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STELLAR MULTIPLICITY OF THE OPEN CLUSTER ASCC 113

C. A. Guerrero' and V. G. Orlov?
RESUMEN

Presentamos un estudio de alta resolucién angular de estrellas binarias y sistemas multiples en el ciimulo abierto
ASCC 113. Combinando nuestras observaciones de interferometria speckle con datos tomados de la literatura,
estimamos una proporcién de 27:7 (estrellas individuales a binarias) para los miembros mds probables, por
lo que la fraccién de multiplicidad del ctiimulo es 20.6% 4 3%. Para las estrellas de campo, estimamos una
relacién de multiplicidades de 125:27:4:1:0:0:0:1 (entre una y ocho companeras), equivalente a una fraccién
de multiplicidad de 20.9% =+ 1%. Concluimos que la fraccién de multiplicidad del cimulo y del campo son
estadisticamente indistinguibles entre si; también concluimos que la frecuencia de multiplicidad en este ciimulo
abierto es menor a lo que se propone en la literatura, ~ 20%, lo que estd en acuerdo con estudios de alta
resolucién angular realizados en las Pléyades, las Hiades, o Per y Praesepe.

ABSTRACT

We present a high angular resolution survey of binary stars and multiple systems in the galactic open cluster
ASCC 113. Combining our speckle-interferometric observations with data taken from the literature, we esti-
mated a ratio of 27:7 (single to binaries) for the the most probable members, so the multiplicity fraction for this
cluster is 20.6% =+ 3%. For field stars, we estimated a ratio of multiplicities to be 125:27:4:1:0:0:0:1 (between
one and eight companions), which is equivalent to a multiplicity fraction of 20.9% + 1%. We concluded that
the multiplicity fraction in the cluster and in the field are statistically indistinguishable from each other; we
also concluded that the multiplicity frequency in this open cluster is rather small, ~ 20%, in agreement with
high angular resolution surveys in the Pleiades, Hyades, o Per and Praesepe.
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1. INTRODUCTION

Galactic open clusters are gravitationally-bound
systems formed at the same time from the same orig-
inal cosmic cloud; they are ensembles of stars with
low concentration and irregular shape. Open clusters
represent examples of stars of comparable age and
intrinsic chemical composition and are important in
the study of star formation and stellar evolution.

Using classical photometry we can determine
general characteristics of open clusters, but there is
an observational problem due to the presence of un-
resolved binaries or multiple systems (Reid 1987):
the luminosity of the system increases and the color
index becomes redder. These combined effects affect
the determination of physical parameters: the clus-
ter’s distance, reddening, metallicity and age (Jeffery

ters; the most studied clusters with respect to mul-
tiplicity frequencies are: « Per, Pleiades, Praesepe
and Hyades. Because of this and because binary
stars have been commonly evoked to explain differ-
ent cluster phenomena rather than actually being
detected in clusters, we need to know the accurate
stellar multiplicity fraction in open clusters. Using
our own speckle-interferometric measurements and
data obtained from the literature, we have initiated
an investigation of the stellar multiplicity in open
clusters, and we started with the open cluster ASCC
113. Another reason to study binary stars, is be-
cause estimating the orbital parameters of a binary
system is the only direct method to calculate stellar
masses.

2. OPEN CLUSTER ASCC 113

2009). The open cluster ASCC 113 was first identified

. There are jus.t a few observa.tio'n’al sjcudies in the by Kharchenko et al. (2005) in the All-Sky Com-
literature regarding stellar multiplicity in open clus- piled Catalogue of 2.5 Million Stars (ASCC-2.5%,
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Kharchenko 2001); its equatorial and galactic coor-
dinates, taken from the WEBDA data base® (Mer-

Shttp://vizier.cfa.harvard.edu/viz-bin/VizieR ?-
source=I/280B
4http://www.univie.ac.at/webda/navigation.html
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Fig. 1. Distribution of the apparent magnitudes of stars
in the open cluster ASCC 113 and in the field around
the cluster, separated in 1o, 20, 3o0-members and non-
members.

milliod 1995)7 are: «opp0 — 21h 12m OOS, 52000 =
+38°35'59”, and b = 82.88°, | = —6.65°, respec-
tively, and it has a diameter of 56.4’. Kharchenko
et al. (2005) reported the following physical parame-
ters: distance d = 450 pc (i.e., 1”corresponds to 450
AU), reddening E(B—V) = 0.00 mag, distance mod-
ulus V — My = 8.27 mag, log(t, years) = 8.14, core
radius r.ore = 0.12° and corona radius r. = 0.47°.

In order to have a representative sample, we need
to establish the member stars of the cluster, and for
that, Kharchenko et al. (2004) defined a three crite-
ria procedure: a kinematic constraint Py;, that takes
into account the kinematic proper motion, a pho-
tometric selection Pppor to exclude background co-
moving stars and a position factor P; which is equal
to 1 within the cluster radius and zero elsewhere.
Using such criteria, they defined the most probable
members those stars for which Py, Pphot > 61%
(lo-members); probable member stars for which
both Py and Pppot are between 61% and 14% (20-
members), and possible members all stars within a
3o-deviation, i. e., Py, and Py between 14% and
1%. Stars with Py, Ppnot < 1% were considered as
non-members. Given those criteria, the open cluster
ASCC 113 has 34 MP stars, 29 P stars, 18 p stars
and we also analysed 158 field stars. In Figure 1, we
show the apparent magnitude distribution for the
239 sample stars observed and the corresponding V'
vs. (B — V) diagram in Figure 2.

3. OBSERVATIONS AND DATA REDUCTION

We obtained our data during two sets of ob-
servations at the 2.1 m telescope of the Observa-
torio Astronémico Nacional (OAN), México. The
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Fig. 2. V vs (B — V) diagram for the 239 sample stars.
Large solid circles represent the most probable members
of the ASCC 113 open cluster, grey squares represent
the probable members, grey triangles represent the pos-
sible members of the cluster and small diamonds the field
stars.

diffraction-limited resolution of the 2.1 m telescope
is 07055 for A = 550 nm and 07088 for A = 800

m (Orlov 2013). The observations were performed
using an EMCCD iXon 885 DU from Andor Technol-
ogy. During 7 nights, from September 27 to October
3, 2012, we used the f/30 secondary and, after cali-
bration, we determined a scale of 28.6 mas per pixel,
equivalent to a field of 25" for the total area of the de-
tector; During 3 nights of the second set, from 27 to
30, October 2012, we used the f/7.5 secondary com-
bined with a microscope, after calibration, covers a
total field of 16” for the total area of the detector.
For calibration we observed 30 wide pairs with very
slow orbital motions and some of them with known
orbital parameters. Typically 400 speckle frames of
900 x 900 pixel per object were taken with expo-
sure times from 20 to 50 ms. We processed the data
using the algorithm explained by Tokovinin, Mason
& Hartkopf (2010). We estimated the seeing was
better than 1” for both observational seasons, but
aberrations introduced by the telescope had a larger
effect. As a result, long exposure images have a res-
olution of about 1”5 and the mean error in the com-
ponent separation is 0703 and 1.5° in the position
angle, modulo 180°.

4. RESULTS

We resolve systems as close as 0724 and detected
systems as wide as 23”794 in some directions; we de-
tected speckle-interferometric companions for 35 of
the stars in our sample. We astrometrically resolved
20 binary stars and two triple stars for the first time
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Fig. 3. Binary stars in the open cluster ASCC 113. Large
solid circles represent the most probable members of the
cluster, grey squares represent the probable members and
grey triangles represent the possible members. Empty
symbols represent binary and multiple systems.

and we also detected new companions in four objects,
and confirmed ten previously known binaries. The
objective of this study was to establish the multi-
plicity fraction of the cluster (see Equation 1) where
S, B, T, etc., are the total number of single, binary,
triple, etc., systems, respectively.

+B+T+--

Together with our observations, we used the data
published in the literature regarding stellar multi-
plicity of the stars in the direction of ASCC 113 and
concluded that, for the most probable member stars
of the cluster, the total single:binary ratio is 27:7, so
the multiplicity fraction is 20.6% 4 3%. In Figure 3
we can see the random position of binary and mul-
tiple stars in the open cluster ASCC 113, i. e., there
is not an apparent radial gradient in the superficial
distribution of binary stars for this cluster.

We found that 28 of the 35 stars for which we de-
tected interferometric companions are part of the sky
area with ASCC 113; 16 of these stars are new binary
detections and we discovered one new triple system.
We use the components reported in the literature
and our measurements to compute the ratio of mul-
tiplicities for stars in the field as 125:27:4:1:0:0:0:1
(between one and eight companions). Thus, the
total multiplicity fraction for stars in the field is
20.9% + 1%.

5. DISCUSSION

We have a magnitude-complete sample, which
may be biased towards similar-mass or luminosities

companions, but it can constrain models of star for-
mation and evolution in the field and in clusters, in
order to reproduce the fractions that we have found.

The motivation of this study was to investi-
gate the so called “binary sequence” in the color-
magnitude diagrams of open clusters. The mem-
ber stars of an open cluster should form a one-
dimensional sequence in the H-R diagram, due to
the fact that they have the same age and intrinsic
chemical composition. However, we can see a second
sequence of stars ~ 0.75 magnitudes above the main
sequence, which has been called a “binary sequence”,
since the most easy interpretation to this feature is
that they are unresolved binary stars with both com-
ponents having the same mass. With this study, we
proved that the fraction of binary stars in the open
cluster ASCC 113 is much lower than expected, and
it is comparable to the fraction estimated for the four
most studied open clusters, ~ 20%.

6. CONCLUSIONS

We have initiated a survey of binary stars and
multiple systems in Galactic open clusters and we
started with the ASCC 113 open cluster. Combining
our speckle-interferometric observations with data
taken from the literature, we estimated a ratio of
27:7 (single to binaries) for the the most probable
members, so the multiplicity fraction for this cluster
is 20.6% + 3%. For field stars, we estimated a ra-
tio of multiplicities to be 125:27:4:1:0:0:0:1 (between
one and eight companions), which is equivalent to a
multiplicity fraction of 20.9% + 1%. We concluded
that the multiplicity fraction in the cluster and in
the field are statistically indistinguishable from each
other; we also concluded that the multiplicity fre-
quency in this open cluster is rather small, ~ 20%,
in agreement with high angular resolution surveys in
the Pleiades, Hyades, o Per and Praesepe.
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