens measure- Wavelength (A)

ments but we do not know the V magnitude corresponding {9y 3. Uitraviolet spectral energy distribution of HD 89353 at phases

the spectrum taken at phase 0.52 (maximum). Normalising egch 0.52 (UV max) and = 0.95 (UV min)

SED to the proper V magnitude would reduce the difference be-

tween the deficiencies. errg-13 Light curve at 1600 A

\/VUVw

x10712

12

2.3. Ultraviolet variations and their relationship i
to the variations in the V band x10” 13- -

The SED at maximum and minimum UV flux are displayed ia - 8
Fig. 3. Large variations are clearly observed whose amplitude
increases towards longer wavelengths. In order to obtain the ul=*'® [ © ©
traviolet light curves of HD 89353 at various wavelengths, we : §
rebinned the spectra into 0wide bands and calculated the sl 1
integrated flux in these spectral bands. In Fig. 4, we show the " 00 o o o8 os 1o
variation of the integrated flux in 1 band free from absorption Orbital phase

lines centered at 1608 Although the IUE data do not fully Fig. 4. Lightcurve of HD 89353 at 1608

sample the period (many phases between 0.6 and 1.0 are miss-

ing), precluding to establish the shape of the lightcurve, we do

observe however that the far ultraviolet lightcurve displays3 Interpretation

broad maximum around phases 0.40-0.5, ie at the phase of V L .
maximum (see Fig. 3 in Waelkens et al. (1991)). Moreover, tfur investigation of the archival spectra of HD 89353 clearly

coincidence of phases of UV minimum with the deep opticﬁhows large variations in the ultraviolet whose amplitude in-

minimum observed by Waelkens et al. (1991) further suggeSt§2Ses with wavelength. As the ultraviolet variations seem to
that UV and optical variations may occur in phase. occur in phase with the variations in the V band, we suggest

that a common physical process drives the flux variations of the
star in the ultraviolet and optical range. Waelkens et al. (1991)
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proposed that circumstellar dust around HD 89353 must be c§h993, 1995) variable obscuration model: ultraviolet minimum

fined in a circumstellar ring inclined with respect to the observeccurs when the starlight is obscured by circumstellar dust in
and that periodic obscuration of the starlight by the ring caustbe ring, conversely ultraviolet maximum occurs when the star
the photometric variations of HD 89353 in the optical rangé seen unobscured.

More specifically, Waelkens et al. (1995) propose that at infe-

rior conjunction the obscuration must be maximal while it iﬁeferences

minimal when the star passes above or below the ring when it is

at maximum distance from the observer. This periodic obscufgt H.A., 1984, In: Garrison R.E. (ed.) The MK process and stellar
tion will also alter the flux level in the ultraviolet range as the classification. Toronto, David Dunlap Observatory, p. 18

star will periodically be seen through the dust (ultraviolet flugond H.E., 1991, In: Michaud G., Tutukov A. (eds.) Evolution of stars:

minimum) and outside the dust (ultaviolet flux maximum). Thus 1€ photospheric abundance connection. IAU Symposium 145,
the photometric variations in the ultraviolet and in the optic%lusKluwer’ Dordrecht, p. 341

b ted for b ¢ ffect s R.H., Lamers H.J.G.L.M, Snow T.P., 1989, ApJ 347, 977
range can be accounted rtor by a geometry etrect. Fitzgerald M.P.. 1970, A&A 4, 234

Ourinvestigation of the ultraviolet spectra of HD 89353 alsgapgjie TR., Noll K.S., Whittet D.C., Waters L.B.F.M., 1989, ApJ
allows us to address the putative presence of a white dwarf in 349 | 29
this system. Indeed, Waelkens et al. (1991) suggested thatiiaak N., Cowley A.P., 1975, In: University of Michigan catalogue of
invisible companion of the system might be a white dwarf or two-dimensional spectral types for the HD stars.
more likely a low-mass star still evolving on the main sequendsamers H.J.G.L.M., Waters L.B.F.M., Garmany C.D., Perez M.R.,
We fail to detect the spectrum of a hot companion in any of the Waelkens C., 1986, A&A 154, .20
longest SWP exposures shortwards of 18@ghere HD 89353 Lambert D.L., Hinkle K.H., Luck R.E., 1988, ApJ 333, 185
does not emit any photospheric flux. The exposure times wéf#ci A-M., Blanco A., Fonti S., Orofino V., 1994, ApJ 436, 831
long enough to allow detection of a V=11 to 12 mag white dwafgthasarathy M., Pottasch S.R., 1986, A&A 154, L16
of effective temperature higher than 20000K. Whereas we ¢ sifvage B., Mathis J., 1979, ARA&A 17, 73

. . rélms N.R., Waters L.B.F.M., Lamers H.J.G.L.M., etal., 1991, A&AS
not rule out the presence of a fainter and somewhat cool atypical 87 361

white dwarf, we rather propose as Waelkens et al. (1991) dihms N.R., 1990, In: Mennessier M.O., Omont A. (eds.) From Miras
that the companion might be a cool dwarf with no emission in o planetary Nebulae: Which Path for stellar evolution? Editions
the ultraviolet. Frontigres, p. 470

The wavelength dependence of the variable ultraviolet dean Winckel H., Mathis J.S., Waelkens C., 1992, Nat 356, 500
ficiency of HD 89353 as\~! suggests that small dust graing/an Winckel H., Oudmaijer R.D., Trams N.R., 1996, A&A 312, 553
optically thick in the ultraviolet are present around the systeivan Winckel H., Waelkens C., Waters L.B.F.M., 1995, A&A 293, L25
Their size should be smaller than the UV wavelength. Muci ¥faelkens C., Rufener F., 1983, Hvar Obs Bull. 7, 125
al. (1994) have compared the circumstellar extinction deriv¥¥pelkens C., Lamers H.J.G.L.M., Waters L.B.F.M., etal., 1991, A&A
by Buss et al. (1989) for HD 89353 to the laboratory spectrum 242, 433

of freshly formed amorphous carbon grains condensed in PWgepl\i;eSnSSzg"{ \é\ée;ters L-B.FM., Van Winckel H., Daems K., 1995,

drogen rich atmospheres. The good fit they find confirms tn}%elkens C., Van Winckel H., Bogaert E., Trams N.R., 1991, A&A
the particles responsible for the extinction are small compared 551 495
to the UV wavelength and must be hydrogen rich. Waelkens C., Waters L.B.F.M., 1993, ASP Conf. Series 45, 219

As a conclusion, we suggest that the observed ultravi@aters L.B.F.M., Trams N.R., Waelkens C., 1992, A&A 262, L37
let variations can be accounted for in the frame of Waelkens et al.
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