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Abstract. We present a detailed spectroscopic investigation, spanning four winters, of the asymptotic giant branch (AGB)
star IRAS 020916333. Zijlstra & Weinberger (2002) found a giant wall of dust around this star and modelled this unique
phenomenon. However their workfBered from the quality of the optical investigations of the central object. Our spectroscopic
investigation allowed us to define the spectral type and the interstellar foreground extinction more precisely. Accurate multi
band photometry was carried out. This provides us with the possibility to derive the physical parameters of the system. The
measurements presented here suggest a weak irregular photometric variability of the target, while there is no evidence of a
spectroscopic variability over the last four years.
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1. Introduction 2. Data

When Zijlstra & Weinberger (2002) discovered a massive dust ) ) )

shell around the AGB star IRAS 02096333 they could use The spectroscopic (_jata were obtained with the Innsbruck
only a single quick look spectrum and the original TYCtgp 60-cm telescope (Kimeswenger 2001; Bacher et al. 2001)
and V; magnitudes (Perryman et al. 1997) to estimate t@@d an OptoMechanics 10C spectrograph. A CompuScope
spectral type and the interstellar extinction towards the targbpdak 0400 CCD camera was attached to the spectrograph.
The spectroscopic investigation was lacking comparison spd-the year 2000 a grating with 60gmim was used, result-

tra obtained with the same instrument setup. Furthermore g N @ resolution of 1 Apixel. Later a grating with 24Qvm
TYCHO instrument was close to its sensitivity limits. Thus wk2-6 Ajpixel) was mounted to achieve a bett¢NSatio. The
obtained spectra and photometry of this unique object for s&2MPIete log of the observations is given in Table 1. The ex-
eral years to derive an accurate spectral type and the foregrofgHre times varied with the wavelength region from 300 to
extinction. This allowed us to determine more precisely the di90 S- Each spectrum is a composite of individual takes cov-
tance of the target for the modelling of the dust shell fourfiNd about 800 A with the high resolution grating and 2000 A
on Infrared Astronomical Satellite (IRAS) images. Zijlstra gwith the medlum_ resolutlon_mode. The wavelength shifts were
Weinberger (2002) outline such shells for various types of oB€/€Cted to obtain appropriate overlaps of at least 25% of the
jects at late stages of their evolution. Their focus was especialfgveélength range. In most of the nights several spectra were
on a swept up shell with a void in the interstellar matter (ISMjPt@ined to improve the/S and eliminate cosmic ray events.
around the target. This is crucial for both, the “Swiss chees&€ Positions along the slit and the starting wavelengths varied
like structure of the ISM and for the hydrodynamic evolutiofP €liminate possible systematic errors in the setup. Flatfield,

of the planetary nebula (PN) built after this evolutionary stag_@ias subtraction and wavelength calibration were carried out

We thus investigated the spectroscopic and photomeﬂnri‘ca standard manner with the help of MIDAS routines. For

properties of the central star to provide new input for the corfiomparison the late type standard stars HD 23475 (M2Iib),

plete model of this unique object and its surroundings. HD 39801 (M2l), HD 13325(M3lil), HD 40239 (M3ll),
HD 44478 (M 3l11), HD 42995 (M 3l111) HD 5316 (M 4lll) and

Send gprint requests toS. Kimeswenger, HD 12292 (M 5l11) were observed with the medium resolution
e-mail: stefan.kimeswenger@uibk.ac.at setup. The spectra were not calibrated absolutely, but only cor-

* Based on observations at the Innsbruck 60-cm telescope andf@eted for exposure time and airmass (with the atmospheric ex-
Flemish Mercator telescope on Roque de los Muchachos, Spain. tinction given by Tig 1980).
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Table 1.Log of the Innsbruck 60-cm observations. 60‘00 7?00 8000 9000 10900

Date Mode Band Resolution | g ]
wavelength Sampling  fE* L e Me s - 1

A/pixel A - 83 T lE: 8 c .

05.02.2000  spectra  6000-9000 A 1.0 62 2 3 88 ¢ Cim © i
15.01.2001  spectra  5000-10000 A 2.6 106 §| ¥ g ,_r r g ¥ ]
18.01.2001  spectra  5000-10 000 A 2.6 106 <=t ¥ ¢ g .
11.02.2001 spectra 5440-10000 A 2.6 9.9 roee T 1
15.02.2001  spectra  5000-8860 A 2.6 8.6 ™ |
16.02.2001 spectra 5440-8860 A 2.6 8.0 1
06.03.2001 spectra 5440-8860 A 2.6 10.7 1 | 1 | 1 1
08.01.2002 spectra 5600—10 000 A 2.6 13.4 E f ' f ' f ' f ' L E
09.01.2002  spectra  5000-9000 A 2.6 141 § %NWWM%MWWWWMW E
10.12.2002  imaging BVRL 5 Mo fremmsi st . eyt |
11.12.2002  imaging BVRL T E N irstisobonimmptosirabem il | 3
17.01.2003  spectra  5000-10000 A 2.6 171§ g aborprbiymtinssintesi ool 200%5

* Effective resolution was measured as FWHM of night sky lines. g o ke U s st T =
B I e L VL E

§ E Wi S e A E

The wide band direct imaging in Innsbruck was obtained % M’““W”“” ity ot 2003
with an AP7p SITe 502e CCD device (Kimeswenger et al. © |ZOO§

2002a; Lederle & Kimeswenger 2003). 24 images were taken ‘ | ‘ | ‘ |
in the nights of 10th and 11th of December 2002 wWghV, 6000 7000 8000
R and|c filters. The exposure times were 30, 20, 10 and 10 s wavelength (A
in B, V, Randl¢ respectively. After standard basic CCD redudrig. 1. The average spectrum (upper panel) with the most dominant
tion the source extraction was performed using SExtractor ¥&atures identified and the deviation from the mean spectrum of those
(Bertin & Arnouts 1996). The rms of the comparison standarégectra, using the same instrument setup, during winter 2001, 2002
in the field was<0M01 (og = 0"003,0y = 0"009,0) = 0007 and 2003. For clarity anftset of 1.0 was added to each spectrum.
ando, = 0"004). Absolute calibration was obtained in botf0 spectroscopic variability in the lines or in the continuum trends
nights using the standard stars HR 580 and HR 596. The rf3g Pe found.
variations of the zero-points were less thd08, resulting in
an error of the mean zero-point of less tha@ 05. of the TiO to the NaD and Mgb indices propose luminosity
The long term monitoring of the target was done with thglass |I1.
P7 photometer attached to the 1.2-m Mercator telescope lo-The most reliable classification is the direct compar-
cated at La Palma, using the 7 filters of the Geneva photomebn with standards, using the identical instrument setup.
ric system (Meylan & Hauck 1981; Golay 1994). The data Wapr this purpose eight comparison stars were taken dur-
obtained and reduced within the framework of monitoring staffy February 2001 and January 2003 between the target ex-
with constant airmass as described in Burki et al. (1995). Thgsures with the same setup. Especially the TiO features
typical errors derived by the rms of the standard stars for the7200-7400 A and 7700-8000 A are extremely sensitive to
nights are belowT01. The results are listed in Table 2. the efective temperature of the stars in that domain. The latter
was not covered by the spectrum used by Zijlstra & Weinberger
(2002). The classification using such bands is completely in-
3. Results dependent of the correction for the atmospheric and inter-
stellar extinction. The results are shown in Fig. 2. The tar-
get superimposes nearly exactly the M4lll star HD 5316. The
First the spectra were investigated with respect to variabilitgverlay gives us an exact solution for the interstellar extinction
We cannot detect spectral variability (except in the region of tieé Eg_yv = 0"43+ 0"01.
telluric water vapor bands longwards to 8000 A — see Fig. 1). We tried to use the line ratios of the IR Call triplet of the
Also individual equivalent widths of metal lines of the IR ffa comparison stars and those of the target - all taken with the
triplet and of Mg lead us to the same conclusion. Thus a cosame instrument setup. But not even for the comparison stars,
posite spectrum was derived for the classification. The classifaving a much better/N ratio than the target, thefective res-
cation criteria of Kirkpatrick et al. (1991) were applied in thelution (see Table 1) allow to derive useful separations between
same way as described in Kimeswenger et al. (2003). This leminosity class Il and I1.
sults in a spectral class of M4—M 5. The scheme of TiO indic®¥¢e favor a spectral type of M4lll. The luminosity class remains
(Malyuto et al. 1997) argues for an M 4.211l star. Applying theomewhat uncertain, but is most likely Ill. This is supported
extension by Schmidt-Kaler & Oestreicher (1998) we obtaaliso by the distance (see Sect. 3.2 and discussion in Zijlstra &
an M 4lll star withMyg ~ =265 (My = —0"5). The relation Weinberger 2002).

| l
9000 10000

3.1. Spectroscopy
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IRAS 02091+6333
— HD 23475 (M2llb)
— HD 13325 (M3lll)
— HD5316 (M4l
HD 12292 (M5!I

Fig. 2. The composite spectrum of IRAS 02063333 (bold

line) using an interstellar extinctiokg y = 0"43 (see
text) overlaid with (from top to bottom) the spectra of

HD 23475 (M 2llb), HD 13325 (M 3lIll), HD 5316 (M 4llI)
and HD 12292 (MS5Ill). Those of HD 40239 (M 3ll),
, | , | , | . | . HD 39801 (M2l), HD 44478 (M3lIll) and HD 42995
6000 7000 8000 9000 (M3IIl) were not plotted for clarity. The spectrum of
wavelength (A HD 5316 is almost completely hidden by that of the target.

intensity (normalized at 750?))A

Table 2. Results of the Mercator photometry in the Geneva system (Meylan & Hauck 1981).

MJD v u b b b, V1 g Weight
52103.63730 10.445 15.647 12.027 13.638 13.011 11.298 11.281 4
52103.68906 10.452 15.540 12.039 13.646 12.995 11.291 11.281 4
52104.67404 10.450 15.643 12.017 13.615 13.007 11.287 11.286 3
52111.70459 10.380 15.416 11.965 13.585 12.948 11.232 11.214 1
52205.54382 10.427 15.637 12.030 13.637 13.035 11.281 11.267 2
52299.37930 10.421 15.427 12.045 13.700 13.010 11.280 11.261 3
52299.42229 10.419 15.806 12.060 13.690 12.997 11.257 11.253 3
52500.69875 10.458 15.606 12.055 13.659 13.082 11.304 11.297 2
52501.69090 10.453 15.472 12.047 13.676 13.067 11.306 11.286 2
52502.69127 10.447 15.714 12.047 13.680 13.022 11.303 11.278 2
52505.64131 10.434 15.573 12.027 13.634 13.034 11.276 11.254 3
52506.69780 10.421 15.552 12.026 13.650 13.018 11.279 11.258 3
52508.69154 10.430 15.629 12.040 13.676 13.017 11.262 11.264 2

3.2. Photometry and distance completely diferent results for th&r band. Thevt band dif-

fers considerably more than the error given in the catalogue.

We have searched literature and telescope archives for photqffl;s e assume the error to be significantly higher. For further
etry, but found in the optical and in the MIR-FIR only thos%nalysis we use the TYCHO-2 values.

mentioned already in Zijlstra & Weinberger (2002) — namely

TYCHO in the optical, Midcourse Space Experiment (MSX, The Mercator monitoring (Fig. 3) clearly shows an irregu-
Egan et al. 1999) and IRAS in the infrared. The results & variability with an amplitude below:T in V.

our photometry, together with results from literature are cdn the other hand the variation between our measurements,
lected in Table 3. For the flux to magnitude conversion féfose of the amateur observations reported in Zijlstra &
IRAS we used the results of Wainscoat et al. (1992) and ffeinberger (2002) and TYCHO-2 in the optical give an am-
MSX that of Cohen et al. (2000). The calibration of IRAS bylitude of some tenths of a magnitude. Thérin—Vrmax)
Hickman et al. (1995) was not taken into account, as the MYRIue (15% and 85% of the 228 photometric transits) given in
and the IRAS 12:m fluxes gave dferences of about®@0 for TYCHO-2 is I"71. But we assume the latter is mainly due to
all M type comparison stars here. For the TYCHO measur&e limits of the experiment.

ments we applied the color equations as given in the catalogliBe¢ MSX and IRAS measurements together with the spectro-
V = Vr - 0.090x (Br — V1) andB — V = 0.850x (Br — V7). scopic stability lead us to the conclusion that the object seems

During the reviewing process of this work, the 2MASS NIF© Pe very stable in thefective temperature. That fact lim-
data was made public. Although we listed the values in Table!$ the optical photometric amplitude to those found in the
they were not useful, as the target was overexposed even infff¢ator monitoring. Such small variations seem to be usual
short 53 ms preexposure of the survey. We thus didn’t incluéfyf 1ate type stars around the tip of the first giant branch (Ita
these values in our interpretation. etal. 2002).

The first TYCHO catalogue (Perryman et al. 1997) and the The colors ¥ — R)p = 1M15 and ¥ - Ic)o = 268 indi-

reanalysis of the same data in TYCHO-2 (Hgg et al. 2000) gieate a M 4.5111 MK class (Drilling & Landolt 2000). Using our
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Table 3. Summary of photometric observations except those listed in ‘

Table 2. The TYCHO measurements were converted to the standard i
system (see text). toas § i |
date Band Mag. Quiality Ref. 3 %

or error g [] ]
10/11.12.2002 B 12"607 @o14 here jﬁ 10.40- |
\Y, 10519 @009 here ’
R o777 @004 here {
lc 7309 1019 here | i
~1989 B 12n22 23 TYC-1
v 10041 @05 TYC-1 10357 1
B 12746 @23 Tve-2 52100 52200 52300 52400 52500
\Y 1an37 aros TYC-2 ID - 2400000
January 2000 B 12755 ? [1] ] ) o
Vv 10"5 2 [1] Fig. 3. T_he Mercator.photometry shows a weak photometric variation
R gng ) 1] on medium to long timescales.
| ™4 ? [1]
January 2001 B 117 ? [1] ———— : B ,
\% 10M ? [1] 8 E 3 IRAS 02091+6333 at 1020 pe E
R "3 ? [1] -+ PO o ]
| 3 ? [1] o [ *° Ml A =%
5.1.1999 J 5r326 oro3 2MASS S -6p E
H 4n350* ar29 2MASS T f ]
Ks 034  O"34  2MASS S E
~1995 [8.3] 380 gal 4 MSX s F
[14.6] 29 gal1 MSX 2 f E
~1983 [12] 376 gal 3 IRAS 2-2F E
[25] 355 gal 3 IRAS © f ]
[1] Zijlstra & Weinberger (2002). o E
#  The 2MASS data is flagged in the data base as E ]
“radial profile fitting of overexposed sourcedind 7| S - e ]
“profile fit very poor”. wavelength [um]
Table 4. Summary of the results for IRAS 02096333. Fig. 4. The SEDs of the M 3-5 Il stars of the sample from van Belle

et al. (1999) and of the stars used for spectral comparison here.
The distances for calibration of the absolute magnitude were taken

Spectral type M 1
T:}» yp 335%'530 K from HIPPARCOS. The photometry was taken from SIMBAR) Y/),

. - S IRC (K, Neugebauer & Leighton 1969), MSX 421 um) and
'<I'y\[;e>0f photometric variability 15:;'5(2 SR IRAS (12 and 25um). The error bars give the tolerance added by the
Intersigqrgilgs . 0“4?&(;2103 HIPPARCOS errors for the worst case star. The target fits well within
Visual amplitude <0 the two M 411l stars assuming a distance of 1020 pc.
My -0"5
Mpol -2165
Distance 10283 pc
Luminosity 92Q;50 Lo

Two stars —namely HD 13325 (M 3lIl) and HD 5316 (M 4l11) —
photometry and the color equations above we recsdlve- overlap between their and our sample. One can clearly see in
[8.3] = 5"56. Cohen et al. (2000) are announciff@5b, 8'58 Fig. 4 the broad band mid-IR flux hardly varies between M 3
and 6'02 for M 3, M4 and M 5 respectively, which is also conand M 4 stars. Only M5 stars have a significarfatient SED.
sistent with the classifications found above. The Mercator moe thus fit our target between the M 4 stars of the sample. This
itoring was not used for the colors, as this system is lacking iprovides us with (using all bands) a distance of 1020 pc. The
vestigations, absolute calibrations and color equations for vétiPPARCOS errors for the bright comparison stars and the un-
late type stars (Meylan & Hauck 1981; Moro & Munari 2000)certainties from the photometry of the target results in a lower

We derived, again using TYCHO, MSX measurementsnit of 870 pc and an upper one of 1150 pc. The luminosity
and HIPPARCOS parallaxes, the spectral energy distributiaterived from the spectroscopy and tephotometry give us
(SED) for M 3-5 giants from our spectroscopic sample ar820 pc. According to van Belle et al. (1999) 0+ [12] > 076
from those one of van Belle et al. (1999). The latter is a sampleere is no correlation with thefective temperature anymore.
of stars investigated in detail with interferometers for the d&hus this band, lacking here, would deliver us no additional
termination of accurate size and luminosity of late type staisformation.
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3.3. Astrometry photometric colors (Girardi et al. 2000a). This adds some un-

. . certainties to the values derived for individual sources.
The target was suspected to have a relatively high proper mo-

tion in the TYCHO catalogue, although the positional errdicknowledgementsiVe thank the colleagues of the institute for the

given there is very high. We thus tried to derive a value féylimited access to the facilities of the new university observatory in

the proper motion in the same way as in Kimeswenger et E!USbkruc"l- Ehej?oiéhe ;]Intstltuutt_voor S_tter_re“k‘:rt‘gey;\'ﬂ'(u'-te“"fe”_l
. : . acknowledged for the photometric monitoring at the Mercator facil-

(2002b) by u_smg the six sky survey plates qf the region. Bllztes and the gﬂa of the GF;neva observatory is%cknowledged for the

as the target is extremely overexposed and lies near the cor

of the POSS-E (1952 and 1993) and of the Quick-VN (198§

plates, we cannot derive a proper solution. The accuracy is

about the same as in the the TYCHO experiment. Kislyuk et §eferences

(1999) give similar numbers in their online version, using theBacher, A., Lederle, C., ®@riier, G., et al. 2001, IBVS, 5182

plate from 1983 and the AC2000 catalogue position from 19@8n Belle, G. T, Lane, B. F,, Thompson, R. R., et al. 1999, AJ, 117,

(Urban et al. 1997). But forwarding the errors in both cata- 521

logues to the resulting proper motion we again end up wigﬁ:ﬂ{"g"é‘u?ergg;‘t? %uﬁazf'a&éfélligbggi&As 112 383

large error bgrs (1% 7 mas yrt). The direction of t_he motion. Cohen, M., Hammersley, P. L., & Egan, M. P. 2000, AJ, 120, 3362
vector is co-lined with the TYCHO result, suggesting a genuifgijjing, J. S., & Landolt, A. U. 2000, in Allen’s astrophysical quan-
movement which leads to a motion of about 60 krhelative tities, 4th ed. (New York: AIP Press; Springer), ed. A. N. Cox,
to the surrounding stellar field after subtracting the galactic ro- 381

tation for a distance of about 1 kpc (only about 1.5 mas)yr Egan, M. P, Price, S. D., Moshir, M. M., et al. 1999, The Midcourse
This is, although still possible, very high for galactic disk stars. Space Experiment Point Source Catalog, Version 1.2, Air Force
The vector is almost opposite to the galactic rotation parallel to Research Lab. Technical Rep. AFRL-VS-TR-1999-1522

the galactic plane. Further investigations about the populati%ﬁa?:g'l’ L., Bressan, A., Bertelli, G., & Chiosi, C. 2000, A&AS, 141,

membership are needed. Girardi, L., Mermilliod, J.-C., & Carraro, G. 2000b, A&A, 354, 892
Golay, M. 1994, in The MK process at 50 years, Proceedings of a
. Workshop of the Vatican Observatory, held in Tucson Arizona,
4. Conclusions USA (San Francisco: Astronomical Society of the Pacific, ASP),

The precise spectroscopic classification of the central smgfgéﬁﬁc’fagb;% Géay&gé:htzrr?:rgsig’gésiJ 110, 2910

IR_AS 0209l+_6333 of the unique giant dust shgll reported INigg, E., Fabricius, C., Makarov, V. V., et al. 2000, A&A, 355, L 27
Zijlstra & Weinberger (2002) allowed us to derive a more ag, Y., Tanak, T., Matsunaga, N., et al. 2002, MNRAS, 337, L31
curate distance of the target. This leads us to a somewhat higkislyuk, V., Yatsenko, A., lvanov, G., Pakuliak, L., & Sergeeva,
mass estimate of 5/2, and a size of 1.& 10*" m (5.2 pc) and T. 1999, The FON Astrographic Catalogue, Main Astronomical
thus even enlarges the discrepancy in lifetime as discussed jnObsefvatOfé Oéé\loaltiogémcfge;;)l' of Science of Ukraine

Sect. 3.3 of Zijlstra & Weinberger (2002) and therefore clear[y{MeSWenger, >. : 10 294

excludes the scenario of the mass originating mainly from t?ém:ﬂssvsxgeg;’ I':jge”e’ C., Schmeja, S., & Armsdorfer, B. 2002a,
Star_ itse_lf. This reS_UIt is strengthened by the fa(_:t of the IOWRl’meswengér, S Schmeja, S., Kitzbichler, M. G., et al. 2002b, IBVS,
luminosity we derived (40% below the one estimated there). 5y33

The star lies in the evolutionary tracks (Girardi et al. 2000&imeswenger, S., Lederle, C., Armsdorfer, B., & Pritchard, J. 2003,
nearby the red giant branch tip and rather far from the TP-AGB. Rev. Mex. Astron. Astrofis., 39, 33

The small irregular photometric variability fits well to this asKirkpatrick, J. D., Henry, T. J., & McCarthy Jr., D. W. 1991, ApJS,
sumption (Ita et al. 2002). So the model of the swept up ISM is Z;é“g & Kimeswender. S. 2003 AGA. 397. 951

strongly supportgd by our measuremgnts. The fast movem%ﬁeﬁlyuto” V Oestreiche?, M. 0., & Scﬁmidt’-KaIer, Th. 1997,
although uncertain, may shorten the timescales for the bubee.MNRAS’ 286, 500

This may suggest a wind having a higher momentum. One G@gyjan, G., & Hauck, B. 1981, A&AS, 46, 281

only speculate on the origin of this additional source of energyoro, D., & Munari, U. 2000, A&AS, 147, 361

There is no signature in the spectroscopy for a hot compd¥eugebauer, G., & Leighton, R. B. 1969, NASA SP, Washington:
ion causing a symbiotic Mira. Also Schmeja & Kimeswenger NASA

(2001) have shown that those objects have clear signatureS§Fyman. M. A. C., & ESA 1997, The Hipparcos and Tycho cat-
their NIR and MIR bands alogues. Astrometric and photometric star catalogues derived

. from the ESA Hipparcos Space Astrometry Mission (Noordwijk,
_ 130 _
. IRAS 02091+6333 has a distance Df N 1020£150 pc, alu Netherlands: ESA Publications Division), ESA SP-1200
minosity ofL = 920+ 150 L, and, according to van Belle et al-Schmeja, S., & Kimeswenger, S. 2001, A&A, 377, L18

(1999), an &ective temperature ofegr = 3350+ 50 K. Both  Schmidt-Kaler, Th., & Oestreicher, M. O. 1998, AN, 319, 375

the spectroscopy as well as the photometric consistency of thw, H. 1980, A&A, 82, 195

colors with the MK type from visual to IR bands suggest theMainscoat, R. J., Cohen, M., Volk, K., Walker, H. J., & Schwartz, D. E.
is currently no dominant circumstellar shell material. Girardi 1992, ApJS, 83, 111

et al. (2000b) discussed inhomogeneities in the tracks and™i z(i:r:i,til'oz.’S(gbll\rl]{;“;.ilEC.),biZ:’/\)//ggg. \Iy\};:ri;é:ohneg(? Reference
the evolution due to dierent He-core burning phases. fiteacts Zijlstra, A., & Weinberger, R. 2002, APJ, 572, 1006

slightly the luminosity (and thus the distance) but hardly the

%E[ometric reduction



