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Photometric binary content in intermediate/old open clusters
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Abstract. The stellar evolutionary models by Bertelli et al. (1994) have been used to generate synthetic colour—-magnitude
diagrams (CMDs) of open clusters. A comparison of the synthetic integrated luminosity function (ILF) and synthetic colour
distribution with the corresponding observed distributions is used to estimate the photometric binary content in three interme-
diate age open clusters, which is found to be about 30% in these clusters.
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1. Introduction stars are binary. Recently,fiiges et al. (2001), for the cluster
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The mass function (MF), defined as the distribution of stars %s? i ésbetjggli; e%:];)t\?vTr? t;(;sljsln;?i/ofrba;ts\? en er?ffés (,;; d1

a function of mass in a defined volume, is an important param- . S
b Paraliy o refore in the presence of photometric binaries in open clus-

eter that constrains theoretical studies concerning the star E%rr's the conversion of observed LF will not yieldrae MF

mation processes. The MF of open cluster is usually obtained Over the last decade synthetic CMDs have been used to

from the observed luminosity function (LF), which can be Obs'ﬁjudy various properties of the clusters, e.g. the MF and the in-

tained from the observed colour-magnitude diagrams (CMDﬁ ence of unresolved binaries on the luminosity function etc.

;23 t?r I(\)/Ia[ésn?;icr)lpseen Eleu:éir?hxss)u 2lélesgow§u\;vil—gfgp §|d ;%'& g. Chiosi et al. 1989; Aparicio et al. 1990; Sagar & Richtler
g 9. gap : 1; Sagar & Subramaniam 1995; Siess et al. 1997; Brocato

T B e e oG 1959).In the presen sty we ke an a0 e
phc P . S, PreSelilte the photometric binary contribution in open clusters and
of field stars and variable reddening. In the case oflntermed@ﬁ%ir affect on the ME. using the svnthetic CMDs of the clus-
and old open clusters (age300 Myr) the reddening is gener- ' 9 y

ally uniform (Pandey et al. 1990; Yadav & Sagar 2001) acroters. In Sect. 2 we describe our approach to derive the synthetic

the cluster face. Therefore photometric errors and presenc &MDS in the presence of binaries. In Sect. 3 we attempt {0 es-

-0 N
unresolved binaries are the only main reasons that cause brg%qte the percentage of photometric binaries in open clusters

ening of the MS, if the field star contamination is accounted for- 9 their CMDs.

The MF of intermediat®ld open clusters has been stud-
ied by several authors (e.g. Aparicio et al. 1990; Kaluzny & synthetic colour-magnitude diagram
Rucinski 1995; Sagar & Gffiths 1998; Durgapal & Pandey
2001 and references therein). In most of the studies, the mAB§ synthetic CMDs are constructed using the technique de-
of a star was inferred from the observed luminosity, whicgeribed by Chiosi et al. (1989) and Subramaniam & Sagar
may not be correct if the star is an unresolved binary. In tk&995). Briefly, this technique consists of random generation of
literature, evidence for the presence of binaries in open cligéars by means of a Monte Carlo technique and distributing the
ters exists. For example, Mermilliod & Mayor (1989) foundtars along a given isochrone according to evolutionary phases
25%-33% spectroscopic binaries in open clusters. Aparicgid the initial mass function (IMF). The following expression
et al. (1990) and Durgapal et al. (2001) reportedl5% is used to describe the IMF,
and 10%-20% photometric unresolved binaries in the clus- .
ters. In the case of the Pleiades cluster, Bouvier et al. (199‘?’ = AM™dM
reported a binary (wide-r,visual). frequency of about¢28%_ where N is the number of stars in the mass intervid dx is
for G and K dwarfs. Using the infrared speckle observatlorﬁ

? - the slope of the mass function. The Salpeter (1955) value for
of the Hyades cluster, Patience et al. (1998) found % the slope is 2.35 (1.35 if mass interval is logarithmic). The con-

Send gprint requests toA. K. Pandey, stantA is fixed by the number of stars present in the brightest
e-mail:pandey@upso. ernet.in portion of the observed MS.
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Table 1. The details of the clusters used in the study.

Cluster I b EB-V) (m-M)y, Logage Massrange References
(deg) (deg) (mag) (mag) (Yn) Mo)

King5 1437 -43 0.82 13.95 9.0 0.9-1.8 Durgapal et al. (2001)
King7 149.7 1.0 1.25 15.6 8.8 1.1-2.4 Durgapal et al. (1997)
M 37 177.7 3.1 0.36 11.6 8.6 0.6-2.4 Nilakshi & Sagar (2002)

ok T . codficientsa, b, c andd are selected to fit the observational
; /\‘s a T ] trend of the errors as a function of brightness. Figure 1b shows
/ T . 5 a synthetic CMD for a cluster having age 0.4 Gyr ahd 0.02.
T ] The stars are distributed as per the Salpeter law haxiag
2.35. As can be seen, the synthetic CMDs reproduce the fea-
tures of the observed CMDs.

Another factor that contributes to spread the MS band is the
] presence of photometric binaries. The presence of photomet-
] ric binaries among MS stars cannot be disregarded as at any
i T P given colour MS stars may be brightened by 0.75 mag, if both
= L e components of the photometric binaries have the same mass,
20 c | d | e | and consequently can alter the LF. In order to evaluate the ef-
fect of photometric binary stars on the shape of the CMDs we
1 proceeded in the following manner. First we generated a syn-
- thetic cluster assuming that photometric binary stars amount
1 to 30% of the total sample and that the mass ratio is 1.0. The
~ photometric errors were switchedfoThe result is shown in
1 Fig. 1c, where a shift of 0.75 mag in the MS is clearly visible.
In the next step we allow the mass ratio to vary in the range
of 0.75-1.0 as this will produce a maximum colour dispersion
I T T ws 1 and the result is shown in Fig. 1d. We find that stars are dis-
e e e, tributed betw_een the MS envelope of single stars and that of bi-
BV) nary stars. Finally we introduced the photometric errors to the
: . . . _ CMD shown in Fig. 1d and the final synthetic CMD is shown
Fig.1. Construction of synthetic colour—-magnitude dlagran“'h Fig. 1e where a broad MS just like the observed CMDs is

a) Isochrones by Bertelli et al. (1994) for 0.4 Gyr age and solar

metallicity. b) Synthetic CMD for a cluster having age 0.4 Gyrde":lrly visible.

andZ = 0.02. The stars are distributed as per the Salpeter mass In deriving the synthetic CMD, star formation is assumed

function with slopex = 2.35. c) Synthetic CMD for a cluster , o jnstantaneous. However, there is evidence that indicates
having 30% equal mass binary content. The photometric errors are

switched df. d) Same as Fig. 1c but for mass ratio of binary conterﬂon'Coeval star formation in a few young opgn clusters (e.g.
that varies between 0.75 and 16). Final synthetic CMD which F’andey etal 2001. and refe.,‘rences therein). S'?SS etal. (1997),
includes assumed binary content and photometric errors. For detifighe case of the intermediate age cluster Pleiades found that
see text. the observed morphology of the CMDs is best reproduced by
invoking a large age dispersiongx 10’ yr). In such a situation
integrated luminosity function (ILF) provides better informa-

The simulations have been carried out using the evolis i comparison to the LF because a large dispersion in the

tionary models with convective overshooting given by Bertelle o5 not change significantly the ILF (Chiosi et al. 1989).
et al. (1994). Figure 1a shows an isochrone by Bertelli €t glo efore, we have compared the observed ILF of the MS stars
(1994) for age= 0.4 Gyr andZ = 0.02. In an ideal con- i, those obtained from synthetic CMDs in order to study the

dition, stars of a cluster having age 0.4 Gyr should lie Ofzec of photometric binary content on thrinsictrue MF.
the isochrone. As discussed earlier, observational uncertain-

ties introduce dispersion in the magnitude and colours of the The observational data for three clusters have been taken
stars, consequently we see dispersion in the features of thefatm the literature and details are given in Table 1. We selected
served CMDs. The observational uncertainties are introdudédse clusters because the data treatment, e.g, incompletenes
assuming a Gaussian distribution for the errors having the stanfrection and removal of field star contamination, was done in
dard deviationsV = a(V - b)?2 andéB = ¢(B - d)2. The ahomogeneous way.
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Table 2. Observed luminosity function derived from thég (V —
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present work was estimated using the ADDSTAR routine of the

!) CMD of the clusters (taken fro_m the literature, see Table 1) us_BAOPHOT 1. Briefly, the method consists of randomly adding
in the present studyN denotes field star corrected star counts igrtificial stars (about 1015% of the originally detected stars)

V-magnitude bins.

Cluster Range iv N
(mag)
King 5 16.0-17.0 25.0
17.0-18.0 25.4
18.0-19.0 59.0
19.0-20.0 28.6
King 7 16.0-17.0 26.3
17.0-18.0 44.7
18.0-19.0 81.7
19.0-20.0 81.1
M 37 12.0-13.0 56.3
Core 13.0-14.0 62.5
14.0-15.0 41.4
15.0-16.0 37.1
16.0-17.0 28.3
17.0-18.0 38.9
18.0-19.0 27.8
19.0-20.0 22.3
M 37 12.0-13.0 42.0
Intermediate 13.0-14.0 79.7
region 14.0-15.0 75.4
15.0-16.0 102.0
16.0-17.0 95.3
17.0-18.0 96.0
18.0-19.0 71.5
19.0-20.0 86.5
M 37 12.0-13.0 133.3
Whole 13.0-14.0 182.0
14.0-15.0 150.3
15.0-16.0 203.9
16.0-17.0 225.1
17.0-18.0 229.8
18.0-19.0 156.0
19.0-20.0 183.5

It is very important to check the incompleteness of the

of known magnitudes and positions into the original frame. The
frames were re-reduced using the same procedure used for the
original frame. The ratio of the number of stars recovered to
those added in each magnitude interval gives the completeness
factor (CF) as a function of magnitude. The CF was obtained
for the two passbands e.¢/,and |, and the minimum value

of the CF of the pair was adopted to correct the star counts. In
most of the cases the sample is complete at the brighter end
(V ~ 16) and the CF decreases to 0.7 for stars having 20

(for a detailed discussion see Sagar & Richtler 1991; Sagar
& Griffiths 1998; Durgapal & Pandey 2001; Nilakshi & Sagar
2002).

Another factor thatidiects the observed luminosity function
is the presence of field stars in the cluster region. A statistical
criterion was used to remove the field star contamination as-
suming that the distribution of the field stars is uniform in the
vicinity of the cluster. For this purpose an aredisiently far
away (30 arcmin) from the cluster region was observed. For
deriving the LF of a cluster, &, (V — 1) diagram is gener-
ally preferred over &, (B — V) diagram as the former probes
about a magnitude deeper than the latter. The LF derived from
theV, (V — 1) CMD of the field region was subtracted from the
LF of the cluster region. The LFs thus obtained for the clus-
ters used in the study are given in Table 2 (see Durgapal &
Pandey 2001 and Nilakshi & Sagar 2002 for details). In the
case of M 37 the LFs are derived for core (radiu485’), in-
termediate region (185< radius< 480’) and entire cluster
region (radius< 1000").

The synthetic CMDs are obtained for various assumed per-
centage of photometric binary contents, as the binary contents
are not available observationally for the clusters used in the
study. The MF was varied to match the integrated luminos-
ity function (ILF) of the synthetic CMDs with that of the ob-
served one. The number of stars in the brighter part of the MS
is used to fix the proportionality constant of the MF. Figure 2
shows the comparison of the observational ILF of three clus-
ters with their synthetic ILFs for éfierent assumed percent-
ages of photometric binary content along with the values of
the MF slope. The results obtained are given in Table 3, which
indicates that the value of for the observed MF (i.e. where
the luminosities of the stars were converted without consider-
ing the dfects of the binary content) is in agreement with the
value of the MF slope obtained for the synthetic CMDs with-
out binary content. Table 3 also indicates thatttiie/intrinsic
value of “X” becomes steeper if the photometric binary fraction
is >40%. This verifies the earlier findings by Sagar & Richtler
(1991) that the derived MF slope becomes significantly steeper
if the binary content is higher than 50%.

3. Estimation of binary content

photometric data which may occur because of various réehe synthetic CMD, where the photometric binary contents are
sons e.g., crowding of stars. The correction for the incompleterown, can be used to extract information about binary con-

ness of data is necessary if we want to study thégMH-of

tent using the approach described by Durgapal et al. (2001).

stars in the cluster. The incompleteness of the data used in lilérief, to quantify the &ect of photometric binary stars on
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Fig. 2. Synthetic ILFs of clusters King 5, M 37 and King 7 are compared with their observed ILFs. The value of binary content assumed &
the values of mass function slopes obtained are also given in the figure. The error bars represents Poisson errors in the observations.

Table 3. The slope of the mass function,= x — 1 obtained by comparing the synthetic ILF for various assumed percentages of binaries witt

the observed ILF.

Cluster observed mass function slope for following percent of binary content

slope 0% 10% 20% 30% 40% 50%
King 5 169+ 0.91 156+ 0.54 152+ 0.70 152+ 0.85 180+ 1.10 234+ 0.74 112+ 0.33
King 7 202+ 0.24 246+ 044 272+ 0.63 289+ 0.61 314+ 048 289+ 0.54 292+ 0.58
M 37 whole 067 +0.12 051+0.11 064+ 0.08 060+ 0.08 082+ 0.10 080+ 0.11 107+0.10
M 37 core -022+015 -0.02+021 -0.22+015 -003+0.18 -0.03+0.13 -041+0.17 -0.12+0.10
M 37 int-region 089+ 0.16 Q77+0.12 083+ 0.10 103+ 0.24 116+ 0.23 124+ 0.15 138+ 0.17

the observed MS of the clusters, we can calcula® = A(B- V) = 0.0 mag. Figure 3b shows a frequency distribution
Cl. — Clys at each magnitude, whe@. is either the B—V) of A(B-V) for the synthetic CMD with a 30% photometric bi-
or (V —1) colour of a star an@ s is the corresponding colour nary content and with photometric errors where the curve hav-
of the MS. The frequency distribution &CI, summed over ing its peak at(B-V) ~ 0.0 mag is due to the MS single stars
all magnitude bins, shows a Gaussian distribution with a peafkd another curve with a peak/&B — V) ~ 0.10 mag is due
nearACI ~ 0.0 mag which is due to the distribution of singleio the photometric binary content of the MS. The distribution
stars. The brightening of the MS by 0.75 mag reddens the MBown by thick lines is the observed composite distribution of
by ~0.15 mag in both B — V) and { — I) colour, therefore if the two distributions. The blue edge of the composite distribu-
photometric binaries are present in the MS sample we can &gn is mainly determined by the photometric errors whereas
pect another distribution having a peak shifted towards the ri@ red edge of the distribution depends on both the photomet-
side of the MS in the CMDs. The number of stars contributirmic binary content and photometric errors.

to this distribution can give an estimate of photometric binary

contribution. In principle, the binary fraction can be estimated by com-

paring either the observed M&(B - V) or A(V - I) fre-
Figures 3a and 3b shows the frequency distributioh(BF~ quency distribution with that obtained for corresponding syn-
V) for the synthetic CMDs displayed in Figs. 1b and le respetetic CMDs having a binary fraction-®0% and the cor-
tively. Figure 3a shows a Gaussian distribution with a peakrasponding slope of the mass function as given in Table 3.
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‘ ‘ ‘ to field stars present in the cluster region. We removed the con-

tamination statistically using the following procedure. For a
randomly selected star in thB ¢ V) CMD of the field region,

the nearest star in the clusterB £ V) CMD within V = 0.25

and B - V) + 0.125 of the field star was removed. While re-
moving the stars from the cluster CMD, the number of stars
in each luminosity bin was maintained as per the corrected LF
givenin Table 2. The M3(B-V) frequency distribution of this
cleaned CMD was compared with the M$B - V) frequency
distribution of the synthetic CMD.

The comparison of observed and synthetic distributions
along withy? values for the clusters King 5, King 7 and M 37 is
shown in Figs. 4 and 5 respectively. In the case of M 37 we used
the sample of two subregions having radiug 185’ (core)
and 18% < r < 480’ (intermediate region). Figure 5 indicates
that the best fit in the inner as well as the intermediate region is
obtained for a photometric binary fraction of 30%. Figure 4
gives a photometric binary content ef30% and~20% for
the clusters King 5 and King 7 respectively. A Kolmogorov-
Smirnov test indicates that the expected error in the estima-
tion of binary content is about 10%. Since the cluster M 37
is dynamically relaxed (Nilakshi & Sagar 2002) a higher bi-
nary content is expected in the central region of the cluster.
However, in the present study we canndtatientiate variation
in the binary content, if it exists in the two regions, in the range
of 10%-15% because of the reported uncertainity in estimation
of binary content.

Here it is worth mentioning that the mass ratgj 6f the bi-

! nary content in the present analysis has been varied in a range
of 0.75-1.0 because this range will produce a maximum dis-
A(B-V) persion in the MS. However, it is well known that binary sys-

Fig. 3. A(B - V) distribution for synthetic colour-magnitude diagram.tems havey > 0.1. For example, extensive work by Duquennoy

The distributions due to single stars and binary stars are shown by tfifVlayor (1991) on solar-type field binaries yields that only

and dashed curves respectively. The distribution shown by thick lir@gout 20% of all binaries have mass ratgps- 0.7. A sim-

is the composite distribution of the two distributions. ilar trend is also found for B-type binaries (Abt et al. 1990).
Therefore the analysis using the CMDs presented here probes
only a limited fraction of all the binary systems which may
be present in the cluster and the binary content reported in the

TheV, (B — V) CMD of the three clusters used in the presemiresent work can therefore be considered as the lower limit. In

study shows a better defined ZAMS compared to that inthethe present analysis we also assumed that the binary content

(V — 1) CMD because the errors in tHeband are relatively does not depend on the mass of the primary because the mass

larger than in theB band. Therefore, we preferred the range (06 < Mg < 2.4) of member stars of the cluster used in

(B -V) CMD to quantify the binaries in these clusters. the present work is limited.

Durgapal et al. (2001) have reported a photometric binary
content~10% and~20% for the clusters King 5 and King 7
respectively. Since they estimated the binary content from theConclusions

well-separated binary distribution peak only, which is located i
towards the red side of the MS, the binary content reported Bycomparison of the observed CMDs of three open clusters

them should be considered as the lower limit for the photom¥fh synthetic CMDs, generated using the theoretical models
fic binary content. In Sect. 2 the ILF of synthetic clusters ha@! Bertelli et al. (1994), gives a photometric binary content
ing various photometric binary contents were compared widh ~30% in the central region as well as in the outer region
the observed ILF. In the process we get the value of the MF f§the cluster M 37. On the other hand, in the case of King 5
different binary contents. To quantify the photometric bina@Nd King 7, we estimate tha80% and~20% of the MS stars
fraction, we compared the observed M@-V) frequency dis- May be photometric binary stars.

tribution with that obtained for synthetic CMDs having a b'”arXcknowledgementsNe gratefully acknowledge the valuable sugges-
fraction of 0-50% and a corresponding slope of the mass fungons given by Dr. G. Duchene which improved the contents of the pa-
tion as given in Table 3. To obtain the observd® — V) fre-  per. Thanks are also due to Dr. A. Subramaniam for providing the code
guency distribution we have to remove the contamination duich helped in developing the code reported in the present study.
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Fig. 4. Observed (filled points with error bars) and synthetic (continuous ca{®}- V) distribution for King 5 and King 7.
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