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Abstract. High accuracy polarimetric observations made on The southern hemisphere Be star HD 100546, spectral type
three nights are reported for the Herbig Be star HD 100546 ®9Vne, has been included in the list of HAEBE stars oéTét
vealing changes both in the linear and circular componenas. (1994). It has also been selected for investigation as a young
Continuous monitoring over windows 2 hrs reveal no varia- star by Henning et al[{1994) who discussed the presence of
tion or secular change ip atlevels~ 0.0002 but night-to-night a disk-like dust component around it. Short-term variability of
changes~ 0.0010 are clearly recorded. The(V') /p(B) ratio the Hx and He line profiles on time scales of days and probably
indicates an interstellar polarization component. Accounting foours has been reported by Vieira et al. (1998). According to
this by consideration of field stars does not, however, provi@MBAD, ten papers have already been published in 1998 on
an intrinsic value for this ratio that is explained by electron scatifferent observational aspects of this remarkable star. It was
tering and it is concluded that the basic polarigenic mechanisherefore decided to extend the observational diagnostic study
is scattering by dust within the circumstellar environment. by performing polarimetry with a view to determining the star’s
basic geometry and aspect. A preliminary polarimetric study
Key words: polarization — stars: circumstellar matter — starsvas made by Yudin & Evans (1998) and with uncertainties in
individual: HD 100546 — stars: pre-main sequence p ~ £0.1% for each reported measure, they suggest there is
clear evidence of variability on time-scales of days to minutes.
We report on new measurements obtained during an observa-
1. Introduction tional run in May 1996 at the South African Astronomical Ob-
servatory, Sutherland, using the polarimeter of the University
It is well known that Be stars display linear polarizationgf Cape Town (see Croppér. 1985).
(p ~ 1%) with a characteristic wavelength dependence dom-
inated by the influence of hydrogen opacity in the extended
atmosphere (e.g. see the review of Coyne (11976)). Once the cdnThe measurements

tamination of any interstellar component is removed from thg ,\,rements were made on three nights, each covering about
raw measurements, th¢\) data are usually distributed along, 1,5 Alternate B and V band integrations (180's) were ob-
aline —the intrinsic line —in the normalised Stokes parametgs o 4 and later reduced to remove the instrumental polarization
(4, u) plane, with the vector angle related to the inclination ofthg, y (5 re|ate the Stokes parameters to the celestial equatorial

stellar equatorial disk. Many Be stars display temporal variab]il,—ame’ using the calibrations described in a previous paper —

ity on a range of time-scales from hours to months, the Mapped, cjarke, Smith and Yudin (1998). The nightly mean values
behaviour in they,  plane sometimes being related to the ins¢ ye holarization are summarised in Table 1 and displayed in
trinsic line. A classic example for the behaviourpgh) and its Fig. 1.

temporal changes is the Be staCas — see Clarké (1990). =~ at face value, the measurements suggest that HD 100546
For young Herbig AeBe stars (HAEBE), temporal IC’(Jlar'élisplays a small polarization- 0.25%. The main question

metric variability is also observed, both on the short and loRg s heculiar star is the origin of the intrinsic polarization.
terms. The polarigenic mechanisms are quite different from, e assume that the polarization of the radiation is Thom-
classical Be stars, being connected with dust particles in N, scattering in the gaseous shell, the only possibility to ex-
spherical shells. There is no unique behawoqv(()_f) fo_r these plain thep(V')/p(B) ratio being larger than the usual Be star
young stars as the resu_ltant involves the comb_ma_nons of d €. > 1) is a contamination of interstellar polarization. Taking
types, degrees of clumpiness, etc. (see Voshchinnikov and Kgfs 5ccount the value of the measured interstellar absorption
jukin[1994). Polarimetry, being more sensitive to the geomet[ Ay ~ 0.m28 (see Ancker et al.1998)] and the canonical
cal configurations and physical conditions, may help to exploy, ationpys < 3Ay, (see Serkowski, et al. 1975) the value

these stars. for prg < 0.9% for HD100546. According to Hipparcos data,
Send offprint requests 1®. Clarke the distance to this star is 1@35 pc. Inspection of Centre de
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Table 1. The measurements of the Be star, HD 100546, according to the commencing Julian Date and the filter passband. The, headings
correspond to the mean normalised linear Stokes parameters with the standaid¢eata¢hed; uncorrected circular polarization measurements
with their associated error are listed under the heading@he number of integrations is designated¥y each with integration time of 180
seconds.

JD Band q U o Vo N
2450000+

227.272 B —0.00077 +0.00180 +0.00014 —0.00020 +0.00010 11
227.274 \ —0.00086  +0.00311 +0.00012 —0.00027 4 0.00009 11
229.286 B —0.00039 +0.00156 +0.00010 +40.00007 4+ 0.00007 17
229.288 \Y —0.00113  +0.00227 +0.00009 —0.00017 + 0.00007 17
230.324 B —0.00084 +0.00082 +0.00013 +0.00046 4 0.00009 12
230.326 \ —0.00165 +0.00232 +0.00011 —0.00030 4 0.00008 12

Table 2. Values of the V-band interstellar polarization of stars within

035 2.°5 of HD 100546, the data taken from Mathewson & Férd (1970)
+ 3 HD Angular  p(%) 6  d(pc)
030+ Number  Sep9) ®)
102839 1.4 1.44 118 446
98695 2.1 1.90 115 233
6 0.25 99264 2.17 236 120 270
+ o° 96706 232 137 116 346
99872 2.32 3.03 117 233
0.20 +
%Q
5 From Table 2 we may estimgtes ~ 2% with 6 ~ 117° for
%* 015 T the distance- 300 pc. Assuming a linear growth with distance,

the value ofp; g at 100 pc would be 0.6% which is in agreement
with the estimate obtained from the extinction value. However,

010 + consideration of such aninterstellar polarization does not rectify
%ﬁ the anomaloug(V') /p(B) ratio. From this we can conclude that
electron scattering can be excluded as the primary source of the
0.05 | intrinsic polarization.

The temporal variability of discussed here clearly indicates
an intrinsic origin for the polarization. An explanation for the
| | | | | | observed behaviour of HD 100546 may be found through scat-
’ ’ ’ tered radiation by dust particles in the circumstellar envelope.
The star is known to have a large IR exceBg/{_r) ~ 25 or
005 + E12 pm =~ 8™6) which is explained by the presence of a dust
disk surrounding the star and viewed edge-on (see, for exam-

Fig. 1. The Stokes parameter plog and u in %) depicts the mean ple, Malfait et al.[ 1998) and is like many other young HAEBE
T , objects. Such excesses indicate the presence of cool and hot

polarimetric values for HD 100546 for each of the three nights ¢ dust in their environments. If the circumstellar dust is the main
227, 5= JD 229, 6= JD 230) of observation for the(B) and \/e) S :

agent for the polarization of HD 100546, the wavelength depen-
dence may have aform like that of the canonical Serkowski Law.
In most cases HAEBE stars sha\) which differs from the
Donrées Astronomiques de Strasbourg—Polarisation Catalo@erkowski Law in the sense thatloes not decrease in the red.
(1978) and the data of Klare and Neckel (1977) reveals that thé@itgs fact can be explained in terms of non-selective absorption
are no field stars within3 By expanding the field to°7 there in circumstellar shells due to the presence of large dust parti-
are four stars at similar distances which show 0.05% with  cles. The existence of both selective and non-selective compo-
f# ~ 135°. However, as noted by Hu et al. (1989), the starisents affecting the polarization of some HAEBE stars has been
co-ordinates match those of a dark cloud (DC 296.2-7.9) caliscussed recently by Beskrovnaya et[al. (1998) and Beskrov-
ering a field~ 15arcmin. There are a few stars within°2. naya etall(1999). Moreover, the objects which were considered
of HD 100546 which are 2 to 3 times more distant, providinHD 163296 and HD 36112) are very analogous to HD 100546
substantial interstellar polarizations (see Table 2). taking into account their photometric and spectroscopic char-

passbands. The error bars correspontt to values.
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04 ' ' nights and, on JD 0227, the V band measurements are signifi-
cantly displaced relative to the other two nights, the differences
being clearly seen in Fig. 1. Unfortunately the observing run
was too short to obtain hints of any systematic changes in the
i q, u plane that would allow the major principal axis or intrinsic
0.3 T 1 line (see Clarke and McGale, 1987) to be determined.
l - . | Although the circular polarization measurements have not
— ! . been treated properly for effects of instrumental polarization,
J' " g , it does appear that a change in the B band is detectable over
the observing run. Welch tests show that on JD 0230 the un-
0.2} ! o T derlying value is different from the other two nights, possibly
associated with the noted change of the linear polarization on
the same night. At this stage it is impossible to say whether this
circular polarization is generated in the stellar atmosphere or
whether it is the intrinsic linear component being partially con-
0-{0_3 0.2 ol 0.0 verted to circular by the birefringent interstellar medium. The
a (%) three mean records for the V band are indistinguishable and al-
though they provide a systematic non-zero value, reference to
Fig. 2. The Stokes parameter plot depicts the individual V-band polagiata from other stars (see Clarke, Smith and Ytidin. 1998) would
metric records for HD 100546 for the night of JD 245 0229. suggest that it is an instrumental effect and that its mean value is
essentially zero. To explain their spectroscopic data, Vieira et al.

acteristics. According to Grady et dl. (1997) the spectroscoff&998) suggested the presence of an optically thick dust cloud
behaviour of HD 100546 and the presence of accreting gas pfbthe edge-on disk-like envelope of the star. Such a geometry
files led them to conclude the existence of star-grazing bod84y resultin the appearance of circularly polarized radiation at
resembling either comets or asteroids. They also noted a silfiast from time-to-time.
larity of HD 100546 with two other HAEBE stars HD 104237
and HD 163296 and with more evolved stars such B&. The . : .
prominent mm flux from HD 100546 is also consistent with th‘é' Discussion and conclusion
presence of comparatively large circumstellar grains (Hennifigree nights of observation have revealed night-to-night po-
etal.[1994). larimetric changes in HD 100546, both linear and circular. Over
windows of~ 2 hours, however, no polarimetic variation either
secular or of a more stochastic nature was detected with mea-
surement uncertainties jm ~ +0.02%. No hint of the temporal
The method of data logging, with repeated measureni@htsf behaviour, as reported by Yudin & Evans 1998, was detected
p(B) andp(V), is ideal for applying statistical tests to explor@ver a total monitoring time- 6 hours, even though our new
short term polarimetric flickering and night-to-night changesmeasurements were recorded with experimental uncertainties
For each night, tests (see Brooks etlal., 1995) showed thatWigch were some 5 times smaller. Comparison of the data of
assembly of; andu values for both passbands could be contudin and Evans shows that th€V) values occupy a similar
sidered as being Normally distributed with a variance that weegion in theg, v plane but that the(B) are displaced as a re-
no larger than expected as a result of the experimental noiselt of v values being negative. Thus the ratid)/p(V) has
Time plots of the data in the, v plane also revealed randomchanged significantly between the data sets of Yudin and Evans
paths through the distribution. No distinctions could be madad those presented here. Such a variation may be brought about
between measurements made at the beginning of each nightlvgla change in the average opacity in the stellar disk or by a
ative to the data recorded towards the end of each 2hr run. Eablange in the contribution of the circumstellar dust component.
set of nightly values appeared to be consistent as being repeated he variability on time scales of days reported here and on
measurements of a constant underlying value. A typical setadiong time scale, following comparison with the data presented
measurements from a single night is depicted in Fig. 2. Thhg Yudin & Evans [(1998), is not surprising. As noted earlier,
no flickering in p at a level of~ +£0.0002 was observable on the star is a spectroscopic variable (e.g. see Grady, et al., 1996).
any of these nights with a total observation coverage of abouviira et al. [1998) pointed out that both accretion and stellar
hours. wind are the sources of activity in HD 100546. Moreover, they
Welch tests (see Brown and Forsythe, 1974) reveal that ftave noted the occurrence of Algol-like photometric minima
both the B and V passbands, the thgemeans for each night with small (= 0706) brightness variation and discussed this
are indistinguishable and can be considered as coming from biedaviour in terms of variable extinction by inhomogeneities
same underlying parent constant value. Tihgarameter, how- in the circumstellar disk. Hipparcos photometry of the star (see
ever, does show movement. On JD 0230, the B band measwas den Ancker et al., 1998) indicates a photometric variation
ments are significantly displaced from the values of the other twath amplituded H,, ~ 0"'19.

u (%)

3. The temporal variability
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There is a significant difference between stars likguired, these being produced by stellar wind events or in a more
HD 100546, HD 31648, HD 36112 and HD 163296 and yourgermanent structure which is revealed through co-rotation of the
HAEBE stars with Algol-like minima of brightness like UX Ori, circumstellar structure. Monitoring of the temporal signatures
BF Ori, etc. (UXOrs). Both stellar groups are characterised bgriations would help determine the ‘degree of clumpiness’ in
the presence of circumstellar disks viewed edge-on and inlioe extended atmosphere of this star. Measurements made with
mogeneous dust clouds rotating in the plane of the disk. The aarbroader range of wavelength coverage would also be useful
plitude of the photometric and polarimetric variability is smalio distinguish between electron scattering and Mie scattering
for the first group(Amy < 0.2, Ap < 0.3%) whereas for from the dust in the stellar environment and to investigate the
UXOrs, the scale of variability of the observed parameters psesence of very small and very large dust particles.
significantly larger(Amy ~ 3™; Ap ~ 6 to 7%). It is safe
to suggest that in both cases this variability results from reduteknowledgementsThanks are due to Dr R Stobie and his staff at the
tions of the dust cloud dilution effect of the unpolarized stella”AC for their general support for this observing run and to Dr Karen

- ; o : llard for getting us (DC and RAS) established with the polarimeter
radiation, and because of the cloud sizes, this is more Impgﬁthe telescope. The work was undertaken through a PATT grant from

tant for UXOrs than the above HAEBE stars. This suggesti%
: . ) ARC.

goes hand in hand with the notion that these subgroups have
different ages with the HAEBE stars above, being considered
in the past as members of Vega-type stars and “Batiit stars References
(sge S|t|§o etall, 1_999) or in terms of circumstellar evolution Qf ., qen Ancker M.E., de Winter D., Tjin A Djie H.R.E., 1998, A&A
objects in a transition stage between young HAEBE stars and 339, 145
young main sequence Vega-type stars. Small amplitude variaBiéskrovnaya N.G., Pogodin M.A., Yudin R.V,, et al., 1998, A&AS
ity on time scales of days is typical for this sub class of young 127, 243
stars Beskrovnaya et &l. (1998, 1999). In the framework of dugsskrovhaya N.G., Pogodin M.A., Miroshnichenko A.S., et al., 1999,
condensations rotating around a star, polarimetric variability A&A 343, 163 . .
of UXOrs results from Changes in the ratio between the po|£{00k$ A., Clarke D., McGale P.A., 1995, VISta-.S in Astron. 38, 377
ized and non-polarized fluxes from the circumstellar envelop&0wWn M.B., Forsythe A.B., 1974, Technometrics 16, 129
while for the stars like HD 100546, variability is generated b§®""® de Donees Astronomique de Strasbourg — Polarisation Cata-
scattering within the small inhomogeneities. If the initial du logue (Microfiche), 1978

. . . larke D., 1990, A&A 227, 151
disk is compressed along the direction of the local magne,

. . . . . farke D., McGale P.A., 1987, A&A 178, 294
field, it should be oriented normally to the interstellar polarizgs|a ke D Smith R.A. Yudin R.V.. 1998 A&A 336. 604

tion (i.e. position anglex 117° — 90° = 27°. The estimates coyne G.v., 1976, In: Sletteback A. (ed.) Be and Shell Stars — IAU
of intrinsic polarization of HD 100546 leads to a V-band value Symp. No. 70, D. Reidel Publishing Co., Dordrecht, Holland,
Ointr = 35°, i.€. the vector of intrinsic polarization is roughly  p. 233

parallel to the disk plane. Contrary to the optically thin cas€ropper M.S., 1985, MNRAS 212, 709

such a situation may occur if the dust inhomogeneities are ogéirady C.A., Perez M.R., Talavera A., et al., 1996, A&A 120, 157
cally thick. The conclusion that the scattering is from opticallfprady C.A., Sitko M.L., Bjorkman K.S., et al., 1997, ApJ 483, 449
thick dust inhomogeneities is also consistent with the possits|énning Th., Launhardt R., Steinacker J., 1994, A&A 291, 546
detection of circular polarization in HD 100546. Hu J.Y., Tfe P.S., de Winter D., 1989, A&A 208, 213

It is important that this star should be monitored mor.lé:]a,eric_s‘s" '\(Ijeec\lj\'/ailn-tr:r"DlQ;Z’ZA,\i‘ARs ig’gili& AS 104. 315

extensively to explore the nature of the variatiopi@nd 0 \;-ie-i k- waelkens C., Waters L.B.E.M., et al., 1998, AGA 332, L25
investigate the circular polarization further with a view to cony,thewson D.S., Ford V.E., 1970, Mem. R. Astron. Soc. 74, 139
firming its origin. Itis important to obtain measurement®ods  gerkowski K., Mathewson D.S., Ford V.L., 1975, ApJ 196, 261

itis undergoing change and to record the rate at which the nigBitko M.L., Grady C.A., Lynch D.K., et al., 1999, ApJ 510, 408
to-night variations inp, occur. If, for example, the change isvieira S.L.A., Pogodin M.A., Franco G.A.P., 1998, A&A, submitted
smooth and progressive through the 24 hr period, then its caMgshchinnikov N.V., Karjukin V.V., 1994, A&A 288, 883

might be ascribed to a general global development. For mofugin R.V,, Evans A., 1998, A&AS 131, 401

rapid changes, localised variations in the optical depth are re-



	Introduction
	The measurements
	The temporal variability
	Discussion and conclusion

