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Abstract

Using the linear polarimetric observations, we present a method to derive the membership prob-
ability of stars in cluster NGC 2345. The polarimetric observations of cluster NGC 2345 are
performed using the instrument ARIES IMaging POLarimeter (AIMPOL) mounted as a back-
end of the 104 cm telescope of ARIES. Members of the cluster should exhibit comparable po-
larization since they are located nearly at the same distance. This concept is used to extract the
membership probability of known member stars of cluster NGC 2345. The membership proba-
bility estimated using the polarimetric data for cluster NGC 2345 agrees with the membership
probability derived from the proper motion method in the previous studies.

Keywords: polarization, open cluster, membership

1. Introduction

Star clusters are the best target to probe stellar evolution, dynamics, Galactic structure, and
evolution. The basic information required to study the cluster is to identify the membership
of stars to the cluster. Proper motion technique has been proven as a significant way to derive
membership information. However, it is possible that the proper motion technique can misguide
the information of a star’s membership for some peculiar stars (e.g., pre-main sequence stars,
supergiants, Cepheids, etc.) (Cudworth, 1986; Dias et al., 2006). Thus, the polarimetric tech-
nique is being explored to extract the membership information of star clusters. The polarization
of starlight depends on the column density of dust grains that lie in front of the star if it is not
intrinsically polarized. The aligned asymmetric dust grains present in front of the star cause the
dichroic extinction of the starlight, and hence, the light gets linearly polarized (Hiltner, 1949a,b;
Hall, 1949). As the star clusters are formed from the same molecular cloud, the member stars
of clusters are located almost at a similar distance from the observer. Hence, the polarization
study can be used to extract the membership probability of star clusters.
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Table 1: Basic parameters of the open star

cluster NGC 2345.

Cluster parameters NGC 2345
Longitude (degree) 226.58
Latitude (degree) —2.31
Age (Myr) 55-79
Distance (kpc) 2.2-3.0
Reddening [E(B—V)] (mag) 0.59-0.68
Core radius (arcmin) 4
Cluster radius (arcmin) 7

The polarimetric technique was found to be reliable for estimating the membership proba-
bility (M P) of known members from a proper motion study (Medhi and Tamura, 2013). There-
fore, we have selected the known member stars of cluster NGC 2345 to derive the MP us-
ing the polarimetric technique. The basic parameters of the cluster NGC 2345 compiled from
Kharchenko et al. (2005, 2013); Cantat-Gaudin et al. (2018); Cantat-Gaudin and Anders (2020),
are given in Table 1.

2. Method
2.1. Polarimetric data

The polarization values in V-band for the open cluster NGC 2345 are taken from our previ-
ous study (Singh et al., 2022). The cluster was observed from the 104-cm telescope of ARIES
using the AIMPOL instrument (Rautela et al., 2004; Pandey et al., 2023) on 22 January, 14
and 15 February 2018. The observations were performed at four different positions of the half-
wave plate, i.e., 0, 22.5, 45, and 67.5 degrees from the celestial north-south direction. The
detector was a 1k x 1k Charge-Coupled Device (CCD) camera having read noise of 7.0e™ and
gain of 11.98 e”/ADU. Further observation details of this cluster can be found in Singh et al.
(2022). After cleaning images, we performed aperture photometry to get the fluxes of ordinary
and extraordinary images using the Image Reduction and Analysis Facility. The detailed data
reduction procedure to extract the degree and angle of polarization is described in Rautela et al.
(2004), Singh et al. (2020), and Singh and Pandey (2020). Correction for instrumental polariza-
tion and zero-point polarization angle was performed using the unpolarized standard star (HD
21447) and polarized standard stars (HD 19820 and HD 25443). We have used the V— band
polarimetric data to derive Stokes parameters Q and U using Q = Pcos260 and U = Psin20,
where P is the degree of polarization and 0 is the position angle. The membership informa-
tion based on the proper motion for polarimetrically observed stars in the cluster is taken from
Cantat-Gaudin et al. (2018). We have considered only those stars as members of the cluster
with the MP > 50% as the distribution of MP of member stars peaks between 50 to 100%.
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Figure 1: The distribution of Stokes parameters (Q and U) among stars
with MP > 90% of the cluster NGC 2345. The green and red curves
show the Gaussian fit of the Q and U distribution, respectively.

2.2. [Estimation of membership probability

We have chosen a group of stars with very high MP for the best representation of the
cluster. Therefore, we have taken stars with MP > 90% for estimating the cluster’s average
Stokes parameters. The distribution of the cluster’s Stokes parameters is shown in Fig. 1. The
mean value of Stokes parameters for the cluster is derived by fitting the Gaussian curve to the
distribution and found as Qyeqn = 0.9026%, Uyeqn = —0.4624% for NGC 2345.

Next, the average scatters of Stokes parameters for a star are calculated from the mean
values of the cluster’s Stokes parameters (Qmeans> Umean) @S

scatt = \/(AQ)2 + (AU )?,

where AQ = Q — Omean and AU = U — Unean. Additionally, the full range of Stokes parameters
considering all observed stars in the cluster is calculated using the equation as

range = 4/ Q%ange + Urzangea
where Qrange = (Qmax - Qmin) and U, range — (Umax —U, min)-
Then, by comparing the average scatters with the full ranges and with the 100% normaliza-

tion, we have estimated MP as

MP — 100 x (range—scatt)'

range
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Figure 2: Comparison of MPs of proper motion member stars of the
open star cluster NGC 2345 in different studies. (left) The vertical line
at 0.5 denotes the MP of 50%. (right) The red scale on the left side
shows the MP from Cantat-Gaudin et al. (2018), and the blue scale is
for MP from Sampedro et al. (2017). The markers denote the average
binned data points of bin size 0.1 in MP.

The estimated MP of member stars for the cluster NGC 2345 are given in Table 2 along
with the M P’s of these stars from the literature. The first column is the star ID taken from Singh
et al. (2022).

3. Discussion and Conclusions

Using the polarimetric technique, we have extracted membership probabilities of previ-
ously derived member stars of cluster NGC 2345. A plot for comparing our results of polari-
metric MP with the proper motion MP reported in previous studies is shown in Fig.2, and
a good agreement between our results and previously estimated probabilities of members is
found.
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Table 2: MP of member stars for the cluster NGC
2345 using the polarimetric technique along with MP
of these stars from other studies.

Membership Probability
ID This work Cantat-Gaudin Sampedro
et al. (2018) et al. (2017)

6 0.75 0.9 0.91
14 0.89 0.9 0.93
17 0.90 0.9 0.85
25 0.81 0.9 0.0

28 0.94 1.0 0.90
29 0.91 0.9 0.93
32 0.90 0.9 0.92
34 0.76 0.8 0.93
37 0.99 1.0 0.93
38 0.86 1.0 0.89
39 0.96 1.0 0.93
41 0.98 1.0 0.93
42 0.97 1.0 0.93
43 0.95 1.0 0.93
46 0.93 1.0 —

48 0.77 1.0 0.74
49 0.58 0.7 0.35
50 0.93 1.0 0.91
51 0.85 0.7 —

58 0.93 1.0 —

64 0.97 0.7 —

66 0.88 0.8 0.93
68 0.83 1.0 0.93
69 0.91 0.9 0.93
72 0.94 1.0 0.91
82 0.93 1.0 0.89
84 0.97 1.0 0.93
90 0.97 0.9 —

91 0.97 1.0 0.93
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