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Abstract. In order to improve the tests of models of stellamodes in this class of pulsators are low order modes that are
evolution, observations giving tighter constraints on the modetwre difficult to analyse than the high order overtones observed
were initiated by the formation of an informal group STACGn the Sun, so that it will be necessary to have a large data base
(Frandsen, 1992). The purpose of the group is to search for @panning a long time scale and a large number of stars. This
make observations @f Scuti stars in open clusters. requirement can only be met by observing many pulsators si-
This paper presents some of the results of the search, maimiyltaneously. It should also be emphasized, that additional high
for distant open clusters with a rich population of variables. liquality observations, photometric as well as spectroscopic, are
cluded is an announcement of a target list (Frandsen & Arentofteded to determine abundances (Z), rough initial stellar pa-
1998, The Bookand four examples of new Colour-Magnitudeameters and rotational velocities. Without these parameters it
(CM) diagrams of open clusters considered to be interestilsgmpossible to use the observed frequencies to test the models.
targets. Finally, we present the fruits of extensive searching: an The magnitude of the work to be carried out is clearly too
open cluster that contains masyscuti stars. large for a single institute. This led to the formation of STACC
(Small Telescope Array with CCD Cameras) to search for suit-

Key words: § Scu — stars: evolution — stars: oscillations — opeible targets and subsequently to make multi-site observations
clusters and associations: individual (Frandsen, 1992).

This article begins with a section on the status of the search.
New CM diagrams are needed for most clusters, and several
1. Introduction such diagrams, obtained using CCD photometry, are presented.

Th deli fthe interior of stars h de alot of A first example of a good northern target for time series CCD
€ modetling ot the Interior of stars has mace a Jot o progrerggotometry is presented: the open cluster NGC 1817. A revised

due to helioseismology. The unu_sually ”.Ch setof da_ta availa ategy for the search for targets preceeds the conclusion.
for the Sun has enabled extensive testing of physical models.

For other stars the situation is less favorable. Even with the
best solar models, the effect of rotation and the physics otza
convective core are still poorly understood. The Sun is a slow
rotator and has no convective core. Both type of physics hageservations of Scuti stars in the southern cluster NGC 6134
important effects on the mixing in the stellar interior. In order taave been published by Frandsen et[al. (1996). Further work
derive the age of stars we must understand the physics of staliaf progress on this cluster based ondStgren photometry
interiors better than we do at present. from May 1996. Spectroscopic data are still needed before a
Normally the observables, of interest for the interior of full model analysis can be carried out (e.g.Wein i exists for
star, constitute a very small set and do not provide strong c@Re pulsating stars).
straints on the physics, nor on the model parameters like massangther southern cluster, NGC 2660, contains a number
and radius. Moreover, stellar oscillations in solar type stars s Scuti stars, but is quite distant, = 2.5Kpc. At such a
difficult to observe due to their low amplitudes (Frandsen 199istance supplementary spectral observations can only be done
Kjeldsen & Bedding 1997). To extend the range of observablgsing very large telescopes and long exposures.
we consided Scuti stars, which also exhibit a rich oscillation ¢ the two-site observations of NGC 6134, STACC ac-
spectrum. For example, recent results for FG Vir (Breger et g{,é

ities have been devoted to the search for a similar northern
1997, 1998) show the presence of 24 modes. Unfortunately, fi€ter. for which results are presented by Viskum efal. (1997a).

Send offprint requests 1. Frandsen In the present paper we present the discovery of a second open
* Based on observations made at the European Southern Obse?UéSteﬂ NGC 1817, with a nice populationdcuti stars ina

tory, La Silla, the Nordic Optical Telescope, ORM, La Palma and ttieeld of view small enough to observe all pulsators simultane-

IAC80, OT, Tenerife ously.

Status of search
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Aware of the difficulty of locating clusters like NGC 6134, . NGCI513
we have also worked on the nearby cluster Praesepe, which
is known to have the largest number of pulsators of any open
cluster. This cluster does not offer the opportunity to observe
many pulsators simultaneously, which is a major disadvantage., |
Observations of individual stars in Praesepe are described by St @

Breger et al.[(1993;1994) and Belmonte et al. (1994). There | o
happens to be a pair @df Scuti stars, BN Cnc and BV Cnc, o§+
whichcanbe observed simultaneously. Observationsby STACC | o,
members recently led to the discovery of 4 new frequencies>|n B

BV Cnc (Arentoft et al. 1997). o

In view of recent developments in the field, our strategy | };%%o
has been modified somewhat. Our goal is now to obtain more |
extensive and complete data sets (ddct. 5).

In order to support groups that want to participate in the
search for clusters with a large population of variables, we have [ s TE " 7
compiled a documentthe Book): The STACC Open Cluster i + ° 7
Target List (Frandsen & Arentoft, 1998). 18 L
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2.1. Content and purpose of The Book Fig. 1. Colour-Magnitude diagram for NGC 1513, diamonds are data

from the Open Cluster Database and crosses are CCD data from this

The idea of STACC is that the programs can be carried qH\'}estigation. Some stars are present in both sets and occur twice in
with CCD cameras on smalbf < D < 1.5m) telescopes. he diagram

The observations are simple. They offer students or advanced
amateurs an opportunity to learn how to do high precision CCD
photometry. The observations have to be done carefully alomg the Aarhus-Tromsg Low Dispersion Spectrograph (LDS)
lines that have been described by Gilliland & Brown (1988) arwias used to take CCD frames in@tigrerb andy. Using Johns-
Kieldsen & Frandser (1992). sonB andV data (Mermilliod, T994) we have transformed the

We have collected all the relevant information we could finkl— y index to the JohnssaB — V' index, using a linear fit for
on each cluster. The document contains an introduction to #tars that are present in both datasets.
subject with some guidelines for making the observations. Then
follows the main section on a number of target clusters (m055¥1.1. NGC 1513
northern).
New data on this cluster (Fig] 1) extend the main sequence by
two magnitudes. An impression of a fairly narrow main se-
guence is reinforced by the new data with some outliers (bi-
naries, hon-members). One of two observed giants are com-
CM diagram of clusters often do not permit a reliable estimateifon to the two datasets. The age is given by [&/(f987) as
the distance and age of a cluster. If the age is wrong, the chanlogg (years) = 8.63, but the CM diagram indicates that we are
of discoveringd Scuti stars could be much smaller, than whateeing a younger cluster, just beyolod ¢ = 8.0. The main
one estimates based on the assumed age. If the distanceséguence covers a range of seven magnitudes and there are only
reddening) is wrong, the magnitude of th&cuti stars will not two giants. This is confirmed by the agext = 8.2 deter-
be as assumed and the exposure time not optimally chosenmined by del Rio & Huestamendia {1988)Scuti stars might

To illustrate what can be achieved by CCD colour photombe present, but amplitudes are expected to be small as these stars
try, we present the results for four clusters (also includechie will be unevolved.
booR); see Viskum et al[ (1997a) for more examples. The pre-
vious CM dlagrgms were not ad.equate (I—]g: 1), mostly beca%s.cizl NGC 2324
the photoelectric photometry did not go faint enough. Photo-
graphic data generally is of low precision and not very useftrhis cluster is situated in a crowded region and consequently
when it exists. In many other cases it is necessary to extend the CM diagram (Fid.12) is more perturbed by field stars than in
dynamic range and the accuracy by new, modern observatidhe.case of NGC 1513. The cluster contains a number of giants,
and it is probably a cluster with an age closddgt = 9.0 in
agreement with the published vallsg ¢t = 8.8 (Lynga, 1987).
With the reddening of£(B — V') = 0.11, we get a turnoff
The observations were made in 1991 by Hans Kjeldsen at tt@our of (B — V) yrnors = 0.1 consistent with this age. The
Nordic Optical Telescope (ORM, La Palma). The Tek512 chipCD observations again extend the CM diagram to fainter stars,

3. New Colour-Magnitude diagrams for four target
clusters

3.1. Two northern clusters
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Fig. 2. Colour-Magnitude diagram for NGC 2324, diamonds angig. 3. Colour-Magnitude diagram for NGC 2360, CCD data.
crosses as in the previous figure

the stars. The number of subgiants is small. Still, we expect
although the position of the main sequence is hard to tracett@t variables should be present in a cluster of this type with an
faint magnitudes due to the presence of many field stars. Thage given bylog ¢t = 9.00 (Lynga, 1987). This value is based
is a well developed population of giant stars and a group of stais a small reddening’(B — V) = 0.07 giving a fairly red
between the giants and the turnoff point. Starsin this latter group — V), s . The reddening should be checked, as the mor-
are in the instability region and have magnitudes aroing  phology (only a small group of red giants) suggests it could be
13—14. The cluster should be a good target to searchi cuti  slightly younger.
stars, even though they are somewhat faint for performing time
series photometry.

We have short time series data for both clusters. Howevg'r,z'z' NGC 2489

due to problems with the field rotator on the telescope, which®te CM diagram (Fid-4) is not very different from the previous
the time was not fully operational, the guiding was poor. Thisne except for the lower content of field stars, So one might ex-
introduced flat field problems that increase the low frequenpgct the parameters for this cluster to be similar to those of NGC
noise. In NGC 2324 the exposures were not deep enougl2860. In fact, the age is given &gt = 8.5, a factor 3 smaller
give a precision at’ = 13 adequate to detect small amplitudehan for NGC 2360. This mainly reflects the difference in red-
¢ Scuti stars, since the exposure time was limited by the brigfgéning: E(B — V') = 0.07 for NGC 2360,E(B — V) = 0.34
stars. Nevertheless there are indications of variability for sorfee NGC 2489 as given by Lyrag(1987). The reddening for
stars. NGC 2489 is even larger in Ramsay & Pollato (1992), which
give E(B — V) = 0.45. The distance is almost the same to
NGC 2360 and NGC 2489. If we assume, that the red giants
have the same absolute magnitudes, then the apparent magni-
The observations of the two southern clusters were made attude difference between red giants of 1 magnitude is consistent
Sillaby M. Gelbmann and U. Heiter, University of Vienna, usingvith a difference in reddening of 0.3-0.4.
the Danish 1.54m telescope and the DFOSC instrument with a Both clusters look like good targets: they have the right
Loral 2k x 2k chip. The field of view of this combination isage and distance and some evolved stars above the hot end of
quite large (5" x 15). the main sequence. The magnitudesobcuti stars would be
bright enough that spectroscopy can be carried out to check
membership, rotation etc.

3.2. Two southern clusters

3.2.1. NGC 2360

The data cover a range of 7 magnitudes, which means that th

main sequence is well defined in the CM diagram (Eig. 3). Tr{léeA successful search

main sequence is rather broad and somewhat fuzzy due to\Wehave observed two clusters, NGC 1817 and NGC 2215, atthe
presence of field stars. The field is mildly crowded and in tHAC80 at Observatorio del Teide, Tenerife, 1996, using a Thom-
outskirts of the cluster, field stars represent a fair fraction ebn CCD. The field of view is apps x 8'. The CM diagrams
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Fig. 4. Colour-Magnitude diagram for NGC 2489, CCD data.

Fig. 5. One CCD frame for the open cluster NGC 1817. The variable
stars are labeled with a running number.

can be found irThe Book After detecting only a few pulsat-
ing stars in most other cases (including NGC 2215), NGC 1817
turned out to be of special interest. This is the first northern
open cluster suitable for relative CCD photometry, in the sensg
that it contains a nice set 6fScuti stars within a small field of
view. Time series were obtained for this cluster on two nights,
5 hours each night. The guiding was good. Only a part of the-
cluster could be covered by the FOV of the CCD. A region was
chosen avoiding the brightest stars (Fif. 5). Light curves were
obtained for 176 stars in the field. Among the light curves sev-*
eral showed periodicities in the range typical foBcuti stars.
These stars are labeled with their sequence number in the finding
chart. "

In the CM diagram (Fid.16) the position of the variables has e T
also been plotted. Most of them are located at the estimatedt. "~ . + . . . . . ., " 70

0.2 0.4 0.6 0.8 1.0 1.2 1.4

position of the instability strip. The CM diagram is typical for “* ' ‘ ‘ B-v

amiddle age clustelog ¢ = 8.90, and the distance is given aﬁ:ig. 6. Colour-Magnitude diagram for NGC 1817 (Mermilliod, 1994).

1.8 Kpc (Astronomical Aimanac 1996 Variables are plotted as diamonds. The position of the instability is
The light curves have been analysed and dominant frequeldited as well.

cies determined for the variables. Table 1 summarises the infor-
mation for all stars. The classification is preliminary, is based on

the shape of the lightcurve only, and is not necessarily consistent
with the location in the CM diagram. is definitely not & Sculti star, as the colour is much too red. It

To document the detection of the variables, we present thfdP€ars not to be member of the cluster.

figures with lightcurves for the two nights observed. In the case More observations are needed, before a multisite campaign
of the star 163 we are looking at the light curve @f&cuti star can be initiated. The procedures to be followed in the future
with more than one period (F@l 7) Subsequent Fourier ana|y§r§ described in the next section, where we discuss the revised
(Fig.[I0) confirmed that there are two periods (see Table 1). T®#ategy for STACC after the observations done the last few
additional examples are shown in Fig. 8 and Eig. 9, where t/ears.

variation is less conspicuous, but still unambiguous. Again the For the cluster NGC 2215 the search was less successful.
periods are typical fop Scuti stars, and the position in theOnly 5 hours on one night were obtained, and no variable stars
CM diagram is consistent with this interpretation. One variableere identified. This could be a result of the small size of the

ngc 1817
T N B

146—>¢
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Table 1.Detected frequencies in the proposed variables in the field of NGC 1817. The phase is relative to Feb. 13, 1996 at 0h UT. The classification
comes from the light curve only.

[ ID | V [BV [ v[pHZ] | A[mmag] | ¢frad] | SIN | Type |
16 134 0.84 207 6.4 0.24 3.8 § Sct
73 15.23 | 0.63 168 441 2.64 3.5 § Sct
- - 285 4.45 2.02 3.5
88 1350 | 0.42 208 2.76 1.77 3.1 § Sct
- - 269 4.31 -2.78 4.8
99 12.84 | 0.46 143 2.74 1.99 3.4 § Sct
- - 210 5.04 -0.18 6.9
114 14.38 | 0.50 205 3.07 2.06 4.0 § Sct
- - 284 4.27 -0.86 5.6
145 1411 | 0.42 384 2.52 0.93 3.7 § Sct
146 13.29 | 1.42 158 2.39 -1.9 3.0
- - 260 2.65 -1.50 3.4
163 12.57 | 0.48 152 5.62 3.02 5.6 § Sct
- - 222 3.01 -1.79 4.3
NGC 1817, STAR 163 NGC 1817, STAR 114
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Fig. 7. Light curve for as Scuti star (# 163). This is a case easilyFig. 8. Light curve for # 114.
recognized as@&Scuti. Itis evident that more than one mode is present.

efforts involved were large, and are not easily repeated for an-
data set, and the lack éfScuti stars with large (above a fewOther star. . .
mmag) amplitudes, For open clusters, one cannot use quite the same '_[echmques
as for a bright star. But, analysing a group of stars simultane-
ously, and therefore knowing temperature and magnitude differ-
ences accurately, information about the modes can be derived.
But, this only works, when the age, distance and metallicity of
Important progress is being made in the study of stars witle cluster is well determined. Also, rotational velocities are
masses aroundM,, typical ford Sculti stars. If by asteroseis-needed and make it necessary to measure high quality spectra.
mology one understands the ability to derive firm results aboTie lack of good quality 'classical’ data has so far prevented a
the physics of the stellar interior using observed pulsation freempletion of the analysis of the pulsators in NGC 6134.
guencies, then we are starting to see results stars applying With this in mind we have modified our strategy to reach our
seismic techniques. Still, even férScuti stars with more than goal:a new, improved test of stellar evolutiofhe new scheme
10 frequencies detected, mode identification is often ambiguassh be split into three parts.
and therefore little information about the interior can be derived.
For single, isolated stars a breakthrough took place recently. .
when mode identification was announced for 8 out of 24 frgil' Locating a target
guencies in FG Vir. Different methods gave the same result ierom the experience gained so far, a sufficient number of vari-
8 modes (Viskum et al. 1997b; Breger 1997). The observatiordiles in a cluster will only be detected either by sheer luck

5. Strategy for the future
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NGC 1817, STAR 099

A section appears ifihe Bookon techniques and methods
with a few diagrams to help decide on the instrumental param-
eters and limitations. The reduction of series of CCD frames
can be done efficiently using the software package MOMF
(Kjeldsen & Frandsen, 1992).
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NGC 1817, STAR 099
When a good target has been located (NGC 6134, NGC 1817),
the theoretical interpretation is difficult or even impossible, if
detailed information is missing for the variable stars. A complete
set of data must be obtained.
Alot of nights are needed to obtain data of comparable qual-
ity to the data we have seen for FG Vir (Breger et al. 997, 1998).
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DAYS This represents the largest investment in terms of observing
hours and manpower.
The second step therefore consists of a determination of
6 —_— — — further parameters and more information about the target:
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Fig. 9. Light curve for # 99.

— Variables should be confirmed

— Membership in the cluster by the pulsating stars assured by

r ] measurements of radial velocities

— Rotational velocities measured from high resolution, high

. 1 S/N spectra, to know what rotational splittings are to be
expected.

| — A study of elemental abundances. Chemically peculiar stars

J might show up.

Amplitude (mmag.)
IS
I
|

N

- ] This second step can be quite a problem to carry out. The
pulsating stars in most clusters are favit & 12). Some of the
observations are not easily done unless one has access to a large

0 L Ll AL L L telescope D > 2m).

0 200 400 600
Frequency (uHz)

5.3. The campaign
Fig. 10. Amplitude spectrum of the light curve of # 163. This is the paig

most prominent variable. With all the basic data in store, the time is ripe for a large, multi-
site campaign of relative CCD photometry. If we take FG Vir as
a typical example of @ Scuti star, detection levels around 0.3

(NGC 6134 to some extent was such a case) or by a Systerpnmag should be aimed at, and time coverage to give a frequency

atic approach (NGC 1817). One has to optimize the choiceref;d:trl]%?eieuerthan OsHzin orderto separate multiple, close

targets, in which a search for variables is carried out, and 10 . T . .
T . . As mode identification is so important for the analysis of the
optimize the techniques applied. . ) . .
pulsation spectra, a time series of short expostre 6 min)

~ The parameters from the literature are in many cases UniBactra for at leasinepulsating star in the cluster would be of
liable, and the photometry of bad quality or only done for the. oot value.

brightest stars. New CCD observations, covering a large dy-
namic range, are needed, since they will lead to more accurate )
values for the reddening, distance and age of the clusters. Thi§&onclusion

enables us to find the apparent magnitudes of possiBleuti - A gocument/manuarhe Bookis available for observers inter-
stars. ested iny Scuti stars (and other variables) in open clusters.

CCD Photometry, as practised generally, suffers from flat The type of clusters of interest for the STACC project is
field errors (Viskum et al. 1997a). Techniques as discussedifiystrated by new CM diagrams for four clusters based on two
Kuhnetal.[(1991) and later Wild (1997) should be implementegblour CCD photometry.

Open clusters, in which the isochrone turns upwards and The highlight presented here is the discovery of a popu-
almost follows the instability strip, seem to have the largeksttion of 5 Scuti stars in NGC 1817. This makes the cluster
number of pulsators. Typically, this corresponds to an age afvery attractive target for a future multisite CCD photometry
just below 1 Gy. campaigns.
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Even with one northern cluster that matches what we are
looking for, the search for open clusters with a rich population
of 0 Scuti stars has been more difficult than expected. A more
systematic approach is suggested here.

When a useful cluster has been located, extensive observa-
tions of individual stars, both photometrically and spectroscop-
ically, are necessary. Proper modeling can not be done before
high quality data exists.

The Bookis available on request from the authors.
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