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Abstract

We report on new time-series CCD observations for three poorly studied open
clusters from the STACC list. The collected light curves in the V filter of a
large number of stars per field have been examined in detail in search for short-
periodic variable stars. In particular we looked for new § Scuti-type candidates.
First results for the open clusters NGC 1664, NGC 6811 and NGC 7209 are
presented.

1. Why study open clusters ?

The study of variable stars in open clusters presents various advantages for the
understanding of pulsation physics:

e open clusters with variable members provide comparative asteroseismo-
logical tests of stellar structure and evolution based on the implications
of a common origin and formation of their stellar members;

e open clusters are ideally suited for performing high-accuracy differential
photometry as well as "CCD ensemble photometry' based on a large sam-
ple of comparison stars in the field-of-view.

Such studies moreover require long baseline differential photometry (to detect
multiple frequencies combined with small amplitudes) as well as complemen-
tary multi-color photometry or high-resolution spectroscopy (to determine the
basic stellar parameters) if one wishes to take full profit of these observations
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(Freyhammer et al. 2001). We selected three poorly studied open clusters
from the STACC list (Frandsen & Arentoft 1998) in order to perform a CCD
survey using small telescopes (up to 1.3m) with the goal to search for intrinsic
variable stars. These open clusters are visible from the Northern hemisphere
and are furthermore prime targets for the detection of § Scuti-type candidate
stars (Frandsen & Arentoft 1998).

On the other side, the presence of close neighboring stars in the (semi)-
crowded fields of the central parts of open clusters may affect the quality of
the results and this could imply the need for a different reduction technique
(point-spread function fitting instead of the aperture photometry approach).

2. General information about the observed clusters

2.1 NGC 1664

Is an extended open cluster of the STACC list with a rich central region (Frand-
sen & Arentoft 1998). A recent proper motion study was performed by Baum-
gardt et al. (2000). The cluster membership was also investigated by Missana
& Missana (1998). It is situated at a distance of about 1200 pc and has a
log age of 8.47 (Mermilliod 1995).

2.2 NGC 6811

Is an open cluster of the STACC list with many candidates in the instability
strip (Frandsen & Arentoft 1998). A proper motion study was performed by
Sanders (1971), yielding 97 probable members. Glushkova et al. (1999) col-
lected radial velocities in the field and identified seven new members. From
their photoelectric photometric data they obtained a mean distance of 1040 pc
and an age of 0.7 Gyr based on 88 identified cluster members (log age = 8.85).

2.3 NGC 7209

Is an open cluster of the STACC list with a poorly populated color-magnitude
diagram (Frandsen & Arentoft 1998). Several studies of proper motions in
the cluster field exist: for example, Platais (1991) found 148 possible cluster
members down to mag 15 while recent proper motion studies were performed by
Baumgardt et al. (2000) and by Dias et al. (2001) based on the TYCHO-2 cata-
logue. Pefia & Peniche (1994) proposed the existence of two clusters, NGC 7209
a and b, with a different reddening, age and distance based on Stromgren pho-
tometry of 54 stars in the cluster direction. Vancevicius et al. (1997) obtained
photoelectric photometry in the Vilnius system for 96 probable members but do
not support that conclusion: they estimated the mean reddening, the metalicity
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and derived a median distance of 1026 + 30 pc and an age of 0.45 Gyr (log
age = 8.65).

3. Observations and photometric reduction

The logbook of all observations, the telescopes and CCD cameras used are
listed in Table 1. Except for the observatory Hoher List (HL) where a self-
built camera was employed (2Kx2K; HoLiCam of the Observatorium Hoher
List, University of Bonn, Germany), the other cameras are from Photometrics
(1Kx1K; Skinakas, Crete) or SBIG (various ST's), equipping instruments with
different focal lengths. We typically made use of a field-of-view with a size of
26’ x 28’ (e.g. BHO 40cm) or 34’ x 23’ (e.g. BHO 25cm).

Table 1: Log of the cluster observations

NGC Obs/Tel CCD Start End Nr/hrs  Filter

1664 BHO40 STI10E 27-10-03  10-12-03 25.8 B,V
BHO25 ST7 08-12-03  08-12-03 8.9 \Y
HL100 HoLiCam 17-12-03 17-12-03 55 V

6811 BHO40 STIOE 22-03-03  27-09-03 31.8 B,V
Vv

NAO70 ST8 03-05-03  03-05-03 3.3
7209 BHO40 STIOE 29-07-02  20-08-03 25.9 B,V
BHO25 ST7 01-08-03 10-08-03 31.9 \Y
SETEC  STSi 12-08-02  05-09-02 42.6 \Y
V

SKI130  CH360 19-08-03 04-10-03 9.2

All the frames were treated following the classical basic reduction scheme:
a median dark/bias was subtracted from each science frame and these were
then divided by a median flat-field. Aperture photometry was subsequently
performed using various packages. Consequently, we intentionally avoided the
stars with close neighbors on the collected images. First, for all the frames ob-
tained at BHO, HL, SETEC and Skinakas, the aperture photometric package of
MIRA AP was applied. Differential magnitudes with respect to a pre-selected
comparison star were produced. For the frames acquired during one night in

0The MIRA AP software is produced by Axiom Research Inc.
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2003 with the Schmidt 50/70 telescope of the National Astronomical Observa-
tory of Bulgaria (Tsvetkov et al. 1987), we gathered the differential data using
the MOMF code (Kjeldsen & Frandsen 1992). In a second step, CCD ensemble
photometry was applied in order to produce differential magnitudes with respect
to a comparison magnitude using a(n) (inhomogeneous) set of comparison stars
(Honeycutt 1992). The figures shown below are based on the latter data.

AV filter following Bessel's (1995) specifications was used for the time-series
photometry. In addition, some nights were dedicated to the acquisition of the
B-magnitudes with the aim to produce updated color-magnitude diagrams in
the near future.

4. Results
41 NGC 1664
4.1.1 Analysis

The observed field of NGC 1664 is illustrated by Fig. 1. We used the numbering
of the (WE)BDA (Mermilliod 1995; cf. http://www.obswww.unige.ch/webda/)
database for identification purposes. 9 stars received an internal numbering.
284 stars were included in the reduction scheme and examined for rapid light
variations. The CCD data consist of more than 300 differential magnitudes in
the mean for most targets, with actual numbers varying between 39 (a few)
and 516 (many) depending on the position in the field.

4.1.2 Discussion of individual variable stars

We report the detection of two new short-periodic variable stars in the field:
V1 and V2. Both are possible § Scutivariable stars. A period analysis of the
V-band data for star #100 = V1 indicates a main frequency of ~ 4.48 c/d
and a semi-amplitude of 0.04 mag in V. Star #265 = V2 is probably a new
0 Sctstar with a main frequency of & 16.77 ¢/d and a semi-amplitude of 0.02
mag only in V. The light curves of two individual nights are presented in Fig. 2.

42 NGC 6811
4.2.1 Analysis

The observed field of NGC 6811 is illustrated by Fig. 3. We used the Lindoff-
numbering for identification purposes (same as in (WE)BDA). 230 stars received
an internal numbering. 441 stars were included in the reduction scheme and
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examined for rapid light variations. The CCD data consist of more than 200 dif-
ferential magnitudes in the mean for most targets with actual numbers varying
between 56 (a few) and 355 (many) depending on the position in the field.

4.2.2 Discussion of individual variable stars

We report the detection of nine new variable stars in the field, of which six
are probably short-periodic variable stars of type & Scuti and one is a sus-
pected short-period variable. The light curves of the variable stars detected in
NGC6811 are presented in Fig. 4. Stars #18 = V1 and #37 = V2 are two § Sct
type variables, with a main frequency of about 20 c¢/d and a semi-amplitude of
the order of 0.01 mag in V. Star #70 = V3 is a ¢ Sct type variable with a main
frequency of about 7.5 ¢/d and a semi-amplitude of 0.02 mag in V. The data
of star #39 = V4 indicate a frequency of about 8.4 ¢/d with a semi-amplitude
of 0.01-0.02 mag in V. Star #113 = V5 is a suspected variable of a similar type
with a possible frequency of 13 c¢/d of much smaller amplitude (< 0.01 mag).
Two 0 Scuti variable stars were also detected among the new designations:
these are stars #489 = V6 and #491 = V7 (following the BDA-numbering)
with frequencies of ~ 9.4 c/d and possibly 15 ¢/d and semi-amplitudes of 0.04
and 0.02 mag in V respectively. Two more variable stars of unknown type (V8
and V9) were discovered at the field edges (Fig. 5, left): they were only ob-
served very shortly (for about 3 hrs) and do not show the characteristics typical
of § Scuti stars as their periods are longer. The right panel of Fig. 5 shows the
observed light variations with a large amplitude in both cases.

4.3 NGC 7209
4.3.1 Analysis

The observed field of NGC 7209 is shown in Fig. 6. We used the Mavers-
numbering for identification purposes (same as in (WE)BDA). 215 stars received
an internal numbering. 357 stars were included in the reduction scheme and
examined for rapid light variations. The CCD data consist of more than 900
differential magnitudes for most targets with actual numbers varying between
70 (a few) and 1100 (many) depending on the position in the field.

4.3.2 Discussion of individual variable stars

Although we did not (yet) systematically inspect all the material for this cluster,
we already report the detection of three possible § Scuti variable stars in the
field: stars #24 = V1 (= GSC 3605 2253), #55 = V2 (= GSC 3605 2309)
and #59 = V3 (= GSC 3605 2247 1). Stars #24 and #b55 are probably ¢ Scuti
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stars with rather small semi-amplitudes (< 0.01 mag). The data of star #59
clearly indicate a frequency of 7.7 ¢/d with a semi-amplitude of 0.01 mag in V.
The observed light variations of the detected variabe stars in NGC7209 are plot-
ted in Fig. 7. In addition, star #112 = V4 (= GSC 3605 2721 = SAO 51648),
an infra-red source, appears to show small but irregular fluctuations.

We also noted the existence of slower fluctuations with observed amplitudes
of the order of 0.1-0.2 mag in the V magnitudes of a few stars which were how-
ever only occasionally observed: #91 (2 nights showing a (start of a) minimum
compared to the rest of the data), #122 (2 nights, AV = 0.3 mag), #179
(1 night, AV = 0.6 mag) and #3612 (1 night, AV = 0.6 mag) (using the
BDA-numbering).

5. Figures for three open clusters

* V2

vi-

Figure 1: Sample CCD frame of the open cluster NGC 1664. The newly detected
variable stars are indicated.
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Figure 2: Light curves of NGC1664. Left panels: star #100. Right panels: star #265.
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Figure 3: Sample CCD frame of the open cluster NGC 6811. The newly detected
variable stars are indicated
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Figure 5: Left panel: Extended field of the open cluster NGC 6811 (source: Digitized
Sky Survey). The newly detected variable stars are indicated. Right panels: Light

curves of NGC6811,V8-VO.
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Figure 6: Sample CCD frame of the open cluster NGC 7209. The newly detected

variable stars are indicated.
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Figure 7: Light curves of NGC7209. From top to bottom and left to right:
stars #24, #55, #59, #112, #91.
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6. Conclusions

We gathered new time-series CCD observations in two filters with the aim to
search for short-periodic variable stars in three poorly studied open clusters
from the STACC list: NGC 1664, NGC 6811 and NGC 7209. The time series
data are particularly extensive in the case of NGC 7209 (more than 100 hrs of
observations). Among our first results we report the detection of two possible
0 Scutivariable stars in the field centered on NGC 1664, the detection of nine
new variable stars in the field centered on NGC 6811 of which six are probably
of type & Scuti and one is a suspected § Scuti star as well as the detection of
three probable § Scuti variable stars in the field centered on NGC 7209. The
search in NGC 7209 will be resumed as we did not (yet) systematically inspect
all the material available. It is also our intention to publish the BV-photometry
and to provide updated color-magnitude diagrams for these open clusters.
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