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The chemically peculiar (CP) stars of the upper main sequane perfect tracers for several astrophysical processes.
Their study especially in open clusters further helps taldigth their evolutionary status. The latter is most imgorto
understand the origin and evolution of the CP phenomenenthie connection between diffusion and a stellar magnetic
field. There are two important topics, we cover with this papdrst of all, we investigate the reliability of the CCD
Aa photometry for fainter objects in open clusters. The lattethod is able to detect CP stars very efficiently, but
still a spectroscopic verification is needed to verify th@tometric candidates. On the other hand, already published
spectral classifications on the basis of photographic pkate prism technology have to be tested with modern institsne
Classification resolution spectroscopy is presented faytfive bona-fide CP candidates. Twenty six of them are kedat
within the boundaries of fourteen open clusters, for whiehalgo investigated their membership probabilities. Afrarh

five objects, they seem to be members of the respective du3tiee objects were classified in the framework of a refined
Morgan-Keenan system with the extension of well establdSBE star spectra. We confirm the CP nature of all but one
target. The results aha photometry and the spectral classifications are in exteligreement. For the cluster members
we find a continuous sequence of CP stars from 10 to 850 Mywykiwde range of investigated cluster ages.
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1 Introduction strong global stellar magnetic field was established, te fir
detected by (Babcock 1947).

Classification resolution spectroscopy is a very powerful Due to the typical flux depression in magnetic CP stars
as well as efficient astrophysical tool since more than 1G A 52004, at least two photometric systems, tha and
years. Beside the huge efforts to compile the MichigaBeneva ones, are able to detect them in an economic and
Spectral Catalogue (Sowell et al. 2007), even recent antbst efficient way (Paunzen, Stitz & Maitzen 2005) by
forthcoming all-sky-surveys (e.g. SDSS and LSST) as watbmparing the flux at the depression centre with the adja-
as satellite missions (e.g. Gaia) will incorporate clasaifi cent regions.
tion resolution spectroscopy. Whereas the available Geneva photometry is almost ex-
The group of chemically peculiar (CP) stars on the ugelusively limited to bright (and therefore close) Galactic
per main sequence display peculiar lines and line strengtiild stars and open cluster membetsy photometry was
as well as other peculiar features. Generally, one distieven applied to the Large Magellanic Cloud (Paunzen et al.
guish between He-weak/strong, HgMn, Si, SrCrEu, and AR006). The latter was performed with CCD detectors, intro-
stars. The subgroup of SrCrEu objects, for example, typiucing several new aspects for the transformation and effi-
cally have overabundances of up to several dex for e.g. 8iency compared to the original photoelectric one (Maifzen
Cr, Eu, and other rare earth elements compared to the S&aunzen & Rode 1997). Therefore, the confirmation of the
However, some CP stars can not be strictly catalogued tina-fide photometric CP candidates using spectral classi-
this scheme. There are also transition objects within theBeations is absolutely essential to further strengthené¢he
groups. Furthermore, for some groups the existence ofsalts of CCDAa photometry.

In this paper we present classical classification resolu-
* Corresponding author: ernst.paunzen@univie.ac.at tion spectroscopy of thirty five CP candidates, twenty six
** Visiting Astronomer, Complejo Astronomico El Leoncito @ 40aia4 in the fields of open clusters, to establish theg tru
ated under agreement between the Consejo Nacional deitfacshes ’ .
Cientificas y Técnicas de la Republica Argentina and tatidial Univer- nature. For the cluster stars, we analyse as well as discuss
sities of La Plata, Cérdoba and San Juan. their membership probability and estimate their evolution
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T T T T T T T T

Table 1 The observed open clusters with their parameters based

on the list by Paunzen & Netopil (2006). HD 194157: A/Fm
Cluster D E(B-V) Age
[pc] [mag] [Myr]
IC 4725 615 (65) 0.48(2) 75 (15)
NGC 3532 492 (8) 0.04 (1) 262 (46) L
NGC 3960 1868 (272) 0.28(3) 848 (212) o~ oo e o o
NGC 5460 673(76) 0.12(2) 167 (54) NGC 6281 #15: B9 Si
NGC 5662 684 (60) 0.32(1) 77 (20) =
NGC 6031 1560 (314) 0.43(6) 205 (66) *%
NGC 6087 893 (57) 0.20(3) 78(19) GC)
NGC 6268 1056 (28) 0.40(2) 238(72) =
NGC 6281 516 (35) 0.15(1) 285 (58) 'c_J L
NGC 6405 473 (16) 0.14(2) 71(21) D [NGC 6405 #7: A5 Fell extremely strong |
NGC 6475 258(21) 0.07(3) 267 (62) =
Rup 115 2000 (330) 0.74(5) 500 (115) 8
Stock 16 1798 (112) 0.49(2) 6 (3) x

ary status. In summary, all but two objects, one normal type

| | | | | | | | | | | | |
T T T T T T T T T T T T

and one spectroscopic binary system, are indeed CP stars of [ Ruprecht 115 #7: B8 SiEuST
the upper main sequence. L ]

2 Target selection, observations and
reduction

. . . 3900 4000 4100 4200 4300 4400 4500 4600 4700 4800 4900 500D AW
Twenty three targets are established as candidate CPrstars i

thirteen open clusters (Table 1) by our extensive photeelec Wavelength [A]
tric and CCPAa survey (e.g. Maitzen 1993; Netopil .et .aI'Fig. 1 Normalized spectra of four targets showing the whole
2007). Add|t|onally,.three suspect.ed clugter CP starswﬂhrange of peculiarities detected.
Melotte 227 and nine Galactic field objects were chosen
from the General Catalogue of Ap and Am stars by Ren-
son (1991), for which nd\a measurements are available. All reductions were performed with standard IRAF rou-
In Table 2, the targets with their main SIMBAD identi-tines. After the bias, dark, and flat field corrections, the
fier, WEBDA! numbers, spectral determinations, and addspectra were wavelength calibrated using ThAr standard
tional information are given. The data for themagnitudes spectra observed before the respective target. Furthermor
andAa measurements were taken from WEBDA. no smoothing was applied.
The observations were performed at the 2.15m tele- The final normalized spectra are available in electronic
scope at the Complejo Astronomico el Leoncito (CASLEOjorm from the first author.
in the nights between the 12th and the 18th of June 2006
by one of us (OIP) using a Tektronik 1024024 CCD .
and the REOSC echelle spectrograph in the single mode Membership
with the 600 linesmm* grating, resulting in a resolution
of 2A pixel~! and a spectral coverage of 3630 to 5220  As in Paunzen et al. (2010), a careful membership analy-
The integration times range from fifteen minutes up t8is of the cluster CP objects was performed. Some stars of
one hour for the fainter targets, with signal-to-noiseasiti the present study coincide with the latter reference, hence
between 50 and 200, respectively. their membership results were adopted. For the remaining
Due to the resolution, all lines except the hydrogen arPiects we proceeded likewise to divide membership into y
CaK ones are blended. Transformed to a velocity resolutiéfember), p (probable member), ? (probably non-member),
for one pixel results into 120knT$ at H3 and 150kms!  and n (non-member) using all available information. Due to
at He, respectively. Even if it is possible to determine thé lack of already published radial velocity data or paralfax
centres of the useful lines up to half a pixel accuracy, tHer the remaining stars, the analysis is based on proper mo-
derived radial velocities will be too uncertain to be used fotions and photometric criteria only. As mentioned in Sect.
e.g., amembership analysis. However, we checked all targetthe obtained spectra are not helpful in this respect due to
stars for significant shifts of the lines, but found none.  the low resolution. Additionally, the mean radial veloegi

1 http://iwww.univie.ac.at/webda 2 http:/firaf.noao.edu/
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Table 2 Results for the observed sample of stars in the Galactic(figlder panel) and fourteen open clusters (lower panel) dake
for the V magnitude and all availablAa measurements were taken from WEBDA (number W); the merhipeilag as determined in
Sect. 3 (Mem); the spectral types from Renson & Manfroid @@&M) and this paper (TP); magnetic field detected (MF) —3eet. 4
for a short discussion.

Cluster Object w Vv Aa Mem Spec. Spec. MF
[mag] [mmag] RM TP
HD 1913 10.13 A3-A8 A/Fm
HD 193921 10.80 AO Si AO Sisr
HD 194157 9.85 A3-FO A/Fm
HD 198216 9.89 AO- A2 SiSr
HD 208759 10.02 AO SrEuCr A5 SrCrEu
HD 212765 10.61 A2-F2 A/Fm
HD 214985 10.77 AO Si A0 Si
HD 221157 10.23 SB A + G type
HD 223184 10.01 AO— A/Fm
IC 4725 BD-19°5044L 98 10.20 +16 p B8 B9 Si, SB? n
HD 170836 167 8.95 +46 y B7 B6 He strong y
HD 170860 (A) 153 9.40 +22 p B8 B9 Si n
Melotte 227 HD 188136 17 8.01 A5-Sr dD A/Fm
HD 190290 28 9.92 A0 EuSr A2 EuSrCr y
HD 192118 24 10.26 ASi A0 Si very strong
NGC 3532 HD 96729 449  10.00 +65 n B9 Si B9 Si y
HD 303821 704 11.67 +61 n A A0 Sisr n
NGC 3960 1 1431 +85 y A5 SrCrEu, very peculiar
NGC 5460 HD 122983 142 9.90 +20 p A0 AQ Si y
HD 123225 55 8.85 +14 y B9 Si? B8 Si n
NGC 5662 CPD-56°6330 85 10.60 +33 n A2 A0 Si n
HD 127924 187 9.20 +29 p B8 B8 Si n
NGC 6031 73 1353 +20 ? A5 marginal Si
NGC 6087 CPD-57°7817 25 10.03 +27 p B8 Si y
HD 146555 5 10.28 +38 y B9 Si A0 Si n
NGC 6268 HD 322549 21 11.18 +19 p B8 marginal Si
39 12.16 +23 p A3 marginal Si
80 11.97 +56 ? AO SiSr
NGC 6281 HD 153948 15 9.35 +40 y A2 Si B9 Si y
NGC 6405 CD-32°13119 7 10.95 +33 p A5 Heextremely strong n
HD 318100 19 8.82 +67 y B9 AO SiSr y
HD 318107 77 9.35 +94 y B8 A0 Si y
NGC 6475 HD 320764 23 8.90 +20 y A6 AlV n
Ruprecht 115 7 13.52 +58 p B8 SiEuSr
Stock 16 12 13.38 +24 p A2 Si, strong metals

for the clusters presented by Mermilliod et al. (2008) anihfluence of variability. However, the typical amplitudes o
the updated catalogue by Dias et al. (2002) are all small€éP stars are rather small compared to the width of the clus-
than 22kms' with most of them well below 10knTs. ter main sequence. Furthermore, for several objects data in
Hence, only a considerable shift in the spectra (which wasrious photometric systems are available, which are used i
not detected) would indicate a non-membership. the following also to determine effective temperatureg (se
Concerning membership determination based on ph8ect. 4). Additionally, the above mentioned “blueing effec
tometry, we have to note that on the one hand magnetic @Pcorrected by the use of an appropriate temperature cali-
stars appear bluer than normal stars of the same tempdpeation (Netopil et al. 2008). However, larger errors have t
ture, on the other hand variability introduces an addition&€ taken into account, if photometry is the only possibility
difficulty. We used averaged photometric values taken frotf deduce membership.
WEBDA and the GCPD cataloggia order to minimize the

The results can be found in Table 3, objects which de-
3 http://obswww.unige.ch/gcpd/gepd.html serve closer attention are discussed in the following. \We di
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Table 3 Membership analysis of objects not included in théhelpful to clarify its status. Like for HD 303821 discussed
s;udy _by Paunzen et al. (2019)._ Their results were adOptdm_m above, we were not able to determine accurate effective tem-
given in Table 2. For the remaining stars, the final membprstais  peratures for the stars in NGC 6268 due to a lack of appro-
deduced from proper motiop.) and position in the HRD (ph). If priate photometric data. However, their position withie th
available, in parenthesis the membership obtained by lieretset colour-magnitude diagram using ttie— ) /V data by Mc-
al. (2007) is given, which is based on the same criteria @het Swain & Gies (2005) do not contradict membership. Fur-
etry and proper motion). The analysis of stars marked witlre) . . )

. . thermore, the absolute magnitudes are in good agreement
discussed in the text . -

with the obtained spectral types.

CP Star Membership Although the UCAC?2 data for Stock 16 #12 deviate sig-
plph Final nificantly compared to the mean cluster proper motion, its
a) NGC3532#704 (HD 303821) 2/n n(?) successor UCAC3 as well as PPMX data support a kine-
NGC 3960 #1 ylp p matic membership. Using the mean cluster reddening and
NGC 6031 #73 ?2p ? the photoelectrid/BV photometry by Turner (1985), the
NGC 6087 #5 (HD 146555) vy vy calibrated effective temperature indicates a spectrad typ
NGC 6087 #25  (CPB57°7817) ylp  p(p) about A0. Taking into account the differential reddening,
a) NGC6268#21  (HD 322549) vl y reported e.g. by Vazquez et al. (2005), the obtained splectr
a) NGC 6268 #39 yp oy type A2 is within the error range compatible. In the HRD,
2) SGCSE(S:?#SO p// b P the object is located slightly above the corresponding-clus
a) Stj(fck 16 #12 [;/F; F:) ter isochrone, but we assign a probable membership for that

star. Also for this open cluster a radial velocity study is de
sirable, to establish definite (hon)memberships.

not treated the three stars within Melotte 227, since its tru
cluster nature was not confirmed by Orellana & de Biag{ Results
(2008) as well as by Baumgardt (1998).

The proper motion of NGC 3532 #704 (HD 303821)All programme stars were classified in the framework of
extracted from UCAC3 (Zacharias et al. 2010) and PPM¥ refined Morgan-Keenan system (MK hereafter) described
(Roser etal. 2008), compared to published mean cluster ma-Gray & Garrison (1987, 1989a,b). In addition, we used
tions indicates a non-membership. Unfortunately, notsufivell established CP stars to guide us in the identification
cient photometric data are available to place the object @fthe various peculiarities. We classified the stars ugieg t
the Hertzsprung-Russell-diagram (HRD hereafter). Besidgandard techniques of MK classification. For a precise clas
photographi@/BV measurements by Koelbloed (1959), thejfication of the objects and to identify possible pecudiari
only available source is Maitzen & Schneider (1987), wh@es, the spectra were compared visually with the MK stan-
list a via Aa transformedd — y) index of 0.014mag. If dards. The detection of spectral peculiarities is strégght
considering the cluster reddening, the intrinsic colodex ward with the achieved signal-to-noise ratio, whereasthe e
agrees with the spectral type of AO. However, even if takingr for the spectral classification is abatit subclass (Paun-

a larger error of the photographic visual magnitude into agen 2001).

count, the absolute magnitude indicates that it is a pr@babl |, Taple 2, our classification together with the spectral
background object. Since also its distance to the cluster cqynes Jisted in Renson & Manfroid (2009) and the infor-
tre is larger than the cluster radius, this object was diassi mation about the detection of a magnetic field is listed.
as non-member in agreement to Landstreet et al. (2007). For the latter, we considered mainly the catalog of mag-

The effective temperature of the object NGC 6031 #7getic CP stars by Romanyuk & Kudryavtsev (2008), since
was estimated using th8, V' photometry by Piatti, Claria they also provide the references for objects studied by sev-
& Bica (1999) and the mean cluster reddening. The positiastal authors. Here, we just want to mention the studies for
in the HRD does not contradict membership, in contrast e rather well investigated object HD 318107 (NGC 6405
proper motion data. All available catalogues (UCAC2 angl77), for which magnetic field measurements are available
UCACS3) list values which deviate more tham &om the by Mathys et al. (1997), Mathys & Hubrig (1997), and Bag-
cluster mean. Hence, we classify this object as probaliglo et al. (2006). For all other objects we refer to the work
non-member. by Romanyuk & Kudryavtsev (2008). The stars HD 122983,

For two CP objects within NGC 6268, the proper moHD 153948, and HD 318100 are not included in the lat-
tions indicate an unambiguous cluster membership, butter reference, but at least a probable magnetic field was
discrepancy was found for NGC 6268 #80. Proper motiortetected by Bagnulo et al. (2006). However, for nine ob-
by Tycho-2, UCAC2, and Kharchenko et al. (2004) agrejects they failed to detect a magnetic field (marked as ‘n’
with the cluster mean, whereas UCAC3 data deviate soma-Table 2). This is unexpected, since usually large pasitiv
what and the results by Roser et al. (2008) would completelya values are correlated with strong stellar magnetic fields.
deny a membership. However, we assign this object as prdkince the listed S/N values are rather large, the most proba-
able member, additional radial velocity data would be veryle reason for the discrepancy is an unfavourable phase dur-
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Table 4 Derived logarithmic effective temperatures, luminosi-
ties, and masses of open cluster targets. Due to the lackotdph
metric data, not all investigated objects were calibrafét de- 2.8 .
rived temperatures and luminosities of stars included unEan
et al. (2010) were adopted from the reference.
Star logles logL/Les  M/Mg Mem
IC 4725 #98 4.094 2.25 3.4 p 24
IC 4725 #153 4.137 2.63 4.2 p
IC 4725 #167 4.162 2.89 4.8 y
NGC 3532 #449  4.083 (1.58) (2.8) n | N\JIr. NN
NGC 3960 #1 3.910 1.04 1.8 P 2.0 IR
NGC 5460 #55 4.084 2.40 3.6 y 3
NGC 5460 #142 4.032 1.89 2.8 p 3
NGC 5662 #85  4.088 (1.95) (3.1) noo
NGC 5662 #187  4.113 2.50 3.8 P T 6 i
NGC 6031 #73  3.945 (1.40) (2.1) ? |
NGC 6087 #5 4.099 2.13 3.3 y NGC 35324449 NGC 6031#73
NGC 6087 #25 4.081 2.25 34 p :
NGC 6281 #15 4.026 1.84 2.7 y
NGC 6405 #7 3.914 1.05 1.8 P 1.2 -
NGC 6405 #19 4.025 1.60 25 y
NGC 6405 #77 4.070 1.90 29 y
Rup 115 #7 3.949 2.00 2.8 p
Stock 16 #12 3.981 1.70 25 p 0.8 k-
1 " 1 1 "
4.16 4.08 4.00 3.92 3.84
ing the respective single measurement of the longitudinal log T,

magnetic field.

Apart from one star (HD 320764), all targets with availFig. 2 The location of the open cluster CP stars in alod.c,
able (and positive\a measurements are indeed classiciprsus lod.q diagram. Certain members are presented by filled
CP stars. The latter object was also considered as norrfif!es, whereas probable members by open circles. Theievol
in the abundance study by Folsom et al. (2007). It can n Qnary tracks for individual masses are taken from Schalial.

- . . o ) 1992). We also included lines, representing the fractiomain
be clarified, why this object shows a positi¥ea value. It
. L 1 sequence ages of 30 and 80 %.
might be connected to the largsini value of 225 kms*,
determined by the latter reference, or to an undetected bi-

nary nature. bration of Netopil et al. (2008) for CP stars. We made use

A comparison of the spectral types presented in thigf the GCPD catalogue and the WEBDA database to extract
work with those of the literature, mostly obtained usingphaall available photometric data for the programme stars in
tographic plates and prism technology, shows an excelleheUBV, Geneva, and Stromgren system. In order to obtain
agreement; some of them even coincide exactly. absolute magnitudes (assuming that all programme stars are

The overall good agreement between the measured pijy,:leed cluster members), we took averaged values and the
itive (CCD) Aa values and the peculiar spectral types givé®ean cluster distances (see Table 1). Finally, the lunyosi
further confidence in this observational technique to dete¢as derived using the bolometric correction for magnetic
CP stars very efficiently. This fact is very important wher&P stars of the latter reference. In Table 4, the individual
observing much fainter stars, for example in the Large Magalues are listed. The errors for 1@g; are typically 0.02,
ellanic Cloud (Paunzen et al. 2006). whereas the ones for Idg/ L, are 0.15, respectively.

For the targets within open cluster boundaries we es- The target stars cover the typical mass range for mid B
timated their astrophysical parameters making use of tk@ late A type main sequence objects from about 18 M
cluster parameters based on a set of literature values (T@4.8 M: as other members of this group (Pohnl, Paun-
ble1). Starting with the comprehensive compilation ofen & Maitzen 2005). Investigating the probable and estab-
Paunzen & Netopil (2006), we searched the literature fdished cluster members, we find a continuous sequence of
additional (new or overseen) parameters. They were &P stars from 10 to 850 Myr. This result is very important
checked for plausibility by using appropriate isochroneg$ the light of the mechanism responsible for the CP phe-
and available photometric data taken from the WEBDAOMenon connected with the presence of a stellar magnetic
database. Just strongly deviating results were removed difdd as discussed by Landstreet et al. (2007).
finally a strict average and standard deviations were calcu- Figure 2 shows the location of the stars listed in Table 4
lated. The lod.s values were determined using the caliinalogL/L versus lod s diagram. To increase the sam-
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ple, we included also ten additional certain or probabls-cluGray, R.O., Garrison, R.F.: 1987, ApJS 65, 581

ter CP members from the variability study by Paunzen et &ray, R.O., Garrison, R.F.: 1989a, ApJS 69, 301

(2010), belonging to the clusters NGC 2516, NGC 3114ray, R.O., Garrison, R.F.: 1989b, ApJS 70, 623

NGC 3228, NGC 3532, and NGC 6475. The evolutionariubrig, S., North, P., Mathys, G.: 2000, ApJ 539, 352

tracks for individual masses and ages for solar metaIIicirgharChe“kO' N.V., Piskunov, A.E., Roser, S., Schilbach, E

Scholz, R.-D.: 2004, AN 325, 740
were taken from Schaller et al. (1992). Furthermore, SOMe loed. .- 1959, Bull. Astron. Inst. Netherlands 14526

fractional ages (perceptage of the main sequence Iifetimgndstreet, J.0., Bagnulo, S., Andretta, V., Fossati, Lasbh, E.,
already elapsed) are given. Silaj, J., Wade, G.A.: 2007, A&A 470, 685

In the literature there is a long lasting discussion abowjaitzen, H.M.: 1993, A&AS 102, 1
the latter parameter. Hubrig, North & Mathys (2000) promaitzen, H.M., Schneider, H.: 1987, A&AS 71, 431
posed that the magnetic field of stars with masses beldwaitzen, H.M., Paunzen, E., Rode, M.: 1997, A&A 327, 636
3M appear only for objects that have already completedathys, G., Hubrig, S.: 1997, AQAS 124, 475
at least 30% of their main-sequence-lifetime. In contradtathys, G., Hubrig, S., Landstreet, J.D., Lanz, T., Manfral.:
to Landstreet et al. (2007), who have presented some cleat997, A&AS 123, 353
counter-examples. Assuming that all CP stars are also shdgmilliod, J.-C., Mayor, M., Udry, S.: 2008, A&A 485, 303
ing a magnetic field, Fig. 2 would favour the latter referenc%cswam’ M.V., Gies, D.R. 2005, ApJS 161, 118

since several objects are located well below the line re re—emp”' M., Paunzen, E., Maitzen, H.M., North, P., Hubrgy;
J Pr€5008, AA 491, 545

senting a fractional age of 30 %. How_ever, one further m}\'letopil, M., Paunzen. E.. Maitzen, H.M., Pintado, O.1.,1€taA.,
portant parameter has to be also considered: the clus®r (aniranda, L.E. lliev, I.Kh., Casanova, V.: 2007, A&A 462, 59
therefore also the star) metallicity, which has a rathegdar grellana, R.B., de Biasi, M.S.: 2008, Rev. Mexicana Astras:-
influence on the position in the HRD, and hence on the frac- trofis. 34, 111

tional age. Although several works are already present@dunzen, E.: 2001, A&A 373, 633

during the last years on the topic of open cluster metallicitPaunzen, E., Netopil, M.: 2006, MNRAS 371, 1641

the overall knowledge is still rather poor. The work e.g. bjaunzen, E., Stiitz, Ch., Maitzen H.M.: 2005, A&A 441, 631
Pohnl & Paunzen (2010), to deduce metallicity on a stati§aunzen, E., Maitzen, H.M., Pintado, O.1., Claret, A. liekh.,
tical basis using photometry, is probably a good possjbilit_ NEtoPil. M.: 2006, A&A 459, 871 _ _
to estimate this property and therefore to improve also ghgunzen, E., Hensberge, H., Maitzen, H.M., Netopil, M.giio,

knowledge of the evolutionary status of (cluster) CP stars C., Fossati, L., Heiter, U., Pranka, M. 2010, A&A 525, A16
Piatti, A.E., Claria, J.J., Bica, E.: 1999, MNRAS 303, 65
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