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THE CATALOGUE OF OPEN CLUSTER
PARAMETERS - SECOND VERSION

A. V. LOKTIN, T. P. GERASIMENKO, and L. K. MALYSHEVA
Ural State University Astronomical Observatory, Ekaterinburg, Russia

(Recetved September 20, 1999)

The catalogue of colour excesses, ages and distance moduli of open clusters of our Galaxy is com-
posed by reprocessing of published photometric data in the UBV, BV, RGU, DDO and uvby3
systems using a homogeneous set of standard relations. The methods of cluster parameter estima-
tion and computer routines used are briefly discussed. The catalogue of mean values of parameter
estimates for 425 clusters is given.

KEY WORDS Stellar clusters, photometry, parameters, catalogue

1 INTRODUCTION

There is no doubt that among the great number of objects which populate our
Galaxy, open clusters have the most accurately determined distances from the Sun
and, at the same time, known astrophysical ages for a considerable number of
objects. Some time ago Loktin and Matkin (1990a, 1990b) undertook the redeter-
mination of color excesses, distance moduli and ages for 327 open clusters of our
Galaxy using almost all published photometric data in the UBV system. The first
version of thus obtained catalogue of cluster parameters was published in Loktin
and Matkin (1994). Subsequently we enriched the catalogue by newly determined
parameter estimates, and created computer programs for utilization of RGU, uvbypg
and DDO photometric data.

From the moment of the publication of the first version of the catalogue a lot of
new data were published and some progress in the theory of stellar evolution was
achieved. That is why we decided to carry out a new redetermination of cluster
parameters, adding the data of the BV, RGU, uvbyf and DDO systems and using
a modern set of theoretical isochrones. We represent the results ot this work in this
paper. In subsequent sections we discuss the data processing for the photometric
system used, the method of catalogue construction and the comparison of ours and
previously published results on open clusters parameters.
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2 UBV SYSTEM

The bulk of the published photometric data for open cluster stars was hitherto
obtained in the UBV system. Therefore we start the discussion on the methods of
cluster parameter estimation with this system.

2.1 Estimation of Colour Excess

The colour excess E(B— V) for cluster stars may be determined in two ways: (a) by
the bestfit procedure on the cluster two-colour diagram with a standard sequence
of dereddened stars, and (b) by the use of Johnson's @-method which allows the
estimation of colour excess for every star separately. It is well known that for a lot
of clusters the reddening is not uniform in cluster fields, which leads to the growth
of dispersion of the cluster séquence on the two-colour diagram. This leads to lower
precision of reddening estimation or to the impossibility of excess determination
by the fitting method. For such clusters the @-method reveals definite advantages.
However, the estimation of colour excess by the Q-method is difficult for clusters
older than approximately logt > 8.0 because the small errors in observed colour
indices lead to large errors of true colour indices for the regions of the extremes of
the Quev — (B — V) sequence. In some cases there is a difficulty in the choice of
the relevant part of this sequence. We have to mention that the fitting procedure
supplies us only mean colour excess for cluster stars.

The @-method was realized in the following manner. For each star we deter-
mined the approximate true colour with the index (B—V) = (B-V)-E(B-V)
for the computation of the ratio of total to selective extinction using the preliminary
value of E(B — V). For the estimation of the total to selective absorbtion ratio we
used the expression:

_Av =3.3440.19(B ~ V)o +[0.025 + 0.017(B — V)o]E(B-V). (1)
E(B-V)
The coefficients in the expression above were calculated by the least squares method
using the data of the tables from the monograph of Straizis (1977) for main sequence
stars. Then we got the estimates of absolute stellar magnitude for each star for a
proper choice of the part of the standard @ — (B — V)¢ curve using the preliminary
value of the cluster distance modulus. This is nesessary because for stars with
Quev > =075 the line of growing reddening crosses the standard curve in three
points,

For the calculation of the value of the parameter Qusv = (U — B) — [E(U —
B)/E(B — V)|(B — V) the ratio of the colour indexes was computed using the
expression

g—g—:—% = 0.71+(B~=V)o[0.078+(B—V)o(0.371—0.206(B~V )] +0.05E(B~V),

()
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which was established in the same manner as (1). The true values of (B — V) were
determined for the calculated value of Qugv, the standard dependence Qupv —
(B - V)p being approximated by three polynomials.

It is well known (Straizis, 1977) that the position of the dereddened sequence on
the two-colour diagram depends on the luminosity class of the stars. For example if
we determine the colour excess of upper main sequence stars, deviating from ZAMS
by evolution, using the dereddened star sequence for ZAMS, we would get some
extra reddening. In order to account for this effect we add to the true colour index
of stars of the upper main sequence the correction according to the expression

A = 0.007 + My[~0.0101 + My (~0.012My + 0.0092Quzv)}, (3)

which we obtained using the tables of true colour indexes for stars of various lumi-
nosity classes from Straizis (1977) and which is applicable for stars with My < +1™0
of V to III luminosity classes.

For clusters older than logt > 8.0 we inserted the corrections in the values of
colour indexes accounting for the metallicity deviations, the colour index (B — V)
being reduced by the value of (0.044[Fe/H] — 0.016)[Fe/H], and the values of V
by 0.44[Fe/H]. These expressions were obtained by superposition of theoretical
isochrones of various metallicities but equal age from the paper of Vandenbergh
(1985). It is clear that this correction is not very adequate, but our knowledge of
the values of [Fe/H] for open clusters is poor, and the influence of cluster-to-cluster
metallicity variations on the determination of cluster parameters is not very large.
The correction was applied only for clusters with confident values of [Fe/H] found
in publications.

The determination of colour excess for the most complete usage of photometrical
information was carried out for both the Quay — (B — V) and Qupv — (U — B)
diagrams, and the excess E(U — B) which we got from the latter diagram was
recalculated in E(B — V) using expression (2). All the corrections we have used
in E(B - V) from the @ — (B — V) diagram were introduced in the estimate from
the @ — (U — B) diagram. The standard relations for unreddened stars for both
diagrams were approximated by polynomials. The mean value of E(B — V) was
obtained by the averaging of two estimates; half weight was given to the estimate
from the @ — (U — B) diagram because of the usually lower precision of the observed
values of the (U — B) indexes. If the difference between the two estimates for a given
star exceeded 0™1, the star was given a lower weight in further data processing.

Lower weights for further processing were given to stars with estimates of E(B -
V) deviating from the mean in order to reduce the influence of non-members. Stars
with the highest deviation in E(B — V) were considered as non-members and ex-
cluded from the sample. The mean value of E(B — V) for the entire cluster was
calculated as the weighted mean for all stars remaining in the sample.

Another estimate of cluster colour excess was obtained by a fitting procedure
on the two-colour diagram. The method used was described by Loktin and Matkin
(1990a, 1990b). In the new set of computer programs only (a) the table containing
the standard (B — V') — (U — B) relation for unreddened main sequence stars was
replaced by an approximating polynomials, and (b) we refused the determination
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Figure 1 The isochrone set on the My — Qugpv plane used for cluster parameter estimation.

of metallicity because of the low accuracy of the photometric estimates of [Fe/H]
for most clusters. The values of the E(U — B)/E(B — V) ratio were calculated
from equation (2). We used the standard relation for unreddened stars taken from
Kholopov (1981) approximated by polynomials. The luminosity and metallicity
corrections described above were introduced in the estimates as usual.

Two final estimates of mean cluster reddening for objects with logt < 8.0 were
obtained as a result of data treatment and we got only one estimate for older clusters
by diagram fitting.

2.2 Determination of Distances and Ages

As in our previous work (Loktin and Matkin, 1994) we determined the distance
moduli and ages of open clusters sumiltaneously by a search of the closest theoretical
isochrones to the cluster main sequences. The set of isochrones was taken from
Bertelli et al. (1994); the number of isochrones used was increased in comparison
with the previous version of program set for the sake of higher precision. The
time interval between two subsequent isochrones was equal to 0.2 in logi, starting
with logt = 6.6, but we added ‘the youngest’ isochrone — ZAMS with logt =
0, constructed as the blue envelope of the isochrones set. The weak ends of the
youngest isochrones were replaced by the isochrones of pre-main-sequence stars
calculated by Iben. As our experience showed, this approach essentially improved
the fitting of the cluster main sequence with isochrones for not very distant young
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clusters such as NGC2264. In our previous work the diagram fitting for young
clusters (logt < 8.0) was carried out on the V — (U — V) plane, though for older
clusters we used the V — (B — V) plane. For our new version of the catalogue we
decided to carry out diagram fitting on the V — (B — V) plane for clusters of all ages
and, in addition, to use the V — Qugv plane for young clusters, where the value
Qusav played the role of a measure of effective temperature. The isochrones on this
plane, showed in Figure 1, had a complicated shape very handy for precise main
sequence fitting of young clusters. The upper ends of all isochrones were arbitrarily
replaced by the growing curve passing to the upper right corner of the plane for the
sake of simplicity of calculations, which no-wise influenced the fitting, because we
rejected red giants from our samples.

2.3 Mean Values of Distance and Age from UBV Data

UBY data, the most numerous in publications, was chosen for the construction of
the base of the catalogue. The estimates of cluster parameters made on the basis
of other photometric systems were reduced to the values obtained in this systems
by applying the corresponding corrections.

As one could see above we got two estimates of colour excess for most clusters.
For each estimate we determined two estimates of the distance modulus and age by
isochrone fitting on the planes My — (B - V)¢ and My — Qusy. Thus we had four
estimates of distance modulus/age for young clusters (logt < 8.2).

All estimates obtained were combined by using mean differences between the
sets of estimates. Two sets of colour excess estimates showed a small mean dif-
ference (near 0702). In order to bring all estimates of the distance moduli and
age logarithms to the same scales we chose as a basis the estimates obtained by
diagram fitting on the My — (B — V), plane because the determinations of cluster
parameters were made on this plane for clusters of all ages. For all sets of estimates
we determined the values of the correction to the mean scale and weights as inverse
rms deviations. We got these values of the weights for the estimates of the distance
modulus: (1) for estimates of colour excess by fitting on the two-colour diagram and
modulus/age determination on the My — (B —V), plane, the weight equals 0.75; (2)
for colour excess we got, by the Q-method and the modulus/age by fitting on the
My - (B-V)o plane, the weight equal to 0.9; (3) for the excess provided by diagram
fitting and distance modulus/age by fitting on the My — Qugy plane - 0.95; (4) for
the excess got by the Q-method and the modulus/age on the My — Qugy plane -
1.0 (all weights were normalized to this value). For age estimates the normalized
weights are nearly the same and we used the values given above.

As we could expect, we got slightly more reliable results by determining the
colour excess by the Q-method and the distance modulus/age on the My — Qupv
plane.

We used the correction +072 to the values of the mean distance modulus to
bring the distance scale into accord with the Hyades distance modulus value of
3m42 from Loktin and Matkin (1989). The correctness of this choice was confirmed
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Figure 2 Comparison of cluster distance moduli estimates from RGU photometry data with the
values from the catalogue.

by the recent work of Torres et al. (1997) where they got the value 3™39 for the
Hyades distance modulus.

3 BV PHOTOMETRY

Most of the clusters observed in BV bands were observed in other photometric
systems providing us with estimates of colour excess. These estimates, if they exist,
were used for the determination of distance moduli and ages. Only a small fraction
of clusters were observed only in BV bands. For such clusters we chose the values
E(B-YV) to achieve the best fit of the cluster main sequence with the corresponding
isochrone for the whole length of the observed main sequence. Low weights were
attributed to such estimates of cluster parameters, because the selection of colour
excess did not guarantee the precision better than +0705.

4 DDO AND uvbyg PHOTOMETRIC SYSTEMS

For the sake of brevity we will not discuss the methods of data. treatment for these
systems in detail, because everything required was described in already published
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Figure 3 Comparison of logarithms of cluster age estimates from RGU photometry data with
the values from the catalogue.

papers. The discussion of cluster parameter determination using DDO-data was
given in Loktin (1995). This system does not provide age determination, and for
the formation of the catalogue we used other sources.

The method treatment of uvbyf data was discussed by Malisheva (1997).

The resulting estimates of cluster parameters obtained for the data in these two
systems were reduced to common scales by the use of corresponding corrections
which we determined as the mean values of deviations from the estimates we got
from UBV photometry.

5 RGU PHOTOMETRY

54 data files containing RGU photometry of cluster stars were selected from the
publications. The computer programs for data processing were constructed on the
basis of programs for UBV data processing. The colour excess was found by a
diagram fitting procedure and by the @-method, and the distance modulus/ages
were estimated by isochrone fitting on the G — (G — R) plane. Diagram fitting on
the G — Qngu plane was not used because of insufficient accuracy of photographic
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RGU data. The values for the normal colour curve on the (G — R) — (U — G) plane,
the colour excess ratio and the expressions for the transformations between UBV
and RGU magnitudes and colours were taken from Steinlin (1967). As in the case
of the UBV system, two panels, Qrgu — (G — R) and Qrgu — (U — G), were used for
the evaluation of individual colour excesses of cluster stars. Comparison between
the estimates of distance moduli and ages obtained from RGU data with that which
we obtained from other sources is given in Figures 2 and 3.

6 THE CATALOGUE OF MEAN CLUSTER PARAMETER VALUES

The newly formed catalogue of weighted mean values of estimated colour excesses,
distance moduli and ages of 425 open clusters is given in Table 1. The first two
columns of the table contain tht ordinal number and cluster name, clusters in the
table being arranged according to their names in alphabetical order providing a
comfortable search of a particular cluster. In the 3rd and 4th columns of the table
the galactic longitude and latitude are given. The 5th and 6th columns contain
mean values of the colour excess and its rms error (only for clusters for wich more
than two data sources were used, else a zero value, of the error denotes the absence
of an estimate). The 7th and 8th columns contain the same for the mean distance
moduli, and the 9th and 10th for decimal logarithms of age. The 11th column
contains the values of the weight of estimated parameters, the details of which one
can find in our earlier publications (Loktin and Matkin, 1990a, 1990b). In the last,
12th column the number of processed data sources is given.

The frequency distribution of the values of the rms errors of cluster parameters
are shown on Figure 4. These distributions characterize the inner accuracy of the
catalogued estimates. The most probable values of the errors are 07025 for colour
excess, 02 for distance modulus and 0.1 for logarithm of age. We have to note
that these values are only a mean measure of the quality of the ctuster parameter
estimates, and the real values of the errors for a particular cluster vary considerably
from cluster to cluster and obviously depend on the precision of the photometry,
cluster richness in stars, and background stellar density.

Comparison of our values of cluster distance moduli and logarithms of age with
those collected by Lynga (1987) is shown in Figures 5 and 6. One can see in
Figure 5 the existance of some systematic shift of our values caused by the choise
of different value of the Hyades distance. For clusters close to the Sun the random
deviations from the 45° line is very small, but for distant clusters some cases of the
large deviations occur. The divergence of age determinations (Figure 6) is more
pronounced. This may be caused by the inhomogeneity of the data collected by
Lynga. Appreciable systematic deviations between the two age scales exist for the
youngest clusters with log# < 7.0. For such clusters the age scale is completely
defined by the position of the poorly determined upper end of ZAMS. For some of
the youngest clusters in Lynga’s catalogue, one value of logt = 6.0 is attributed,
which is clearly seen in Figure 6. A small systematic deviation exists for the oldest
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Figure 4 Frequency distributions of the errors of the mean values of the estimates in the cata-
logue: upper - for the errors in E(B — V'); middle - for distance moduli; lower - for logarithms of
age.
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Figure 5 Comparison of distance moduli estimates from our catalogue and that of Lynga (1987).

clusters (logt > 9.0). This may be caused by our attempt to account for the
metallicity differences (see above) and by the diffrerence of the isochrone sets used.

The full version of our catalogue consists of three files. One of them is the file
of weighted means presented here. Two other files include the individual estimates
of cluster parameters for each data file and references to data sources. This full
version of the catalogue may be requested from the authors by e-mail (Alexhan-
der.Loktin@usu.ru).

7 CONCLUSIONS

We present the second version of our homogeneous catalogue of open stellar cluster
parameters. The redetermination of colour excesses, distance moduli and ages of
425 open clusters was made by processing data in the UBV, BV, DDO, RGU, and
uvbyf photometrical systems. In all 949 files were processed with the help of a new
set of computer programs. The inner accuracy of the parameter estimates turned
out to be high. Large values of the rms errors of the parameters for some clusters
may be caused by the unreality of some clusters or the small number of observed
stars or by the influence of the dense stellar background.

We are planning further work on the improvement of the catalogue in three
directions. They are: (1) the processing of newly published observational data, (2)
use of new sets of theoretical isochrones, and (3) the investigation of the effects
hindering the determination of cluster parameters, namely the influence of double
stars and age dispersion of cluster members.
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Figure 6 Comparison of logarithms of age eastimates from our catalogue and that of Lynga
(1987).

All observers are welcome to send us new observations in the systems discussed
so we can include more data in the catalogue.
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