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Abstract. We present UBVRI polarimetric observations of stars belonging to the small open cluster Lynga 6 and of
TW Nor, a Cepheid which can be seen near the center of the grouping. The wavelength of maximum polarization
is computed and then analyzed in the context of its relation to the optical properties and characteristic particle
size distribution of the grains responsible for the polarization. The amount and direction of linear polarization
is also computed. Results indicate a mean polarization efficiency close to the value found for the interstellar
medium. Two out of seven members of Lynga 6 present indications of intrinsic polarization in their measures. We
conclude that part of the polarization detected in the light from members of the cluster comes from a dust cloud
located in the Local arm, at a distance of about 1 kpc. In general, polarization measurements do not support the

membership of TW Nor to Lynga 6.
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1. Introduction

Lynga 6 (C1512-581) is a small group of young stars, 4’ in
diameter, which is located in the Sagittarius spiral arm at
[ =330°4 and b = +0°30. It was first detected and listed
as a suspected cluster by Lynga (1964). Madore (1975)
and Moffat & Vogt (1975), almost simultaneously, both
made the first photoelectric observations of the possible
members but they reached opposite conclusions: while the
first author supported the idea of it lying in the presence
of a real cluster, in the other investigation doubts were
raised.

New investigations by van den Bergh & Harris (1976),
Thé (1977), Lynga (1977), Schmidt (1983) and Walker
(1985) confirmed that it was a real grouping. True dis-
tance moduli from these investigations ranged rather
widely: 11.7 (Madore 1975), 10.8 £ 0.6 (van den Bergh
& Harris 1976), 10.8 (Lynga 1977); and between 10.6 and
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10.9 mag (Schmidt 1983). The large uncertainties present
in some of these determinations may be attributed to dif-
ferent origins: the handling of the problem of evolution,
the presence of unresolved binaries, the ZAMS fitting to
the nearly vertical MS, etc. They were removed with the
work of Walker (1985), who performed CCD photometry
in the (B, V, I) bands down to V = 19 mag. This led to
an accurate fitting of the ZAMS from which a value for the
true distance modulus of 11.15 + 0.3 mag was found, with
a mean excess Ep_y of 1.34 £ 0.01 mag. It is thought to
be the safest fit to the ZAMS, until individual reddening
measurements are available.

The reason for such an interest in Lynga 6 is TW Nor, a
Cepheid which can be seen near the center of the grouping.
Cepheids in Galactic clusters provide the most straight-
forward mean of performing the calibration of the Period-
Luminosity-Color relation (P-L-C); and TW Nor was part
of this selected group. Moreover, it was a particularly
interesting object as it is the longest period Cepheid
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believed to be a member of an open cluster, with P =
1097845 (Caldwell & Coulson 1987).

The membership of TW Nor in Lynga 6 has been a
matter of discussion for many years. While some investi-
gators clearly agree with its location in the open cluster,
others find that some incongruences exist between the ob-
servational parameters for the cluster and those for the
Cepheid.

The polarimetric techniques can be a very useful tool
in providing clues for membership problems. With po-
larimetry, we can get important information on the char-
acteristics (Prax, Amax, magnetic field direction, etc.) of
the dust located in front of an object, or the dust pa-
rameters associated with a group of stars. In this paper
we provide a polarimetric view of the problem involving
Lynga 6 and TW Nor. To do so, we propose first to investi-
gate the properties of the dust in front of the open cluster
as a whole and then to check if they are coincident with
the ones for the dust located just in front of the Cepheid.

2. Observations

We have selected for polarimetric observation 7 suspected
members of Lyngd 6 (stars 2, 4, 6, 7, 8, 9, 10) and 8
non-members (1, 13, 14, 16, 17, 18, 19, 20) according to
Lynga (1977), and also TW Nor.

Observations in the UBV Rkclkc bands (KC: Kron-
Cousins, Ay, = 0.36 pm, FWHM = 0.05 pm; g, =
044 pm, FWHM = 0.06 pm; Ay, 0.53 pm,
FWHM = 0.06 pm; Ar, = 0.69 pm, FWHM =
0.18 pm; Az, = 0.83 pm, FWHM = 0.15 pm) were
carried out using the five-channel photopolarimeter of
the Torino Astronomical Observatory attached to the
2.15 m telescope at the Complejo Astronémico El Leoncito
(San Juan, Argentina). They were performed on 2 nights
(March 22-23) in 1998 and 1 night (June 30) in 2000.
Standard stars for null polarization and for the zero
point of the polarization position angle were taken from
Clocchiati & Marraco (1988). Table 1 lists the observed
stars in the direction of Lynga 6, the percentage polar-
ization (Py), the position angle of the electric vector (6y)
in the equatorial coordinate system and their respective
mean errors for each filter. We indicate also the number of
60 s independent integrations with each filter. Star iden-
tifications are taken from the work of Lynga (1977), and
non-members according to that work are indicated in this
table and also in Table 2 below.

3. Results

By observing the amount of interstellar polarization
in several bandpasses, the wavelength at which maxi-
mum polarization (Ppax) occurs can be computed. This
wavelength Anax is a function of the optical proper-
ties and characteristic particle size distribution of the
aligned grains (McMillan 1978; Wilking et al. 1980). The
maximum polarization at which P, occurs has been
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Table 1. UBVRI Lynga 6 polarizations.

Star® filter Py €p 0 €0 nb
% °

1* U 1.39 0.12 33.2 24 6
B 2.01 0.08 30.2 1.2
\% 2.06 0.07 31.0 1.0
R 2.06 0.06 29.3 0.8
1 1.76 0.19 31.3 3.0

2 U — — — - 4
B 6.04 043 42.0 2.3
\% 6.28 0.79 39.2 1.8
R 580 0.35 38.7 2.0
I 593 048 354 3.7

4 U — — — - 4
B 5.63 0.30 38.6 1.5
\% 5.76 0.06 38.5 0.3
R 6.09 0.05 40.0 0.2
I 5.55 0.10 40.7 0.5

6 U - - — - 12
B 5.11 1.11 34.7 6.1
14 498 0.42 40.7 2.4
R 536 0.34 38.1 1.8
1 450 0.48 394 3.0

7 U 430 0.60 38.1 4.0 11
B 491 045 359 2.6
14 5.22 0.12 40.8 0.7
R 551 0.14 40.5 0.7
1 483 0.26 43.0 1.6

8 U - - — - 4
B 4.55 0.46 45.3 2.9
\% 4.89 0.11 395 0.7
R 494 0.11 388 0.6
1 5.11 0.18 38.6 1.0

9 U - - - - 2
B 5.79 091 44.0 2.2
\% 6.70 0.69 38.3 1.5
R 580 044 39.5 1.1
I 584 0.39 36.3 0.9

10 U 557 1.02 43.6 52 8
B 6.31 0.37 41.0 1.7
\% 538 0.19 384 1.0
R 574 0.11 39.2 0.6
1 5.21 0.28 38.9 1.5

calculated by fitting the observed polarization in the
UBVRI bandpasses to the standard Serkowski’s polariza-
tion law,

P/ Puax = exp [k In? (Amax/N)] (1)

and adopting the parameter k = 1.15 (Serkowski 1973).
If the polarization is well represented by this relation
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Table 1. continued.
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Table 2. Polarization results of stars in Lynga 6.

Star® filter Py €p 0x €0 n®
% °
13 U 4.64 041 49.8 2.5 4
B 5.70 0.29 35.6 1.4
|4 592 028 370 1.3
R 5.87 0.23 38.1 1.1
1 5.07 0.21 36.9 1.2
14* U - - - - 4
B 227 030 41.6 1.8
\% 2.28 0.17 34.3 1.1
R 223 014 276 0.9
1 202 010 27.1 0.7
16* U 2.04 011 36.1 1.6 2
B 271 011 329 1.2
\% 271 0.08 379 0.8
R 2.68 0.12 334 1.3
1 263 0.18 38.1 2.0
17* U 4.29 0.22 458 1.5 2
B 4.80 0.18 438 1.0
%4 4.43 0.09 431 0.6
R 4.55 0.08 42.6 0.5
1 4.40 0.17 429 1.1
18* U 5.35 0.23 43.4 1.2 2
B 5.16 0.17 414 0.9
V 5.07 0.14  40.5 0.8
R 5.53 0.11 408 0.6
1 5.03 0.17 40.6 1.0
19* U 146 029 332 5.5 10
B 212 0.06 324 0.8
|4 213 0.12 304 1.6
R 220 0.09 30.3 1.1
1 2.08 0.15 30.8 2.1
20 voo- - - - 4
B 2.06 034 245 4.7
|4 2.18 0.11  30.3 1.4
R 229 0.10 285 1.3
1 2.10 0.14 29.6 1.9
TW Nor U - - - -2
B 7.14 061 443 1.10
|4 7.23 013 410 0.25
R 731 0.08 344 0.15
1 6.52 0.05 36.0 0.11

¢ Lynga (1977).
® Number of 60 s integrations.
* Stands for non-member.

(meaning that the measured polarization is of interstellar
origin), oy (the unit weight error of the fit) should not be
higher than 1.5, because of the weighting scheme; a higher
value could indicate the presence of intrinsic polarization.

b

Star?® Prax €p o1 Amax €x Es_v
% pm mag
1* 209 0.06 1.28 0.60 0.03 0.20
2 6.36 0.29 1.12 059 0.05 1.36
4 6.06 0.06 1.46 0.64 0.02 1.36
6 526 0.15 0.57 059 0.04 1.33
7 550 0.06 095 0.61 0.02 1.36
8 513 0.14 1.73 0.66 0.04 1.37
9 6.33 031 099 0.61 0.05 1.38
10 5.85 0.21 207 057 0.05 1.31
13 6.01 0.04 0.30 0.57 0.01 1.11
14* 233 0.04 044 058 0.02 1.05
16* 2.81 0.08 1.28 0.60 0.03 0.33
17* 4.73 0.17 293 0.56 0.04 0.74
18%* 5.65 0.25 3.32 056 0.04 0.75
19* 228 0.06 1.03 059 0.03 0.27
20* 229 0.02 026 064 0.01 —
TW Nor 7.39 0.05 0.62 0.60 0.01 1.34

¢ Lynga (1977).

® 012 =3 (ra/€py )?/(m — 2); where m is the number of colors
and 7\ = P\ — Puax exp(—K In%(Amax/N)).

* Stands for non-member.

Table 2 lists the Ppax and Apax values for the observed
stars. The mathematical expression used to determine the
individual o1 values can be found there as a footnote. The
last column in this table lists the color excesses Ep_y for
each star. There is practically no information in the lit-
erature about the spectral types for the observed stars.
No. 16 is identified as HD 143738, a B4 V star (Knude
1992); and from objective prism plates, Lynga (1977) pro-
poses that Nos. 1 and 19 are late B stars on the main
sequence, No. 17 is an OB object and No. 4 could be a
G5 IIT star. Moffat & Vogt (1975) state that No. 7 is a
B1 star and this is supported by Lynga (1977) via his
uvby S photometry. The listed excesses in the last column
of Table 2 have been calculated according to Feinstein &
Marraco (1971), using UBV colors from van den Bergh &
Harris (1976). For No. 4, we have adopted the intrinsic
color (B —V)o =0.91 of a G5 III star.

4. Analysis and discussion

From our polarization measures, 4 objects (members
stars 8 and 10 and non-members 17 and 18) have a value
for the unit weight error of the fit (o1) above 1.5. As men-
tioned before, a higher value gives a clue about the pres-
ence of intrinsic polarization in the light from the star.
Star member No. 4 with o; = 1.46 is also a probable
member of this group.

Figure 1 displays Py and 60, vs. A plots for stars
with indications of intrinsic polarization. The standard
Serkowski’s curve (1), the law wvalid for an interstel-
lar origin in the measured polarization, is also shown.
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Fig. 1. Intracluster polarization and position angle dependence on wavelength for stars with indications of intrinsic polarization
(mismatch between observations and Serkowski’s curve fit and/or variable position angle). Plots for the Cepheid TW Nor are

also included.

The presence of intrinsic polarization in the light from
a star causes a mismatch between observations and the
Serkowski’s curve fit, and/or a rotation in the position
angle of the polarization vector. The abovementioned mis-
match is clearly seen only in the plots for stars 10 and 18;
but the rotation in the position angle with X is a common
characteristic for the whole group of stars with o higher
than 1.5. In the case of stars 17 and 18, the rotation is
visible in the 8y and 0 values only.

Another indicator of a non-interstellar origin of the
measured polarization is a fitted Apax notably smaller
when compared to the value 0.55 pum for the interstellar

medium (Serkowski et al. 1975). But this condition is not
fulfilled by any of the stars observed in this investigation.

The ratio Ppax/Ep—v is known as the “polariza-
tion efficiency” of the interstellar medium and it depends
mainly on the alignment efficiency and the magnetic field
strength. It also depends on the amount of depolariza-
tion due to radiation traversing more than one cloud with
different field directions. For Lynga 6 we obtain a mean
polarization efficiency of 4.3 + 0.3, close to the value 5.0
found for the ISM (Serkowski et al. 1975). In recent inves-
tigations (Orsatti et al. 1998, 2000) we have found values
for the efficiency in the direction of several open clusters,
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Fig. 2. Polarization efficiency diagrams for the observed pa-
rameters. The line of maximum efficiency is drawn us-
ing Ry = 3.1.

ranging from 1.28 in Lynga 14 to 4.2 in NGC 6611. As
a consequence, we may say that the polarizing efficiency
for the dust in the direction of this cluster is close to the
normal value for the interstellar medium.

As can be seen in Fig. 2, where Pa.yx values for the
observed stars are plotted versus their Eg_y from Table 2,
none of the member stars lies to the left of the interstellar
maximum line

Prax < 3 A’u ~ 3R, Epv (2)

which is derived for the interstellar dust particles (Hiltner
1956). This situation indicates that the observed polar-
ization is most likely due to the diffuse interstellar ma-
terial. In the lower part of the plot, non-member stars
Nos. 1, 16 and 19 lie very close to the limiting line, in
particular the first one, indicating a maximum polariza-
tion efficiency. This group of stars have Py, = 2.39% and
Ep_y = 0.27 mag. According to Neckel & Klare (1980),
the polarization originates in a dust cloud located at about
1 kpc from the Sun in the direction of Lynga 6, with an
A, of about 0.7 mag. Stars 14 and 20 (shown in this fig-
ure with their excesses Ep_y calculated as if they were
class V stars), seem to be evolved stars and very probably
part of this group.

The mean polarization for 5 members (2, 4, 6, 7, 9) in
Lynga 6, excluding those with o1 in excess of 1.5 (Nos. 8
and 10) yields a Ppax = 5.91 + 0.54% and 0, = 39°4.
The wavelength of maximum polarization for this group
amounts to Apax = 0.61 = 0.03 pm; that is, dust grains
of larger size than those associated with the interstellar
medium. These parameters characterize polarimetrically
the interstellar material in front of Lynga 6.
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Fig. 3. Observed polarization vectors and their orientations
for the observed stars in the direction to Lynga 6. Open cir-
cles are used for non-members and dots for members, accord-
ing to Lynga (1977). Star No. 13 is shown with a filled circle.
The length of each vector is proportional to the percentage
polarization.

In his work, Lynga (1977) expressed doubts about the
membership of stars Nos. 13, 14 and 15 in the cluster.
These stars are of the same brightness as the cluster stars
but if they were members they would have an excess Eg_y
smaller by 0.2 mag than the rest. From the polarimetric
observation of Nos. 13 and 14 we have arrived at the con-
clusion that while the first star is a very probable member
of Lynga 6, the second should be a field star. The param-
eters of the dust in front of No. 13 are Ppax = 6.01% and
0y = 37°0, in good agreement with the mean parameters
associated with cluster members (5.91% and 39°4 respec-
tively). In view of these similarities, we may conclude that
this star is a very probable member of the open cluster.
Since it is located slightly off the cluster center, the differ-
ence in color excess between this star and the rest of the
cluster members could be due to differential reddening.
For No. 14 the dust parameters through the polarimetric
measures are Ppax = 2.33% and 6y = 3493, very different
from the ones associated with the open cluster, and this
indicates that the star is a foreground object. No. 15 was
not polarimetrically observed by us.

Figure 3 plots polarization vectors and their orienta-
tions for the observed stars in the direction of Lynga 6.
Open circles are used for non-members and dots for mem-
bers, according to Lynga (1977). No. 13 is shown with a
filled circle. Figure 4 shows a similar plot, but for stars
in the neighborhood of the open cluster, with information
from the catalogue of Heiles (2000). As can be seen, field
stars and observed members of the cluster both show an
alignment of the e-vector along the Sagittarius arm.

TW Nor was first noted as located within the bound-
aries of the sparse cluster Lynga 6 by Tsarevskij et al.
(1966). Madore (1975) and van den Bergh & Harris (1976)
both were the first to produce evidence for membership
of the Cepheid in the cluster. The existence, mean ex-
cess and distance to Lynga 6 have been confidently proved



A. M. Orsatti et al.: Lynga 6

Galactic Latitude
o
T

-3 L L L L L L L L L L L L L I L I L I L
335 334 333 332 331 330 329 328 327 326 325
Galactic Longitude

Fig. 4. Polarization vectors and their orientations for stars
from Heiles (2000) in the neighborhood of Lynga 6. The length
of each vector is proportional to the percentage polarization.
The approximate position of the cluster is indicated with a
Cross.

by Walker’s well-defined main sequence through his color
magnitude diagram which reaches V' = 20 mag (Walker
1985), but evidence on the membership of the Cepheid in
the cluster Lynga 6 is not fully conclusive.

The photometric analysis for TW Nor is not fully con-
clusive concerning its membership in Lynga 6. Color ex-
cesses in the literature range from 1.21 (Laney & Stobey
1993) to 1.27 mag (Feltz & McNamara 1980) depending
on the different Cepheid’s calibrations but some authors
adopt for TW Nor the same Ep_y as Lynga 6 (that
is, 1.34 mag). Cepheid parallaxes in the Hipparchos cat-
alogue have only a statistical sense. Concerning proper
motion measurements, Hipparcos has measured only the
Cepheid but no members of Lynga 6. The mean radial ve-
locity of the Cepheid (-56.6 kms~™!) has been measured
by Mermilliod et al. (1987) but we lack equivalent mea-
surements for member stars of Lynga 6 .

The possibility remains of applying polarimetric tech-
niques to help solve the problem, considering that the
polarimetric characteristics of the dust in front of the
Cepheid must be compatible with those in front of
the cluster. That is, accepting TW Nor as a member of
Lynga 6 means that its excess Ep_y should be in line
with the mean excess determined for the cluster: 1.34 +
0.01 mag (Walker 1985). But while the light coming from
its neighboring stars (Nos. 2, 4 and 9) shows Ppax polar-
izations of 6.36, 6.06 and 6.33% respectively, the polari-
metric measurements for TW Nor give a higher value for
this star: 7.39 &+ 0.05%. The vectorial Ppay for the clus-
ter is 5.91 4+ 0.54% and the quoted value for the Cepheid
(Pmax = 7.39%) is outside the 20 interval. If TW Nor were
a member of Lynga 6, we should find a reason account-
ing for this excess in polarization in the light coming from
the star. Cepheids do not display intrinsic polarization,
so we can rule out this kind of explanation. There exists
the possibility of having a minute dust cloud located just
precisely in the direction of TW Nor. We note that for
the closest stars (Nos. 2, 4 and 9) the Ep_y reaches the
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highest value in the open cluster, meaning that there exists
a certain concentration of dust toward the central portion
of the cluster, where the Cepheid is located. If we suppose
a situation of maximum efficiency for the polarizing dust
within Lynga 6, using the relation (2) and taking a value
for R of 3.1, we find that in order to get a percentage
of polarization of at least 1.48 (that is the vectorial dif-
ference between the Pypay of the cluster minus the Pupax
of the Cepheid), the total Ep_y in front of the Cepheid
must reach at least 1.51 mag.

There exists also the possibility of considering the
Cepheid as a non-member of the cluster Lynga 6. In fact
this idea has been raised more or less openly by several
investigators. For example, Turner (1985) gave a list of
12 Cepheids located within the cluster nuclei boundaries
but he omitted TW Nor based upon results of a num-
ber of studies which suggested that it may not be a clus-
ter member. In his work, Anderson et al. (1985) stated
a discrepancy between the distance moduli of the cluster
(Vo — My = 11.1 mag) and that of the Cepheid as de-
rived from an infrared P-L relation, that is 11.8 £0.2 mag
(Welch et al. 1985). Also, works of Fernie & McGonnegal
(1983) and Opolski (1984) put TW Nor at distance mod-
uli of 11.8 and 12.2 mag respectively. Fernie (1990) elim-
inated TW Nor when deriving his regression formulas.
Di Benedetto (1994) gives for the Cepheid a Vy — My
of 11.4 mag with a Period-Radius relation and K pho-
tometry. More recently, Berdnikov et al. (2000) through
K-band photometry, placed the object at a distance mod-
ulus of 11.6 mag (2080 pc) while the “Database of Galactic
classical Cepheids” (Fernie et al. 1995) adopted 11.8 mag
(2245 pce) for its distance modulus.

5. Conclusions

Star members of the open cluster Lynga 6 show high po-
larization values, partly due to the effects of a dust cloud
located about 1 kpc from the Sun, in the Local arm. Due
to the lack of suitable foreground stars, it was not pos-
sible to analyze in this investigation whether there exists
dust associated with the cluster itself. The polarizing ef-
ficiency for dust in the direction of the cluster is close to
the normal value for the ISM. We have found that 2 out
of 7 observed member stars show indications of intrinsic
polarization.

For different reasons, the currently available member-
ship tests for the Cepheid TW Nor (photometry, radial
velocity, parallax and proper motion measurements) have
failed in probing its membership of the open cluster. The
polarimetric observations, which give information on
the characteristics of the dust located just in front of
the Cepheid, indicate that the only possibility for TW Nor
to be a member of the open cluster relies apparently on the
existence of a minute dark cloud located just in front of the
object. This situation is possible but highly improbable.
The resonable solution is to locate the Cepheid at a cer-
tain distance behind the cluster, as previously suggested
in other investigations. In that Galactic direction we are
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looking across the Sagittarius arm, so it is reasonable for
the dust associated with the arm between the spatial lo-
cations of both Lynga 6 and TW Nor to be responsible
for the measured polarization.

To further confirm this result we suggest obtaining
polarization measurements of the highly reddened back-
ground stars detected by Walker (1985) in his 3’ x 2 field
centred on the cluster.
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