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Abstract—The open star clusters (OSC) are important tracers for 
understanding the Galactic evolution. The parametric study of these 
astronomical-objects is crucial task due to the appearing sequence of 
the members of OSC. These members are defined through the various 
approaches such as photometric, statistical, kinematics etc. In the 
present paper, we have been using the photometric colours of the 
identified stars for categorized them into the blue and red component 
groups and identification of these groups is possible through (B-V) vs 
V colour magnitude diagram (CMD). Furthermore, the 
influence/effect of these groups is also examined in the estimation of 
cluster parameters. The stellar enhancement of cluster NGC 6866 is 
found through the blue-component-stars (BCS) and the linear 
solution of best fitted values of King Models of the radial-density-
profile (RDP) gives the core radius as 5.22+/-0.29 arcmin. The good 
agreement of present estimated parameters of the cluster with the 
literature seems to be an effective evidence to consider BCS as the 
true representative of the cluster. The stellar distribution of the 
cluster shows continuous phenomena of the mass segregation. An 
effect of the incompleteness of photometric data is related to the 
mass-function slope values, which is found to be -3.80+/-0.11 and 
also shows the incremental nature with the incompleteness. 
 
Keywords: (Galaxy): Open star cluster; individual: NGC 6866, blue 
component; Most probable members. 

1. INTRODUCTION 
The observational study of intermediate-age open clusters 
(OCs) plays an important role to constrain the theories of 
stellar and Galactic evolution (Sharma et al., 2006). Though, 
the cluster region is also influenced by field stars (FS), 
therefore, an identification of their probable members 
becomes a crucial task for the parametric analysis. The 
influence of FS within the cluster may be occurred due to 
embedded position of the cluster on the Galactic disk and 
known as the field contamination. Furthermore, its amount 
depends on the location of a particular cluster on Galactic 
plane (Joshi et al., 2014). The scattered stellar distribution on 
the CMD leads the photometric broadening of the stellar 
sequence. Such broadening pattern of the CMD may be 
producing an uncertainty of fundamental parameters 
(reddening, distance and age) of the cluster. An accurate 
measurement of these parameters will be possible after the 
decontamination of FS from the OC and it would be carried 
out through either the photometric statistical criteria (Sharma 

et al., 2008) or the statistical cleaning in CMDs (Joshi et al., 
2014). Recently, Joshi et al. (2015) have been introduced the 
statistical cleaning procedure by the colour-magnitude 
distance for field star, which is depends on the dimensions of 
grid size of FS. The resultant members are used to derive the 
fundamental parameters and examine the dynamical 
behaviour. 

The outlines of this paper are described as following. The 
quality of available photometric data of cluster has been 
prescribed in Section 2. The separation procedure of blue and 
red component stars of this cluster is described in Section 3. 
The RDPs and SNDPs of both type stars have been described 
in Section 4 and Section 5, respectively. The identification 
procedure of giant star sequence within cluster has been 
discussed in Section 6. The estimation of reddening, distance 
and age are described in Sections 7 and 8. The MF study and 
examination of nature of total-to-selective-extinction are done 
in Sections 9 and 10 respectively. Finally, we have been 
summarized our results and discussed their importance in 
Section 11. 

2. THE PREVIOUS STUDIES AND DATA 
In the literature, a total of 3 photometric catalogues of deep 
CCD observations are available of this cluster, which are 
constructed by Joshi et al. (2012), Janes et al. (2014) and 
Bostanci et al. (2015). The field of view of these observations 
is about 13.5×13.5 arcmin2, 42.8×42.8 arcmin2 and 21.5×21.5 
arcmin2, respectively. All authors of these catalogue have 
been derived the fundamental parameters. Bostanci et al. 
(2015) have been shown comparison of their photometry with 
the Joshi et al. (2012) and Janes et al. (2014) in their 
manuscript at Fig. 4 and Fig. 5 respectively. It seems that their 
photometry is matched with Janes et al. (2014). Since, Janes et 
al. (2014) are reported the maximum field of view of this 
cluster among all UBVRI catalogues, therefore, it is used to 
identify the blue-component-stars (BCS) and their influence in 
parametric analysis of the cluster. 

To see the difference of stellar magnitude of common stars 
between Janes et al. (2014) and Joshi et al. (2012), we are 
cross-matched their photometric within scatter of 1 arcsec 
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leads 2092 common stars between both catalogues with a 
slope in residual magnitudes of these catalogues (as depicted 
in the left panels of Fig. 1). A deep investigation of figures 4 
and 5 of manuscript of Bostanci et al. (2015) has clearly 
shown that their photometry shows approximate zero residual 
with Janes et al. (2014) but not for Joshi et al. (2012). Thus, 
unknown technical problem is present with the work of Joshi 
et al. (2012). Furthermore, the stellar spread of (B-V) vs (U-B) 
TCD (Fig. 1-b) is produced by those stars which having V 
magnitude greater than 18 mag with a upward shift (depicted 
by red dots) and this shifting is increased with the reddening 
values. 

 
Fig. 01: a) Comparison of photometry catalogues between Joshi et 
al. (2012) and Janes et al. (2014). b) The comparison of (U-B) vs 
(B-V) two-colour diagrams of these catalogues. c) Here, We have 
also shown (B-V) vs V CMDs from both cataloges. The black and 
blue dots of panels (b) and (c) are represent stars from Joshi et al. 
(2012) and Janes et al. (2014) catalogues respectively. The red dots 
of panel (b) are those stars of Joshi et al. (2012) catalogue, which 

having V -magnitude less than 18 mag. 

The stellar distribution on the CMD has been depicted in the 
Fig. 1-c through the extracted magnitude from the both 
catalogue [Joshi et al. (2012) and Janes et al. (2014)] and 
shows similar stellar distribution except lower end of CMD. 
The reddening, E(B-V), is needed to calculate the cluster 
distance and obtained by fitting Zero-Age-Main-Sequence 
[ZAMS, Schmidt-Kalar (1982)] in the (U-B) vs (B-V) diagram 
[Fig. 2]. In this figure, the black curve shows the reddened 
ZAMS which is obtained by adding a shift 0.12 mag in E(B-V) 
values of normal ZAMS. The reddened ZAMS is well fitted to 
BCS, whereas the red component stars (RCS) shows a linear 
trend. The linear solution of said linear pattern is computed as 
follows, 

1.47 0.03 0.76 0.04. 

Though, the RCS stars, having (B-V ≥1.8 mag), found to be 
below this linear solution and shows large slope value of (U-
B)/(B-V) of RCS compare to the expected value of the 
clusters. The scattering of A0 type stars found to be less and 
stellar scattering is increasing with (B-V) except A0 type stars. 
The arrow indicates the normal colour excess law. Since, some 
RCS are also giant members of the cluster, therefore, redden 
ZAMS also satisfied by the pattern of RCS. Some RCS are 
embedded within the distribution of BCS and others RCS is 
below the best fitted ZAMS. The resultant reddening is found 
to be 0.12±0.01 mag which is slightly high from reddening 
(0.10 mag) estimated by Joshi et al. (2012) but close with 
(0.16±0.04) as derived by Janes et al. (2014) through Bayesian 
analysis. 

 
Fig. 02: The blue and red component stars of cluster are depicted 
by blue and red dots respectively. The solid black and green line 

represents the best fitted ZAMS on blue component stars and best 
linear fit in red component stars of cluster. The dashed arrow 

shows normal reddening law. 

3. SEPARATION PROCEDURE OF BLUE AND RED 
COMPONENT STARS 

The stellar distribution seems to be spread out on (B-V) vs V 
CMD (as shown in Fig. 3 and Fig. 11). The dense stellar 
distribution is obtained as broad and sloppy line (left side of 
the above prescribed CMD), which may be occurred due to the 
probable main sequence (MS) of the cluster. The comparison 
of known literature value with the value obtained through this 
sequence (detailed discussion in at Section 4) provides said 
sequence as main-sequence (MS) of the cluster. Other hand, 
the stellar distribution of right side of CMD (RCS) is sparsely 
fulfilled. The MS of the cluster are separated by following 
linear equation of magnitude and colour, 

7.66 7.32, 

where Vo and (B-V)o are the observed magnitude and colour 
of stars respectively, and denoted by a black dashed arrow as 
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depicted in Fig. 3. The BCS and RCS are laying on the left 
and right sides of this arrow on the CMD plane and depicted 
by the blue and red dots in Fig. 3. The obtained RCS may be 
either super-giant members (SGM) of the cluster or field stars. 
The SGM are those cluster members which are evaporated 
from the main sequence due to the dynamical evolution. A 
total of 4088 and 1250 stars are found to be BCS and RCS, 
respectively. Since, BCS and RCS are not easily separated to 
each other for fainter stars more than 18.5 V-mag (Fig. 11), 
therefore this procedure is applicable for brighter stars from 
18.5 mag in V-band. Although it seems that RCS of (V-I)/V 
CMD are visibly separated from the MS instead in the (B-
V)/V CMD. 

 
Fig. 03: The BCS and RCS have depicted by the blue and red 

dots. These stars are separated by the black dashed arrow. 

 
Fig. 04: The inner and outer circles represent the core radius and 
limiting radius of clusters. The size of the dots is proportional to 
their brightness. The blue and red dots are shown to be blue and 

red component stars respectively. 

4. CLUSTER EXTENT DUE TO BLUE COMPONENT 
STARS 

The finding chart is very effective to check out the stellar 
enhancement of the cluster due to either BCS or RCS as 
depicted in Fig. 4. In this figure, the size of dots is the function 
of the stellar brightness and increases towards to the brighter 
stars. The smallest size of dots is represented those stars which 
having V-magnitude to be 18.5 mag. Since, the stellar 
distribution of both components are seems to be present in 
whole observed field, therefore the radial density profile 
(RDP) of both components has been constructed to find out 
their role in the stellar enhancement. For this purpose, the 
cluster center is computed through the grid maximum count 
method [Joshi et al. 2015] and it comes to be 20h:03m:54.9s, 
+44:09:28.2, which is slightly shifted from the SIMBAD. For 
the RDPs, we have been computed the radial densities in the 
concentric rings and resultant RDPs are depicted in Fig. 5. 
These RDPs indicate that the stellar enhancement of the 
cluster occurs due to the BCS.  

 

Fig. 05: The densities of BCS and RCS have been shown by  
blue and red dots respectively. 

The following King empirical formula (King, 1962) is fitted 
on the RDP through BCS of cluster, 

0
1

, 

where f0 , rc , ρ(0) and ρ(r) are peak stellar density, core-
radius, background stellar density and instantaneous stellar 
density, respectively. The value of f0, rc and ρ(0) for the BCS 
are found to be 5.21±0.29, 8.39±0.85 and 
0.89±0.16,respectively. The resultant fit cuts the ρ(0) at the 
outside of range of determined radial densities, therefore, we 
are not capable to give the value of cluster radius. The model 
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limiting radius of the cluster is derived from the following 
relation, 

3
1 

where σ is the estimation error in background stellar density. 
Hence, the limiting radius is obtained to be 26.48±0.32 
arcmin, which is greater than that of the observed cluster field 
by Janes et al. (2014). The RDP of RCS seem to be made by 
two plateau regions, such as, 0 < r≤7 arcmin and 10 < r≤17 
arcmin. The higher stellar density of RCS at the core region 
may be appears due to the enhancement of probable super 
giant members of the cluster. Furthermore, the sloppy region 
of RCS is found to be at the radial distance range of 7 < r≤10 
arcmin, which is called core-corona transition region. 

5. SURFACE NUMBER DENSITY TRACER OF MASS 
SEGREGATION 

Surface number density profile (SNDP) represents the stellar 
variation of various magnitude bin (or masses) with the radial 
distance and also helpful to understand the over-density inside 
the core-radius. The SNDPs of both components have been 
depicted in Fig. 6. The SND values of BCS indicates that 
massive stars are concentrated at the innermost region (0 < r≤5 
arcmin) leads the evidence of mass-segregation phenomena. 
The SNDPs of RCS of core region shows clear separation 
between them and SND values are higher than that of the 
coronal region. 

 
Fig. 06: The upper and lower panels are shown SNDP for BCS 
and RCS respectively. The surface number density is defined as 
the number of stars per magnitude interval in unit area (Sung et 

al., 1996). 

The values of SND of massive stars are obtained to be close to 
each other for both category (BCS and RCS) leads an 
indication of similar birthing environment of massive stars 
with sequence evolution. The SGM are those massive stars, 
which are evaporated from the MS but still belong to the 
cluster. Perhaps, these SGM are increased the stellar density of 
RCS in the core of cluster and may coronal region of the 
cluster is free from SGM. 

6. IDENTIFICATION OF CLUSTER GIANT STARS 
THROUGH STATISTICAL DISTANCE METHOD 

Since, the RCS of core region of clusters contains the SGM 
and FS whereas the RCS are coronal region are only FS leads 
uniform distribution of FS of RCS. To identify the possible 
giant stars of the cluster, we have been applied the statistical 
distance algorithm [Joshi et al. (2015)] of RCS. The core (0 < 
r≤8.39 arcmin) is considered to be giant stars region and the 
equal areal field region, having radial distance range (10 < 
r≤13.05 arcmin). Here, we are used V, B and I filters instead of 
J, H and K filters and the magnitude-colour distance is taken 
as, 

, 

where ∆V, ∆BV and ∆VI are the differences of V magnitude, 
B-V colourand V-I, respectively, between stars of field region 
and giant (core of cluster) region. For it, the ∆V, ∆BV and ∆VI 
have been considered to be 0.50, 0.15 and 0.15 respectively. 
After applying this procedure, we have found 129 giant stars 
among 264 RCS of the core region. The giant star vertical 
sequence presents at the colour, (V-K)=4.0 mag of Fig. 8. In 
this Figure, a parallel giant star sequence of main sequence 
stars is also being appeared. These both giant sequences are 
depicted by red dots. The position of these sequence stars is 
indicated that the giant stars are born in a different time span 
and different dynamical evolution processes. 

All BCS members are not main sequence of stars and some of 
them may be field stars. These stars are not possible to 
separate from MS due to following facts. Firstly, the available 
photometric data not cover all cluster region. Secondary, 
photometrc criteria (Sharma et al., 2008) do not tell about the 
field stars, which having colour and magnitude values in the 
similar order of the MS of cluster. 

7.  NO CLUE FOR DISTINGUISH OF STARS 
THROUGH PROPER MOTION 

The cluster members are loosely gravitational bound and each 
member shows its individual motion, therefore, members 
change their location in sky with respect to each other. The 
exact determination of the velocity of each star is not possible 
through the observations but parallax used to determine the 
proper motion (angular displacement) of stars by using the 
datasets of two different time span. Here, the proper motion 
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values extracted from the catalogue of Roeser et al. (2010). 
We have been estimated the mean proper motion of BCS and 
RCS as (−2.02±0.15 mas/yr, −4.52±0.16 mas/yr) and 
(−2.18±0.25 mas/yr, -4.24±0.27 ma/syr), respectively. The 
mean proper motion values of both components have been 
computed through utilizing the proper motion value of 973 
stars among 1093 BCS and 291 stars among 342 RCS, 
respectively. Their vector-point diagrams are shown in Fig. 7. 
We have not found any clear trend for separating members 
and field stars, such type result is also found by Bellini et al. 
(2010) through the study of nearby well-studied open star 
clusters. The mean proper motion of RCS has slightly differed 
from that of BCS due to field stars in RCS. 

 

Fig. 07: The proper motion distribution of BCS and RCS is 
depicted by blue and red dots respectively. 

The influence of field stars is large in coronal region 
compared to core. We have estimated the mean proper motion 
of the BCS of core using proper motion values of 411 stars 
which are left over after applying an iteration procedure (Joshi 
et al. 2014) among 458 BCS. The said value comes to be -
1.78±0.28 mas/yr and -4.58±0.25 mas/yr in Right Ascension 
(RA) and Declination (DEC) directions, respectively, and these 
members are depicted by green dots in Fig. 7. The mean 
proper motion values of core and whole cluster is found to be 
close which suggested that the BCS of the cluster are less 
influenced by field stars. 

8. DISTANCE AND AGE OF THE CLUSTER 

These parameters of cluster had been already estimated by 
many authors (Joshi et al., 2012; Gunes et al., 2013; Janes et 
al., 2014). Janes et al. (2014) are computed the metallicity Z = 

0.014±0.005 for this cluster through Bayesian analysis, which 
comes close to solar metallacity within error. By taking the 
new reddening value (0.12 mag) and solar metallicity, we are 
fitted various isochrones of various age group of Marigo's 
isochrone on (V-K vs V) CMD [Fig. 8]. Our best fitted 
isochrone solution provides the cluster log(age) and apparent 
distance modulus as 8.85±0.05 and 10.75±0.10mag 
respectively. The resultant distance modulus shows close 
agreement with the (m-M)V = 10.98±0.24 mag (Janes et al., 
2014) while it is low compared to 11.15 mag (Joshi et al., 
2012) and 11.33 mag (Karchenko et al., 2005). The red solid 
line of Fig. 8 represents the red sequence which get by the 
adding 0.75 mag and 0.105 mag in magnitude (m-M)V and 
colour (V-K) respectively for unresolved MS binaries.The 
heliocentric distance of the cluster is found to be 1.19±0.04 
kpc through the following relation, 

10 /  

Whenever, we have change distance modulus 10.75 mag to 
11.25 mag, we have noticed that stellar numbers between 
sequences is increases in (B-V)/V and (V-I)/V CMDs but 
deceases in (V-K)/V CMD. Thus, data incompleteness 
increases between B and K bands with the distance modulus. 

 

Fig. 08: The blue and red solid lines represent the boundary for 
binary stars. The blue and red lines are also showing the best fitted 

isochrone and red sequence of the binary stars, respectively. 

9. BCS AND MASS-FUNCTION (MF) 

The MF is the relative number of stars per unit mass, which is 
computed due to the inability of measurement of initial-MF 
(IMF i.e. stellar mass distribution in per unit volume in a star 
formation event). The MF can be defined by a power law as 
log ∝ 	  and its slope Γ can be determined through 

the following relation 
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log

, 

where N log(m) is the stellar number in per unit logarithm 
mass. A total of 1318 stars in (B-V)/V CMD and 538 stars in 
(V-K)/V CMD are found between blue and red sequences. 
[MF values are listed in Table 1 and shown in Fig. 9]. The 
least stellar number in (V-K)/V CMD indicates the data 
incompleteness. The Γ values of these BCS are computed to 
be -3.81±0.51 and -2.83±0.69 through (B-V)/V and (V-K)/V 
CMDs respectively. The incompleteness does not significantly 
alter the Γ value of cluster whereas the MF values are 
significantly decreased due to the incompleteness of data. The 
Γ value through (V-K)/V CMD is slightly increased due to 
large incompleteness of the data. 

We are found 1111 BCS in (V-K)/V CMD which are low 
compare to 4088 BCS in (B-V)/V CMD. The MF values of 
these members have been listed in Table 2 and shown in Fig. 
10. The Γ values for all BCS are found to be -3.80±0.11 and -
3.51±0.19 through (B-V)/V and (V-K)/V CMDs respectively. 
To investigate the cause of low MF values in fainter end of 
both CMD, we have drawn (B-V)/V CMD and (V-I)/V for 
cluster through all archive data of Janes et al. (2014) and these 
CMDs are shown in Fig. 11. 

 

Fig. 09: The blue and red solid lines represent the boundary for 
binary stars in each CMD (a & b). The MF slope values 

estimated through these CMDs have been shown in below of 
them (c & d). 

 

The minimum stars are appeared between 18 to 19 mag of V-
band as seen in Fig. 11. As a result, the MF values found to be 
low compare to expected value. We have not found different Γ 
value for all BCS compare to that for BCS between sequences. 
Thus, we have considered the Γ value for cluster -3.80±0.11 
which is very high from to normal Γ value (-2.35) for clusters. 
We are also concluded that MF study is more reliable through 
BCS compare to the binary stars sequences as comes from the 
photometric criteria. 

 

Fig. 10: The MF slope values estimated through  
(B-V)/V and (V-K)/V CMDs. 
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10. NATURE OF TOTAL-TO-SELECTIVE-
EXTINCTION 

We are estimated the IR interstellar extinction through the (V-
K)/(J-K) TCD as shown in Fig. 12. In this figure, the blue solid 
line represents the solar metallicity isochrones of 
log(age)=8.85 while the red solid line is obtained by adding 
the 0.45 mag and 0.07 mag shift in (V-K) and (J-K) colours, 
respectively. Thus, the colour-excess, E(V-K) and E(J-K) for 
the cluster are found to be 0.45 mag and 0.07 mag, 
respectively, which gives the value of normal reddening vector 
E(J-K)/E(V-K) as 0.16. This vector value is low than expected 
value i.e. 0.173. This low value is occurred due to the presence 
of interstellar clouds and dust in the direction of cluster field. 
The reddening value of cluster is found to be 0.16 mag 
through the Mathis (1990) relation, E(V-K)=2.75. This 
resultant reddening value is slightly E(B-V) high compare to 
0.12 mag as estimated through (U-B)/(B-V) TCD. These two 
different value of reddening suggests that the total-to-
selective-extinction value for the cluster is altered from the 
normal value due to the either presence of dust or the data 
incompleteness. 

 

Fig. 11: The (B-V)/V CMD and (V-I)/V CMDs. The solid lines 
represent the boundary of blue and red sequence whenever the 

apparent distance modulus is 10.75 mag while dashed lines 
represent same for apparent distance modulus is 11.25 mag. 

11. CONCLUSION 

The scientific study of OSCs are possible due to computational 
statistical programs. These prescribed programs will/have 
written in the computational language such as PYTHON, 
FORTRAN etc. These programs are framed in such a way that 
they satisfied all scientific arguments and reduce the personal 

uncertainty. In the present paper, the computational algorithm 
has been developed for studying the parametric study of the 
cluster NGC6866. These computational programs are 
effectively used to construct/design various parametric plots 
through the gathered data of the cluster. The main results of 
present study have been prescribed as follows. On the 
comparison of various photometric catalogue of this cluster, 
the photometric procedure of Joshi et al. (2012) for estimation 
of the stellar magnitude seems to be less precise. Such least 
precision is occurred due to either the sky condition on the 
observational night or adopted standardization procedure. 
Here, the photometric catalogue of Janes et al. (2014) is used 
to estimate the fundamental parameters of this cluster due to 
its large observational field. The radial over density of cluster 
are occurred due to the BCS stars which are further 
supplemented by SNDs in various radial zones. The core-
corona transition region is found as 7-10 arcmin, which would 
be very effective to understand the evolutionary interaction 
between core and corona regions of the cluster. Though the 
BCS and RCS are neither distinguishable in RA-DEC plane nor 
distinct proper motions, whereas they have been separated on 
the basis of their location on CMD plane. We have been also 
found that the ZAMS are not fitted on the RCS, whereas, RCS 
followed a linear trend. Our analysis shows that some RCS of 
core-region found to be Giant members of the cluster. The 
value of MF slope shows its dependency on the 
incompleteness of data. This manuscript is a mile-stone step to 
understand the exact members of the cluster through their 
known parametric values. 

 

Fig. 12: The (V-K) vs (J-K) TCD for the cluster. The black solid 
arrows represent the normal reddening vector E(J-K)/E(V-

K)=0.173. The horizontal and vertical green lines represent the 
errors in colours, (V-K) and (J-K).  
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