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Abstract. We present (UBVRI) multicolor linear polarimetric data for 26 of the brightest stars in the area of the open cluster
Stock 16 that were considered to study the properties of the ISM (interstellar medium) towards the cluster. Our data yield
a mean polarization percentage ofP ∼ 2.5%, close to the polarization value produced by the ISM with normal efficiency
(Pλmax ∼ 5EB−V) undergoing a color excess ofEB−V = 0.51. The mean angle of the polarization vectors,θ = 74.◦9, agrees quite
well with the expected angle produced by dust particles aligned in the direction of the galactic disk (and the magnetic field) in
the region. A study of the extinction suffered by the stars in the zone was also performed combining our new data with previous
photometric data. In this sense, our analysis indicates that the visual absorption affecting Stock 16 stars is mainly produced in
front of the cluster by a dust cloud at approximately 500 pc from the sun. The large polarization value of the nonmember star,
WR 51, confirms its background star nature.
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1. Introduction

Polarimetry is a very useful tool to get significant information
(magnetic field direction,λmax, Pmax, etc.) from the dust located
in front of a luminous object. Young open clusters are very
good candidates to carry out polarimetric observations, because
previous photometric and spectroscopic studies of these clus-
ters have given detailed information on the color and lumi-
nosity of the main sequence stars of the cluster. So, we can
compute the physical parameters of the clusters (age, distance,
extinction, membership, etc.) and then, with the polarimetric
data, we can study the location, size, and efficiency of the dust
grains and the different directions of the galactic magnetic field
in the line of sight to the cluster. As the open clusters are also
spread within an area, we can analyze the evolution of the phys-
ical parameters all over the region.

In this framework, we are conducting systematic polarimet-
ric observations in a large number of galactic open clusters.
Following our ongoing program, we started polarimetry in the
open cluster Stock 16 [C1315-623]. Located East of the Coal
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Sack in Crux (l = 306.11, b = +0.14), it is a very young and
poorly populated stellar cluster at a distance of 1.9± 0.08 kpc
(Turner 1985). The cluster is seen projected against the HII
region RCW 75 where the star HD 115455 (LSS 3019), an
O7.5III((f)) star (Walborn 1973), is probably the main source of
the UV photons that excite the emission nebulae (Turner 1985).

Several photometric studies of the brightest members of
Stock 16 have been carried out in the past, e.g. Lyngå (1970),
Crampton (1971), Lundstr¨on & Stenholm (1980). In particu-
lar, Turner (1985) undertookUBV photometry of 33 mem-
bers, finding an age of∼5 × 106 years, comparable to the
ages he found for Cen OB1 and Cen R1 (from∼106 years to
∼8 × 106 years). He also derived a color excessEB−V = 0.49
for the cluster and a distance of 1.90± 0.08 kpc, which is sim-
ilar to a previous distance estimation for Cen OB1 and Cen R1
(1.88±0.24 kpc). This suggests that Stock 16 probably belongs
to a more complex large scale structure. In addition, a recent
deep photometric CCD study of the cluster has shown the pres-
ence of two other distant stellar groups, also composed early
type stars (V´azquez et al. 2003), with mean color excesses of
EB−V = 0.84 andEB−V = 1.18 respectively. Besides, this work
found a mean color excess ofEB−V = 0.51 for the cluster Stock
16 and confirmed its distance.

Not far from the cluster center, northwest of it, are lo-
cated the two nonmember Wolf Rayet stars, WR 50 (LSS 3013,
MR44) and WR 51 (LSS 3017, MR 45). On the basis of pho-
tometric arguments, Turner (1985), van der Hutch (2001) and
Vázquez (2003) indicate they are undoubtedly behind the clus-
ter. About 7′ north of Stock 16, we find the variable star cepheid
V378 Cen which is a cluster nonmember object according to
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Turner (1985). Two other particular objects in this region are
stars 60a and 60b (identifications from van den Bergh & Herbst
1975), placed south-east of the cluster, at the west side end of
a large dust complex below an elephant trunk structure. These
stars are embedded in reflection nebulae assumed to be located
on the optical boundaries of a ionization/shock front. Turner
(1985) claims they are members of a new star generation, while
Baume (1999) and V´azquez et al. (2003) keep them as mem-
bers of Stock 16, mainly because they are at the same distance
as the cluster, and their reddenings coincide with the mean clus-
ter reddening. As already mentioned, Stock 16 seems to be an
excellent candidate for a study of the interstellar medium (ISM)
given its proximity with the west edge of a dense dust cloud and
because it appears in the sky at the end of an elephant trunk
structure.

In this paper we report the results of the first multicolor
(UBVRI) linear polarization observations of 26 stars in the re-
gion of Stock 16. In the next sections we will discuss observa-
tional procedures, data calibration and results in terms of both
the individual stars and the cluster as a whole.

2. Observations and data reduction

Data on linear optical polarimetry were obtained during two
observing runs at the Complejo Astron´omico El Leoncito
(CASLEO) in San Juan, Argentina, in 1995 (May 30 to June 3)
and in 1997 (June 27–29). The observations were carried
out using the Torino five-channel photopolarimeter attached
to the 2.15-m telescope. Each star was observed simultane-
ously through the Johnson-Cousins broad bandUBVRI filters
(λUeff = 0.360 µm , λBeff = 0.440 µm, λVeff = 0.530 µm,
λReff = 0.690 µm, λIeff = 0.830µm). Standard stars for null
polarization and for the zero point of the polarization position
angle were observed several times each night for calibration
purposes.

The polarimetric observations are listed in Table 1 which
shows, in a self explanatory format, the stellar identification
as given by Turner (1985), the polarization percentage average
(Pλ) and the position angle of the electric vector (θλ) through
each filter, along with their respective mean errors computed
as described by Maronna et al. (1992). Four additional stars,
not observed by Turner, are indicated as A, B, C, D (see Fig. 1
for a finding chart). Since the Torino photopolarimeter collects
photons simultaneously in all the filters (UBVRI), the final data
from each filter may be of different quality, especially those in
theU band. Therefore, observations whose values are above the
3σ error level were ruled out and are not included in Table 1.

In order to detect nearby objects among the observed stars,
we have searched in the Hipparcos/Tycho Catalogue. Though
stars #1, 2, 3, 4, 5, 8, 9, 10, 12 and 60a are included in this cata-
logue, they are so far away from the Sun that the errors of their
parallax measures make them of no further utility. We notice
that stars #2, 4 and 8 were considered cluster nonmember stars
according to Turner (1985). However, they also have meaning-
less parallaxes in Hipparcos data, and therefore their distances
are probably in excess of 1 kpc.

3. Results

The sky projection of theV-band polarization vectors for the
observed stars in Stock 16 are shown in Fig. 1. The dot-dashed
line superimposed to the figure is the galactic parallelb = 0.◦08
denoting the close alignment of the polarization vectors with
the projection of the galactic plane. This indicates that the dust
is aligned by a magnetic field close to the direction of the galac-
tic disk and that the uniform distribution of the vectors suggests
that the dust layer producing the polarization is located in an
undisturbed place in our Galaxy, too.

Figure 2 (upper panel) shows thePV vs. θV diagram. The
mean polarization of the stars in the cluster turns out to be
PV = 2.64%. In principle, the Wolf Rayet star WR 51 has a po-
larization value higher than the rest of the stars in the sample,
as expected for a star located behind the cluster at a distance
of more than 8 kpc (van der Hutch 2001; V´azquez et al 2003)
with EB−V = 1.39 (Schmutz & Vacca 1991) even assuming
that part of its polarization may be intrinsic. Let us notice that
the other Wolf-Rayet (WR 50) has a polarization value similar
to the mean of cluster stars despite being a non member lo-
cated at more than 5.5 kpc (Conti & Vacca 1990) or 3.6 kpc
(Vázquez et al. 2003). Specially interesting are stars 60a and
60b, embedded in small reflection nebulae at the south-east of
Stock 16, that show polarization angles slightly larger than the
mean of the cluster stars. This has been probably caused by the
influence of reflection nebulae which could not be completely
removed from the observations of these stars.

Figure 2 (lower panel) presents the histogram of polariza-
tion angles (excluding the data for stars 60a and 60b). By fit-
ting the sample using a Gaussian we find a mean polarization
angle of 74.◦9 (the mean polarization angle of the galactic disk
is 78.◦4) with a full width at half maximum,FWHM, of 6.◦7.
Other clusters, such as NGC 6193 and NGC 6204 in ARA
OB1 (Waldhausen et al. 1999) and Trumpler 27 (Feinstein et al.
2000), show aFWHM in the order of∼10◦. Therefore, we con-
clude that the small value of theFWHM in the region is mainly
due to the action of a single dust component as described be-
low. Turner (1985) has successfully attempted to locate the dust
layer that produces extinction. He has shown that the Cepheid
star V378 Cen is too bright to be a member of the cluster
though its extinction compares fairly well with that of Stock 16.
According to Turner’s study, V378 Cen is located at∼700 pc,
thus being a foreground object. Moreover, by means of the red-
dening distribution of foreground objects, Turner was able to
determine that extinction takes place within 500 pc from the
Sun, while the cluster is located at 1.9 kpc. In addition, Neckel
& Klare (1980) have studied the distribution of extinction val-
ues produced by the ISM in our Galaxy as a function of the
distances and locations of more that 11 000 stars. Taking this
into account, the distance of the dust layer derived by Turner
(1989) is quite compatible with the result found by Neckel &
Klare (1980) in this region. Our results are also entirely com-
patible with the finding of Turner (1985) because a) most of the
dust appears not related with the cluster itself as the polariza-
tion vectors are aligned with the projection of the Galactic disk,
and b) there is a very low dispersion of polarization angles.
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Fig. 1. Projection on the sky of the polarization vectors (JohnsonV filter) of the stars observed in the region of Stock 16. The dot-dashed line is the galactic parallelb = 0.◦08
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Fig. 2. Top: V band polarization percentage of the stellar flux (PV(%)) vs. the polarization angleθV for each star.Bottom: Histogram of the
polarization angle (θV) for the observed stars. The dashed line is the Gaussian fit to the data for members of Stock 16.

Although the bulk of the extinction is clearly associated
with this layer of dust in front of Stock 16, there is evidence
of some intra-cluster dust component. We will discuss the ex-
istence of this intra-cluster dust in the next section.

4. Analysis and discussion
To analyze the data, the polarimetric observations in the five fil-
ters were fitted in each star using Serkowski’s law of interstellar
polarization (Serkowski 1973). That is:

Pλ/Pλmax = e−Kln2(λmax/λ). (1)

We will assume that, if polarization is produced by aligned in-
terstellar normal dust particles, the observed data (in terms of
wavelength,UBVRI) will then follow (1) and each star will
have aPλmax andλmax values.

To perform the fitting we adoptedK = 1.66λmax + 0.01
(Whittet et al. 1992). For each star we also computed theσ1

parameter (the unit weight error of the fit) in order to quan-
tify the departure of our data from the “theoretical curve” of
Serkowski’s law. In our scheme, when a star showsσ1 > 1.5, it
is indicating the presence of intrinsic stellar polarization. The

λmax values can be used to test the origin of the polarization.
In fact, those objects which haveλmax lower than the average
value of the interstellar medium (0.545µm, Serkowski et al.
1975) are candidates to have an intrinsic component of polar-
ization as well (cf. Orsatti et al. 1998). Another criterion to
detect intrinsic stellar polarization comes from computing the
dispersion of the position angle for each star normalized by the
average of the position angle errors (¯ε). The values obtained for
Pλmax, theσ1 parameter,λmax, and ¯ε together with the identifi-
cation of stars are listed in Table 2.

The Pλ and θλ values in those stars which are candi-
dates to have an intrinsic component of polarization (#18, 19
and 20) are shown in Fig. 3. For comparison purposes, the best
Serkowski’s law fit has been plotted in each case using a con-
tinuous line.

Figure 4 shows the histogram for all the observedλmax val-
ues. As this figure shows, the most probable value ofλmax for
stars in Stock 16 is around 0.545µm in agreement with the
average value of the galactic ISM found by Serkowski et al.
(1975).
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Fig. 3. Plot of the observedPλ(%) andθλ data for objects showing large departures from the Serkowski law, the solid line is the best fit.

The polarization efficiency of the dust towards Stock 16 is
estimated from thePλmax vs. EB−V individual plots. Individual
color excessesEB−V of a few stars having unique reddening so-
lution in the color–color diagram (Baume 1999; V´azquez et al.
2003) are plotted in Fig. 5. Assuming normal interstellar mate-
rial characterized byR= 3.2, the empirical upper limit relation
for the polarization efficiency given byPλmax = R Av ∼ 9EB−V

(Serkowski et al. 1975) is depicted by the continuous line in
this figure. Indeed, this line represents the maximum efficiency
of polarization produced by the interstellar dust. Likewise, the
dashed linePλmax/EB−V ∼ 5, also shown in Fig. 5, represents
the observed normal efficiency of the polarizing properties of
the dust (Serkowski et al. 1975). In the particular case of the
open cluster Stock 16, the figure indicates that the polariza-
tion efficiency appears lower than the average observed in our
Galaxy.

The present polarimetric observations are therefore (as
shown in the previous section) entirely compatible with a dust
distribution model where most of the extinction is produced
within 500 pc from the Sun as indicated by Turner (1985).

However, there is some evidence of an intra-cluster dust
component inside Stock 16. Turner (1985) has found that five
out of his nine faintest cluster members lie well above the
ZAMS. On this basis, he argued that the location of those stars
above the ZAMS is due to their binary nature. However, an-
other explanation for the observed pattern in the color–color
diagram is that the main sequence of Stock 16 is slightly broad-
ened due to the presence of dust inside the cluster producing
different amounts of stellar reddenings (Baume 1999; V´azquez
et al. 2003). These authors have shown that a group of stars near
the cluster center showEB−V color excesses 0.1 more reddened
than the other cluster stars. In this context, we favor the hypoth-
esis of a main dust component located between the cluster and
the Sun (hereafter we will call this layer the “first component”),
while a second minor component is “inside” the cluster. This is
illustrated in Fig. 5, which shows that the stars observed in the
present work split into two groups (one 0.1 mag more reddened
than the other) as found by Baume (1999) and V´azquez et al.
(2003). The less reddened group represented in the figure is
composed by stars #12, 16, 19 and the more reddened one, by
stars #1, 5, 6, 9, 18, 60a and 60b. It seems that the first less
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Fig. 4. Histogram of the parameterλmax obtained fitting the Serkowski law to the observations.

reddened star group is very likely composed by “front-side”
stars not suffering from internal extinction. That is, theEB−V

of this group of stars is representative of the first component of
dust (located between the Sun and the cluster).

To attempt isolating the second polarization component we
should subtract the interstellar polarization (IP) from our ob-
servations. The problem to do that in this case is that the intra-
cluster component only produces a very lowEB−V value of
0.1 mag (Vázquez et al 2003). At the level of the errors as-
sociated to our observations, the intracluster material causing
a valueEB−V = 0.1 yields polarization values comparable to
the typical errors of the individual observations. Therefore, it
becomes useless to try isolating it.

From Fig. 5 it can also be inferred that this second com-
ponent of the extinction does not produce an increment in the
percentage of the polarization as expected, should this com-
ponent be aligned with the projection of the galactic disk.
Therefore, it might be possible for this intra-cluster compo-
nent to have a polarization angle different from that of theIP
component, thus depolarizing the starlight. However, that is
very unlikely. In fact, the polarization angles of this subgroup
of reddened stars do not seem to be different, as would have
been the case if another polarization component with a different

polarization angle was added. Moreover, the very narrow distri-
bution of the polarization angles in the direction of the Galactic
disk (PA = 78.◦4) shown in Fig. 2 (lower panel) indicates that
it is very unlikely we are observing an angle distribution re-
sulting from a combination of several dust layers each of them
polarizing the starlight in different directions.

5. Summary

For the first time linear multicolor polarization observations for
a sample of 26 stars in the region of Stock 16 is presented. Our
observations are compatible with Turner’s suggestions (1985)
that the bulk of the extinction in this direction is produced in a
dust cloud within∼500 pc from the Sun. The observed values
of the polarization are compatible with the expected extinction
EB−V = 0.51 (Baume 1999; V´azquez et al. 2003) and the angles
of the polarization vectors are also the expected ones for the
direction of the Galactic disk in the region. We found that the
distribution of angles of the polarizations vectors is narrower
(FWHM = 6.◦7) than the typical value found for other clus-
tersFWHM ∼ 10◦, as in Trumpler 27 (Feinstein et al. 2000)
and in NGC 6193 and NGC 6204 in ARA OB1 (Waldhausen
et al. 1999). There is photometric evidence for the exis-
tence of some intracluster dust (Turner 1985; Baume 1999;
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Fig. 5. Plot Pλmax vs. EB−V for stars of Stock 16. The solid line isPλmax = 9EB−V , and the dashed line isPλmax = 5EB−V . The vertical dotted
line is the mean cluster extinction,EB−V = 0.51.

Vázquez et al. 2003) and we do not rule out a contribution to
the observed polarimetry from this component but it probably
takes place at the level of the errors of our data.
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