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ABSTRACT

We present UBRVI polarimetry measurements for a group of 38 IRAS infrared excess stars and complement these observations with
V-band data taken from the literature for 87 additional objects. After correcting the observed values by the interstellar contribution,
we find that 48% of the analyzed sample has polarization excess. In addition, the polarization of these stars may correlate with
infrared color excesses, particularly at 60 and 100 µm. We caution, however, that poor IRAS data quality at longer wavelengths affects
this correlation. We analyze the wavelength dependence of the linear polarization of 15 polarized objects in relation to Serkowski’s
empirical interstellar law. We find that for 6 to 7 objects (depending on the interstellar model) the measured polarization differs
significantly from the empirical interstellar law, suggesting an intrinsic origin. We analyze the polarimetry distribution of IRAS
infrared excess objects in relation to the Exoplanet host stars (i.e., stars associated with at least one likely planetary mass object). The
corresponding polarimetry distributions are different within a high confidence level. Finally, we compare the metallicity distributions
of F and G IRAS infrared excess, Exoplanet host and field main sequence stars, and find that F-G IRAS infrared excess objects have
metallicities quite similar (although not identical) to field main sequence stars and significantly different from the Exoplanet host
group.
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1. Introduction

Since the detection of a large infrared excess from Vega (α Lyr)
by the IRAS satellite (Aumann et al. 1984) a few other stars,
β Pic, Fomalhaut, and ε Eri (Gillett 1986), have shown simi-
lar signatures. This infrared excess is attributed to the presence
of circumstellar dust (T ∼ 50–125 K), warmed by the central
object. Images have later confirmed the existence of disks asso-
ciated with these stars (see, for example, Smith & Terrile 1984;
Holland et al. 1998; Greaves et al. 1998).

Apart from these four stars, about 200 objects have been
identified by different authors as having infrared excesses
(Backman & Paresce 1993; Sylvester et al. 1996; Mannings &
Barlow 1998; Fajardo-Acosta et al. 1999; Sylvester & Mannings
2000; Habing et al. 2001; Laureijs et al. 2002; Meyer et al. 2004;
Gorlova et al. 2004; Beichman et al. 2005; Chen et al. 2005;
Bryden et al. 2006) and/or sub-millimeter emission (Sheret et al.
2004; Carpenter et al. 2005).

The dust grains, in addition to reprocessing absorbed stellar
radiation into infrared radiation, scatter and polarize the incident
stellar light. The detection of intrinsic polarization levels (i.e., in
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excess to the interstellar value) can provide support to the propo-
sition that these IRAS infrared excess stars are surrounded by
dusty disks, except when they are viewed face-on and the polar-
ization vectors cancel out.

However, the detection of intrinsic polarization levels is not
an easy task as the dust in the space between the observer and
a given star, produces a polarization of the stellar light. The
amount of this polarization basically depends on the distance
to the star. In many cases the interstellar contribution can be
significant in relation to the intrinsic polarization and thus it is
necessary to disentangle one from the other in order to properly
analyze any non-interstellar component.

In this contribution we report polarimetry data for 38 IRAS
infrared excess objects in the U, B, V , R, and I bands. We ana-
lyzed the wavelength dependence of 15 polarized objects in re-
lation to Serkowski’s empirical interstellar law that, in general
terms, describes the wavelength dependence of the interstellar
polarization in the optical regimen. Several authors have de-
tected deviations from Serkowski law in the near-infrared spec-
tral region and provide adjustments to this relation to better fit
interstellar polarization over the extended (0.3–2.5 µm) spec-
tral range (Dyck & Jones 1978; Wilking et al. 1980, 1982). We
applied the original Serkowski’s relation as well as a modified
version to fit the data for 15 polarized objects and searched for
deviations from the interstellar dependence.

We supplement our V-band polarimetry measurements with
those of 87 additional objects obtained from the literature, and
compare the polarization properties of IRAS infrared excess ob-
jects with those of Exoplanet host stars. These are stars asso-
ciated with at least one likely planetary mass object, M sin i <
17 MJUP, detected by high precision Doppler spectroscopy
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measurements (see, for example, Butler et al. 2003). Exoplanet
host stars are, on average, metal-rich in comparison to nearby
stars (Santos et al. 2004). The relatively high metallicity is a pe-
culiarity of these objects that distinguishes them from similar
stars not known to be associated with (giant) planets. We analyze
the metallicity distribution of 42 F and G stars from our IRAS in-
frared excess object list, using data taken from the literature; and
compare to the Exoplanet host stars and to main sequence stars
not known to belong to either of these two groups. Our aim is to
test whether the metallicity differentiates IRAS infrared excess
stars from stars with Doppler detected planetary mass objects.

This paper is organized in the following manner: in Sect. 2
we introduce our sample. The observations are described in
Sect. 3. In Sect. 4 we present our polarimetry analysis and results
for the IRAS infrared excess stars. We compare the polarimetry
and metallicity of this group of stars with those of the Exoplanet
host stars in Sect. 5. We finally summarize our results in Sect. 6.

2. The sample

We compiled a list of 210 IRAS infrared excess stars from the
literature, based on their infrared excesses and/or sub-millimeter
emission (Backman & Paresce 1993; Sylvester et al. 1996;
Mannings & Barlow 1998; Fajardo-Acosta et al. 1999; Sylvester
& Mannings 2000; Habing et al. 2001; Laureijs et al. 2002;
Sheret et al. 2004). Most of these objects are class V luminosity.
They have spectral types B-K and roughly 50% of the sample
(112 out of 210) is located relatively nearby (i.e., <∼300 pc). In
general, IRAS infrared excess stars are out of the galactic plane
(with <10% of the sample having |b| < 10 deg) whereas the
distribution in galactic longitude is almost random. The relative
scarcity of IRAS infrared excess objects on the galactic plane re-
flects the IRAS bias against the detection of objects with infrared
excess toward very low galactic latitudes. We eliminated objects
not belonging to the main sequence or with undetermined lumi-
nosity class (13 in all). In this manner our final list (197 objects
in total) comprises only class V luminosity stars.

IRAS positional uncertainty ellipse is usually large, and
background sources lying in the IRAS bin may, in principle, be
responsible for the infrared excesses rather than the proposed
stars (see, for example, Sylvester & Mannings 2000; Lisse et al.
2002; Jayawardhana et al. 2002). In addition IRAS infrared ex-
cess stars have fluxes similar to external galaxies, in particu-
lar star-burst galaxies (Backman & Paresce 1993; Helou 1986).
Nevertheless the surface number of sufficiently bright galaxies
is relatively small (∼0.004 per square arcmin, Soifer et al. 1989;
Sanders et al. 1995) and then the probability of having a galaxy
lying in the background of the star is rather low.

In order to make sure that the excesses detected by IRAS
really correspond to the associated stars and not to any back-
ground source and in particular to a background star we visu-
ally inspected the DSS (Digitized Sky Survey) and the 2MASS
(Two Micron All Sky Survey) plates to search for contaminating
objects within the IRAS uncertainty ellipse. In this manner we
eliminated 70 objects from our original compilation. Our final
sample has 140 main sequence stars.

We obtained photometry data from the IRAS and Hipparcos
databases and constructed the diagram in Fig. 1. We use the no-
tation V − [12], V − [25], V − [60], and V − [100] to indicate the
magnitude differences between the V filter and each of the IRAS
bands. To convert the IRAS fluxes to magnitudes we applied the
zero points and the color corrections as specified in Kenyon &
Hartmann (1995) and Beichman et al. (1988), respectively. The

solid lines represent the location of the main sequence. The com-
piled sample may have color excesses at 60 and 100 µm, and
roughly half of the objects also have excesses at 12 and 25 µm.
These infrared excesses are usually attributed to the presence of
relatively cold dust in circumstellar disks. The IRAS data qual-
ity at 60 and 100 µm is worse than at 12 and 25 µm (Beichman
et al. 1988; Moshir et al. 1989). Thus 41% of the fluxes at 60 µm
and 74% at 100 µm are only an upper limit, whereas at 12 and
25 µm, 82% and 74% of the sample, respectively, have IRAS
quality flags 3 and 2 (FQUAL = 3, 2), corresponding to high
and moderate quality data and thus are real measurements. The
rest of the data at these wavelengths are just upper limits to the
fluxes.

IRAS positions lying more than 50 arcsec from the opti-
cal stars were not included. The median difference between the
IRAS source positions and the optical coordinates is 11.5 arcsec,
and only 5% of the sample (7 out of 140) has separations
>∼30 arcsec. We usually found a perfect agreement (i.e., within
1 arcsec) between the coordinates of IRAS infrared excess ob-
jects taken from the Bright Stars Catalog and the Hipparcos
positions.

3. Observations

The polarimetry data for 38 IRAS infrared excess objects
were obtained during 11 nights in March/August 2003 and in
April/September 2004 with the five channel (UBVRI) photo-
polarimeter of the Astronomical Observatory of Torino (Piirola
1973; Scaltriti et al. 1989) attached to the CASLEO 2.15-m tele-
scope (San Juan, Argentina). We used a diaphragm of 15.8′′ and
obtained 4 × 10 s integrations simultaneously in the five filters.
Polarimetry standards (Hsu & Breger 1982; Schmidt et al. 1992)
as well as two IRAS excess stars from Bhatt & Manoj (2000)
were observed each night to check and calibrate the data. Table 1
lists the measured values for these stars. The instrumental polar-
ization both in modulus and in zero point for position angles
turned out to be negligible within the observational error (i.e.,
<0.07% in modulus and <1 deg in position angle). In addition
no systematic differences between the data from different runs
were detected.

Table 2 lists our polarimetry data as well as the specific dates
when each star was observed. V magnitudes were obtained from
Hipparcos. The errors correspond to the standard deviation of
the four measurements in each filter. Multiple observations of
a single source, when available, agreed with each other within
the quoted errors; we averaged these data. Figure 2 shows the
UVBRI polarization distributions for the measured objects. The
dotted lines indicate the median of each distribution.

The linear degree of polarization is defined by the sum of
squared differences. Due to this fact even for non-polarized
sources, noise in the individual measurements may contribute
with a positive amount to the derived polarization level, over-
estimating the true polarization (see, for example, Wardle &
Kronberg 1974; Simmons & Stewart 1985). To select likely po-
larized objects in our observed sample we have adopted the fol-
lowing criterion: The measured degree of polarization in a given
filter must exceed the associated uncertainty at about 3σ level
(i.e., P/σ >∼ 3). We assume a Gaussian distribution of the mea-
surements within the corresponding error bars. In Table 3 we
identify 8 likely polarized sources, 7 stars only marginally po-
larized, and 23 objects with no polarization excess, according
to this criterion and thus consistent with non-polarized targets.
For the latter objects the polarization values given in Table 2
can only be taken as upper limits to the true polarization level.
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Fig. 1. B− V vs. V − [12], V − [25], V − [60], and V − [100] color–color diagrams for the IRAS infrared excess objects. The error bars correspond
to the uncertainties in the IRAS fluxes. The arrows indicate objects for which only upper limits to the fluxes are given by the IRAS catalog. The
solid line in the upper left panel indicates the location of main sequence stars (Kenyon & Hartmann 1995). In the other panels we use a black body
to calculate the main sequence. In these cases we adopt the calibration Teff vs. B − V from the same authors.

Table 1. Standard stars.

Name PU[%] PB[%] PV [%] PR[%] PI[%] θU[◦] θB[◦] θV [◦] θR[◦] θI[◦]
HD 147084 2.73 ± 0.07 3.52 ± 0.04 4.19 ± 0.03 4.42 ± 0.03 4.11 ± 0.06 31.7 ± 0.9 32.8 ± 0.8 32.4 ± 0.9 31.8 ± 0.8 32.0 ± 0.8
HD 155528 4.22 ± 0.06 4.65 ± 0.07 4.94 ± 0.06 4.75 ± 0.05 4.18 ± 0.06 91.8 ± 0.4 92.3 ± 0.4 92.5 ± 0.3 92.4 ± 0.5 91.9 ± 0.6
HD 43955 0.19 ± 0.05 0.11 ± 0.05 0.09 ± 0.04 0.10 ± 0.05 0.23 ± 0.07
HD 80558 2.27 ± 0.06 2.96 ± 0.05 3.10 ± 0.04 3.29 ± 0.05 2.79 ± 0.07
HD 153968 0.60 ± 0.07 0.88 ± 0.03 0.91 ± 0.07 0.90 ± 0.06 1.07 ± 0.06

Since most of the objects have low polarization values, the posi-
tion angles have large uncertainties. Table 4 gives this quantity
for 10 of the 38 observed stars. For the rest of the stars (28 in
total), relatively large uncertainties preclude us from measuring
the position angles.

4. Results

4.1. V-band polarimetry analysis

4.1.1. Polarization distribution

To supplement our observations, we compiled V-band polar-
ization data for 29 IRAS infrared excess objects from Bhatt &
Manoj (2000). Additional data for this group of objects were ob-
tained from the Oudmaijer et al. (2001) and the Heiles (2000)
catalogs. Combining our observations with the data from the lit-
erature we obtained a list of 125 objects along with their corre-
sponding uncertainties. This compilation includes the 29 IRAS

infrared excess stars measured by Bhatt & Manoj (2000). As
stated previously, most of the IRAS infrared excess objects have
distances <∼300 pc and are located off the galactic plane. The an-
alyzed sample contains 89 IRAS infrared excess stars within this
distance and 18 objects with no distance determinations.

In the following analysis we have only included stars with
distances <∼300 pc. The polarization measurements correspond-
ing to objects with P/σ <∼ 3 represent only upper limits to the
true polarization levels. In total 37 stars (i.e., 52% of the sample
or 37 out of 71 objects) are consistent with unpolarized sources
for which we have assumed P = 0%. We have used the distances
and the galactic latitudes of these objects to correct the observed
polarization in the V-band by the interstellar contribution.

For objects within 50 pc no correction was necessary as the
interstellar contribution is negligible (Piirola 1977; Perry et al.
1982; Korhonen & Reiz 1986; Leroy 1993). This comprises 53%
(47 out of 89) of the sample. Two IRAS infrared excess stars are
located at high galactic latitude (|b| >∼ 60 deg) and have dis-
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Table 2. UBVRI polarimetry data for IRAS infrared excess stars.

Name V PU [%] PB[%] PV [%] PR[%] PI[%] Date
HD 3003 4.96 0.13 ± 0.04 0.08 ± 0.06 0.10 ± 0.06 0.10 ± 0.06 0.14 ± 0.09 2004 Sep. 15, 2004 Sep. 16
HD 9672 5.47 0.24 ± 0.12 0.13 ± 0.08 0.11 ± 0.04 0.12 ± 0.05 0.21 ± 0.11 2004 Sep. 16, 2004 Sep. 17
HD 10647 5.54 0.35 ± 0.25 0.15 ± 0.08 0.15 ± 0.08 0.10 ± 0.04 0.24 ± 0.08 2004 Sep. 16
HD 10700 3.45 0.30 ± 0.20 0.18 ± 0.15 0.13 ± 0.06 0.11 ± 0.09 0.15 ± 0.11 2004 Sep. 14, 2004 Sep. 16
HD 16157 9.05 0.45 ± 0.24 0.22 ± 0.15 0.11 ± 0.08 0.13 ± 0.08 0.11 ± 0.07 2004 Sep. 14, 2004 Sep. 16, 2004 Sep. 17
HD 17848 5.12 0.35 ± 0.18 0.13 ± 0.08 0.17 ± 0.10 0.18 ± 0.06 0.24 ± 0.10 2004 Sep. 16, 2004 Sep. 17
HD 39060 3.58 0.11 ± 0.05 0.17 ± 0.05 0.10 ± 0.05 0.10 ± 0.04 2004 Sep. 14
HD 43954 8.20 0.31 ± 0.15 0.30 ± 0.08 0.23 ± 0.07 0.29 ± 0.18 0.41 ± 0.22 2003 Mar. 03
HD 43955 5.35 0.19 ± 0.05 0.11 ± 0.05 0.10 ± 0.04 0.10 ± 0.05 0.23 ± 0.09 2003 Mar. 03
HD 56192 9.74 0.11 ± 0.08 0.17 ± 0.08 0.22 ± 0.06 0.22 ± 0.05 0.25 ± 0.15 2003 Mar. 03
HD 66591 4.81 0.15 ± 0.08 0.14 ± 0.05 0.10 ± 0.06 0.19 ± 0.09 0.36 ± 0.24 2004 Apr. 22
HD 80459 6.99 0.91 ± 0.05 1.22 ± 0.06 1.10 ± 0.08 1.10 ± 0.06 0.99 ± 0.03 2004 Apr. 22
HD 80950 5.86 0.16 ± 0.08 0.08 ± 0.06 0.07 ± 0.05 0.11 ± 0.03 0.10 ± 0.03 2004 Apr. 22
HD 80951 5.28 0.25 ± 0.18 0.12 ± 0.07 0.12 ± 0.06 0.14 ± 0.02 0.21 ± 0.04 2004 Apr. 22
HD 88955 3.84 0.49 ± 0.15 0.23 ± 0.11 0.20 ± 0.08 0.37 ± 0.16 0.50 ± 0.26 2004 Apr. 22
HD 98800 8.09 0.60 ± 0.25 0.31 ± 0.14 0.26 ± 0.15 0.28 ± 0.13 0.29 ± 0.19 2003 Mar. 03
HD 105686 6.16 0.33 ± 0.05 0.26 ± 0.07 0.24 ± 0.09 0.18 ± 0.05 0.17 ± 0.13 2004 Apr. 22
HD 107439 9.03 4.16 ± 0.49 3.20 ± 0.29 2.34 ± 0.11 2.29 ± 0.07 2.08 ± 0.17 2004 Apr. 22
HD 108257 4.65 0.16 ± 0.05 0.15 ± 0.11 0.13 ± 0.05 0.10 ± 0.04 0.17 ± 0.06 2004 Apr. 23
HD 109573 5.78 0.20 ± 0.05 0.11 ± 0.07 0.11 ± 0.03 0.05 ± 0.06 0.08 ± 0.08 2004 Apr. 23
HD 113766 7.56 0.24 ± 0.09 0.17 ± 0.03 0.20 ± 0.06 0.14 ± 0.04 0.19 ± 0.01 2004 Apr. 22
HD 117360 6.52 0.42 ± 0.38 0.20 ± 0.11 0.14 ± 0.05 0.20 ± 0.07 0.18 ± 0.12 2004 Apr. 22
HD 128760 8.11 0.26 ± 0.25 0.13 ± 0.06 0.12 ± 0.05 0.10 ± 0.06 0.28 ± 0.07 2004 Apr. 23
HD 145263 8.48 0.63 ± 0.13 0.65 ± 0.08 0.66 ± 0.11 0.67 ± 0.07 0.57 ± 0.17 2003 Aug. 27
HD 150193 7.16 3.59 ± 0.19 4.79 ± 0.51 5.09 ± 0.16 5.00 ± 0.47 4.52 ± 0.84 2003 Aug. 27, 2004 Sep. 14
HD 150638 6.46 0.12 ± 0.08 0.22 ± 0.09 0.28 ± 0.11 0.28 ± 0.16 0.36 ± 0.20 2004 Apr. 22, 2004 Sep. 14, 2004 Sep. 15, 2004 Sep. 17
HD 153968 9.20 0.60 ± 0.07 0.88 ± 0.04 0.91 ± 0.07 0.92 ± 0.05 0.91 ± 0.18 2003 Aug. 29
HD 158643 4.80 0.50 ± 0.07 0.57 ± 0.06 0.45 ± 0.11 0.35 ± 0.05 0.38 ± 0.12 2003 Aug. 27, 2004 Sep. 14, 2004 Sep. 15
HD 161868 3.60 0.11 ± 0.10 0.11 ± 0.02 0.05 ± 0.03 0.09 ± 0.05 0.11 ± 0.01 2003 Aug. 28
HD 165088 9.76 0.25 ± 0.12 0.41 ± 0.05 0.41 ± 0.07 0.42 ± 0.07 0.45 ± 0.12 2003 Aug. 27, 2004 Sep. 14, 2004 Sep. 15
HD 169142 7.09 0.29 ± 0.17 0.21 ± 0.07 0.23 ± 0.19 0.21 ± 0.15 0.27 ± 0.13 2003 Aug. 27, 2004 Sep. 14
HD 178253 3.96 0.19 ± 0.10 0.13 ± 0.08 0.12 ± 0.07 0.10 ± 0.08 0.14 ± 0.07 2003 Aug. 29, 2004 Sep. 14, 2004 Sep. 15, 2004 Sep. 16
HD 181327 6.84 0.25 ± 0.16 0.12 ± 0.04 0.08 ± 0.03 0.09 ± 0.05 0.13 ± 0.08 2004 Sep. 17
HD 181869 3.96 0.14 ± 0.07 0.09 ± 0.04 0.06 ± 0.03 0.05 ± 0.02 0.11 ± 0.09 2004 Sep. 15
HD 203608 4.10 0.24 ± 0.12 0.13 ± 0.06 0.10 ± 0.06 0.08 ± 0.04 0.09 ± 0.05 2003 Aug. 29, 2004 Sep. 15, 2004 Sep. 16, 2004 Sep. 17
HD 207129 5.58 0.18 ± 0.10 0.15 ± 0.05 0.09 ± 0.05 0.07 ± 0.04 0.12 ± 0.08 2004 Sep. 16, 2004 Sep. 17
HD 216956 1.17 0.42 ± 0.16 0.22 ± 0.13 0.11 ± 0.05 0.12 ± 0.07 0.13 ± 0.06 2004 Sep. 14, 2004 Sep. 15, 2004 Sep. 17
HD 224392 4.99 0.30 ± 0.15 0.07 ± 0.04 0.11 ± 0.06 0.13 ± 0.09 0.18 ± 0.13 2004 Sep. 14, 2004 Sep. 15, 2004 Sep. 16

tances greater than 50 pc. For these objects we used the mean
ISM polarization versus distance determination from Berdyugin
et al. (2004) to correct the observed values. Finally for the ob-
jects located at distances greater than 50 pc and at relatively
low and intermediate galactic latitude (5 deg <∼ |b| <∼ 60 deg)
we used the interstellar extinction versus distance curves from
Fresneau (1994) to derive the ISM absorption to each star by
linear interpolation. These authors determine AB for distances
between 90 and 360 pc. We adopted R = 3 and then used
AV = 0.75 AB to obtain the extinction in the V-band. We ap-
plied the relation PISM

V = AISM
V to correct the observed values by

the mean interstellar contribution (see, for example, Serkowski
1963; Serkowski et al. 1975; Reiz & Franco 1998; Whittet et al.
2001).

Figure 3 shows the histogram distribution for the 71 IRAS
excess stars within 300 pc, after correcting for the ISM contribu-
tion. 52% of the sample (37 out of 71 sources) have P ∼ 0%. On
the other hand, 48% of the stars (34 out of 71 objects) have po-
larization excess levels over the general ISM, likely of intrinsic
origin and probably due to the presence of dusty circumstellar
material. Moreover fourteen these stars (i.e., 20% of the sam-
ple) have optical polarization levels >0.10%. Two IRAS excess
stars with polarization >1 lie outside the range plotted in Fig. 3.
Unfortunately we can not discard non-Gaussian errors as the

cause of these outliers. Following-up observations of these stars
are necessary to confirm these measurements.

4.1.2. V-band polarization vs. infrared color excesses

Intrinsic visible polarization levels and infrared color excesses
are attributed to the same physical cause, i.e., the presence of
dust in circumstellar disks. Figure 4 shows the polarization val-
ues of IRAS infrared excess objects vs. the color excesses at 12,
25, 60, and 100 µm. A positive correlation between the V-band
polarization and the color excesses is apparent at 60 and 100 µm.
On the contrary, no clear tendency is seen at 12 and 25 µm.
Unfortunately, as mentioned before, poor IRAS data quality af-
fects fluxes at 60 and 100 µm. This fact casts some doubts on
the reality of the detected correlation. In addition for about 38%
of the sample (38 out of 101 sources) only upper limits to the
polarization values are available. Most of these targets have very
low polarizations (i.e., P <∼ 0.05%).

Bhatt & Manoj (2000) also found a positive correlation be-
tween the polarization and the LIR/L∗, the excess infrared lu-
minosity (derived from IRAS data) over the bolometric stellar
luminosity, for the sample they analyzed. Better quality data
(i.e., for example, Spitzer Space Telescope observations) can
provide more reliability to the correlation between the optical
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Fig. 2. UBVRI polarization distributions for the observed stars. The dotted lines indicate the median of each histogram. These are: 0.24 (U band),
0.145 (B band), 0.13 (V band), 0.12 (R band), 0.175 (I band).

polarization of IRAS infrared excess stars and their infrared
color excesses.

4.2. Deviation from Serkowski interstellar law

Serkowski et al. (1975) found that the wavelength dependence
of the interstellar linear polarization over the optical range can
be described by the empirical formula:

pλ = pmax exp[−K ln2(λmax/λ)] (1)

where pλ is the percent of polarization at wavelength λ and pmax
is the peak polarization, occurring at wavelength λmax. The pa-
rameter K was originally treated as a constant with value 1.15
by Serkowski et al. (1975). However, more recently, several au-
thors have considered K as a free parameter (see, for example,
Wilking et al. 1982; Whittet et al. 1992). A weighted non-linear
least-squares fit of Equation 1 allows us to derive the three un-
known quantities: K, pmax, and λmax.

The parameters in Serkowski’s law (pλ, K, and λmax) are
related to properties of the interstellar medium dust particles.
Roughly speaking, λmax traces the dominant size of the polariz-
ing dust grains, pλ is related to the column density and degree of
alignment of the interstellar grains, and K indicates the width of
the grain-size distribution.

For the stars in Table 3 identified as likely or marginally po-
larized (15 objects in total), we modeled the P(λ) data using
Serkowski empirical law with three free parameters (pλ, K, and

λmax). To find the best fit, we searched the parameter space let-
ting K vary between 0 and 2 and λmax between 3000 and 9000 Å.
We also applied the two parameter models corresponding to the
original Serkowski relation (i.e., with K = 1.15) and explored
fits with λmax within the same range. Table 5 shows the results
of the fits. Figure 5 shows these fits for 15 analyzed stars. The
continuous line corresponds to the three parameter model and
the dotted line to the two parameter fit.

We find that fits to Serkowski relation which result in re-
duced χ2’s <1.5 and <2.0 for the three- and two-parameter mod-
els, respectively, agree well with an interstellar origin for polar-
ization. According to this criterion, 7 or 6 objects (depending
on the model fit) in Table 5 show a wavelength dependence on
the polarization that can not be of interstellar origin and likely
include an intrinsic component to the observed polarization.

Oudmaijer et al. (2001) carried out a similar three-parameter
fit for a group of ∼15 IRAS infrared excess stars for which
they obtained UBVRI polarimetry and found that for at least
four objects (51 Oph/HD 158643, BD+31◦643C, HD 58647, and
HD 233517), the wavelength dependence of the polarization can
not be attributed to normal interstellar dust, given by Serkowski
relation. We have one object in common with the 15 stars stud-
ied by Oudmaijer et al. (2001): 51 Oph/HD 158643. Oudmaijer
et al. (2001) found that 51 Oph/HD 158643 does not satisfy the
Serkowski’s law. Our analysis finds the same result.

Deviations from Serkowski relation may suggest the pres-
ence of an intrinsic polarization component (that can not be as-
cribed to the interstellar medium) or may simply indicate that
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Table 3. Likely, marginally and non-polarized IRAS infrared excess stars in our sample.

Name PU /σU PB/σB PV /σV PR/σR PI /σI Description
HD 3003 3.25 1.3 1.7 1.7 1.6 unpolarized
HD 9672 2.0 1.6 2.75 2.4 1.9 marginally polarized
HD 10647 1.4 1.9 1.9 2.5 3.0 unpolarized
HD 10700 1.5 1.2 2.2 1.2 1.4 unpolarized
HD 16157 1.9 1.5 1.4 1.6 1.6 unpolarized
HD 17848 1.9 1.6 1.7 3.0 2.4 unpolarized
HD 39060 2.2 3.4 2.0 2.5 marginally polarized
HD 43954 2.1 3.75 3.3 1.6 1.9 marginally polarized
HD 43955 3.8 2.2 2.5 2.0 2.6 unpolarized
HD 56192 1.4 2.1 3.7 4.4 1.7 marginally polarized
HD 66591 1.9 2.8 1.7 2.1 1.5 unpolarized
HD 80459 18.2 20.3 13.75 18.3 33.0 polarized
HD 80950 2.0 1.3 1.4 3.7 3.3 unpolarized
HD 80951 1.4 1.7 2.0 7.0 5.25 unpolarized
HD 88955 3.3 2.1 2.5 2.3 1.9 unpolarized
HD 98800 2.4 2.2 1.7 2.15 1.5 unpolarized
HD 105686 6.6 3.7 2.7 3.6 1.3 marginally polarized
HD 107439 8.5 11.0 21.3 32.7 12.2 polarized
HD 108257 3.2 1.4 2.6 2.5 2.8 unpolarized
HD 109573 4.0 1.6 3.7 0.8 1.0 marginally polarized
HD 113766 2.7 5.7 3.3 3.5 19.0 polarized
HD 117360 1.1 1.8 2.8 2.9 1.5 marginally polarized
HD 128760 1.0 2.2 2.4 1.7 4.0 unpolarized
HD 145263 4.8 8.1 6.0 9.6 3.35 polarized
HD 150193 18.9 9.4 31.8 10.6 5.4 polarized
HD 150638 1.5 2.4 2.5 1.75 1.8 unpolarized
HD 153968 8.6 22.0 13.0 18.4 5.1 polarized
HD 158643 7.1 9.5 4.1 7.0 3.2 polarized
HD 161868 1.1 5.5 1.7 1.8 11.0 unpolarized
HD 165088 2.1 8.2 5.9 6.0 3.75 polarized
HD 169142 1.7 3.0 1.2 1.4 2.1 unpolarized
HD 178253 1.9 1.6 1.7 1.25 2.1 unpolarized
HD 181327 1.6 3.0 2.7 1.8 1.6 marginally polarized
HD 181869 2.0 2.25 2.0 2.5 1.2 unpolarized
HD 203608 2.0 2.2 1.7 2.0 1.8 unpolarized
HD 207129 1.8 3.0 1.8 1.75 1.5 unpolarized
HD 216956 2.6 1.7 2.2 1.7 2.2 unpolarized
HD 224392 2.0 1.75 1.8 1.4 1.4 unpolarized

Table 4. UBVRI position angles for IRAS infrared excess stars.

Name θU[◦] θB[◦] θV [◦] θR[◦] θI[◦]
HD 43954 64 ± 10 59 ± 16 49 ± 29 62 ± 34 64 ± 36
HD 56192 164 ± 12 154 ± 16 153 ± 7 153 ± 6 149 ± 16
HD 80459 113 ± 3 117 ± 3 111 ± 1 107 ± 3 111 ± 4
HD 107439 42 ± 4 51 ± 5 51 ± 1 49 ± 1 53 ± 2
HD 113766 109 ± 16 122 ± 24 115 ± 7 123 ± 9 123 ± 18
HD 145263 30 ± 6 34 ± 5 27 ± 4 23 ± 6 24 ± 6
HD 150193 64 ± 1 66 ± 2 60 ± 1 57 ± 1 57 ± 2
HD 153968 28 ± 8 34 ± 4 30 ± 4 26 ± 7 26 ± 8
HD 158643 40 ± 4 38 ± 3 34 ± 3 30 ± 4 31 ± 7
HD 165088 160 ± 14 170 ± 12 167 ± 5 148 ± 46 163 ± 7

Serkowski law does not provide a good enough empirical repre-
sentation of the interstellar polarization in all possible directions.
In fact, several authors have argued this case (Dyck & Jones
1978; Wilking et al. 1980, 1982; Whittet et al. 1992). For the
IRAS infrared excess stars relatively cold circumstellar dust is
usually invoked to produce the color excesses. This circumstellar
dust may also be responsible for the deviations from Serkowski
law observed for some of these stars although neither another
intrinsic origin nor an inadequate representation of the interstel-

lar medium in the direction toward these objects by Serkowski’s
relation can be ruled out.

5. Comparison with the Exoplanet host group

5.1. Polarimetry analysis

In this section we compare polarization characteristics of the
Exoplanet host group with those of the IRAS infrared excess
stars. Exoplanet host (EH) stars have companions with typical
masses of M sin i < 17 MJup, detected by Doppler spectroscopy
(see, for example, Butler et al. 2003). We obtained the list of
stars associated with planets from the California and Carnegie
Planet Search1 and the Geneva Observatory Planet Search2 sur-
veys. The EH group reflects the observational focus on near-
solar-type stars where G dwarfs contribute to the majority of
the detections. This is so because G spectral types contain many
metallic atomic lines appropriate for high precision radial ve-
locity measurements. On the contrary, most of IRAS infrared
excess objects have spectral types A–F. These relatively early
spectral type objects are more luminous than later spectral types
thus more able to heat up circumstellar dust.

1 http://exoplanets.org
2 http://obswww.unige.ch/exoplanets
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Fig. 3. Polarization excess over the mean ISM contribution for IRAS
infrared excess objects. Two IRAS excess stars with polarization >1%
lie outside the range plotted in Fig. 3.

In spite of the bias or selection effects of both samples, it is
interesting to compare the polarimetry properties of Exoplanet
host group, with planetary mass companions, and of IRAS in-
frared excess stars, associated with dusty circumstellar disks
which potentially form planets.

We used the Leroy (1993) and the Heiles (2000) catalogs
to compile optical polarimetry data for 28 of the EH stars (see
also Tamburini et al. 2002). The range of distances of these stars
goes from 3 to 42 pc. The median distance of the group is 18 pc.
We selected IRAS infrared excess stars within a similar range
of distance (i.e., <40 pc). This includes a total of 41 objects. In
Fig. 6, we show these distributions. Most of the EH stars have
very low polarization values, comparable to their uncertainties,
except in the case of Tau Boo (P = 0.056 ± 0.017%, Heiles
2000). Basically, EH stars are non-polarized sources. The polar-
ization measurements of 24 of the IRAS infrared excess stars
with distances <40 pc (i.e., 58% of the sample or 24 out of
41 sources) are consistent with unpolarized targets, for which
P/σ < 3. However, 17 of these stars have polarization values
>0.02% (with P/σ >∼ 3) and nine objects have P > 0.05% (also
at the 3σ significance level). The KS test indicates a probability
of about 0.011% for the IRAS infrared excess and the Exoplanet
host polarization distributions are identical. Thus these distribu-
tions are different within a relatively high level of confidence
(see also Judin 2000).

We notice that these distributions are not corrected by the
effect of the interstellar contribution. However the polarization
of EH stars is basically zero and thus the interstellar contribution
is negligible. In the case of the IRAS infrared excess stars we
have only considered stars within the same range of distance as
the Exoplanet host stars. On average the interstellar contribution
(if any) should be the same for both groups, even though, the
group of IRAS infrared excess stars has a significant fraction of
polarized objects (i.e., 41% of the sample, 17 out of 41 sources).

Figure 7 shows the positions of the Exoplanet host stars in
the B − V vs. V − [12], V − [25], V − [60], and V − [100] color-
color diagrams. On average, the Exoplanet host group has more
modest color excesses than the IRAS infrared excess sample (see

Fig. 1). The differences in color excesses as well as in polariza-
tion levels between the two groups are probably due to the ex-
istence of relatively less dust associated with the Exoplanet host
stars than with the IRAS infrared excess objects.

5.2. Metallicity analysis

It is well established that the Exoplanet host sample is, on av-
erage, metal-rich compared to solar neighborhood field stars
not known to have planets, detectable by means of high preci-
sion radial velocity measurements (González 1997; Laughlin &
Adams 1997; González 1998; González et al. 2001; Santos et al.
2001, 2004). In this section we compare the metallicities of the
IRAS infrared excess stars with those of the Exoplanet host stars
and main sequence stars not known to belong to either of these
groups.

We obtained metallicity for F and G stars in the ana-
lyzed sample of IRAS infrared excess stars from the catalog of
Nordström et al. (2004). These authors used Strömgren uvby
photometry and the calibration of Schuster & Nissen (1989)
in their metal abundance derivations. They also improved the
latter calibration by introducing a correction for the reddest
stars, based on a systematic difference with high-resolution spec-
troscopic metallicities, and extending the original Schuster &
Nissen (1989) metallicities / Strömgren photometry relation to
F stars, with relatively high temperatures.

In our analysis we adopted the metallicities of Nordström
et al. (2004) when available, used their calibration to derive the
metal abundances for a few objects not listed in their catalog and
directly applied the calibration of Schuster & Nissen (1989) and
the Strömgren uvby photometry from the catalog of Hauck &
Mermilliod (1998) to include a few other IRAS infrared excess
stars with photometry indices outside (but not far off) the range
of the calibration of Nordström et al. (2004). In total we obtained
metallicities for 42 IRAS infrared excess objects.

Figure 8 upper panel shows the normalized metallicity dis-
tributions of IRAS infrared excess objects (continuous line) and
field stars (dotted line), taken from Nordström et al. (2004). We
selected single stars within 300 pc and eliminated IRAS infrared
excess objects to define our sample of ∼9300 field stars. The
median of the IRAS infrared excess and field star distributions
are −0.12 and −0.15, respectively. The KS statistical test indi-
cates a probability of 39% for the two distributions being iden-
tical. For comparison, in the lower panel of Fig. 8, we repro-
duce the metallicity distributions of Exoplanet hosts (continuous
line) and field stars (dotted line), taken from Santos et al. (2004).
The medians of these distributions are +0.17 and −0.16, respec-
tively. Santos et al. (2004) give a probability of the order of 10−9

for the distributions deriving from the same parent population.
Thus these latter distributions are different within a high confi-
dence level. There are two main suggestions in the literature to
explain the “excess” metallicity in Exoplanet host stars: 1) a pri-
mordial origin and/or 2) accretion of metal-rich bodies. In the
first case a high metal content was present in the cloud of gas
and dust that gave birth to the stars with planets (see, for exam-
ple, Santos et al. 2001). In the second possibility the infall of
rocky or metal-rich material or planetesimals onto the the cen-
tral star took place increasing the photospheric metallicity (see,
for example, González et al. 2001; Murray & Chaboyer 2002).

Recently, Fischer & Valenti (2005) analyzed 850 FGK-type
stars with high precision Doppler measurements to uniformly
detect planets producing semi-amplitude variation K > 30 m s−1

and orbital period shorter than 4 days. These authors con-
cluded that the exoplanet host group does not show an accretion
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Fig. 4. Polarization of IRAS infrared excess objects vs. V − [12], [25], [60], and [100] color excesses. The error bars correspond to the uncertainties
in the IRAS fluxes and in the optical polarization values. The arrows indicate objects for which only upper limits to the polarization values and to
the IRAS fluxes are available.

Table 5. Fits to Serkowski law.

Name χ2 pmax [%] K λmax [Å] χ2(K = 1.15) pmax [%](K = 1.15) λmax [Å](K = 1.15)

HD 9672 2.00 0.13 0.02 3077 2.74 0.14 4843
HD 39060 1.15 0.14 1.63 5946 1.16 0.14 6000
HD 43954 0.92 0.28 0.01 8997 1.58 0.28 5091
HD 56192 0.14 0.23 1.83 6609 0.18 0.23 7399
HD 80459 5.11 1.20 1.23 5572 5.18 1.18 5568
HD 105686 0.59 0.32 1.15 3343 0.59 0.32 3343
HD 107439 14.36 2.86 0.35 3003 24.33 2.67 4687
HD 109573 1.32 0.18 1.15 3024 1.32 0.18 3024
HD 113766 2.13 0.19 0.04 8904 3.70 0.20 6395
HD 145263 0.19 0.67 0.45 5496 0.49 0.70 5459
HD 150193 0.11 5.20 1.45 5949 0.54 5.22 6284
HD 153968 2.42 0.98 1.82 5772 3.40 0.96 6036
HD 158643 1.64 0.54 1.34 4094 1.67 0.53 3945
HD 165088 0.81 0.44 1.00 6343 0.82 0.44 6230
HD 181327 1.76 0.10 0.01 3059 2.15 0.11 4121

signature that might distinguish them from other stars not known
to be associated with Doppler detected planes. This result sug-
gests that the metal-rich nature of exoplanet host stars is likely
due to the high metallicity content in the molecular cloud in
which they were born.

IRAS infrared excess objects and field stars have similar dis-
tributions in metallicity, although not identical as indicated by
the KS test. We caution, however, that no B and A spectral
type IRAS infrared excess stars are included in this analysis.

On the other hand, the lack of these spectral types makes the
IRAS infrared excess and EH samples homogeneous in spec-
tral types. The KS test indicates a probability of the order of
6 × 10−13 for the Exoplanet host and IRAS infrared excess dis-
tributions being identical and thus these groups seem to have
quite different metallicities. Recently, Bryden et al. (2006) ob-
tained Spitzer/MIPS 70 µm observations for a group of 69 main-
sequence field stars. They detected 70 µm excess around 7 of
these stars at the 3σ confidence level. In addition, these authors
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Fig. 5. Serkowski law fits for likely and marginally polarized sources
(see Tables 2 and 3). The continuous line represents the three parameter
model fitting (pmax, K and λmax). The dotted line corresponds to a two
parameter fit (pmax, λmax) to Eq. (1), adopting K = 1.15.

analyzed the metallicity distribution of the complete sample in
relation to the seven stars with far-infrared excess, finding no
significant difference between the two groups.
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Fig. 6. Polarization distributions of IRAS infrared excess objects within
40 pc of distance (continuous line) and for Exoplanet host stars (dotted
line).

Our result may suggest that giant planets of the type detected
by radial velocity techniques are not as common in IRAS in-
frared excess objects as in Exoplanet Host stars. Greaves et al.
(2004) put forward an alternative suggestion based on the propo-
sition that primordial disks associated with the EH stars were
more massive than those in IRAS F and G infrared excess ob-
jects. In disks with larger masses, the growing process of gas gi-
ant planets and inward migration is relatively fast in relation to
the time scale for gas depletion. In contrast, disks with smaller
masses evolve slowly. The new planet gains less mass and ex-
periences outward migration that increases the collision rate of
Kuiper Belt-like objects. Radial velocity techniques are not suit-
able to detect this type of large orbit and less massive planetary
object. We caution, however, that the migration mechanisms is
at the present time rather poorly understood. In addition, there is
not obvious reason for massive disks not to form planets at large
semi-major axis. These planets may also collide and stir up the
Kuiper belt objects. In any event, small bodies at large distances
would be harder to detect by the Doppler technique.

6. Summary and conclusions

We present new UBVRI polarimetry data for a group of 38 IRAS
infrared excess objects and combine these observations with
measurements for 87 additional stars from literature. After cor-
recting the observed values by the interstellar contribution, we
find that 48% of the analyzed sample has a polarization excess.
The polarization of IRAS infrared excess stars may correlate
with the infrared color excesses, particularly at 60 and 100 µm.
We caution however that poor IRAS data quality affects fluxes
at 60 and 100 µm. This fact casts some doubts on the reality of
the detected correlation; better quality data (i.e., Spitzer Space
Telescope observations) can help to clarify this issue.

We analyzed the wavelength dependence of the linear po-
larization of 15 observed objects that are likely or marginally
polarized and find that 6 or 7 of these stars (depending on the
model adopted for interstellar polarization) show polarization
values that significantly differ from the empirical interstellar law,
suggesting an intrinsic origin.

We constructed the polarimetry histogram distributions of
IRAS infrared excess objects and Exoplanet host stars. The cor-
responding polarimetry distributions are different within a high
confidence level. The group of IRAS infrared excess stars has
a significant fraction of polarized objects (i.e., 41% of the sam-
ple) while all but one (Tau Boo, Heiles 2000) of the analyzed
exoplanet host stars are consistent with non-polarized sources.
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Fig. 7. B − V vs. V − [12], V − [25], V − [60], and V − [100] color–color diagram for the Exoplanet host stars. The error bars correspond to the
uncertainties in the IRAS fluxes. The arrows indicate objects for which only upper limits to the fluxes are given by the IRAS catalog. The solid
line in the upper left panel indicates the location of main sequences stars (Kenyon & Hartmann 1995). In the other panels we use a black body to
calculate the main sequence. In these cases we adopted the calibration Teff vs. B − V from the same authors.
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Fig. 8. Upper panel: Metallicity distribution of IRAS infrared excess
objects (continuous line) and single field stars (dotted line), taken from
Nordström et al. (2004). The median of each distribution (−0.12 and
−0.15, respectively) are indicated. In the lower panel we reproduce the
metallicity distribution of Exoplanet host stars (continuous line) and
main sequence stars not known to have planets (dotted line) from Santos
et al. (2004). The medians, +0.17 and −0.16 respectively, are marked.

We compared the metallicity distributions of the three groups
and found that IRAS infrared excess objects have metallicities
quite similar (although not identical) to field main sequence stars
and significantly different from the Exoplanet host stars. IRAS
infrared excess objects and main sequence stars taken from the
catalog of Nordström et al. (2004) have medians of −0.12 and
−0.15, respectively. Exoplanet host and field main sequence stars
analyzed by Santos et al. (2004) have medians of +0.17 and
−0.16, respectively. IRAS infrared excess objects, on average,
are not as metal rich as the Exoplanet host stars (see Santos et al.
2004, and the references therein). However, we caution that this
conclusion is drawn from a sample of 42 IRAS infrared excess
objects with spectral type F and G whereas most of this class of
stars have A spectral type. On the other hand, lack of this spectral
type makes the two analyzed samples more homogeneous.
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