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bstract. This paper presents optical UBVRI broadband photo-polarimetry of the EXPORT sample obtained

at the 2.5 m Nordic Optical Telescope. The database consists of multi-epoch photo-polarimetry of 68 pre-main-
sequence and main-sequence stars. An investigation of the polarization variability indicates that 22 objects are
variable at the 30 level in our data. All these objects are pre-main sequence stars, consisting of both T Tauri and

H

erbig Ae/Be objects while the main sequence, Vega type and post-T Tauri type objects are not variable. The

polarization properties of the variable sources are mostly indicative of the UXOR-type behaviour; the objects show
highest polarization when the brightness is at minimum. We add seven new objects to the class of UXOR variables
(BH Cep, VX Cas, DK Tau, HK Ori, LkHa 234, KK Oph and RY Ori). The main reason for their discovery is the
fact that our data-set is the largest in its kind, indicating that many more young UXOR-type pre-main sequence

st

ars remain to be discovered. The set of Vega-like systems has been investigated for the presence of intrinsic

polarization. As they lack variability, this was done using indirect methods, and apart from the known case of

B

ci

K
st

D+31°643, the following stars were found to be strong candidates to exhibit polarization due to the presence of
rcumstellar disks: 51 Oph, BD+31°643C, HD 58647 and HD 233517.

ey words. techniques: photometry — techniques: polarimetry — stars: circumstellar matter —
ars: pre-main sequence — stars: variables: general

1. Introduction
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One of the main projects within the EXPORT project

via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) (EXoPlanetary Observational Research Team, Eiroa et al.

or via
http://c

2000) concerned the study of the circumstellar gas and
dsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/379/564  dust around pre-main-sequence (PMS) and main-sequence
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(MS) objects thought to be accompanied by planets,
or by planets in formation. The aim of this effort was
to study stars at different early evolutionary stages by
gathering more observational data on the existing sam-
ples in order to provide better defined observational
clues regarding proto-planetary disk evolution. The data
concerned are near-simultaneous spectroscopy, photome-
try and polarimetry. Such data are complementary, as,
roughly speaking, the former data probe the gas closest to
the stars, while the photo-polarimetry most likely probes
gas and dust further out from the stars. Although studies
of individual objects have been carried out in the recent
past, a large sample of objects has not been studied simul-
taneously in a systematic and statistical manner. This is
mainly due to the large amounts of telescope time needed
— made possible only now by the allocation of the 1998
La Palma International Time to the EXPORT project.
Near-infrared photometry of our sample has been pub-
lished in Eiroa et al. (2001), while the first results on the
spectroscopy are presented in Mora et al. (2001).

This paper concerns the presentation and preliminary
analysis of the optical photo-polarimetry obtained in the
course of the project. The purpose of these data is twofold,
in the first place, the data are used to “flux” the spec-
troscopic data so that not only changes in the emission
line equivalent widths can be traced, but also the energy
output. Secondly, combined polarimetry and photometry
teaches us a great deal about the geometry of the circum-
stellar material. Stellar light that is scattered off circum-
stellar dust grains will result in the light being polarized.
In the case of spherically symmetric shells, or face-on cir-
cular disks, no net polarization will be observed as all
polarization vectors cancel each other out. On the other
hand, in the cases of a deviation from circular symmetry
on the sky, a net polarization will be observed.

It is not trivial to assess whether a polarized object
indeed has a disk-like dust configuration, as interstellar
polarization can often contribute significantly to the ob-
served polarization. Variability of the polarization can set-
tle this question quite straightforwardly, as any variations
in polarization must be due to circumstellar effects, be-
cause interstellar dust clouds are not expected to vary
within the epochs under consideration.

A sub-sample of both low and intermediate mass
young objects displays a special type of photo-polarimetric
variability, commonly referred to as the “UX Ori” phe-
nomenon (Grinin et al. 1994). From long term photo-
polarimetric monitoring of a small number of young stars,
Grinin et al. (1994) identified a group of objects that are
photo-polarimetrically variable. This group of stars shows
increased polarization when the optical light of the stars is
faint. Crucially, the objects also are redder at fainter mag-
nitudes, while in extreme visual minima there is a colour
reversal, the observed colours become bluer again. Named
after their proto-type, UX Orionis, these stars are com-
monly referred to as UXORs. UX Ori itself is classified
as a Herbig Ae/Be star, and indeed many UXORs are on
the more massive end of the young stellar mass spectrum.
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Yet, this behaviour is not confined to Herbig stars, as for
example the T Tauri object BM And does show the same
behaviour (Grinin et al. 1995).

The main explanation of this phenomenon concerns
the existence of dust clumps located in a disk-like configu-
ration rotating around the star. When the dust clumps are
not in our line of sight, the star will be observed at max-
imum light, with only a slight contribution of scattered
radiation from the dust. If the dust is intersecting the line
of sight, light from the star will be absorbed, and the rel-
ative contribution of the scattered light increases, increas-
ing the observed polarization. Moreover, the fact that the
reddening of the star coincides with the faintening, leaves
little doubt that dust-absorption indeed plays the main
role in the process. In cases of extremely deep minima,
the light from the star is blocked almost entirely, resulting
in a “blueing” of the energy distribution, as now mostly
scattered light dominates the observed light. Depending
on the distribution of dust-clouds, the light can be more
or less absorbed during a period of photo-polarimetric
monitoring. Added complications to this simplified sce-
nario are aligned grains and dust production and destruc-
tion (see Grinin 1994). For more detailed discussions on
the origins of UXOR photo-polarimetric behaviour, we re-
fer the reader to Grinin (1994) and Grinin et al. (1994),
but see Herbst & Shevchenko (1999) who discuss some
short-comings of the scenario. In the following, we will
refer to stars exhibiting the UX Ori phenomenon when
an increased polarization is observed simultaneously with
fainter, and possibly redder, photometric results. We ap-
pear not to have observed objects in very deep minima,
hence the “blueing effect” is not present in our data.

The aims of this paper are threefold. It is meant as
a database for the community, and as such the data-
acquisition, reduction and results are presented. In ad-
dition, the first analysis of the data is presented, aimed
firstly at the detection of variability of the sources, and
secondly at identifying Vega-type objects that may ex-
hibit intrinsic polarization due to dusty circumstellar cir-
cumstellar disks.

This paper is organized as follows: Sect. 2 presents
the observations and data reduction, Sect. 3 discusses the
variability of the sources and Sect. 4 presents the analysis
of the Vega-type objects, while we end with a discussion
in Sect. 5.

2. Source selection, observations
and data-reduction

2.1. Source selection

In order to learn more on the statistical behaviour of plan-
etary systems, and especially their formation, the observed
sample covers stars in various stages of their evolution.
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Low mass young stellar objects such as the Classical
T Tauri stars (CTTs) and Early type T Tauri stars (ETT)
were selected from Herbst et al. (1994). A sample of
their intermediate mass counterparts, the Herbig Ae/Be
stars, was taken from the Thé et al. (1994) catalogue.
The observed sample covers almost all such stars ob-
servable in the Northern hemisphere. Objects further in
their evolution, which are now on, or close to, the Main
Sequence, were also included. This sub-sample includes
Vega-type stars, MS stars that are found to exhibit an in-
frared excess identified with circumstellar, possibly proto-
planetary, disks. The spectral types cover the low to in-
termediate mass range. These objects were mostly taken
from Sylvester et al. (1996). Finally, some A-type shell
stars found to be accreting gas, a spectral characteristic of
the Vega-type object 3 Pic, were taken from Grady et al.
(1996). The list of targets and some results are presented
in Table 1.

2.2. Observations

The observations employed the Turpol UBVRI polarime-
ter/photometer (Korhonen et al. 1984) mounted on the
the 2.5 m Nordic Optical Telescope (NOT), La Palma,
Spain. The data are obtained simultaneously in the
UBVRI bands (with equivalent wavelengths of 0.36, 0.44,
0.53, 0.69 and 0.83 pum) via several dichroic beamsplitters.
A half-wave plate rotated in steps of 22.5° enables linear
polarization measurements to be made. One complete po-
larization measurement consists of eight integrations. The
sky background polarization is eliminated by the use of
the calcite block, so only sky intensity measurements are
recorded, mostly before and immediately after a target
observation.

The data were collected on photo-multipliers. Neutral
density filters (1% and 10% throughput respectively) were
used to block the light from very bright sources. The use of
these neutral density filters resulted in roughly the same
number of photons per unit time being recorded from
bright sources and faint sources. Hence, for the same ex-
posure times, similar observational error bars on the re-
sulting polarization and photometry are obtained for the
targets. The objects have been observed with exposure
times of 10 s (per integration) with 4 cycles giving total
exposure times of 320 s, with the exception of the photo-
metric standards for which 1 cycle only was taken.

The observations were obtained during the nights of
14-17 May 1998, 28-31 July 1998, 23-27 October 1998 and
29-31 January 1999. All nights were of good enough qual-
ity to yield useful polarization data, while about half of
the nights were photometric. Apart from July, in all runs
a 10 arcsec diaphragm was used, in July the 7.5 arcsec
diaphragm was employed. Calibration observations were
taken throughout the nights, these include polarized
standard stars, zero-polarization stars and photometric
standards with different colours, observed at different
air-masses.
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Table 1. The observed objects. Columns 2 and 3 list the num-
ber of polarimetric and photometric observations respectively.
Column 4 gives the weighted mean of the V' band polarization,
as an indication of the average level of polarization observed,
and finally, it is noted whether the polarization was found to
be variable or not (see text).

Name Npol Nphot Py (%) Variable?
Herbig Ae/Be:

AS 442 3 0 2.93 4+ 0.04

BD +40°4124 4 3 1.17 + 0.03

HD 31648 6 5 0.40 4+ 0.02

HD 34282 3 3 0.12 + 0.02

HD 144432 7 3 0.25 + 0.02

HD 150193 3 2 4.64 + 0.02

HD 179218 1 1 0.64 £ 0.07

HD 190073 3 1 0.41 + 0.03

LkHa 234 8 5 0.44 + 0.07 v
MWC 297 1 1 1.15 + 0.17

VX Cas 9 7 0.69 + 0.03 v
SV Cep 10 6 1.03 £ 0.02 v
V1686 Cyg 11 7 3.14 + 0.07 v
VY Mon 3 2 9.82 + 0.23 v
51 Oph 6 3 0.47 + 0.02

KK Oph 9 3 5.26 + 0.05 v
BF Ori 6 4 0.46 + 0.01 v
T Ori 6 4 0.29 4+ 0.02

UX Ori 9 6 1.15 + 0.01 v
V346 Ori 5 3 0.22 4+ 0.02

V350 Ori 5 3 2.57 4+ 0.05 v
XY Per 6 5 1.58 £+ 0.01 N
VV Ser 11 7 1.72 + 0.04

RR Tau 7 5 1.38 + 0.03 N
WW Vul 11 7 0.27 4+ 0.02 N
Herbig/ZAMS:

HD 58647 3 1 0.16 4+ 0.02

HD 141569 9 4 0.62 4+ 0.02

HD 142666 7 3 0.71 4+ 0.04

HD 163296 7 3 0.02 4 0.01

HD 199143 2 2 0.11 4+ 0.04

T Tauri:

HD 123160 5 2 0.30 &+ 0.04

BM And 8 7 2.03 4+ 0.06 v
BH Cep 11 8 0.44 4+ 0.03 v
BO Cep 9 6 0.88 4 0.03

CO Ori 8 6 2.22 4+ 0.03 v
HK Ori 7 6 1.18 + 0.03 v
NV Ori 7 5 0.58 4 0.01 v
RY Ori 7 5 2.62 4+ 0.05 v
CQ Tau 7 5 0.20 4 0.01 v
CW Tau 8 7 0.79 4+ 0.12 v
DK Tau 5 5 1.31 + 0.07 v
DR Tau 4 4 0.46 + 0.06

RY Tau 7 6 2.62 + 0.02 v
PX Vul 9 6 3.89 + 0.03
Vega/PTT:

BD +31°643 8 6 1.26 + 0.03

BD +31°643C 3 2 0.70 4+ 0.03

HD 23362 3 1 0.66 + 0.04

HD 23680 2 1 1.18 + 0.06

HD 34700 2 2 0.35 £ 0.06

HD 109085 1 1 0.05 £ 0.04

HD 142764 3 2 1.56 + 0.03

HD 233517 3 1 1.64 + 0.03

HR 26 1 1 0.09 £ 0.06

HR 419 3 1 0.19 + 0.06

HR 1369 1 1 0.03 + 0.05

HR 1847A 3 3 0.63 £ 0.04

HR 1847B 3 3 0.63 £ 0.02

HR 2174 3 1 0.07 £ 0.03

HR 2174B 1 0 0.07 £ 0.04

HR 4757B 1 0 0.11 + 0.09

HR 5422A 4 2 0.08 4 0.02

HR 5422B 4 2 0.06 4 0.04

HR 9043 3 3 0.04 4+ 0.04

X Boo 4 1 0.03 4 0.01

49 Cet 2 0 0.15 4+ 0.06

A-shell:

24 CVn 3 1 0.02 4+ 0.02

17 Sex 3 1 0.07 4 0.03

HR 10 3 3 0.07 4+ 0.04
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2.3. Data reduction

The polarization data were reduced using software de-
signed for the Turpol, both RDO and JP (using a sim-
ilar programme) reduced the data independently, and the
results were similar. 1o error bars are calculated from
least-square fits to the data in the eight different orien-
tations of the retarder, or the photon noise, whichever is
the largest. The resulting accuracy in the Q and U Stokes
vectors is of order 0.05-0.1% for the sources in most
bands. The error in the polarization is the same as the
error in the Stokes vectors. Typical errors on the po-
larization angle were of order 1-3° and calculated from
0.5 x atan(op/P), which, to first approximation equals
the commonly adopted 28.65°xop/PL. In one instance,
during the first two observations of 29 January 1999, a
problem with the field rotator occurred, resulting in an er-
ror in the position angle that is hard to quantify. For these
two objects (BD+31643 and HD 23362), we set the error
in PA to 10°. It should be noted here that the computed
error-bars reflect the statistical, internal, error-bars. The
external errors are expected to be slightly larger, of order
0.1%, as polarization standard stars often have slightly
different published values, possibly due to different filter-
bands and systems used. We also find deviations at the
1-2° level when intercomparing polarized standards. In
those cases we took the weighted mean of the correction
to be applied. This adds an additional uncertainty to the
derived position angles of 1-2°, which does not affect the
results in the vast majority of cases.

The instrumental polarization as determined from
observations of zero-polarization stars, was mostly below
0.05% and thus not of relevance to the data reported here.
The system was extremely stable during the four runs,
statistical tests, outlined below, showed that highly polar-
ized standard stars were recorded with the same polariza-
tion throughout, which was consistent with values from
the literature. The zero-polarized stars remained constant
within the error bars, indicating that the instrumental po-
larization was constant at low values.

We note that measured polarizations, by virtue of the
way they are calculated (P = 1/Q? + U?), are always pos-
itive, and hence at the low polarization end, the data are
inevitably biased towards too high polarization values.
The usual manner of dealing with such data is correct-
ing in the manner Pye = /P2, — 0.5m0% (cf. Serkowski
1962). Here, we will not correct for this bias and not sub-
tract the instrumental polarization from the resulting data
(mostly due to pragmatic reasons as the objects often have

! These approximations do not strictly hold for very low
polarization values (see Serkowski 1962, 305), but only for
P > 0%, or, roughly, P > 6 op. For P ~ 0%, the errors on
the polarization are actually smaller than the error bars on @
and U by about 35%, while the error bars on the polarization
angle reach a maximum of 52°. These values are related to the
complex form of error-propagation — see Serkowski (1962, 304)
and further.
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larger polarizations), but it should be kept in mind when
investigating low polarization targets.

Nine out of the 16 nights were photometric, these were
15 and 16 May, 29 July and 23-27 October 1998, and
30 January 1999. The photometry was reduced using stan-
dard procedures, and taking into account atmospheric ex-
tinction. It was found that the neutral density (ND) filters
were not entirely grey, and additional corrections had to
be performed on the final values. The problem stemmed
from the fact that the observed Landolt standard stars
were mostly faint (V > 9), and no ND filter was needed,
while some bright target stars needed ND filters in order to
avoid burning the photo-multipliers. The corrections were
determined by comparing existing photometry, taken from
SIMBAD, and the results were as follows: for the 10% ND
filter no correction was needed in the UBVR bands, while
the correction amounted to —0.15 mag in the I band.
The 1% ND filter had a larger effect; —0.08 mag (V),
—0.18 mag (R) and —0.45 mag in the I band, while the
U and B bands did not need a correction. The error-bars
on the photometry were dominated by the solutions to
the colour transformation rather than shot-noise statis-
tics, and are less than 0.1 mag overall. Conservative limits
of 0.10, 0.10 and 0.15 mag are adopted for the V, R and
I band data respectively where corrections had to be ap-
plied because of the 1% ND filter and 0.10 mag for the
I band in the case of the 10% ND filter.

In total, 68 targets were observed. We attempted to
observe every star at least twice during each observing
run, and during consecutive observing runs. The resulting
data set thus contains photo-polarimetric monitoring on
daily and monthly time-scales with most of the objects
having been observed 5-10 times. The resulting data set is
provided in the Appendix, which is available electronically
at CDS.

3. Results

Although a detailed analysis of the data is beyond the
scope of this paper, we discuss some global properties of
the sample below. The main property that we discuss first
is the presence of polarimetric variability — which con-
firms the presence of a flattened structure around the
objects. We then discuss the polarization characteristics
of the Vega-type stars and identify targets for follow-up
research.

3.1. Variability of the sources

In this section we will discuss the variability of the sources.
Determining whether the sources are variable is not neces-
sarily straightforward as outlined in the previous footnote.
The error propagation from the QU vectors is not trivial,
complicating statistical tests on the resulting polarization
and angle. Hence, we have to perform a test in QU space.

To this end, we adopt the simple, yet powerful statisti-
cal formalism presented by Oudmaijer & Bakker (1994)
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Fig. 1a. Objects known to exhibit the UXOR phenomenon and showing it in our data. Plotted are the (B—V'), Position Angle,
Polarization and V magnitude as function of time. For selected objects (see text), the crosses denote the R band polarization
values. The four panels in Julian Date correspond to the May, July and October 1998 and January 1999 observing runs.

and Henrichs et al. (1994). The variability can be ex-
pressed as

(), (e E o)

i=1

(1)

Where oohs represents the scatter of the data-points
around the mean observed value, o, is the (average)
experimental error, N is the number of data points,
P,y () represents the (weighted) average Stokes param-
eters, P;(A) the individual Stokes parameters, and o;(\)
is the 1o error-bar for the data points.

(0obs/0av) corresponds to the standard deviation of
the variations of the individual data points with respect
to the average divided by the standard deviation of the
average. If no significant variations are present, the value
will be close to one, significant deviations are directly rep-
resented in units of the noise level, that is to say a peak
of three corresponds to a variability at a 3o level. This
method gives a numerical answer to the question: is the
rms of the mean of all observations larger than the indi-
vidual error-bars? The method was applied on the individ-
ual @ and U vectors for every photometric band of the
observed targets. The mean value was close to 1, confirm-
ing that the error-bars provided by the reduction software

reflect the true errors. A more stringent confirmation of
the strength of this statistical test is that the polariza-
tion and photometric standard stars appeared not to be
variable at a level larger than 20. An exception to this
finding was the polarized standard HD 154445. This star
was flagged as variable at the 3¢ level in almost all photo-
metric bands. Inspection of the data revealed that this was
due to the star being very close to the bright limits of the
photo-multipliers for its ND filter, which resulted in more
counts than recorded for the average target. As such this
star has very low experimental error bars, sometimes at
the 0.03% and 0.3° level, so that systematic uncertainties
in polarization angles can not be ignored anymore (see the
discussion in the previous section).

We selected all objects that displayed variations at
the >30 level in either the @ or U Stokes vector in at
least 1 band. These objects are indicated in Table 12.

2 Four objects that satisfied this criterion are not listed in the
table. The statistical results of HD 144432, HD 163296 and
V346 Ori were dominated by one deviant polarization value
in only one band in the sequence of observations, which was
probably related to the low polarization of the sources. These
stars are not further discussed here. 7 Boo is effectively unpo-
larized in our data, with the listed polarizations of order the
observational error-bars.
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Fig. 1b. As the previous figure, but now for objects not previously known to show the UXOR behaviour.

Virtually all T Tau stars were found to be variable, while
half of their earlier-type counterparts, the Herbig Ae/Be
stars are variable in our data-set. There are undoubtedly
more variable stars in the sample, as for example low level
but periodic variability will not be recognized as such us-
ing the above procedure. A detailed investigation however
is beyond the scope of this paper.

3.2. Correlation photometry — polarization

For the objects flagged as variable in Table 1, we investi-
gate the correlation between the observed polarization and

photometry. From here on, we will discuss them into two
groups: those objects showing increased polarization with
fainter magnitudes (i.e. showing the UXOR phenomenon),
and those objects that do not clearly show this behaviour
in our dataset. We base the following on the V' band; where
necessary, other passbands will be discussed as well. We
point out that the following discussion is not exhaustive
as not all observing dates were photometric, limiting the
number of the combined photo-polarimetric data. It is also
possible that our limited time-coverage may have missed
objects that are known to be variable, but happened to
be relatively stable during our observing campaigns.
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3.3. Objects showing increased polarization
with fainter magnitudes

In our sub-sample of 22 targets which display significant
variations, the UXOR type behaviour (in first instance,
an anti-correlation between polarization and photometry)
can be found in 13, i.e. more than half of the targets.
Their data are displayed in Figs. la and b. For six of
these (BF Ori, BM And, RR Tau, VY Mon, WW Vul and
RY Tau), similar observations are present in the litera-
ture, while for seven of these objects (BH Cep, KK Oph,
RY Ori, VX Cas, DK Tau, HK Ori and LkHa234) this is
a new finding, as, to our knowledge, no previous photo-
polarimetric monitoring has been performed for these
objects.

BF Ori: the UXOR behaviour was previously discussed
by Grinin et al. (1989) for BF Ori. We seem to have
observed the star in a relatively bright period, V < 10
(P < 1%). Grinin et al. (1989) observed minima with V >
12, with P reaching the 5% level.

BM And, RY Tau, and WW Vul: for both BM And
(Grinin et al. 1995) and WW Vul (Grinin 1994) a similar
behaviour as for BF Ori has been presented in the litera-
ture. At some times, polarizations of order 6% were mea-
sured when the stars were at their photometric minima
(V = 14, and 12 respectively). We observed these stars
in relatively bright, longer lasting, phases. RY Tau was
observed by Petrov et al. (1999), in a somewhat brighter,
lower polarization state than reported here.

RR Tau: although variable in the entire polarization
data-set, the variability of RR Tau is less significant in
the subset containing the photometry. The minimum in
the V band photometry corresponds to a hardly signifi-
cant local maximum in polarization but is more visible in
the R band data, which are also shown for this object.
RR Tau is known to display the UXOR phenomenon, as
Rostopchina et al. (1997) has shown. They find that the
V' band magnitude varies between 10 and 14, with excur-
sions in the polarization up to 6%.

VY Mon: the subset containing both polarimetry and
photometry of VY Mon is limited to only two data-points.
As the errors on the V band polarization are large, the
R band data are plotted in the figure as well. In the V' band
there is no polarization variability at all, but in R and
I bands the UXOR phenomenon becomes clearly visible.
Because of the faintness and redness of the object, the ob-
servational error bars prevent us from detecting variabil-
ity in V — a problem eased by investigating the R band,
where the UXOR, phenomenon becomes visible. Based on
two unpublished photometric data-points, Yudin & Evans
(1998) reach the same conclusion.

We now add to this class of object an additional seven
stars. Although the photometric variability of these ob-
jects was known already, as is evident from their names
of course, it is our simultaneous photo-polarimetric cam-
paign that puts them in the “UXOR” class.
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BH Cep: BH Cep shows photometric variations of
1 mag, coinciding with a ten-fold polarization increase
from 0.2 to 2% within two days.

VX Cas: a slight anti-correlation is seen in the
October 1998 run, the single point from July shows a
deep brightness minimum accompanied by high polariza-
tion and the reddest colour.

DK Tau: shows a 1 mag change and a doubling of the
polarization from 1 to 2% within two days.

HK Ori: displays a gradual change over a four day
period by 0.4 mag while increasing in polarization from
1% to 2%.

LkHa234: exhibits a drop of 0.3 mag in 1 day, coin-
ciding with an increase in polarization from 0.1 to 0.7%.
This is more clearly present in the R band data.

KK Oph: only three photometric points are available
for this highly variable object. Within the May 1998 run,
the two data points show an anti-correlation between
photometry and polarimetry, indicating UXOR type be-
haviour. The third data point, taken in July 1998, how-
ever is the faintest photometric point, but also shows the
lowest polarization. It may well be that the dust clouds re-
sponsible for the obscuration in July 1998 had a different
geometry (i.e. less a-symmetric) resulting in lower polar-
ization values and a different inclination, as evidenced by
the change in position angle between the two runs.

RY Ori: the October 1998 run displays a very clear
UXOR behaviour, a change of 1 mag in brightness is ac-
companied by a polarization increase of 4%. As for the
previous object, this is not followed during the next run,
where the polarization has decreased, while the V' band
magnitude remained constant.

3.4. Objects not showing increased polarization
with fainter magnitudes in our data

Here, we discuss the nine stars which, from our prelim-
inary analysis, appear to show no anti-correlation be-
tween polarization and brightness or for which we can
make no conclusive remarks. In some cases the objects
are mostly variable in the photometry, but the errors on
the V band polarization prevent us from detecting vari-
ability — the variability being traced in the entire polar-
ization data-set but not in the subset containing the pho-
tometry. However, using additional data-points, or judg-
ing from information in the literature, we find that by
and large these objects are most likely to show the UXOR
phenomenon as well. The objects that appear to show a
positive correlation between polarization and magnitude,
rather than an anti-correlation, do so when different ob-
serving epochs are compared. This could well be explained
within the UXOR scenario if one assumes that different
dust-clouds are responsible for the respective polarization
and obscuration.
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SV Cep: SV Cep’s polarization variability has de-
creased substantially in the subset containing the pho-
tometry, which is probably why our data do not show the
UXOR phenomenon. A recent paper by Rostopchina et al.
(2000) presents 10 year long monitoring of the star, and
only one deep minimum was detected. Indeed. the polar-
ization increased during this event, suggesting SV Cep is
also a member of the UXOR class. It is plausible that the
rareness of the polarimetric events is the reason why we
missed the effect altogether.

V350 Ori: the subset of V350 Ori containing the pho-
tometry with only three data points, does show significant
polarization variations. Here, the observational errors on
the photometry make an assessment of the variations in-
conclusive. Interpreting their own, sparse, data of the ob-
ject, Yudin & Evans (1998) claim that it shows the UXOR-
type behaviour, but it is unclear whether this conclusion
is based on simultaneously obtained photometry.

CO Ori: the photometric data of CO Ori show a grad-
ual decrease in brightness over five days in October 1998,
while the polarization data show a slight, but not sig-
nificant, increase in polarization. When the star is at its
faintest detected level, it exhibits the lowest polarization
— contrary to the usual UXOR behaviour. This “deviat-
ing” point is from another epoch (January 1999), a pe-
riod when the observed polarization was consistently lower
than in October 1998, but with only one photometric night
available. As for KK Oph and RY Ori discussed above,
it may well be that the dust clouds responsible for the
obscuration in January 1999 had a different geometry. If
true, then CO Ori is another object to be added to the
UXOR category.

NV Ori: during the October 1998 run, the data of
NV Ori cluster within the errors bars around V ~ 9.8,
while in polarization small changes are detected. As for
CO Ori, in the subsequent observing epoch, both the po-
larization and optical brightness have decreased dramati-
cally, If the object was obscured, but relatively quiescent
in October, and a different cloud is causing the obscura-
tion in January 1999, it is well possible that NV Ori is a
new member of the UXOR class.

CQ Tou: as can be seen in Fig. 2, CQ Tau becomes
redder with fainter V' band magnitudes, but the polar-
ization is a minimum in the middle of the photometric
range. An effect also seen in the B band (not shown). A
clue to CQ Tau’s behaviour is provided by the fact that
we can see that the R (shown in the figure) and I band
polarization behave exactly as expected from an UXOR
variable.

It is interesting to note that the change in polarization
is more clearly detectable at longer wavelengths. Although
this is counter-intuitive, since polarization increases with
shorter wavelengths, this is not a new result. Inspection of
the figures in e.g. Grinin et al. (1991), shows that this in-
deed happens in some cases. The possible reason is that we
are looking at the polarization vector addition of the cir-
cumstellar polarization and interstellar polarization. Since
both can have a different wavelength dependence, the
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(vector-)addition of the two will show a different wave-
length dependence. The change in PA from the first two
days in October to the latter two is dramatic. In the case of
one of the two components varying, we will then also see a
varying total component. In principle, in the photometric
minimum of the star, the circumstellar polarization should
dominate, while in photometric maximum the interstellar
component, depending on its magnitude, can dominate.

Grinin (1994) pointed out that CQ Tau does show the
UXOR phenomenon, but with some exceptions, sometimes
when the star has larger polarization, it is brighter.

CW Tau: for convenience, the R band data are also
shown for this object, as the faintness of the star prevents
us from discussing the lower quality V' band data. CW Tau
shows photometric variations in excess of 1.5 mag, but,
with the exception of one higher polarization point in both
Vand R remains quite constant in polarization. It was es-
pecially the changes in Position Angle that were picked up
by the variability-software, and we only note at this stage
that the interplay between circumstellar and interstellar
polarization may play a role for this object. Clearly, CW
Tau deserves further study.

UX Ori: it is ironic that UX Orionis should be classi-
fied as not displaying the UXOR, behaviour. There is no
obvious trend visible in the data, but the range of V' band
photometry is the smallest observed in the sample of po-
larimetrically variable objects, with variations less than
0.25 mag. Comparison with data of Grinin et al. (1994)
reveals that we have caught the object in a bright, low
polarization spell. The changes in polarization are accom-
panied with significant changes in PA, indicating that
several polarization mechanisms may be acting on the
object. We previously discussed the interplay between cir-
cumstellar dust polarization and the interstellar polariza-
tion, however, we point out that low amplitude photo-
metric variations do not have to necessarily be due to
the dust obscuration phenomenon alone. As shown for ex-
ample by Oudmaijer & Drew (1999), electron-scattering
can contribute up to 1% to the total polarization towards
Herbig Be stars. If the excitation conditions within the
ionized envelope change, slight changes in polarization can
be readily detected.

XY Per and V1686 Cyg: despite the comparatively
large data coverage for these two stars, we are not in a
position to classify the stars’ behaviour during our obser-
vations. Although the stars show photometric variations
of more than 1.5 mag, and relatively strong polarization
variability it is hard to describe a trend.

Of the nine objects discussed in this section, we find
that four objects (CQ Tau, UX Ori, SV Cep, V350 Ori)
had previously been reported to be UXOR variable stars.
These stars do not show the expected anti-correlation
between polarimetry and photometry in our data.
The reason is most likely that our subset containing the
photometric data was too small to find this behaviour as
well.
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Fig. 2. As the previous figures, but now for objects that do not seem to exhibit the UXOR behaviour. The open squares in the

figures for VY Mon and XY Per denote the I band data.

For two objects (CO Ori, NV Ori) we find opposed
behaviour to the expected anti-correlation. Their be-
haviour can be incorporated into the explanation of the
UXOR phenomenon, provided different dust clouds act
on the polarization, as was found for example in the case
of KK Oph.

For the remaining three objects (CW Tau, V1686 Cyg
and XY Per), we are not able to classify their behaviour,
and further studies are warranted.

3.5. Conclusion on the polarization variability

From the 22 objects in our data-set that showed signifi-
cant variability, most of them appear to display the UXOR,
phenomenon i.e. show increased polarization when fainter.
This is a rather loose definition of the UXOR phenomenon,
as the colour changes play a central role in the explana-
tion of the phenomenon as well. However, on the whole,
we have not detected the strong photometric changes of
more than 4 mag with their associated colour changes of
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order 0.3-0.5 mag. This is most likely due to the fact
that more often than not the UXOR variables are in their
bright state, preventing us from detecting their more ex-
treme behaviour in our comparatively short monitoring
programme.

Some objects, which are variable in their entire polar-
ization dataset, were not variable in the subset containing
the photometry. In those cases, existing literature on these
objects showed that they are UXOR variables.

Indeed, most of the objects known as UXOR variable,
were recovered via our statistical tests. A notable excep-
tion is VV Ser (Kardopolov et al. 1991) in which variations
are observed, but not in such a way that they satisfy our
criteria outlined in Sect. 3. It is most likely our compara-
tively sparse sampling that prevents us from catching all
such objects, but on the whole the detection rate has been
very high.

We add a total of seven new objects to the class of
UXORs, while, if we were to include NV Ori and CO Ori,
showing photo-polarimetric variability as well, we increase
the sample by nine. These objects were previously not
recognized as such because they had not been photo-
polarimetrically monitored before.

4. Polarization properties of the Main Sequence
objects

In this section, we discuss the polarization properties of
the main sequence stars in our sample. The sample com-
prises Vega-type stars, A shell type stars and binary sys-
tems consisting of an early type main sequence primary
and a late secondary classified as post-T Tauri star. In
some of the latter cases, only the primary was observed.
We further included some Herbig Ae/Be stars that are
known to be located very close to the main sequence and
51 Oph that is sometimes classified as a Herbig Ae/Be
star and sometimes listed as Vega-type.

For many of these stars, listed in Table 2, we present
the first polarization measurements, and for virtually all
of these stars photo-polarimetric monitoring has been per-
formed for the first time.

The main question that we will address here is whether
these objects have intrinsic polarization due to the pres-
ence of a stellar disk. As mentioned in the Introduction
only observed variability in the polarization of an object
presents strong evidence for the presence of intrinsic po-
larization. However, as shown above, only the PMS stars
show a high degree of variability, hence we will try to an-
swer the question of the presence of intrinsic polarization
via different routes. Not all of these methods are conclu-
sive, or as strong as the variability-test, but they will at
least provide us with a sample of interest.

4.1. The relation between observed polarization
and extinction

It is a rather well established finding that the interstel-
lar polarization (ISP), which arises from the presence of
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aligned dust grains in the interstellar medium is correlated
with the extinction due to the same dust grains. For ex-
ample Serkowski et al. (1975) showed that the maximum
polarization (in %) is always smaller than 9 x E(B — V)
(in magnitudes). In fact, there is a relatively strong corre-
lation between the observed polarization and extinction in
such a way that Py (%) ~ Ay. For example, the sample of
361 field stars observed by Reiz & Franco (1998, excluding
two objects that have no derived reddening values) gives
an average (Py — Ay) of 0.09 with a scatter of 0.23. The
scatter is larger than the estimated errors on the measured
polarizations and derived reddenings by Reiz & Franco.

Hence, a useful test would be to look for sources that
have excess polarization compared to that expected from
their observed Ay . The polarization could then very well
be due to a dusty disk, which does not contribute to the
extinction, as an inclined disk would let the observer look
straight at the star. To this end, we calculated the redden-
ing to each of our objects, using our (B — V') photometric
data, spectral types taken from Mora et al. (2001), who
obtained spectral types from spectra taken simultaneously
with the photo-polarimetry in our EXPORT programme,
and assuming a normal reddening law Ay = 3.1 E(B—V).
E(B — V) was calculated using intrinsic (B — V) colours
listed in Schmidt-Kaler (1982) for the spectral types. For
those objects that were not spectrally typed by EXPORT,
or for which no photometry was available, the data pro-
vided by SIMBAD were used. The results are listed in
Table 2, along with weighted mean values for the polar-
ization and polarization angles in the V' band. The esti-
mated error in Ay is about 0.2 mag, a result from the
propagation of errors in the photometry (assumed to be
0.05 mag for each band for each star) and the uncertainty
in the spectral type (mostly two subclasses — Mora et al.)
which results in an average uncertainty in (B — V) of
about 0.08 mag. The uncertainty in the luminosity class
was not taken into account, only for G and K stars this
would be larger.

The observed polarization as function of the derived
Ay is shown in Fig. 3, where the relation Py (%) ~ Ay
is shown as a solid line, and the dotted lines represent a
3o error bar in this relation (0.6 mag — see above). Most of
the stars in the sample indeed fall within these boundaries,
in fact, if we exclude the objects that fall either above or
below these lines, we find an average Py — Ay of 0.05 with
a root-mean-square scatter of 0.19, very close to what is
found for Reiz & Franco’s (1998) data.

The “excess” polarization of HR 5422B (Py = 0.06 £
0.04%) stands out because of its very negative Ay value.
Inspection of the photometry shows that the data quality
is good, we note that the spectral type should be changed
from KO to GO in order to arrive at a different intrinsic
B - V colour or change the observed B — V to 0.85 to
alleviate this problem. The spectrum of the object shows
hints of veiling (Mora, private communication) which may
conspire with a possible UV-excess to result in too blue
observed colours for its spectral type.
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Table 2. The Vega-type and related objects in our sample. Spectral types are taken from Mora et al. (2001) or from SIMBAD
(marked with “5”). The photometry is taken from this paper, of from SIMBAD (marked with “5”). The polarization values are
weighted means, also from this paper. Ay is derived from the spectral types and photometry, and the intrinsic (B — V) values
listed in Schmidt-Kaler (1982). Amax, K, and x%4 result from fitting Serkowski laws through the data (see text). The “types”

are, unless otherwise noted, Vega-type.

Name Spectral B v Py op, Av  Amax K X%a type
Type (£0.05)  (£0.05) (%) (%) (£0.2) (um)

17 Sex AOV 5.94 5.92 <0.10 0.12 A-shell

24 Cvn A4V 4.81 4.66 <0.05 0.12 A-shell

49 Cet A4V 5.68° 5.62°% <0.18 —0.16

51 Oph B9.5Ille  4.82 4.83 0.47 0.02 0.12 035 115 4.8  Herbig Ae/Be/Vega

BD31643  B5V 9.27 8.56 1.27  0.03 2.73 080 095 0.6

BD31 643C  A3IV®  11.18 10.3 0.70  0.03 245 090 015 3.5

HD 23362 K511 9.72 8.1 0.66 0.04 0.37 048 057 0.85

HD 23680 G5IV 9.84 8.46 1.18  0.06 1.89  0.72  0.62 0.49

HD 34700 GOV 9.73 9.14 0.35 0.06 —0.06 030 050 1.13

HD 58647  BIIV: 6.92 6.85 0.16 0.02 0.43 030 0.02 211 H/ZAMS

HD 109085  F2V 4.66 4.32 <0.12 —0.03

HD 123160  K5III 10.22 8.69 0.30 0.04 0.09 055 152 0.08

HD 141569 A0V 7.2 7.11 0.62 0.02 0.34 065 122 125 H/ZAMS

HD 142666 A8V 9.16 8.68 0.71 0.04 0.71 090 0.32 033 H/ZAMS

HD 142764 K7V 11.32 9.56 1.56  0.03 1.33 050 1.05 0.07

HD 163296 A1V 6.92 6.86 <0.04 0.02 0.16 H/ZAMS

HD 199143  F6V 7.77 7.23 <0.13 0.19 H/ZAMS

HD 233517 KOV 11.03 9.69 1.64 0.03 1.64 032 0.18 2.02

HR 10 A0V 6.36 6.24 <0.12 0.43 A-shell

HR 26 B9V 5.48 5.45 <0.17 0.31 PTT/MS

HR 419 BOV* 6.6 6.65 0.19  0.06 0.06 PTT

HR 1369 BOV* 5.31 5.38 <0.15 0.0 PTT

HR 1847A  B5V 6.12 6.11 0.63 0.04 0.56 0.58 0.85 0.51 PTT/MS

HR 1847B  B7IV®  6.52 6.48 0.63 0.02 053 064 062 0.18 PTT

HR 2174 A2V: 5.8 5.73 <0.10 0.06 PTT/MS

HR 2174B A0 6.9° 6.85° <0.13 0.22 PTT

HR 4757B K2V 9.46° 8.51° <0.27 0.12 PTT

HR 5422A A0V 6.04 6.09 0.08 0.02 —0.09 059 198 0.12 PTT/MS

HR 5422B KOV 11.93 11.37 <0.13 —0.78 PTT

HR 9043 A5V 6.44 6.27 <0.12 0.06

A Boo A1V 4.26 4.22 <0.04 0.09

We also find three objects which show less polarization
than expected, HD 23680, BD+31°643, and BD+31°643C.
This would not be exceptional, as the observed relation
between polarization and extinction should be regarded
as an upper limit, but it could reveal the presence of a
second polarization mechanism, destructively adding to
the total polarization due to interstellar dust.

4.2. Deviations from Serkowski law

Although it can now be argued that all objects only suffer
ISP as they are located on the expected relation between
ISP and interstellar extinction, our multiwavelength data
can offer ways to assess whether intrinsic polarization does
contribute a fraction to the observed polarization.

We therefore continued with the sub-sample of Vega-
like stars that are polarized, and removed objects with
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Fig. 3. Observed polarization in the V' band of the Vega-type
stars plotted against their derived Av. The solid line repre-
sents the relation Py (%) ~ Av, while the parallel dotted lines
represent 30 error bars on the derived Avy.

observed polarization less than the 3¢ level at more than
one band. These stars are indicated with 3o upper limits
in Table 2. HR 419 was only observed to be polarized in
the V band, and is also removed for the further study.

4.2.1. The polarization angle as function of wavelength

A first indication is to investigate whether the polarization
angle, 6, changes over the different pass bands. Normal
interstellar polarization always displays the same position
angle, as the grains responsible are aligned in the same
manner. Any deviations from this may reveal the pres-
ence of an intrinsic component. We calculated, in much
the same way as we detected variability in the polariza-
tion the rms scatter of the polarization angle at each wave-
length around the mean value. This was then compared
with the experimental error, set at minimally 0.5° in line
with the systematic errors expected. Two objects have a
variability, computed using Eq. (1), in their polarization
angles much larger than three. These are BD+31°643 and
BD+31°643C.

4.2.2. Wavelength dependence of polarization

A further clue as to whether the observed polarization
may be due to an (additional) intrinsic component is to
check whether the data can be realistically fitted with a
Serkowski law. As is well known, the wavelength depen-
dence of ISP can be empirically expressed as

PX = Pmax eXp[—K1n2 ()\max/A)]

(2)
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with pmax the maximum polarization occurring at wave-
length Anax, and K describes the width of the Serkowski
relation, originally set by default at 1.15, it is now com-
monly used as a variable in parameterizing the broad-band
polarization behaviour of stars (see e.g. Whittet et al.
1992 and 2001 for a thorough investigation on the sub-
ject). Normal interstellar material has Apax in the range
between 4000 and 8000 A and K ranges between 0.5 and
1.5. Roughly speaking, Apa.x traces the dominant size of
the polarizing dust grains, while K traces the width of
the grain-size distribution. Deviations from this observed
law may also indicate the presence of an intrinsic compo-
nent, and this is what we investigate here. We therefore
fitted the data of the polarized Vega-type objects with
this Serkowski law, and searched the parameter space for
the best fit, we let Apnax run from 3000 to 9000 A and K
from 0 to 2. The results of these fits are plotted in Fig. 4
and also presented in Table 2.

Based on the reduced x? computed, we immediately
see that despite having generous limits for searching
within Anax and K parameter space, bad fits were ob-
tained for 51 Oph, BD+31°643C, and to a lesser extent
HD 58647 and HD 233517 which have reduced x? slightly
larger than 2. It should also be noted that the best fits of
all 4 objects were reached on the borders of the (Apax, K)
values explored, implying that the wavelength dependence
of their polarization can not be due to normal interstel-
lar material. The latter is also found for other objects,
e.g. HD 142666 (Amax = 9000 A, K = 0.32), however
the small formal x? (due to the larger observational error
bars), provides leeway for such objects to be satisfacto-
rily represented by a more common combination. We note
that the presence of two differently polarizing interstellar
dust clouds might also result in a rotation or a different
appearance of the polarization, however, the chances of
this are probably slim, as the Serkowski law was derived
from observations of such stars in the first place.

4.3. Discussion on Vega-type stars

Fifteen objects in our sample of 31 Vega-like systems ex-
hibit, within our error bars, polarization. From simple
tests on their polarization properties, we find that for most
objects the observed polarization can be explained as nor-
mal interstellar polarization. We find evidence that five of
these may have an intrinsic component in their polariza-
tion. These stars are discussed individually below:

BD+31°643: BD+31°643 shows a trend in polariza-
tion angle which decreases by about 10° from the U band
to I. This was noted already by Andersson & Wannier
(1997), who interpret this as an additional contribution
of Rayleigh-scattered light from the circumstellar disk to
the ISP.

BD+31°643C: this object is located less than
0.4 arcmin from BD+31°643, and is also located within
the IC 348 nebula. Little is known about this bright (V ~
10) object. Being picked up by all three of our diagnostic
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Fig. 4. Weighted mean values of the Polarization and PA as function of wavelength for the Vega-type stars in our sample. The
solid lines denote the best fit Serkowski laws through the points (see text).

tests, our data show unambiguously that the polariza-
tion of this object can not be due to simple interstellar
polarization alone. The different polarization behaviour
of this star, being almost flat as opposed to the polar-
ization of BD+31°643 that peaks at long wavelengths,
leaves us room to speculate. Assuming the objects were
formed in the same cloud collapse, the later spectral type
of BD+31°643C indicates a lower mass, and hence an
earlier phase of formation. Contrary to BD+31°643, the

polarization of BD+31°643C does not fall off towards
shorter wavelengths, implying that the smallest dust
grains have not yet been removed during the star+disk
evolution.

51 Oph: it is especially the increase in polarization to-
wards smaller wavelengths that indicates this object to
exhibit intrinsic polarization. Taken at face value, the
higher polarization at shorter wavelengths indicates the
presence of very small grains, consistent to the inferences
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made by van den Ancker et al. (2001) from the spectral en-
ergy distribution and features in the ISO-SWS spectrum.
The polarization data clearly imply that the dust respon-
sible for the infrared emission is located in the scattering
disk.

HD 58647 this object stood out in the Serkowski fit-
ting technique because of the apparent “excess” polariza-
tion in the Uand I bands respectively. This behaviour was
found on all three occasions we observed the object. As is
the case for 51 Oph, HD 58647 is an Ha emitting object,
and the possibility that electron-scattering plays a role
can not be excluded. In this case the deviation from the
Serkowski law would not imply a dusty disk-like structure
but a disk-like structure in the ionized gas surrounding
the object.

HD 233517 also has its polarization peak at extremely
short wavelengths. Often included in studies of Vega-type
objects, it now seems that HD 233517 actually is one of the
K-giants with Lithium (Balachandran et al. 2000). The in-
frared excess of such giants has been interpreted being due
to the evaporation of comets surrounding a Main Sequence
star as it evolves off the Main Sequence (e.g. Plets et al.
1997). Our data indicate that these comet-like bodies may
also be distributed in a disk. We note in passing that re-
cently, not only HD 233517 has been identified as a Li-rich
K-giant with infrared-excess instead of a Vega-type star,
but also HD 23362 (Castilho et al. 1998), which was origi-
nally selected from existing lists of Vega-type stars as well.

5. Discussion and concluding remarks

We have observed a large sample of low and medium mass
main sequence Vega-type stars and pre-main sequence
objects photo-polarimetically over short (days) and long
(months) time-scales. For many of these objects, these are
the first such data obtained in this manner.

The main global property that we investigated here
was the polarimetric variability of the objects- which con-
firms the presence of a flattened circumstellar dusty struc-
ture. The presence of variability was investigated in the
data using relatively simple statistical methods. The ob-
jects classified as UXORs showed significant variability,
both on short and long timescales. In most cases, the po-
larimetry is anti-correlated with the photometry: the ob-
jects show larger polarization when they are fainter. This
is generally interpreted in terms of aspherically distributed
dust clouds orbiting the star. These give rise to more ex-
tinction in the line-of-sight, while the scattered light will
not be blocked. This results in an increase of the relative
contribution of the scattered light to the total observed
light, giving rise to larger polarization (e.g. Grinin et al.
1994).

Arguably, the distinction between “UXORs” (T Tauri
and Herbig Ae/Be stars showing large variations in pho-
tometry and polarization) and “normal” T Tauri and
Herbig Ae/Be stars becomes less pronounced based on
results like these (see also Herbst & Shevchenko 1999
for a discussion on photometric variability). Indeed, this
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large data-set indicates that the majority of the observed
Herbig Ae/Be stars show evidence for non-spherical en-
velopes. Although there may have been a certain personal
bias in the selection of the targets, it should be noted that
most of the observable (northern) known Herbig Ae/Be
stars have been observed in this project. Considering that
the number of Herbig Ae/Be stars is only about one hun-
dred (Thé et al. 1994), we speculate at this point that
perhaps all massive PMS objects have aspherical struc-
tures. This is in line with the random orientations of any
disks in the line of sight. If the disks are circular, then
those disks oriented face-on would not show any polar-
ization/polarization variability while projected rotational
velocities would, in these cases, be lower. This is in con-
trast to van den Ancker et al. (1998), who did not find
a correlation between photometric variations alone as a
function of rotational velocity of Herbig Ae/Be stars.

Combining our results and the models of Natta &
Whitney may shed some light on this apparent problem.
Natta & Whitney (2000) argue that if Herbig Ae stars are
surrounded by flaring dusty disks, the UXOR phenomenon
can only be observed for a specific range of inclination an-
gles. As outlined above, objects oriented face-on would
not exhibit polarization variability. In addition, objects
whose disks are heavily inclined would not be optically vis-
ible, due to the high optical depth in the disk mid-plane.
Hence, objects with the largest observed projected rota-
tional velocities are not included in any optically based
sample of Herbig Ae/Be stars, limiting the velocity range
probed by van den Ancker et al. Depending on the (un-
known) opening angle of the dusty disk we may even miss
a significant proportion of existing intermediate mass pre-
main sequence stars. It may be worthy of note that Natta
& Whitney predict that around half of the optically vis-
ible Herbig Ae stars show the UXOR behaviour, just as
observed here.

The combination of both photometric and polarimetric
variability strongly suggests that all Herbig Ae/Be stars
are surrounded by disks. Of course, we need to analyze
the data further, but such a conclusion, albeit tentative,
illustrates the importance of observing a large sample of
PMS stars to be able to reach general conclusions on the
properties of this evasive class of object.

The main result for the more than 30 Vega-type ob-
jects is that many are not polarized to our sensitivity, and
those for which polarization is detected are not variable
to within the error bars. Based on simple arguments, we
have flagged 5 objects that may exhibit intrinsic polar-
ization of which one (BD+31°643) was previously known,
and list these as suitable candidates for future research.
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