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Abstract. We presently BV RI) 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 Bf~ 2.5%, close to the polarization value produced by the ISM with norrfiediency

(Pamax ~ B5Es-v) undergoing a color excess By = 0.51. The mean angle of the polarization vecters, 749, 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 §ared 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 absoffgitiing 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.

Key words. open clusters and associations: individual: Stock16

1. Introduction Sack in Crux [ = 30611, b = +0.14), it is a very young and
Polarimetry is a very useful tool to get significant informatioﬁ?orly populated stellar clus.ter ata distgnce 'Qfﬂo'.OS kpe
(magnetic field directiontma, Pray etc.) from the dust located urner 1985). The cluster is seen projected against the Hll
. . max, © max, = region RCW 75 where the star HD 115455 (LSS 3019), an
in front of a luminous object. Young open clusters are ve%7_5”|((f)) star (Walborn 1973), is probably the main source of

good candidates to carry out polarimetric observations, becaH;f*eeUV photons that excite the emission nebulae (Turner 1985).
previous photometric and spectroscopic studies of these clus- ) . .
Several photometric studies of the brightest members of

ters have given detailed information on the color and lumi- _ ) A
nosity of the main sequence stars of the cluster. So, we cIRCK 16 have been carried out in the past, e.g. Lynga (1970),

compute the physical parameters of the clusters (age, distaf/d@mpton (1971), Lundsiri & Stenholm (1980). In particu-
extinction, membership, etc.) and then, with the polarimet’id» Turner (1985) undertooklBV photometry of 33 mem-
data, we can study the location, size, affitiency of the dust Pers. finding an age of5 x 10° years, comparable to the
grains and the dierent directions of the galactic magnetic fiel@d€s he found for Cen OB1 and Cen R1 (frett0° years to
in the line of sight to the cluster. As the open clusters are als§ > 10° years). He also derived a color excégsy = 0.49

spread within an area, we can analyze the evolution of the phif¥-the cluster and a distance aBD + 0.08 kpc, which is sim-
ical parameters all over the region. ilar to a previous distance estimation for Cen OB1 and Cen R1

In this framework, we are conducting systematic polarimel-88% 0.24 kpc). This suggests that Stock 16 probably belongs

ric observations in a large number of galactic open clustefg.2 Mmore complex large scale structure. In addition, a recent
Following our ongoing program, we started polarimetry in thdeep photometric CCD study of the cluster has shown the pres-

open cluster Stock 16 [C1315-623]. Located East of the CGdIc® Of two other distant stellar groups, also composed early
type stars (\zquez et al. 2003), with mean color excesses of

Send gprint requests toC. Feinstein, Eg_v = 0.84 andEg_y = 1.18 respectively. Besides, this work

e-mail:cfeinstein@fcaglp.edu.ar found a mean color excessBg_y = 0.51 for the cluster Stock
* Based on observations obtained at Complejo Astmoicd 16 and confirmed its distance.

El Leoncito (CASLEO), operated under agreement between the

/ ) " ) Not far from the cluster center, northwest of it, are lo-
CONICET and the National Universities of La Platagr@6ba, and ! '
San Juan, Argentina. cated the two nonmember Wolf Rayet stars, WR 50 (LSS 3013,

*+ Tables 1 and 2 are only available in electronic form at the cDs W4R44) and WR 51 (LSS 3017, MR 45). On the basis of pho-
anonymous ftp tacdsarc.u-strasbg. fr (130.79.128.5) or via tometric arguments, Turner (1985), van der Hutch (2001) and
http://cdsweb.u-strasbg.fr/cgi-bin/qcat?J/A+A/469/933 Vazquez (2003) indicate they are undoubtedly behind the clus-
*** Member of Carrera del Investigador Cidito, CONICET, ter. About7 north of Stock 16, we find the variable star cepheid
Argentina. V378 Cen which is a cluster nonmember object according to

Atrticle published by EDP Sciences and available at http://www.aanda.org or http://dx.doi.org/10.1051/0004-6361:20031152



http://www.edpsciences.org/
http://www.aanda.org
http://dx.doi.org/10.1051/0004-6361:20031152

934 C. Feinstein et al.: Optical polarization observations in the region of Stock 16

Turner (1985). Two other particular objects in this region a& Results

stars 60a and 60b (identifications from van den Bergh & Herbst

1975), placed south-east of the cluster, at the west side end’bé sky projection of th&/-band polarization vectors for the

a large dust complex below an elephant trunk structure. Thedeserved stars in Stock 16 are shown in Fig. 1. The dot-dashed
stars are embedded in reflection nebulae assumed to be lochtedsuperimposed to the figure is the galactic parallel0208

on the optical boundaries of a ionizatishock front. Turner denoting the close alignment of the polarization vectors with
(1985) claims they are members of a new star generation, whhe projection of the galactic plane. This indicates that the dust
Baume (1999) and &/quez et al. (2003) keep them as menis aligned by a magnetic field close to the direction of the galac-
bers of Stock 16, mainly because they are at the same distaticdisk and that the uniform distribution of the vectors suggests
as the cluster, and their reddenings coincide with the mean cltigt the dust layer producing the polarization is located in an
ter reddening. As already mentioned, Stock 16 seems to beuadisturbed place in our Galaxy, too.

excellent candidate for a study of the interstellar medium (ISM) Figure 2 (upper panel) shows tlg vs. 8y diagram. The

given its proximity with the west edge of a dense dust cloud and an polarization of the stars in the cluster turns ot to be

. ) m
gﬁﬁifusrz it appears in the sky at the end of an elephant trg\ﬁ: 2.64%. In principle, the Wolf Rayet star WR 51 has a po-

i ] ~larization value higher than the rest of the stars in the sample,
In this paper we report the results of the first multicologs expected for a star located behind the cluster at a distance
(UBVRY) linear polarization observations of 26 stars in the res jore than 8 kpc (van der Hutch 2001axtjuez et al 2003)
gion of Stock 16. In the ne>§t se_ctions we will di;cuss observgiin Esv = 139 (Schmutz & Vacca 1991) even assuming
tional procedures, data calibration and results in terms of bt nart of its polarization may be intrinsic. Let us notice that
the individual stars and the cluster as a whole. the other Wolf-Rayet (WR 50) has a polarization value similar
to the mean of cluster stars despite being a hon member lo-
cated at more than 5.5 kpc (Conti & Vacca 1990) or 3.6 kpc
2. Observations and data reduction (Vazquez et al. 2003). Specially interesting are stars 60a and
60b, embedded in small reflection nebulae at the south-east of
Data on linear optical polarimetry were obtained during twStock 16, that show polarization angles slightly larger than the
observing runs at the Complejo Astimmico El Leoncito mean of the cluster stars. This has been probably caused by the
(CASLEO) in San Juan, Argentina, in 1995 (May 30 to June B)fluence of reflection nebulae which could not be completely
and in 1997 (June 27-29). The observations were carriknoved from the observations of these stars.
out using the Torino five-channel photopolarimeter attached
to the 2.15-m telescope. Each star was observed simulta@gﬁ
ously through the Johnson-Cousins broad baiBY/RI filters

Figure 2 (lower panel) presents the histogram of polariza-
angles (excluding the data for stars 60a and 60b). By fit-
ting the sample using a Gaussian we find a mean polarization

(duer = 0.360um , Ager = 0.440um, dver = 0.530um, angle of 749 (the mean polarization angle of the galactic disk
Arer = 0.690um, Ligr = 0.830um). Standard stars for null i 3a 1y \vith 4 full width at half maximumPFWHM, of 67.
polarization and for the zero po_mt of the pol_arlzat|on p(_)sﬂﬂ)&her clusters, such as NGC 6193 and NGC 6204 in ARA
angle were observed several imes each night for cahbraua%l (Waldhausen et al. 1999) and Trumpler 27 (Feinstein et al.
purposes. 2000), show &WHM in the order of~10°. Therefore, we con-
The pOlarimetl’iC Observations are ||Sted in Table 1 Whlc&]ude that the Sma” Va'ue Of thM in the region iS main'y
ShOWS, in a Self eXplanatOI‘y fOI’mat, the Ste”ar |dent|f|cat|q:!n_]e to the action of a Sing'e dUSt Component as described be_
as given by Turner (1985), the polarization percentage averggg. Turner (1985) has successfully attempted to locate the dust
(P2) and the position angle of the electric vectay)(through |ayer that produces extinction. He has shown that the Cepheid
each filter, along with their respective mean errors compute@r \v378 Cen is too bright to be a member of the cluster
as described by Maronna et al. (1992). Four additional stafigough its extinction compares fairly well with that of Stock 16.
not observed by Turner, are indicated as A, B, C, D (see Figagcording to Turner’s study, V378 Cen is located-a00 pc,
for a finding chart). Since the Torino photopolarimeter collectgs being a foreground object. Moreover, by means of the red-
photons simultaneously in all the filtetdBVRY), the final data dening distribution of foreground objects, Turner was able to
from each filter may be of dierent quality, especially those ingetermine that extinction takes place within 500 pc from the
theU band. Therefore, observations whose values are abovedfigy while the cluster is located at 1.9 kpc. In addition, Neckel
3o error level were ruled out and are not included in Table 1g Klare (1980) have studied the distribution of extinction val-
In order to detect nearby objects among the observed starss produced by the ISM in our Galaxy as a function of the
we have searched in the Hippartbgho Catalogue. Thoughdistances and locations of more that 11 000 stars. Taking this
stars#1, 2, 3,4,5, 8,9, 10, 12 and 60a are included in this catde account, the distance of the dust layer derived by Turner
logue, they are so far away from the Sun that the errors of th€li989) is quite compatible with the result found by Neckel &
parallax measures make them of no further utility. We notid¢€are (1980) in this region. Our results are also entirely com-
that stars #2, 4 and 8 were considered cluster nonmember gtatible with the finding of Turner (1985) because a) most of the
according to Turner (1985). However, they also have meaniryst appears not related with the cluster itself as the polariza-
less parallaxes in Hipparcos data, and therefore their distanties vectors are aligned with the projection of the Galactic disk,
are probably in excess of 1 kpc. and b) there is a very low dispersion of polarization angles.
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Fig. 2. Top V band polarization percentage of the stellar fl(@6)) vs. the polarization anglé, for each starBottom Histogram of the
polarization angled) 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 associatedmnax values can be used to test the origin of the polarization.
with this layer of dust in front of Stock 16, there is evidenctn fact, those objects which havig,ax lower than the average
of some intra-cluster dust component. We will discuss the exalue of the interstellar medium (0.548n, Serkowski et al.

istence of this intra-cluster dust in the next section. 1975) are candidates to have an intrinsic component of polar-
) i i ization as well (cf. Orsatti et al. 1998). Another criterion to
4. Analysis and discussion detect intrinsic stellar polarization comes from computing the

To analyze the data, the polarimetric observations in the five #ispersion of the position angle for each star normalized by the
polarization (Serkowski 1973). That is: P,.... theos parameterdma, ande together with the identifi-
P /Py = € K lmad/ ), 1) cation of stars are listed in Table 2.

. . o . . The P, and 6, values in those stars which are candi-
We will assume that, if polarization is produced by aligned in; L o
. ; dates to have an intrinsic component of polarization (#18, 19
terstellar normal dust particles, the observed data (in terms_o

wavelength UBVRI) will then follow (1) and each star will &0 20) &re shown in Fig. 3. For comparison purposes, the best
Serkowski’s law fit has been plotted in each case using a con-
have aP,,., andAmax values.

To perform the fitting we adopteld = 1.664max + 0.01 tinuous line.
(Whittet et al. 1992). For each star we also computedsthe Figure 4 shows the histogram for all the obserxgg val-
parameter (the unit weight error of the fit) in order to quames. As this figure shows, the most probable valug.@f for
tify the departure of our data from the “theoretical curve” odtars in Stock 16 is around 0.54&n in agreement with the
Serkowski's law. In our scheme, when a star shows- 1.5, it average value of the galactic ISM found by Serkowski et al.
is indicating the presence of intrinsic stellar polarization. TH&975).
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Fig. 3. Plot of the observe®,(%) andg, data for objects showing large departures from the Serkowski law, the solid line is the best fit.

The polarization ficiency of the dust towards Stock 16 is However, there is some evidence of an intra-cluster dust
estimated from th&,  vs. Eg_y individual plots. Individual component inside Stock 16. Turner (1985) has found that five
color excesseBg_y of a few stars having unique reddening sosut of his nine faintest cluster members lie well above the
lution in the color—color diagram (Baume 199%xtjuez et al. ZAMS. On this basis, he argued that the location of those stars
2003) are plotted in Fig. 5. Assuming normal interstellar matabove the ZAMS is due to their binary nature. However, an-
rial characterized bR = 3.2, the empirical upper limit relation other explanation for the observed pattern in the color—color
for the polarization fiiciency given byP,max = R A ~ 9Eg_y  diagram is that the main sequence of Stock 16 is slightly broad-
(Serkowski et al. 1975) is depicted by the continuous line Bned due to the presence of dust inside the cluster producing
this figure. Indeed, this line represents the maximdiiciency different amounts of stellar reddenings (Baume 19%&,qtiez
of polarization produced by the interstellar dust. Likewise, thet al. 2003). These authors have shown that a group of stars near
dashed lineP,, . /Es-v ~ 5, also shown in Fig. 5, representshe cluster center shofag_y color excesses 0.1 more reddened
the observed normalfiéciency of the polarizing properties ofthan the other cluster stars. In this context, we favor the hypoth-
the dust (Serkowski et al. 1975). In the particular case of tksis of a main dust component located between the cluster and
open cluster Stock 16, the figure indicates that the polarizhe Sun (hereafter we will call this layer the “first component”),
tion efficiency appears lower than the average observed in ewhile a second minor componentis “inside” the cluster. This is
Galaxy. illustrated in Fig. 5, which shows that the stars observed in the

present work split into two groups (one 0.1 mag more reddened

The present polarimetric observations are therefore (sin the other) as found by Baume (1999) araryiez et al.
shown in the previous section) entirely compatible with a dug2003). The less reddened group represented in the figure is
distribution model where most of the extinction is producecbmposed by stars #12, 16, 19 and the more reddened one, by
within 500 pc from the Sun as indicated by Turner (1985). stars #1, 5, 6, 9, 18, 60a and 60b. It seems that the first less



938 C. Feinstein et al.: Optical polarization observations in the region of Stock 16

0.545 um
I

o L _
Z |- -

Lr) — —

@) |

0 0.2 0.4 0.6 0.8
>\mox (um)

Fig. 4. Histogram of the parametar,.x obtained fitting the Serkowski law to the observations.

reddened star group is very likely composed by “front-sidggolarization angle was added. Moreover, the very narrow distri-
stars not sffering from internal extinction. That is, theg_y  bution of the polarization angles in the direction of the Galactic
of this group of stars is representative of the first componentdisk (PA = 784) shown in Fig. 2 (lower panel) indicates that
dust (located between the Sun and the cluster). it is very unlikely we are observing an angle distribution re-

To attempt isolating the second polarization component w&!tind from a combination of several dust layers each of them
should subtract the interstellar polarizatid®) from our ob- Polarizing the starlight in dierent directions.
servations. The problem to do that in this case is that the intra-
cluster component only produces a very I&y_y value of 5. Summary

0.1 mag (\dzquez et al 2003). At the level of the errors as=, e first time linear multicolor polarization observations for
sociated to our obse_rvatlons, the mtracluster material Causg'gample of 26 stars in the region of Stock 16 is presented. Our
a valueEg-y = 0.1 yields polarization values comparable tQ,qeations are compatible with Turner's suggestions (1985)
the typical errors of the.md|v.|dua_1l observations. Therefore,fﬁat the bulk of the extinction in this direction is produced in a
becomes useless to try isolating it. dust cloud within~500 pc from the Sun. The observed values
From Fig. 5 it can also be inferred that this second corof the polarization are compatible with the expected extinction
ponent of the extinction does not produce an increment in thg_y = 0.51 (Baume 1999; ¥zquez et al. 2003) and the angles
percentage of the polarization as expected, should this coofithe polarization vectors are also the expected ones for the
ponent be aligned with the projection of the galactic disklirection of the Galactic disk in the region. We found that the
Therefore, it might be possible for this intra-cluster compadistribution of angles of the polarizations vectors is narrower
nent to have a polarization angldidirent from that of théeP (FWHM = 627) than the typical value found for other clus-
component, thus depolarizing the starlight. However, thattersFWHM ~ 10°, as in Trumpler 27 (Feinstein et al. 2000)
very unlikely. In fact, the polarization angles of this subgrougnd in NGC 6193 and NGC 6204 in ARA OB1 (Waldhausen
of reddened stars do not seem to bffeslent, as would have et al. 1999). There is photometric evidence for the exis-
been the case if another polarization component witlifardint tence of some intracluster dust (Turner 1985; Baume 1999;
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Fig. 5. Plot Pmax vs. Eg_y for stars of Stock 16. The solid line Bymax = 9Eg v, and the dashed line Bymax = 5Eg_v. The vertical dotted
line is the mean cluster extinctiokz_y = 0.51.
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