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ABSTRACT

We have begun a survey of the chemical and dynamical pregestithe Milky Way disk as traced by open
star clusters. In this first contribution, the general godisur survey are outlined and the strengths and limita-
tions of using star clusters as a Galactic disk tracer saarpleliscussed. We also present medium resolution
(R~ 15,0000) spectroscopy of open cluster stars obtained with frdradmulti-object spectrographs on the
Cerro Tololo Inter-American Observatory 4-m and WIYN 3.5etescopes. Here we use these data to deter-
mine the radial velocities of 3436 stars in the fields of opesters within about 3 kpc, with specific attention
to stars having proper motions in the Tycho-2 catalog. Addél radial velocity members (without Tycho-2
proper motions) that can be used for future studies of thiesters were also identified. The radial velocities,
proper motions, and the angular distance of the stars frosteal center are used to derive cluster member-
ship probabilities for stars in each cluster field using a-parametric approach, and the cluster members
so-identified are used, in turn, to derive the reliable bbleé-dimensional motion for 66 of 71 targeted open
clusters. The high probability cluster members that wetifiehelp to clarify the color-magnitude sequences
for many of the clusters, and are prime targets for futurekehesolution spectroscopy as well as astrometric
study with the Space Interferometry Mission (SIM Planesgue

Subject headingsGalaxy: open clusters and associations — Galaxy: fundahgatameters — Galaxy: Struc-
ture — Galaxy: Dynamics

1. INTRODUCTION selves more amenably to age, metallicity, distance, and ve-
1.1. Galactic Kinematics Using Open Clusters locity evalu_atiqn. Compared to an isolatgq field star at the
, same location in the Galaxy, these quantities are much eas-
Open star clusters have long been exploited as tools for un4er to establish in a star cluster, needing only a propety in
derstanding Galactic interstellar dust (e.g., Trumple&Qedb;  terpreted color-magnitude diagram to establish the firsith
Clayton & Fitzpatrick 1987; Dutra & Bica 2000), the age hile velocities can also be better determined for a stas-clu
of the Galactic disk (e.g., Janes & Adler 1982; Twarog & ter pecause: (1) averaging radial velocity and proper mo-
éﬂter;ggy:lrgg;?% ]ﬁ%?)?);yzregfe’ é]r?ngs’l_fé &?{“1@&%?% ;22?(; tion data over an ensemble of co-moving stars confers po-
N A AR ' tentially as much as &N increase in precision for the bulk
1999), the Galactic disk metallicity distribution and age- qtion of the ensemble, and (2) better distances allow one to
metallicity relation (e.g., Twarog 1980; Friel & Janes 1993 ' yanqiate proper motions into transverse velocities more a
Friel 1995; Twarog, Ashman, & Anthony-Twarog 1997), and o, rately. The supplemental knowledge of age and metallic-
of course stellar evolution (e.g., Sandage 1957; Canno:197 "ot 3" source confers additional beneficial insights ifo i
Maed.er & Merm|II|od_ 1981, Meypet, Merm|II|odz & Maedgr proper use as a dynamical tracer with respect to, for example
1993; Koester & Reimers 1996; Prada Moroni & Straniero 5qqmptions about orbit shape and asymmetric drift. Alter-
2002). The value of open clusters as tracers of the localdsala natively, one can explore Galactic dynamics as a function of

tic rotation curve has also long been recognized (e.g., Hron ; S ;
1987: Scott, Friel. & Janes 1995: Glushkova et al. 1098 Lok- gglpeulatlon age and metallicity if all relevant data are bvai

tin & Beshenov 2003; Frinchaboy 2006a). Itis in this role as o the other hand, there are some complications in the
adynamical tracenf the Galactic disk that the present study 56 of open clusters as dynamical tracers. The challenge of
of open clusters is especially focused. ... proper identification of cluster members can present partic
Star clusters can be effective tracers of the Galactic disk|, h4zards. For example, Frinchaboy (2006b) showed that
because_they offe_r many advantages over other tracer cand»[-he UCAC stars used by Dias et al. (2006) to establish the
dates. First, relative to other tracers, star clusters teath- proper motions of at least two particular clusters — Be29 and
Electronic address: pmf@astro.wisc.edu, srman@virgidia BH17€_5 — in their exhaustive survey of over 400 systems are
1 Current Position: National Science Foundation Astronomg Astro- too bright and cannot be part of these distant systems. Dif-

physics Postdoctoral Fellow, University of Wisconsin-lisad, Department  ficulties caused by inaccurate membership censuses are why
of Astronomy, 5534 Sterling Hall, 475 N. Charter Street, Mad, WI53706. continued |arge-sca|e observational efforts are needdde

? Visiting Astronomer, Kitt Peak National Observatory andieTololo \ye can be confident in the use of open clusters as Galactic disk
Inter-American Observatory, National Optical Astronomybs@rvatory, - .
which is operated by the Association of Universities for&esh in Astron-  tracers, particularly for more sparse and more distanesyst
omy, Inc. (AURA) under cooperative agreement with the NaldScience To overcome these types of problems, which are typically
Foundation. associated with small number statistics, it is desirabkate

3 Any opinions, findings, and conclusions or recommendatexqsessed vey |arge numbers of potential open cluster members. How-

in this material are those of the author and do not necegsafiect the views ! . ] . )
of the National Science Foundation (NSF). * ever, this desire to achieve the largest possible statistam-
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ples often encourages a dangerous reliance on compilationproper motions is between surveys using the Tycho-2 and
of disparate data. For example the dynamical study of theHipparcos astrometry; remaining differences in derivedme
Galactic disk using open clusters by (Hron 1987) found that cluster proper motions between these surveys must therefor
in their compilation of data from the literature 50% of the be due to differences in the adopted samples of presumed
clusters with multiple distance measurements had diffeen  cluster members because the actual proper motions, at least
greater than one magnitude in determined distance modulugor V < 11, are the same (i.e. HIPPARCOS-based), while
and~ 50% of the clusters also had poor RV qualittes. the Tycho-2 astrometry used at fainter magnitudes is on the
To help overcome both the membership and homogeneityHipparcos reference system (which means that the system is
problems that are often a hindrance to the use of open clusteferenced to background, extra-galactic sources of the In
ters as tracers of the Galactic disk, we present a new sufvey oternational Celestial Reference System). Of course, wsth i
open clusters that will not only take advantage of quality ra bright magnitude limit, Hipparcos can usually provide usef
dial velocities to help discriminate cluster members, tlsba  astrometry for only a small number of stars per cluster (typ-
rely on one source of data as much as possible for each inically less than four). With only a few stars per cluster, a
dependent cluster parameter (e.g., all photometry from oneHipparcos-based survey is far more susceptible to smallnum
source, all RVs and derived in a uniform manner, all proper ber statistics as well as the misidentification of true @uost
motions coming from one catalog, etc.). A central objeative = members against the large number of fore/background stars
this study is the use of these clusters to derive global dynam of the Galactic disk.
ical properties of the Milky Way disk, with a particular em-
phasis on the derivation of the full space velocities forttire 1.3. A Closer Look at the UCAC-2 and 4M Catalogs
get clusters. In keeping with our philosophy of uniformify o Clearly Tycho-2 and Hipparcos, which are currently the
data, and because large numbers of proper motions presentlghost accurate all-sky astrometric surveys, must be coreside
must come from all-sky astrometric surveys, we first inves- primary and important sources of proper motion data for our
tigate the main proper motion catalogs available for invest survey. On the other hand, deeper catalogs can provide more
gations of open cluster kinematics and from which we might cluster members, but typically with worse precision. Thts,
draw an initial target sample. is not immediately obvious that adding additional data from
the deeper proper motion catalogs improves or degrades thos
1.2. All Sky Proper Motion Surveys: Hipparcos, Tycho-2,  from Tycho-2 and Hipparcos alone. A reasonable correlation
UCAC-2 and the 4M of derived cluster motions is found when either the Tycho-2
. and UCAC-2 catalog data are used witW & 13 limit, but
A key advance that .has prope[led a resurgence in the US&his is because UCAC-2 adopts Tycho-2 proper motions for
of open clusters as disk dynamical tracers is the compila- g .o brighter than abolMt = 13 (Zacharias et al. 2004). On
tion of all-sky proper motion surveys. There have been four yno owher hand, it is clear that there are greater deviations

surveys to determine bulk Galactic cluster kinematics by av yarived proper motions when we incorporate the faintesstar
eraging the proper motions of presumed cluster stars _base om UCAC-2. Apart from not knowing whether these differ-
on data from the Hipparcos (Baumgardt, Dettbarn, & Wielen oo reflect systematic problems in the fainter UCAC cgtalo

2000), Tycho-2 (Dias, Lépine, & Alessi 2001, 2002a), Four (which allows ; ; ;
S probing of proper motions with starsvae= 16)
Million Star (4M) (Glushkova et al. 1996), and recently the or small number statistics in the brighter surveys, somé-add

UCAC-2 (Dias et al. 2006) catalogs. The ESA Hipparcos mis- tional concerns about UCAC beyond those suggested by Fig-
sion has provided critical astrometry for two of these prope ;.o 1 haye led us to not adopt this dataset for our own work.
motion databases via each of Hipparcos’ primary data prod- £ ayample, as recently pointed out in Balaguer-Nufiez,
uc;trs]. (1) the Hipparcos catalog eff].i.&ZOOO S_t];’/‘rs\g §2 11']) Galadi-Enriquez & Jordi (2007), the UCAC-2 proper motions
with proper motion uncertainties of 1-2 mas’yand (2) the o 1ave systematic trends with magnitude due to the com-

Tycho-2 catalog of 2.5 million star&/(< 13.5) with proper iled nature of the UCAC-2 survey (i.e., ground based proper
motion uncertainties of 1-3 masyr The UCAC-2 catalog of Pnotions are added to Tycho-2 déga'l).” g’his concern |F')s upse-

48 million stars is based on Tycho-2 and fainter, grounddbase fully illustrated by looking at the cluster M67 (NGC 2682).

observations (t& = 16) and has proper motion uncertainties In Figure 2a, we show the 2MASS color-magnitude diagram

of 1-7 mas yr'. The 4M catalog (Volchkov, Kuzmin, & Nes-  (o\15) tor the M67 field plotting only the most probable
terov 1992) was compiled from the Astrographic Catalog and Enemb)ers based on CMD Fl)ocatign. Vge split the CF:)MD (red:

theHubble Space Telescopeide star catalog (GSC) reduced UCAC mag< 13.0, blue: UCAC mag> 13.0) at a magnitude

to the older system of the PPM (Roser & Bastian 1991) SUr- ¢ represents approximately the transition within thaca

vey, with proper motion uncertainties 6f10 mas yr-. log from Tycho-2 to ground-based observations. Substantia
Fl;rlpgaerdmoyon?hfor huntdrleds ofHopen clusters have beel’Eroper motion shifts are apparent between the bright and fai

Fh” (;5 € dusmg_ e?e Cﬁ a(l)gs. owever, a cgmparlson Osamples (Figure 2b), and this suggests significant sysiemat
e derived motions for the clusters in common between sur-, ., nqint offsets within the UCAC-2 database.

veys reveals substantial d|screpanp|es, as shown in Fhu(e The 4M catalog, as well, appears to have systematic proper

where a cluster by cluster comparison of the proper motion ,tion errors. The 4M is nottied to the Hipparcos system, but

differences is illustrated, namely for (a) Tycho-2 versus-H  1aer tg the PPM (Gulyaev & Nesterov 1992). Glushkova
parcos, (b) Tycho-2 versus 4M, (c) 4M versus Hipparcos, andet al. (1996, 1998) have used the 4M catalog to determine

gd) _Tyc(:jho-Z versust_UC,?C—_Z. ﬁ‘s may k()jetr?een, ?|f(gere_nce-ts "M the proper motions of about 200 open clusters. Dias et al.
t_envelz _prodpeizarmo '%ns ypica _?_/hexgeet € qr(;_e u?c(;er_a 4(2001) compared their Tycho-2 open cluster proper motions
Ies claimed by each survey. 1he best correlation of dervedy, poth those based on Hipparcos (Baumgardt et al. 2000) and
it . L . the Glushkova et al. 4M work and found that the 4M mo-
is worth pointing out that this is a common problem with etlypes . . . .
of Galactic rotation tracers that have been adopted in tsg pat just open  LIONS were systemat|ca!ly offset from those in the Hipparco
clusters. system by~ 5 mas yr! in both ., coss and s, an amount
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that was larger than expected given the quoted errors of bothally be investigated spectroscopically with a single paipt
the surveys. While these differences likely reflect both dif of the NOAO Hydra multi-fiber spectrographs on the CTIO
ferences in membership as well as astrometric accurasy, thi 4-meter and WIYN 3.5-meter telescopes, and the radial ve-
comparison suggests that the deeper proper motions are ndocities derived from these spectroscopic data are theguyim
necessarily providing better overall accuracy in the oges-c  results presented here. Our campaign of multi-fiber spec-
ter bulk motions, and recommends a strategy based on qualitfroscopy allows us to check virtually every star in a cluster
over quantity of cluster star motions. field having a Tycho-2 proper motion, and leaves additional
Therefore, because of uncertainty over the reliabilityheft  fibers to (1) expand the RV membership census to fainter stars
UCAC-2 and 4M surveys and our desire to adhere to a “qual-in anticipation of the future astrometric surveys (e.gM&hd
ity over quantity” policy, we have elected to focus on deriv- GAIA), and (2) improve age-dating of the clusters through
ing bulk motions using astrometry from the Tycho-2 catalog, CMD-isochrone fitting to established member stars. The cur-
but with dedication to ensuring that we derive a trustworthy rent study of clusters provides a large uniform database for
membership of the smaller number of available cluster starsfurther open cluster research, as a supplement to the Dias et

available in this shallower database. al. (2002b) and WEBDA (Mermilliod 1995) databases.
) The new RVs immediately improve all previous proper mo-
1.4. A New Galactic Tracer Survey tion work on our targeted clusters because of the clarity the

The mass and mass distribution of the Galactic disk hasbring regarding cluster membership. The improved RVs and
been a matter of debate for over a century, and will likely proper motions, when combined with new distances we shall
remain so until extremely precise proper motions and tigon  derive elsewhere (Paper I1), will provide much more rekabl
metric parallaxes can be obtained for numerous disk trac-space motions of numerous open clusters over a |Rge
ers, most likely through future space-based studies like th range; these space velocities will be at a precision sufficie
National Aeronautics and Space Administration’s (NASA) to make tangible improvements in the determination of the
Space Interferometry Missiq®IM PlanetQuest) and the Eu- nearby Galactic rotation curve and, in turn, the mass Oistri
ropean Space Agency’s (ESAjaia satellites. The new tion of the Galactic disk. With uncertainties of orderl.2
project presented here represents both a preparatory ieffor km s, the data here yield the best derived bulk RVs thus far
this space-based direction as well as a standalone dynamifor most of the chosen clusters, This precision is comparabl
cal study in its own rite. Our goal is to establish a well- to the uncertainties in transverse velocity that SIM andaGai
constructed, well-studied, baseline tracer populationpeno  will measure for these clusters, and represent a signifioant
clusters — that can not only (1) serve as input targets for provement over many previous RV surveys of open clusters,
Galactic dynamics studies with SIM PlanetQuest (specifi- which have typical uncertainties of orderl5 km s* (Scott
cally, for the SIM Key Projecffaking Measure of the Milky et al. 1995). Our results are more comparable to the RV pre-
Way, for which SRM is the Principal Investigator and which cisions being obtained for open cluster stars in studiesgusi
has provided support for this project), but which (2) camals CORAVEL (e.g., Mermilliod & Mayor 1989, 1990), for ex-
be immediately exploited for understanding Galactic dynam ample.
ics with existing astrometric data. Following the work in this contribution (Paper 1), we will

As mentioned above, the inability to establish a uniform, provide uniformly-determined distances and ages derived
unbiased tracer sample has been one of the key weaknessétom isochrone-fitting to 2MASS photometry of these clus-
of previous Galactic dynamical surveys (e.g., Fich, Blkz, ters, aided by the cluster membership data derived here (Pa-
Stark 1989). To provide a homogeneous set of tracers, weper Il). With newly-derived kinematics and distances indhan
have undertaken a spectroscopic survey to obtain precisiofrom Papers | & I, we will then use the cluster sample to
RVs of open cluster fields. These RVs will establish cluster explore not only the orbital characteristics of the indiadi
membership for individual stars that not only provides ayver clusters (Paper Il1), but global properties of the Galadigk
precise mean RV of each cluster, but, in identifying cluster (Paper 1V), including: (1) the local Galactic rotation carv
members having accurate astrometry, can be used to definand velocity field near the Sun, (2) the kinematics of the disk
the bulk cluster proper motion. The combination of the newly across the frontier separatify< Ry andR > Ry, and (3) the
found, very precise mean RV of each cluster with its derived validity of the assumption of Galactic dynamical symmetry
bulk proper motion and distance will allow us to determine (e.g., north vs. south, Galactic quadrants I/1l vs. IVIIII)
the space velocities of these clusters. With a large number o In 86 and Table 12 of this paper we present the derived 3D
cluster space velocities, the rotation curve of the Galatitk space motions of the clusters that enable these futurelbontr
can be constrained over tRg. range of the sample. Alterna-  tions. In the preceding sections of this paper we explain how
tively, through the adoption of an assumed rotation curee,(i  we selected our target clusters (§2.1 and §4) and which stars
Galactic potential), the orbital properties of individohlsters within each cluster field to probe (82.2), the spectroscopic
can be determined. observations and the derivation of radial velocities (§8)d

Because we are interested in obtaining results before SIMthe means by which membership within each cluster is estab-
PlanetQuest and Gaia are in service, our RV study will fo- lished (85).
cus on clusters already having available, uniform andidia
proper motions. As described in §1.4, we have elected to fo- 2. SOURCE SELECTION
cus on the all-sky Tycho-2 proper motion catalog, which pro- 2.1. Cluster Sample Selection
vides useful astrometry for typically 50—200 stars pertelus
field (< 0.75 ded). While selection of Tycho-2 as our source
of proper motions limits the depth and thereby the cluster di

tance that can be explored, it is in keeping with our philos- 5 The WIYN Observatory is a joint facility of the University @¥isconsin-

ophy of quality over quantity for the astrometric data. The wadison, Indiana University, Yale University, and the Matl Optical As-
selected proper motion stars for a given cluster field can usu tronomy Observatories.

Our selection of specific open clusters starts with the 205
clusters explored in the Dias et al. (2001, 2002a) catalogs,
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which derive cluster membership using the statistical weth rived these probabilities based on the proper motions using
of Sanders (1977). We also adopt the following criteria: (1) the method of Sanders (1977).

the clusters must have at least ten stars with Tycho-2 proper Next, additional Tycho-2 stars available in the Hydra field
motions in the fields selected by Dias et al. (2001, 2002a), an of view, but not used in the Dias et al. (2001, 2002a) study
(2) the cluster diameters cannot be much larger than theaHydr (because they lie beyond the cluster radius studied by these
field of view (40— CTIO, 60— WIYN) so that the cluster can  authors) were added as the next priority to the target list.
be sampled with a significant number of fibers. In addition, For the WIYN/Hydra runs, no targets beyond the Tycho-
to obtain the greatest leverage on the local Galactic mtati 2 stars needed to be selected because the combination of
curve the selected clusters span a wide area over the Galactia smaller number of available Hydra fibers (90 vs. 132
Xge-Yge plane and reach to a heliocentric distance@f5 kpc. for CTIO/Hydra) and larger field of view (60ss. 40 for
Neither age, distance from the Galactic plane, nor meiigllic CTIO/Hydra) typically meant that nearly all target fibersreve
was considered as a selection criterion. filled with Tycho-2 stars.

Table 1 shows the basic cluster parameters of our sample For the CTIO runs and for fields having less than 50 stars
with data taken from the Dias et al. (2002b) catalog, includ- with available Tycho-2 proper motion data, we selected at
ing coordinates of right ascension and declination (cols. 2lowest priority two additional sets of stars; first, stars be
and 3) and Galactic longitude and latitude (cols. 4 and 5), tweenV = 13-15 magnitude from the USNO-B1.0 catalog
heliocentric distance (col. 6), log(ageears) and visual di-  from within the cluster radius (with that value taken frore th
ameter of the cluster in arcminutes (cols. 7 and 8), and theDias et al. 2002b catalog), with the goal of searching for ad-
observing run on which the cluster was observed (see be-ditional cluster members fainter than tie- 13.5 magnitude
low and Table 3 for definitions). The Galactic distribution limit of the Tycho-2 survey, and second, we allowed unused
of our final cluster sample of 71 clusters is shown in Figure “field orientation probe stars” (FOPS; USNO B1.0 stars with
3. The smaller number of clusters we have sampled in thel2 < R, < 13) to be added to the bottom of the target priority
| = 0-180 half of the Galaxy is result of a smaller amount list. At either WIYN or CTIO, fibers that were not assigned
of observing time obtained for the WIYN observations; how- to targets were used for sky observations, with at least six
ever future work in the research program will aim to remedy (WIYN) or ten (CTIO) fibers positioned on random sky for
this deficiency. Figure 3 also shows the distribution of tte s sky subtraction of the stellar spectra.
lected cluster ages and distances from the Galactic midplan
as a function of their Galactic radius (assuming the Sun is at 3. SPECTROSCOPIC SURVEY DATA
8.5 kpc). More than half of our final sample have ages less 3.1. Spectroscopic Observations
than 200 Myr but older than 10 Myr (Table 1). The large
number of relatively young clusters is important for kindima
cal studies of the Galactic disk because, in general, open cl
ters should develop increasing deviations from “normadkdi
rotation due to the scattering by molecular clouds over time
(Spitzer & Schwarzschild 1951, 1953); however, clusteas th

aretoo young may still reflect the specific dynamical envi- 5,4 \yas granted long-term statpwhich permitted observa-
ronment of their birth and may not yet have circular orbits o qin the semesters 2002A-2004A over a total of fourteen

(Lynga & Palous .19.87)' Figure 3c shows 'ghat all clusters in awarded CTIO 4-m and six WIYN 3.5-m nights. The data for
our sample are within 500 pc of the Galactic plane, and MOStihe clusters listed in Table 1 were obtained the nights of UT

are within 200 pc. This supports the notion that most clgster 2002 March 812 (“Run 17), 2003 March 16-21 (“Run 27)

in our sample are likely to be “well behaved” in the sense that 2003 July 20-23 (“Run 3") :':md 2003 August 2—8 (“Run 4)
they have not been scattered far from the Galactic m|_dplanefr0m CTIO. For more efficiént observing, some cluster obser-
and therefore are likely to still be on near-circular ori@s | ~4iong scheduled for two August 2003 CTIO nights were in-
Cog{se." v(\j/e tW'II” ! eV|sf|ttth|s quetsfuborl_when we examine Cluste o qparsed with other targets for two other observing ptsje
orbits in detai, in a future contribution). . . . awarded telescope time over the course of eleven CTIO/Hydra
~Less than 25% of our clusters have estimated meta”'c"nights in July and August 2003 (Runs 3 and 4). The WIYN
ties ([Fe/H]), so we have little leverage on this aspect af 0U a4 \were observed on the nights of 2003 September 14-18
sample; however, we hope to derive metallicity estimates fo (“Run 5)

some of our clusters in the future, using not only improved * 1o "1y gbservations made use of 132 Hydra fibers
isochrone fits to CMDs aided with our membership data, but that are simultaneously dispersed onto a 204896 pixel,

the spectra themselves. SITe400mm CCD using the 380 grating with 1200 linesthm

2 2 Stellar Selection Within Each Cluster and with the fiber ends viewed by the spectrograph through
the 10Q:m slit plate to improve the resolution to a dispersion
of 0.68 A per resolution elemenR(~ 15,000). The spectral
fange covered was 7740-8740 A. Data obtained at WIYN dis-

We have collected homogeneous spectroscopic observa-
tions for 71 open clusters using the HYDRA multi-fiber
spectrographs on the Blanco 4-m telescope at Cerro Tololo
Inter-American Observatory (CTIO) and the 3.5-m WI¥N
telescope at Kitt Peak National Observatory (KPNO). This
project was conducted using publicly competed NOAO time

Given that bulk 3D motions are our primary goal, the first
stellar targets within each cluster selected for obsewmati

were those Hipparcos and Tycho-2 stars used in the Dias e . . .
al. (2001, 2002a) survey for the clusters. Because congrai Persed the 90 Hydrafibers dispersed onto a 202848 pixel

on fiber optic placement with the Hydra instrument (i.e., two CC[_) In _the Red Bench.Car_nera “5'”9 the e-chelle (316@63.4)
fibers cannot be closer than2# the Hydra setup) mean that  9rating in 6th order; this yielded a dispersion of 0.82 A per
in some cases not all desired stars can be observed in arclustéesolution elementR ~ 13,000) which was centered on the
field, we must prioritize stars within a fiber setup. For this 6 The WIYN Observatory is a joint facility of the University ®¥isconsin
reason, stars were rank.Ed In priority Ord.er based On the Dlaq\/ladison, Indiana University, Yale University, and the Natl Optical As-

et al. (2001, 2002a) derived membership probabilitiesnfro  tronomy Observatories.

highest to lowest probability. Dias et al. (2001, 2002a) de- 7 This project was selected as an NOAO Ph.D. thesis projed?NtfF.
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8220-8800 A spectral range. Typical signal-to-noise satio dard deviation for the individual Hydra standard star sgect
(S/N) of 10 or better were obtained,; all cluster stars presentedis o, < 2 km s for spectra withS/N > 20.
have at leas§/N > 5. To aid the RV calibration, multiple We determined the level of the random and any unknown
RV standards were observed on each run, where each “obsystematic RV errors from a prescription described in Vogt
servation” of an RV standard entails sending the light of the et al. (1995), which is based on the analysis of repeatedly
calibrator down 2-12 different fibers, yielding many dozeni  observed stars (Table 2). In this case these stars were typ-
dividual spectra of each RV standard. We present here thdcally observed through different Hydra fibers. The Tonry—
results from analysis of spectra for 3436 individual starts 0 Davis Ratio (TDR; Tonry & Davis 1979) for each spectrum is
of 3537 with sufficien'S/N observed in the fields of 71 open measured usingxcor. Since the TDR scales approximately
clusters 8 with S/N we can, following the method described in Vogt et
al. (1995), determine approximate &rrors in the RVs corre-
3.2. Data Reduction sponding to a given TDR as:

Preliminary processing of the two-dimensional data was
undertaken using standat®AF° techniques as described
in the IRAF ccdproc documentation. After completing
the CCD bias subtraction, overscan correction and trimming
the two-dimensional images were corrected for pixel-taepi
sensitivity variations and chip cosmetics by applying %mil
flats” according to the prescription outlined in the CTIO Hy-

[0
errorVy = —————. 1
"7 (1+TDR) @
The parametet is a constant calibrated by the standard star
data using the following formula, which is predicated on the
assumption that the TDR is a good measure of the relative
S/N, and where autocorrelations are not included:

dra manual by N. Suntzetf. ST (A+TDR 2V i = (Ve )2
After basic processing the data were run through BvsF a?= 224 ;]) (Vi = (Vei)) 2
routine dohydra. One dimensional spectra for each star X500

were extracted from the two-dimensional CCD images and
wavelength calibrated with respect to a comparison lamp
2nd X&) or CUAr (WIYN) amps were taken at each Hy. U6S Of\Go for our sample's number of degrees of freedom,
dra pointing through all fibers to provide comparison sgectr WhereX50~_n Is the critical v_alu_e of the” distribution at the
yielding at least 11 prominent emission lines roughly eyenl 0% confidence level multiplied by degrees of freedom, as
distributed over the observed wavelength range. These comdescribed fully in Vogt et al. (1995). _
parison spectra provide a wavelength solution (i.e., pieel Since our target stars were selected based on proper motion

wavelength conversion) for each extracted object spectrum ~ CTitéria, they span a wide range of spectral types, inclydin
anything from hot O and Be stars to cool carbon stars. As

3.3. Stellar Radial Velocities: Standard Stars a result, we observed a range of RV standard star templates.
However, due to the lack of International Astronomical Unio
(IAU) RV standards hotter than spectral type AO, we used B
and A stars from Fekel (1999) to provide RV standards for our
hot star spectra. For a better match in the spectral types be-
tween targets and cross-correlation templates, we diited
observed standard stars into “red” or “blue” subsamples for
our cross-correlation templates. Stars were consideesf “r
stars if the Cal infrared triplet (8498A, 8542A, and 8662A)

whereV,; ; isith observation of th¢th standard star, any; ;)
is the mean RV of thgth standard star. We obtained the val-

All radial velocities were derived using IRAF'§xcor
package, which we used first to determine RVs for the stan-
dard stars. Radial velocity standard stars are used to ¢dbeck
systematics in the data, to determine the measured RV preci
sion, and to calibrate the zero-point of the velocity scalee
reduction to radial velocities employed essentially tressi-
cal cross-correlation methodology of Tonry & Davis (1979).
The template star input to the correlator is prepared from a

high signal-to-noise%/N) standard star spectrum from which Was present in the spectra, this encompasses cool F through
the stellar continuum is fitted and subtracted. The result-€arly M type stars. “Blue” stars have dominant Paschen se-

ing spectrum is high and low pass Fourier-filtered to remove €S lines and virtually no Ca triplet (i.e., O through A type

both high frequency noise (e.g., cosmic rays) and the low fre Stars)- - . o

quency variation cause by difference in instrument threugh _ Initially we anticipated using primarily late type stars fo

put. our analysis, so that in the earlier runs (March 2002, March
We first measured the RVs of standard stars by cross-2003 and July 2003 observations; Table 1 — Runs 1, 2, 3)

correlating each Fourier-filtered standard star spectrumWe did not obtain "blue” standards. Later it became clear
against every other standard star spectrum from its corre-that good RVs for hotter stars could be derived and we be-

sponding observing run over the restricted wavelengtheang 92" to collect blue standards. To cover the lack of blue stan-

of 8220-8680 A, which avoided possible contamination from dards in the earlier runs, the "blue” August 2003 standards

nearby atmospheric lines. The resulting RVs from different Wﬁ)raecﬁsegstc;(;gd;.lec; ;rlll d?(-)rlcn) d ?cl)ueoﬁﬁrgg dset?artsél Th(IeSII%%-—
cross-correlations for each individual standard star tspec P W P u w y W

were averaged and the standard deviations measured; the r€_ause even across observing runs all spectra were taken with

sults are presented in Table 2. The average velocity stan-he same instrument setup, are dispersion corrected uniifor
and should experience no flexure problems because Hydra
8 Of the 3537 stars observed wiBfN > 5, 101 were peculiar stars (e.g., uses a benChfmounted Spethngaph- In the end we did find
carbon stars, Be stars, young emission-line stars) thaxaladed fromthe ~ Some offsets in the RV zero-points for some of the runs —
RV analysis using “normal star” cross-correlation tengsadiscussed here. but, ironically these were for the runs where we actually did
9 IRAF is distributed by the National Optical Astronomy Ohsstories, take blue standards (see Sections 3.6 and 3_7)_
which are operated by the Association of Universities fosdé&gch in As- .
tronomy, Inc., under cooperative agreement with the Nati&@tience Foun- The S,tandard star spectra (Table 2) prowde a data set for
dation. calibration of the RV errors for each run according to Equa-

10 hitp:/Avww. ctio.noao.edu/spectrographs/hydra/hytickmanual.html tions 1 and 2. Table 2 lists each observation of a standard sta
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the UT date of the observation (col. 2), its spectral typé. (co needed between the red and blue samples. The fit to the data
3), which observation frame and fiber were used (cols. 4 andin theV, jeq VS. V; piue plane is given by:

5), the TDR (col. 6), the mean derived radial veloci)@nd _

the measured standard deviation (cols. 7 and 8), followed by Viadopted= 80 + 8y # Vr biue: (3)
the averag®, and standard deviation for the cluster (cols. 9 The resulting fits for the March 2002, 2003, August 2003 and
and 10), also the IAU or Fekel (1999) RV is shown for com- September 2003 runs are given in Table 5. We did not find a
parison in col. 11. Using the Vogt et al. (1995) technique and systematic difference between thi@0 km s* and<6 km s*
measurements from Table 2, we find the parameters given insamples, just a larger scatter for #i&@0 km s* data.

Table 3, which are used to determine errors for each of the We find that the blue data are offset from the red data by a
runs. The variation in the values can be due to the effects of significant amount for the August 2003 and September 2003

focus and small spectrograph setup variations. runs, and a small offset is found for the March 2003 run. To
verify that it is the red values that are more reliable and to
3.4. Radial Velocity Standard Verification support the rationale that we shift the blue system RVs to the

red system, we next compare our RV measurements from the
red sample with those of previously published, high RV reso-
lution studies for a number of open clusters.

To check the reliability of our measurements of radial ve-
locity standard stars, we compare the difference between ou
measurements (Table 4) and the IAU or Fekel (1999) values,
'?hsessr;g\r/lvgalrr:j Z![glrjsr%rdre QSW';‘%% 2?35%?&%2 clj:LrJNvea?IuFé\s/.s for 3.7. Systematic Effects and Comparison to Previous Results
We find that the difference between our measurement and the As an additional test of the reliability of our RVs, we have
IAU values are no more than 2 times larger than the quadra-found previously published values for stars in nine cluster
ture errors (as shown in Table 4); however, we find that the that we have observed. We undertook a comparison of our
differences are randomly distributed and that the mearmbffs Velocity measures to those in the following studies: IC 4561
is less than 1 km$. Therefore we find there are no system- (Mermilliod et al. 1995; Meibom, Andersen, & Nordstrom
atic trends between our measured velocities and the cathlog 2002), IC 4756 (Mermilliod & Mayor 1990), NGC 2099
values for the 1AU standards, though we did find an offset for (Mermilliod et al. 1996), NGC 2423 (Mermilliod & Mayor
the “blue” Fekel (1999) stars, a situation that is analyzed i 1990), NGC 2447 and NGC 2539 (Mermilliod & Mayor

more depth below (§3.6). 1989), NGC 2682 (M67; Mathieu et al. 1986), NGC 5822
(Mermilliod & Mayor 1990), and NGC 6134 (Claria & Mer-
3.5. Stellar Radial Velocities: Target Stars milliod 1992). In Table 6, we present a direct star-by-star

Target stars were analyzed using the same reduction ropomparison of RV results to the seminal work on M67 by
9 y 9 PrO%athieu et al. (1986). Table 7 provides star-by-star com-

fr?a?[ugﬁoﬁe:jh%ost:]art]r?:rgaztgrrlzn V;'é?iégﬁifggzprfhogggaﬁiﬁ:a(;[?arison for the other clusters listed above, which include t
the Call triplet were considered “green” stars. As with the ycho-2 star name, the star r_1ame_f_r0mthe_ correspon_dmg pho-
RV standards. the targets were sorted into “réd " “plued an tometry reference used for identification in the previous RV

' g ' studies, the stellar coordinates, our R¥)(and its uncer-

green” sub-samples based on visual inspection of the-spe tainty, the reference RV and its uncertainty, and the par sta
tral features in order to match them to the appropriate eross difference in these measurements. For stars in common be-

g(i)srtrrei}tl)ittli%% J;efTﬁéagetérsFégelljégt:c? fgrzvgihtgibz-gﬂa?nssle CO.:%retween the surveys, we find overall excellent agreement in the
pie. determined per star kinematics.

green” stars were tested against both templates to find the In Figure 7, we compare differences between our own red

best match. Nearly all “green” stars became part of the “red” data and previously published RVs as a function of photomet-

sample. . h

.Jic parameters (e.g., magnitude and color) of the starsrevhe
Each group of target stars was processed through IRAF's hepdata are col(or—%odedgby observing run)(red = Marcrz 2002
fxcor package to cross-correlate them against the standar reen = March 2003, cyan = August 2003, and blue = Septem:
of the corresponding color class for their respective obsgr ber 2003). We find no systematic trend with magnitude or

run, as described in 83.3. “Green” stars were cross-coeela S N Cor
against both red and blue templates and the derived RV Wa%cr)éo; ?Sa?]r(]acl);v g &Il.?] ('j: If?gL%\/?vaa gérl—ggr?s(gm ;[/v;/onIC\)/t/ShlilneFlg
= Vr.

taken from the template that provided the better result. The -1
, Lo . ) w1 there may seem to be an odd trend25 >V, > -40km s
final 2MASS color distribution for stars fitted with the “red” panel (e), this is due mainly to one cluster — IC 4651 —

and “blue” templates is shown in Figure 5b. Uncertaintigs fo that has a peculiar offset. This is demonstrated by the “dis-

tmhﬁ]:(tjalzssiEttetgeiovgqﬁesr?rdorr?[I'aglllée?a ;enrgrlJ_:IaLeasti;vneae deter- appearance” of that odd trend when IC 4651 is removed from
9 q ' the distribution (Figure 7f, see §6.2.2 for a detailed déston
. of IC 4651).
3.6._I_nterna| Comparison (Red vs. Blue) Therefore, we find that our “red” sample, which we have
As an additional check on the measured RVs, we testedmade our standard reference, is consistent with previous wo
the internal consistency delivered by the separate “red” an and this bears out our having corrected the blue sample RVs to
“blue” reductions for a given run. To do this, stars in our the red RV system. The cause of this offset it probably due to
“green” sample were correlated with both the “red” and a combination of using “blue” standards from different runs
“blue” standards. For stars with measured uncertainties inas well as the fact that the two blue Fekel standard stars have
their blue measurement of less than 10 ki Bigure 6 shows  only a few good lines for RV determination combined with
(Viplue=Vrred) VS. Vi red, Where stars with the best blue uncer- |arge rotations with both Fekel stars havidgini ~ 18 km
tainties € 6 km s') are denoted with black squares. The s™.
subsample of stars with uncertainties<o6 km s* was then

fitted with a line to determine if any zero point offset was 4. FINAL CLUSTER SAMPLE
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Table 8 summarizes all clusters observed, including UT The modified version of the Galadi-Enriquez et al. (1998) for
date of the observation and exposure times, the numbers ofnulation is intended to perform better for our particularsu
stars selected to be cluster members by Dias et al. (2001yey circumstances — i.e., fewer numbers of stars per cluster
2002a) that were targeted with Hydra fibers (col. 4), thel tota but high-quality RV data for these stars. Throughout the fol
number of stars and number of Tycho-2 stars observed (collowing description we will demonstrate the basic features o
5), the number of total observed stars with reliable RVs.(col our analysis via the example processing of the cluster NGC
6), and the Tycho-2 stars with reliable RVs (col. 7). For the 2682 (M67), for which the raw data are shown in Figure 8.
WIYN data, we were able to observe nearly 75-80% Tycho-2
stars used in the corresponding Dias et al. (2001, 2002a) sur ~ 5.2. 1-D Kinematical Distribution: Radial Velocities
vey. For the CTIO runs, we found that we were generally able oy our data, the RV distribution is found to be the most
to observe 50-80% of the Dias et al. selected Tycho-2 starsgensitive discriminator of cluster membership becauseef t
and, in addition, sample an average-050 more non-Tycho-  small measured relative RV errors. When applying a ker-
2 stars (since the latter were generally fainter by 1-3 magni ne| density estimator the empirical density functiai,() is
tudes, a lower fraction of them delivered reliable vel@sin 5 hrised of both the cluster)(and the field f), where here
the allotted observing time). Since we are obtaining data fo / sianqs for the RV distribution. Since the observed empiri-

o Dt o st e b o s ot oy v s o i
; .g., =Y + , td the distributi
sis done by these authors (see §6.2.3). (8.9, tic, =1 + ), one must decompose the distributions

to isolate the cluster function. Because of the accurachef t
RV data and the small intrinsic velocity dispersions of open
] ) ) clusters (0.5-3 km3), we expect to be able to discriminate
One of the most complicated problems affecting studies of the cluster and field fairly readily. To do so, however we must
open clusters is membership contamination associated withjrst isolate the field population to verify which peak in the
their location within the densely populated Galactic plane v  distribution is due to the cluster. Differences in the clus-
Large numbers of disk stars unrelated to the cluster liegalon o \ersys field distribution should be evident by looking at
the CMD sequences of the typical open cluster and, givenggmples of stars drawn from different radii from the cluster
the typical motions of many objects within the Galactic conter A useful initial assumption is that stars outsidhef

Fr:ang'ngsualtl_y W'tp rlatf;er similar Veltolf?'t'?S' cht’ dtetermlm cluster radius are “non-members”, and these can provide a
e bulk motion of clusters one must first isolate true clus- \oaconaple estimate oF.

ter members from the dominant field star population in the . : .
‘ SR g The RV data kernel analysis is comprised of four steps: (1)
fore/background. To accomplish this discrimination weéhav AllRV data are convolved with a Gaussian kernel to homoge-

Egﬂﬂ:ﬁ ﬁ.ﬁée;t';rlfzrggglremgt?éid &etgﬁg gpe;'ig?gﬁsé?bdo nize our errors for a given cluster. This kernel has a width de
: ) ' o o termined by the mean RV errors from all of the observed stars
tion are all used as inputs for a kernel-based, probabiidty d in a given cluster field. Because open clusters have intrinsi

gl'lt())t\j\t/'sof[‘hfgncﬁﬂg,ﬂe:egﬁli'%lgt’igﬁ Stg”ggddte)fel?xqv’"ggzt ﬁg?r?yst ars Velocity dispersions of 1-3 km 5in addition to our measure-
ment errors, we limit the Gaussian width to &ieleast3 km

with high membership probabilities. s and at most 10 km™$. Applying the Gaussian kernel to
smooth our RV dataf,;) produces the smoothed field plus

cluster distribution?Y, ;; an example for NGC 2682 (M67) is
shown in Figure 9a. (2) We apply the same Gaussian kernel
"o smooth the RV data of stars that are outside the cluster ra-
dius (utilizing the cluster diameters from Dias et al. 2002b
This smoothed RV distribution is used as the field distritmuti

WY (Figure 9b). (3) We wish to determine the probability of
any particular star with a given RV being a member of the
cluster, so we need to determine the normalized probability
distribution:

5. CLUSTER MEMBERSHIP ANALYSIS

5.1. Non-Parametric Frequency Function

To determine cluster membership probabilities for stars
based on RV and proper motion, we have chosen to use al
empirical, non-parametric technique — modified from that
described in Galadi-Enriquez, Jordi, & Trullols (1998) —
that incorporates a kernel estimator (Hand 1982) to isdiete
phase space distribution of cluster stars in a field.

While we adopt the basic technique used by Galadi-
Enriquez et al. (1998) for proper motions alone, we have gen-
eralized it also to operate on a spatially-constrained,RvD
distribution as well as an RV-constrained, 2-D proper nmotio y \If\c/+f(Vr.,i) —‘I’\f/(\/r.i)
distribution. In principle, one could use either distribut Pe (Vi) = v : (4)

! ’ v (Vr.i)
separately for culling cluster members, but for the most se- crfA e
cure assessment of membership we depend on the joint probThe cluster probability distributioRY is shown Figure 9c);
ability distributions. This means, therefore, that we calyo  however, we see that a few outliers, which are non-member
use stars having both RV and proper motion data. To improvestars within the cluster radius, are still visible in thetdis
our results further, we remove stars with large measuremenbution. (4) We assume that the strongest peak in the “clus-
errors in either proper motion or RV, or those stars thatrlfea  ter” probability distribution,PY, belongs to the cluster, and
have halo-like RVs, using the following constraints appie ~ perform a 1-D Gaussian fit to this peak (Figure 9d; dotted

the data: line). This Gaussian fit is used to determine RV membership
o probabilities,PY, for all stars in the field and to exclude non-
o perrorlimit: | /o2, +02 <10 mas yrt member RVs that still may appeariry .
e RV limit: —200< V, < 200 km &1 5.3. 2-D Kinematical Plane: Proper Motions

The proper motion kernel analysis is similarly comprised
e RV error limit: oy, <10 km s? of four steps, but now applied in 2-D. This technique for
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proper motions is identical to that used in Galadi-Enriquez stars, categories described in the observational crite§a.2.

et al. (1998) with the exception that instead of using a apati In 8§6.2.3 our analysis of the cluster memberships of these
membership separation (which we used for the RV distribu- stars are compared against the membership analysis by Dias
tion described above) to establigff, we have chosen to use et al. (2001), whose membership probabilities are based onl
the RV separation described above \gi.e., those stars eutsidon proper motion.

the Gaussian fit to the RV distributioR} = 0, are considered

the “field” population). The proper motion kernel uses the 5.6. Cluster Membership and Cluster CMDs
fotl)lowmg equation analogous to that used in the RV analysis  aq shown in Figure 1, with only photometric data the iden-
above:

tification of open cluster sequences in the CMD can often be a
\IJCKH(MQ,J’MJ) - \I/'f<(/¢a,7i,ﬂ57j) tricky prospect. Our radial velocity cluster memberships c
UK (e 11 115.1) , (9 significantly aid in clarifying the location of these cluste-
cHf\alls 20.] quences. The 2MASS and Tycho-2 photometry for all stars in
whereo’ is acos). Continuing our example of NGC 2682, our survey with measured RVs are listed in Table 11.
we apply the 2-D kernel smoothing to the proper motion dis-  Figure 11 shows the 2MASS CMD for the example cluster
tribution as shown in Figure 10a-d. The Gaussian fit to the NGC 2682 with our spectroscopically-observed stars identi
field-subtracted distribution is used to determine proper m fied, and with large circles denoting stars selected to be-mem
tion membership probabilitieBX (Figure 10d) for stars in  bers based obothRV and proper motion. Triangles denote
each cluster. Both the RV and proper motion kernel analy- stars that havé®y > 70% but which do not have Tycho-2

P (taris p1s.j) =

sis was performed on all clusters in Table 6. proper motion data. For now we present CMDs without red-
dening corrections applied, because this is a non-triviad p
5.4. Calibration of the Membership Criteria cess in that not all line-of-sight reddening (the valuesagity

» criteria. we have 9ivenin catalogs such as Schlegel, Finkbeiner, & Davis 1998
. is necessarily foreground to the cluster. One can see frem th
CMD that in this case our membership census yields mem-
bers that fall primarily along the photometric sequences of
M67 apparent in the CMD. Similar 2MASS CMD member-

2682 RV data. We find an intrinsic velocity dispersion of ShiP plots for all clusters we have studied are shown in Fig-
it = 0.96+0.29 km SL. As a comparison, using proper mo- ures 12-15. As in the case of M67, our identified members

tions, Girard et al. (1989) found that NGC 2682 (M67) has typically fall in the expected locations of the main sequenc
it = 0.8140.10 km s, Comparing the RV member stars turn-off (MSTO) or giant branches of the clusters, when éhos
left after applying the iterativedrejection, we find that all of ~ &r 0bvious; however, in many cases the CMDs are crowded

the remaining stars ha@ > 70%. More lenience is given with field star contamination and our identified members help

to the proper motions due to the larger average error, and irclarify the cluster sequences. This is particularly usefthe

this regard we follow the criterion used by Dias et al. (2001, f@irly common situation where the giant branches are sparse
2002a). As a result, we have chosen to define cluster memPopulated. As we shall show in another contribution (Frinch

To determine the RV membership “cutoff
chosen to analyze in detail one of our best sampled clus-
ters, our example NGC 2682. Using techniques standard
dynamical techiques from Pryor & Meylan (1993), we per-
formed an iterative 3 rejection using the full sample of NGC

bership as stars that h 70% andPK > 51%. aboy et al.jn prep), our ability to clarify the CMD locations
'P oY > ° c ° of cluster giant branches and MSTOs greatly improves the
5.5. Results of the Membership Analysis isochrone fitting for these systems.
Cluster membership was determined by jointly assessing 6. KINEMATICAL RESULTS
the probabilities from the 1-D RV distributio) ) and the 2- _ .
D proper motion distribution®X). The probabilities for each 6.1. Derived Cluster Space Velocities

star analyzed in the cluster NGC 2682 are included along with  The cluster bulk RV is calculated using cluster members
the RV and proper motion data in Table 9. This table includes (e.g., as shown in Table 9) and techniques from Pryor & Mey-
the star name from the Tycho-2 survey, or if not a Tycho- lan (1993) to determine the cluster mean RV and error in the
2 star, another identifier (for M67 we have IDs from Eggen mean. The cluster mean bulk proper motions are calculated
& Sandage 1964; Sanders 1977; Montgomery, Marschall, & using the following equations (and a symmetrical versian fo
Janes 1993; Fan et al. 1996). The table then lists, in ordery;).
the right ascension and declination for each M67 star (cols. n (i
2 and 3), the Tycho-2 proper motions and errors (cols. 4-7), >z <Uzai())
our measured RV and error (cols. 8 and 9), and which spec- < Hacosp) >= _\ Maws®)l /) (6)
tral cross-correlation template was used to derive thede (c s < 1 )
10). In addition, we have included the membership probabil- =1\ O cosey
ity from Dias et al. (2001, 2002a; col. 11) for comparison
to our derived membership probabiliti®§ x 100 (PM; col. . - 1 @)
12), PY x 100 (RV; col. 13), and?'®, the joint probability Hacost) n ( 1 ) '

o cos@)!

(Plot = PYPK x 100; col. 14). The stars selected as cluster 2z
members are presented in boldface type.

Similar probability data are given for the other clusters in ~ The derived cluster bulk motions are given in Table 12,
our sample in Table 10, which is available in electronic for- where we list the numbers of members with full space mo-
mat. In this table we give for each star observed its Tycho- tions (col. 2) and the 3D members plus the stars determined to
2 name, or, if a non-Tycho star, an identifier with the format be members by RV criteria alone (3D+RV; col. 3), along with
“XXXX_f_####" for the added “filler” candidate FOPS guide the resulting bulk kinematics and the associated uncéiain
stars or “XXXX_u_####", for USNO B-1.0 catalog “filler”  (RV from all 3D members; col. 4), RV from 3Bndadditional
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“RV only” members (col. 5), and equatorial and Galactic sys- believe our results, which incorporate both RV and proper mo
tem proper motions (cols. 6-9). We find two clusters NGC tion membership, are superior to those from Liu et al. (1989)
1513 and NGC 7654 with only one star selected for member-Even with the small numbers of stars in both studies, we find
ship (i.e., the membership method found no more than onethat our results are marginally consistent with Liu et 2089)
star with a given RV within the errors); given the uncertgint for NGC 2264.

in selecting among single star subsamples to define thelactua

“cluster”, we remove these two clusters from further anialys 6.2.3. Comparison to Previously Derived Bulk Cluster

Proper Motions

6.2. Comparison to Previous Results In Table 15, we compare our derived open cluster bulk
6.2.1. NGC2682 (M67) Example proper motions with the previous results of Dias et al. (2001

2002a). The latter surveys used only the Tycho-2 proper mo-
In §3.7 and Table 6 we have already demonstrated a star-bysions to derive membership and the cluster bulk proper mo-

star comparison of derived RVs for the example cluster M67. jong. Table 15 compares the numbers of stars used by Dias et
For stars in common between the surveys, we find excellenty; "5nq their derived mean cluster proper motions (col. 2-5)
agreement in the determined per star RVs (previously showny, o, own sample statistics and derived mean proper motions
in Figure 7). Now we compare the derived bulk space velocity (col. 6-9). As shown in Figure 17 (grey histogram), three
for this very well-studied cluster to the most detailed viovas clusters — Collinder 258, Lynga 1, and NGC 6250 — show
studies of M67. . ___large inconsistencies\ > 5 mas yrl) between our results
In Table 13 we compare our derived mean proper motion 4 those of Dias et al. We also reminder the reader that we
and radial velocity for M67, averaged over these measuredyaye already excluded two other cases (NGC 1513 and NGC
parameters for 10 stars we determined to be reliable 3D mem<yg5,. see §6.1) from our study, because we identified only
bers of the cluster, against derivations of these bulk motio e star selected as a possible cluster member. Looking fur-
parameters by other authors. With regard to to the prewous! her o the proper motion difference outliers, we find thatea
derived bulk RV for M67, our mean radial velocity is consis- |y 44 1 and NGC 6250 have only one star with fully derived
tent with previous measurements by Mathieu et al. (1986) and3p kinematics and in the case of Collinder 258 there are only
Scott et al. (1995), and lies within 0.2 kifof the rather pre- ' member stars. Thus, we conclude that our analysis may
cise value given in the Mathieu et al. study. The total number paye settled on the wrong star(s) to represent the cluster in
of published clusters having as extensive and detailed RV €O he5e cases and that the results for Collinder 258, Lynga 1,
erage as the Mathieu etal. M67 study is less than ten, whereagny NGC 6250 (in addition to NGC 1513 and NGC 7654)
our study now provides high precision RVs for stars in nearly 4y not be reliable. For the remaining 66 of our 71 clusters,
five times as many clusters. \We also find proper motion re- o, "«re_measured” proper motions are within thedrrors of
sqlts more or less consistent with previous measured valuesihsse found by Dias et al. (2001, 2002a), though our data gen-
with our y; value being bracketed by the; measurements o)1y have comparable or smaller resulting errors in thame
by Dias et al. (2001) and Kharchenko et al. (2005) results and(as shown in Figure 17) of 1.5 mas yF.
our 11, C0Sd reasonably close to the values for this proper mo- ™ 1hg girect comparison to the Dias et al. proper motions is
tion componentdenved by these_ two cher studies. Theprevi gpown in Figure 17, with the full sample shown in grey and
ous studies have smaller errors in their mean due to therlarge, 5rioys subsamples based on the number of members in either
numbers of “member” stars used in the determination of thesurvey shown by the colored histograms. A somewhat close
bulk proper motion. . . agreement with Dias et al. is expected because we are deriv-
Thus we find that our survey results are consistent with thejng hroper motions using a subsample of Dias et al. stars and
very detailed analysis of previous M67 work. Despite the fac adopting the same astrometry. A key difference, however, is
that M67 is probably one of the most well-studied open clus- {4t number of Dias et al. “member” stars are excluded by
ters in the Galaxy and previous studies typically utilizesly — ,r Ry membership criterion so that, while we typically de-
more stars than we have, our results deliver comparable pregje approximately the same bulk motions as Dias et al.” these
cision to the best of these because of the greater purityiof 0U 5 ,ihors allow many more actual non-members to enter their
samples, and, in the case of the RV measurement, the veloCitiample; nevertheless, that Dias et al. include more actral n
resolution of our spectra. members seems to have relatively small effects because thes
. : . authors are typically averaging over a large number of stars
6.2.2. Comparison to Previously Derived Bulk Cluster ;"o 50h cluster, including, apparently, sufficient numbmrs
Radial Velocities true members to get close to the correct proper motion. We
A compilation of our derived mean cluster RVs compared show in Table 15 the numbers of Dias et al. member stars
to those found previously by other authors is given in Table (Ppias > 50%) that are confirmed to be members (col. 12) and
14. We have found previous results for 25 of our 71 studied how many we find to be unlikely members (col. 13) based
clusters, some with multiple studies. In general, we find-con on the addition of our RV analysis. On average we fiadf
sistency with the previous studies to the few krh level as of the Dias et al. “member” stars to be non-members when
shown in Figure 16. but in a few cases, there are more sub-we account for the RVs. This suggests that use of proper mo-
stantial differences. tion data of the quality of Tycho-2 alone may be insufficient
Figure 16 shows that the clusters NGC 457, NGC 884, andto determine reliable cluster memberships, though, when av
NGC 957 have discrepant RVs found between our work anderaged over many multiple stars and applying ther&ec-
any previous study; however all of these clusters, plus NGCtion of outlier proper motions adopted by Dias et al., these
2264, were studied by Liu, Janes, & Bania (1989). The Liu proper motions are useful for deriving the cluster bulk grop
et al. (1989) study is comprised of only a few possible cluste motion. The Dias et al. membership inaccuracies are likely
members observed (e.g., for NGC 884 and NGC 957 only twolessened for closer clusters (ed): 2 kpc) which have more
stars each and these clusters also have large mean errers). Wright Tycho-2 stars. Using the sub-samples from Figure 17,
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we see that when both samples have a lot of “members” theradentification of cluster members. Nevertheless, our deda p

is convergence to a common proper motion, as expected. Wevide reliable 3-D space motions for 66 open clusters.

also see that as the sample sizes decrease the measurad propeln most cluster fields we have explored, our membership
motion differences grow. It is clear that, at least in ouregas analysis provides valuable new benchmarks for improved
when we have too few stars we may have trouble “finding” isochrone fitting of the cluster CMDs, which is useful for
the true cluster members (e.g., as in the examples of NGCestimating ages, distances, metallicities and/or rechdgsnio
1513 and NGC 7654). However as both our and the Dias etthese systems. The resulting distances and metallicitiks w
al. also studies drop to a few stars per clusters, it is difficu allow a new attempt at measuring the Galactic metallicity gr
to determine which study is correct. We argue that given our dient with these clusters. With improved distances and more
more restrictive 3D membership criteria that ours is superi  reliable space velocities, the orbits of the clusters caddse
though further study will be needed to confirm this assertion rived under an assumed Galactic potential and solar Galacto
Thus, while Tycho-2 has the best currently available astro- centric distance. Alternatively, these space velocitas loe
metric data, more strict RV discrimination such as we previd used as tracers of the local velocity field and be used toinves
can substantially improve the application of these dataléer  tigate the Galactic rotation curve with a set of objects hgvi
termining cluster motions, given a sufficient number of RV velocity independent distances and uniformly derived|igua

members. space velocities. We intend to address these science issues
future contributions in this series.
7. SUMMARY Finally, our census of reliable cluster members provides a
We have derived high precision (typicaky 3 km s un- primary target list for future efforts to explore these opkrs-

certainties) radial velocities for 3436 stars in the fielfigb ters with either high resolution spectroscopy or high [gieci
open clusters within 3 kpc of the Sun. This represents theastrometry, like that expected from SIM PlanetQuest.
largest sample of clusters assembled thus far having umior
determined, high-precision radial velocities. To extelnid t
uniformity to the other velocity dimensions, our survey has
focused primarily on obtaining spectra of stars having mea- We are grateful to W. Butler Burton for useful conver-
sured Tycho-2 proper motions; however, our target list was sations and Ricardo Mufioz for discussions and assistance
appended with other stars in the cluster fields to expand thewith the WIYN observations. We thank the anonymous ref-
membership census for each cluster. We have jointly appliederee for suggestions that helped the presentation of the pa-
three criteria — spatial position, radial velocity and pegop per. We would also like to thank the National Optical As-
motion (in two dimensions) — to derive high quality clus- tronomy Observatories (NOAQ) for granting this Ph.D. dis-
ter membership probabilities for the samples stars. Inesttle sertation project long-term observing status. We acknowl-
half of our clusters we have found at least three stars in theedge travel support for PMF from NOAO. This project
field that are reliable members of the cluster using all c$¢he was supported by the SIM PlanetQuest key projézk-
criteria. ing Measure of the Milky Waynder NASA/JPL contract
Using these member lists, we have averaged the RVs andl228235. We also acknowledge funding from NSF grant
the Tycho-2 proper motions to derive mean space velocitiesAST-0307851, a David and Lucile Packard Foundation Fel-
for each cluster. With few exceptions, our mean cluster RVs lowship to SRM during the early stages of this project, and
are close to those previously derived for the several dozenthe F.H. Levinson Fund of the Peninsula Community Foun-
clusters that have been surveyed by other groups. A comparidation. Additionally, PMF was supported by an NSF Astron-
son of our mean cluster proper motions with those by Dias etomy and Astrophysics Postdoctoral Fellowship under award
al. (2001, 2002a) — who also relied on Tycho-2 proper mo- AST-0602221, the NASA Graduate Student Researchers Pro-
tions — shows that both data sets are in general agreemengram, a University of Virginia Faculty Senate Dissertation
though our results should be more reliable given our more Year Fellowship, and grants from the Virginia Space Grant
stringent assessment of cluster membership (i.e., we agtid hi Consortium. The Tycho-2 catalog is based on observations
quality RVs to the proper motion criteria used by Dias et al.) of the ESA Hipparcos satellite. This research has made
We find that typically a large fraction of the Dias et al. stars  use of the USNOFS Image and Catalogue Archive oper-
each cluster field do not meet our most restrictive, joint mem ated by the United States Naval Observatory, Flagstaff Sta-
bership criteria. In a few cases with discrepant properomoti  tion (http://www.nofs.navy.mil/data/fchpix/). The rdsupre-
results compared to those derived by Dias et al. we find thatsented in this publication also make use of data from the Two
the differences may be due to a critically small numbers of Micron All Sky Survey (2MASS), which is a joint project of
stars surviving our 3D “membership” criteria; i.e. in some the University of Massachusetts and the Infrared Procgssin
of these cases (namely Collinder 258, Lynga 1, NGC 1513,and Analysis Center (IPAC), funded by the National Aero-
NGC 6250, and NGC 7654) it is likely that our results, based nautics and Space Administration and the National Science
on only one or two stars, might be wrong due to the improper Foundation.
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TABLE 1
DIAS ET AL. (20028) TARGET CLUSTERPROPERTIES

Cluster Q2000 62000 1(°) b (°) d(pc) logl@ge (yr) Diameter() Run
NGC 129 00:30:00 +60:13:06 120.2701 1.4566 1625 7.886 19 5
NGC 381 01:08:19 +61:35:00 294.3672 0.1870 1148 8.505 6 5
NGC 457 01:19:35 +58:17:12 303.2056 0.2577 2429 7.324 20 5
NGC 884 02:22:18 +57:08:12 141.2419 -10.6452 2345 7.032 18 5
NGC 957 02:33:21 +57:33:36 124.6487 -13.4947 1815 7.042 10 5
NGC 1513 04:09:57 +49:30:54 152.5898 -1.5743 1320 8.110 10 5
NGC 1528 04:15:23 +51:12:54 152.0568 0.2577 776 8.568 16 5
NGC 1662 04:48:27 +10:56:12 187.6949 -21.1142 437 8.625 20 4
Stock 8 05:27:36 +34:25:00 173.3194 -0.2808 1821 7.056 14 5
NGC 1960 05:36:18 +34:08:24 174.5344 1.0720 1318 7.468 10 5
NGC 2099 05:52:18 +32:33:12 177.6353 3.0913 1383 8.540 14 5
Kharchenko 1  06:08:48 +24:19:54 186.5813 2.1705 2520 8.000 7 5
NGC 2215 06:20:49 -07:17:00 215.9932 -10.1024 1293 8.369 7 2
NGC 2264 06:40:58 +09:53:42 202.9357 2.1957 667 6.954 39 1,2
NGC 2301 06:51:45 +00:27:36 212.5580 0.2791 872 8.216 14 1
NGC 2323 07:02:42 -08:23:00 221.6722 -1.3311 929 8.096 14 1
NGC 2354 07:14:10 -25:41:24 238.3683 -6.7918 4085 8.126 18 2
NGC 2353 07:14:30 -10:16:00 224.6853 0.3841 1119 7.974 18 2
NGC 2423 07:37:06 -13:52:18 230.4835 3.5368 766 8.867 12 2
NGC 2437 07:41:46 -14:48:36 231.8575 4.0644 1375 8.390 20 2
NGC 2447 07:44:30 -23:51:24 240.0386 0.1345 1037 8.588 10 2
NGC 2482 07:55:12 -24:15:30 241.6257 2.0345 1343 8.604 10 1
NGC 2516 07:58:04 -60:45:12 273.8157 -15.8558 409 8.052 30 2
NGC 2527 08:04:58 -28:08:48 246.0873 1.8549 601 8.649 10 2
NGC 2547 08:10:09 -49:12:54 264.4648 -8.5974 455 7.557 25 2
NGC 2539 08:10:37 -12:49:06 233.7053  11.1115 1363 8.570 9 2
NGC 2546 08:12:15 -37:35:42 254.8551 -1.9859 919 7.874 70 1
NGC 2548 08:13:43 -05:45:00 227.8724  15.3928 769 8.557 30 1
NGC 2567 08:18:32 -30:38:24 249.7950 2.9609 1677 8.469 7 2
NGC 2579 08:20:52 -36:13:00 254.6741 0.2126 1033 7.610 7 2
NGC 2670 08:45:30 -48:48:00 262.1476 0.7868 1188 7.690 7 2
NGC 2669 08:46:22 -52:56:54 267.4854 -3.6250 1046 7.927 20 2
Trumpler 10 08:47:54 -42:27:00 262.7906 0.6740 424 7.542 29 1
NGC 2682 08:51:18 +11:48:00 122.9232 -27.0400 908 9.409 25 1
Collinder 205 09:00:32 -48:59:00 269.2091 -1.8434 1853 7.200 5 2
IC 2488 09:27:38 -57:00:00 277.8298 -4.4192 1134 8.113 18 1
NGC 2925 09:33:11 -53:23:54 274.6855 1.7570 774 7.850 10 1
NGC 3680 11:25:38 -43:14:36 124.9390 -1.2226 938 9.077 5 2
Collinder 258 12:27:10 —60:46:00 299.9710 1.9654 1184 8.032 5 1,2
NGC 5281 13:46:35 -62:55:00 309.0102 -2.4915 1108 7.146 7 2
NGC 5316 13:53:57 -61:52:06 311.6017 21144 1215 8.202 14 2
Lynga 1 14:00:02 -62:09:00 310.8493 -0.3373 2283 8.007 3 2
NGC 5460 14:07:27 -48:20:36 316.3148 5.6067 678 8.207 35 2
Lynga 2 14:24:35 -61:20:00 313.8642 -0.4544 1000 8.122 10 1
NGC 5617 14:29:44 -60:42:42 317.5264 2.0851 1533 7.915 10 2
NGC 5662 14:35:37 -56:37:06 319.5288 4.5444 666 7.968 29 1
NGC 5822 15:04:21 -54:23:48 324.3610 1.7201 917 8.821 35 2
NGC 5823 15:05:30 -55:36:12 343.8165 19.8092 1192 8.900 12 2
NGC 6025 16:03:17 -60:25:54 329.7454 -2.2048 756 7.889 14 1
NGC 6031 16:07:35 -54:00:54 327.7257 -5.4256 1823 8.069 3 2
NGC 6067 16:13:11 -54:13:06 127.7404 2.0870 1417 8.076 14 2
Harvard 10 16:18:48 -54:56:00 329.8356 -3.2844 1312 8.340 25 2
NGC 6124 16:25:20 -40:39:12 332.9179 -3.1668 512 8.147 39 1
NGC 6134 16:27:46 -49:09:06 335.2223 -1.4272 913 8.968 6 2
Ruprecht 119  16:28:15 -51:30:00 333.2758 -1.8794 956 6.853 8 1
NGC 6167 16:34:34 -49:46:18 338.4047 1.2106 1108 7.887 7 1
NGC 6250 16:57:56 -45:56:12 341.9974 -1.5166 865 7.415 10 4
NGC 6281 17:04:41 -37:59:06 345.2791 -3.0564 479 8.497 8 2
IC 4651 17:24:49 -49:56:00 340.0881 -7.9068 888 9.057 10 1
NGC 6405 17:40:20 -32:15:12 356.9316 -1.5491 487 7.974 20 2
NGC 6416 17:44:19 -32:21:42 357.9402 -1.6054 741 8.087 14 2
NCG 6603 18:18:26 -18:24:24  15.8996 0.3505 3600 8.300 6 2,3
IC 4756 18:39:00 +05:27:00  36.3807 5.2422 484 8.699 39 4
NGC 6705 18:51:05 -06:16:12  15.3951 -9.5927 1877 8.302 13 4
NGC 6811 19:37:17 +46:23:18  73.9778 8.4808 1215 8.799 14 5
NGC 6866 20:03:55 +44:09:30 60.3897 -6.0501 1450 8.576 14 5
NGC 6885 20:11:58 +26:29:00 66.1352 -6.3113 597 9.160 10 4
Berkeley 86 20:20:24 +38:42:00 76.6667 1.2725 1112 7.116 6 5
Platais 1 21:30:02 +48:58:36  92.5613 -1.6461 1268 8.244 10 5
NGC 7209 22:05:07 +46:29:00 102.7010 0.7820 1168 8.617 14 5
NGC 7654 23:24:48 +61:35:36 117.2878  10.8044 1421 7.764 15 5

@Run 1: March 2002 (CTIO),
September 2003 (WIYN)

Run 2: March 2003 (CTIO),

Run 3: J2Aeé3 (CTIO), Run 4: August 2003 (CTIO), Run 5:
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TABLE 2
RV STANDARD OBSERVATIONS

Vy ev Avg. evayg AU
UT Date Star Spec. Type Frame# Fiber TDRms?l) (ms?) «msh «ms?l) «ms?

Full table given in journal

4Due to poor S/N this star was not used as a cross-corelatigpiate
aNot an IAU RV standard star

TABLE 3
CALIBRATION OF RV ERRORS

Star Degrees of

Run Dates Run# Colors  Freedom X%o «a Telescope
2002 Mar 10-13 1 Red 24 23.337 35.19 CTIO 4-m
2003 Mar 16-21 2 Red 22 21.337 27.69 CTIO4-m
2003 July 19-22 3 Red 41 40.334 50.24 CTIO 4-m
2003 Aug 01-07 4 Red 72 71.333 3359 CTIO4-m
2003 Aug 01-07 4 Blue 9 8.343 84.87 CTIO4-m
2003 Sep 14-17 5 Red 6 5.3481 53.22 WIYN 3.5-m
2003 Sep 14-17 5 Blue 6 5.3481 41.14 WIYN3.5-m

@These data were used as “blue” cross-correlation tempfiatedl CTIO runs.

TABLE 4
COMPARISON OFRV STANDARD STAR VALUES
Star Spectral Type UTdate V; (kms?) Vi (kms?t) Difference (km s')
HD 126053 Gov 11 Mar 2002 -20.8+ 0.6 -18.54+0.4 -2.3+0.7
HD 150798 K211-11 11 Mar 2002 -1.8+0.8 -3.7+0.2 +1.94+0.8
HD 157457 G8lll 12 Mar 2002 +17.74+0.6  +17.4+0.2 +0.3+0.7
HD 136202 F8lll-IvV 22 Mar 2003 +54.9+ 0.9 +53.5+0.2 +1.44+0.9
HD 157457 G8illl 19 Mar 2003 +17.5+0.5 +17.4+0.2 +0.14+0.5
HD 168454 K2.5llla 19 Mar 2003 -20.74+0.4 -20.0+0.0 -0.7+0.4
HD 9138 K4lll 21Jul 2003 -34.2+0.6 -35.44+05 +1.24+0.8
HD 18884 M1.5llla 21Jul2003 -25.7+15 -25.8+0.1 +0.1+15
HD 9138 K4lll 22 Jul 2003 -34.2+0.3 -35.44+05 +1.24+0.6
HD 18884 M1.5llla 22 Jul 2003 -25.8+0.7 -25.8+0.1 -0.0+0.7
HD 107328 KO0.5lllb 23Jul 2003 +37.4+0.5 +35.7+0.3 -1.74+0.6
HD 146051 MO.5lII 23Jul 2003 -18.84+0.8 -19.8+0.0 +1.0+0.8
HD 693 F5VvV 02 Aug 2003 +14.1+1.4 +14.7+£0.2 -06+14
HD 9138 K4lll 02 Aug 2003 -34.6+0.6 -35.44+0.5 +0.84+0.8
HD 18884 M1.5llla 02 Aug 2003 -25.7+0.7 -25.8+0.1 +0.14+0.7
HD 693 F5Vv 03 Aug 2003 +14.8+1.6 +14.7+0.2 +0.1+ 1.6
HD 18884 M1.5llla 03 Aug 2003 -25.5+ 0.5 -25.8+0.1 +0.3+ 0.5
HD 693 F5VvV 05 Aug 2003 +14.4+1.0 +14.7+£0.2 -0.3+1.0
HD 693 F5Vv 06 Aug 2003 +14.8+2.1 +14.7+0.2 +0.1+2.1
HR 7773 BAIV 06 Aug 2003 +1.2+2.8 -1.0+ 0.2 +2.24+2.8
HR 675 A2V 07 Aug 2003 -1.6+4.5 +0.4+ 0.2 -2.0+£45
HD 18884 M1.5llla 07 Aug 2003 -24.6+1.4 -25.8+0.1 +1.2+1.4
HD 693 F5V 08 Aug 2003 +14.8+1.2 +14.7+£0.2 +0.1+1.2
HD 9138 K4lll 08 Aug 2003 -34.7+1.2 -35.44+05 +0.7+ 1.3
HD 18884 M1.5llla 08 Aug 2003 -25.8+1.2 -25.8+0.1 +0.0+ 1.2

8stars HR 675 and HR 7773 are not IAU standards. Due to the labXbstandards hotter than F type stars, we
used stars from Fekel (1999).

TABLE S5
COMPARISON OFMEASUREDRED VS. BLUE RVS

Run ag a;  RMS Blue Correction
(kms?)
March 2002 -0.47 0.97 3.06 0.0
March 2003 -1.26 0.99 3.74 -1.3
August 2003 -10.09 1.00 4.43 -10.0

September 2003 -6.05 0.98 4.63 -6.0
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TABLE 6
NGC 2682 @®MPARISON TOPREVIOUSRV RESULTS

Q2000 2000 Vi e,  Vimathiew v AV,
Star (Tycho-2) SAND FBC MMJ ES (hr) ©) kms?l)  msd kmsl)  &msl  (kms?)
0813-01125-1 0721 2554 6475 --- 8:50:49.65 11:35:08.9 +33.01 0.79 +34.2 0.9 -1.2
0813-02302-1 0727 2425 5158 --- 8:50:44.98 11:37:30.4 +21.44 1.82 +16.3 5.1
0814-02331-1 0978 3364 6482 --- 8:51:17.48 11:45:22.7 +35.17 0.59 +34.7 0.6 0.5
0814-01531-1 1010 3536 6485 1008 8:51:22.81 11:48:01+83.00 0.69 +33.6 0.4 -0.6
0814-01493-1 1016 3349 6484 ... 8:51:17.10 11:48:16.2 +35.66 0.59 +34.3 0.7 1.4
0814-01631-1 1023 3668 6487 1001 8:51:26.84 11:48:40.%3.54 1.01 +3.6 1.0 -0.1
0814-01119-1 1040 3566 6488 --- 8:51:23.78 11:49:49.4 +34.60 0.82 +32.0 6.3 2.6
0814-01763-1 1054 3347 6489 4020 8:51:17.03 11:50:46t32.63 0.72 +33.5 0.4 -0.9
0814-01099-1 1074 3204 6492 --. 8:51:12.70 11:52:42.4 +34.50 0.68 +34.1 3.1 0.4
0814-01823-1 1221 4149 6497 --- 8:51:43.56 11:44:26.4 +36.73 0.58 +34.1 3.1 2.8
0814-01515-1 1250 3755 6499 ... 8:51:29.91 11:47:16.8 +31.06 0.99 +34.3 1.4 -3.2
0814-01007-1 1277 4117 6502 3032 8:51:42.32 11:50:.0#83.18 0.78 +34.0 0.5 -0.8
0814-01147-1 1279 3726 6503 --- 8:51:28.99 11:50:33.1 +33.93 0.66 +33.3 0.4 0.6
0814-01471-1 1288 4118 6505 3034 8:51:42.36 11:51:23tB2.25 0.67 +33.3 0.4 -1.0
0814-01225-1 1293 4039 6050 3035 8:51:39.38 11:51:45t33.86 0.97 +34.1 0.5 -0.2
0814-00795-1 1306 --- 3065 8:51:49.36 11:53:38.9 -2.44 0.63 -1.1 0.4 -1.3
0814-00134-1 1402 4878 6508 2152 8:52:10.97 11:31:49323.12 0.76 +33.6 0.4 -0.5
0814-00847-1 1327 3979 6507 3086 8:51:37.18 11:59:02+41.62 0.87 +12.0 0.4 -0.4
0814-02313-1 1585 5191 --- 8:52:26.33 11:41:27.7 +33.25 1.31 +34.1 0.1 -0.9

REFERENCES — SAND: Sanders (1977), FBC: Fan et al. (1996), MMJ: Montgonet al. (1993), ES: Eggen & Sandage (1964), Mathieu: Matbt al. (1986).

aStar listed at spectroscopic binary in Mathieu et al. (1986)

Star

@2000

02000

TABLE 7
STAR-BY-STAR COMPARISON TOPREVIOUSRESULTS
\ V; (Other) AV Other  Other
(kms1)  (kms?tl) (kms?h ID Ref.

(hr)

0)

Full table given in journal

REFERENCES — 1: Mermilliod et al. (1995), 2: Meibom et al. (2002), 3: Meitliod & Mayor (1990), 4: Mermilliod
etal. (1996), 5: Mermilliod & Mayor (1989), 6: Claria & Meritiod (1992)

aSlar listed at spectroscopic binary.
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TABLE 8
STATISTICS OFOBSERVEDCLUSTER STARS
Cluster UT-Date Exposures Npias  # Observell  #V; Stars
(total/TYC) (total/TYC)
NGC 129 2003 Sep 15 8600 29 67/ 29 29/29
NGC 381 2003 Sep 15 8600 20 65/ 20 20/20
NGC 457 2003 Sep 17 8600s 17 61/ 17 17/17
NGC 884 2003 Sep 18 83600 23 45/ 23 23/23
NGC 957 2003 Sep 16  8600s 19 63/ 19 19/19
NGC 1513 2003 Sep 15 86005 19 48/ 19 19/19
NGC 1528 2003 Sep 17 8600 43 43/ 43 43/43
NGC 1662 2003 Aug 07 600 13 108/ 13 70/13
Stock 8 2003 Sep 16 83600 14 64/ 14 14/14
NGC 1960 2003 Sep 17 86005 35 37/ 35 35/35
NGC 2099 2003 Sep 15 86005 37 51/ 37 37/37
Kharchenko 1 2003 Sep 18 36005 37 49/ 37 37137
NGC 2215 2003 Mar 18 3 600s 12 55/ 17 22/13
NGC 2264 2002 Mar 12 3 600s 18 38/ 34 32/21
2003 Mar 18  3x 600s 78/ 00 25/0
NGC 2301 2002 Mar 12 3 600s 38 95/ 38 57/38
NGC 2323 2002 Mar 11 3 600s 55 96/ 94 63/40
NGC 2354 2003 Mar20 3 600s 20 107/ 57 78/52
NGC 2353 2003 Mar20 3 600s 25 100/ 33 58/20
NGC 2423 2002 Mar 12 3 900s 50 107/103 96/63
NGC 2437 2003 Mar19 3 600s 75 107/ 90 57/50
NGC 2447 2003 Mar 17 3 600s 34 81/ 50 49/36
NGC 2482 2002 Mar 13 3 600s 32 103/101 67/29
NGC 2516 2003 Mar 18 3 600s 45 102/ 37 29/21
2003 Mar 20  3x 600s 117/ 0 109/ 0
NGC 2527 2003 Mar19 3 600s 30 92/ 48 63/36
NGC 2546 2002 Mar 11 3 600s 80 102/ 96 54/49
NGC 2547 2003 Mar19 3 600s 19 115/ 30 44/19
NGC 2539 2003 Mar 18 3 600s 30 77/ 40 41/26
NGC 2548 2002 Mar 11 3 900s 70 82/ 81 59/54
NGC 2567 2003 Mar19 3 600s 17 81/ 24 55/16
NGC 2579 2003 Mar21 3 600s 10 74/ 13 36/10
NGC 2670 2003 Mar20 3 600s 9 56/ 16 26/ 7
NGC 2669 2003 Mar 18 3 600s 16 100/ 30 64/21
Trumpler 10 2002 Mar 14 3 900s 22 87/ 32 49/20
NGC 2682 2002 Mar 14 3 600s 28 109/ 28 65/28
Collinder 205 2003 Mar19 3 600s 12 67/ 14 32/ 9
IC 2488 2002 Mar 11 % 600s 40 94/ 93 68/33
NGC 2925 2002 Mar 12 39005 32 98/ 95 71/44
NGC 3680 2003 Mar 17 3 600s 14 63/ 23 47/23
Collinder 258 2002 Mar 11 2 600s 13 92/ 89 77174
2003 Mar 21  3x 600s 89/ 20 51/11
NGC 5281 2003 Mar19 3 600s 12 81/ 27 32/10
NGC 5316 2003 Mar 17 3 600s 25 103/ 77 52/46
Lynga 1 2003 Mar19 %X 900s 9 79/ 22 42/17
NGC 5460 2003 Mar 18 3 600s 40 105/ 63 50/43
Lynga 2 2002 Mar 13 % 900s 13 87/ 79 62/15
NGC 5617 2003 Mar19 3 600s 35 88/ 41 42/23
NGC 5662 2002 Mar 14 3 900s 60 93/ 84 52/46
NGC 5822 2003 Mar 17 3 600s 140 119/111 70/68
NGC 5823 2003 Mar 18 3 600s 10 100/ 29 57/23
NGC 6025 2002 Mar 11 3 600s 66 103/ 92 77137
NGC 6031 2003 Mar21 3 600s 11 90/ 21 49/17
NGC 6067 2003 Mar 17 3 600s 24 107/ 77 36/30
Harvard 10 2003 Mar20 2600 34 118/ 71 49/40
NGC 6124 2002 Mar 14 3 900s 30 91/ 80 59/53
NGC 6134 2003 Mar 18 3 600s 60 71/ 23 41/21
NGC 6167 2002 Mar 14 3 900s 10 86/ 67 48/ 8
Ruprecht 119 2002 Mar 13 :3900s 15 96/ 89 77122
NGC 6250 2003 Aug 05 g 900s 14 74/ 21 33/11
NGC 6281 2003 Mar21 3 600s 21 81/ 31 47122
IC 4651 2002 Mar 13 % 900s 19 96/ 77 78/30
NGC 6405 2003 Mar21 3 600s 30 110/ 51 70/50
NGC 6416 2003 Mar21 3 600s 32 100/ 63 52/34
NGC 6603 2003 Jul 21 3 600s 22 110/ 39 55/23
IC 4756 2003 Aug 05 X 600s 56 94/ 74 74/56
NGC 6705 2003 Aug 02 g 600s 32 80/ 46 47/34
NGC 6811 2003 Sep 16 86005 64 77 77 64/64
NGC 6866 2003 Sep 17 8600 52 62/ 62 52/52
NGC 6885 2003 Aug 04 g 600s 29 110/ 36 57/29
Berkeley 86 2003 Sep 16 3600 46 67/ 67 46/46
Platais 1 2003 Sep 18 36005 48 50/ 00 48/48
NGC 7209 2003 Sep 16 86005 42 49/ 49 42/42
NGC 7654 2003 Sep 17 8600 14 62/ 19 14/14

Npias is the number of Tycho-2 stars observed, which are taken frenstudy of Dias et al.

(2001, 2002a).

15
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TABLE 9
CLUSTERANALYSIS— NGC 2682 KAMPLE?®
Q2000 82000 Mo c0sd J7%5 Vi Probabilities

Star (hr) ©) (mas yr) (mas yFt) (kms™) Type® Dias PX Py Pt

f9754-MMJ5132 8:50:42.52 11:39:49.7 33.53+3.24 Red c 0.0 100.0 0.0
0813-01521-1 8:50:43.57 11:35:48.8 259.7 -32.7+19 -3.84+1.07 Red 0 0.0 0.0 0.0
0813-02302-1 8:50:44.98 11:37:30.4 -1.5+2.2 -224+25 21.44+ 1.82 Red 0 1.3 45 0.0
H800-FBC2476 8:50:46.82 11:52:57.4 -o- —76.71+5.47 Red [ 0.0 0.0 0.0
0813-01125-1 8:50:49.65 11:35:08.9 6.5+ 16 -54+16 33.01+079 Red 98 879 99.3 873

H822-FBC2800 8:50:58.41 11:58:14.4 31.224+4.30 Red c 0.0 88.7 0.0
0813-02294-1 8:51:03.51 11:45:02.7 -8.8+ 1.9 -7.2+1.8 38.36t+ 2.04 Red 99 721 63.1 455
H801-FBC3002 8:51:05.82 11:53:10.7 . 39.19+ 4.44 Red [ 0.0 53.3 0.0
H724-FBC3017 8:51:06.50 11:35:59.0 37.66+2.94 Red [ 0.0 71.7 0.0
H942-FBC3059 8:51:07.99 11:38:26.5 201.794 2.65 Red c 0.0 0.0 0.0
H1095-FBC3099 8:51:09.20 11:57:01.0 37.16+ 1.77 Red c 0.0 77.5 0.0
H1002-ES1013 8:51:12.23 11:47:15.0 35.914+4.55 Red [ 0.0 89.6 0.0
0814-01099-1 8:51:12.70 11:52:42.4 -7.8+20 -454+ 20 3450+ 068 Red 98 90.0 98.7 88.8

H1096-FBC3210 8:51:13.10 11:57:01.0 33.924+ 2.25 Red [ 0.0 99.8 0.0
0814-01931-1 8:51:14.35 11:45:00.5-12.9+ 1. 8 -12.84+1.8 39.64+ 1.38 Red 0 0.0 47.3 0.0
0814-01448-1 8:51:14.74 11:30:09.9 3&2.4 -164.5+ 2.5 49.87+ 0.76 Red [ 0.0 0.0 0.0
0814-01763-1 8:51:17.03 11:50:46.4-10.1+ 2.2 6.5+ 2.3 32.63+0.72 Red 99 56.5 979 554
0814-01493-1 8:51:17.10 11:48:16.2 -824+20 -6.8+ 19 3566+ 059 Red 99 86.4 920 795

0814-02331-1 8:51:17.48 11:45:22.7 -7.3+18 5717 3517+ 059 Red 99 985 954 94.0

H966-FBC3503 8:51:21.85 11:43:17.8 28.84+ 3.98 Red [ 0.0 61.9 0.0
H1079-FBC3505 8:51:21.96 11:53:09.1 34.844+ 4.40 Red [ 0.0 97.0 0.0
0814-01531-1 8:51:22.81 11:48:01.8 -79+20 -53+19 33.00+ 069 Red 99 989 99.0 979

0814-01119-1 8:51:23.78 11:49:49.4 -6.6 + 25 -4.74+29 3460+ 082 Red 97 839 983 825

0814-01911-1 8:51:26.43 11:43:50.7 -9.3+ 1.8 -6.2+1.8 40.96+ 2.17 Red 99 77.6 33.0 25.6
0814-01631-1 8:51:26.84 11:48:40.5-16.4+ 1.6 6.1+ 1.6 3.544+1.01 Red 0 0.0 0.0 0.0
0814-01205-1 8:51:27.01 11:51:52.6 -9.0+ 1.6 -6.2+1.6 49.93+2.94 Red 99 837 0.0 0.0
H943-FBC3716 8:51:28.61 11:38:32.0 26.67+ 1.95 Red [ 0.0 36.0 0.0
H1215-FBC3720 8:51:28.92 11:43:08.9 32.13+4.44 Red [ 0.0 95.4 0.0
0814-01147-1 8:51:28.99 11:50:33.1 -95+18 -53+17 3393+ 066 Red 99 749 99.8 748

0814-01515-1 8:51:29.91 11:47:16.8 -7.2+16 6.2+ 15 31.06 + 099 Red 99 948 869 824

H1341-FBC3789 8:51:30.80 12:04:16.0 32.23+2.24 Red [ 0.0 96.0 0.0
H1229-GBDS101  8:51:31.77 11:45:09.0 32.884+ 3.05 Red [ 0.0 98.7 0.0
H1246-ES2010 8:51:32.41 11:46:45.8 .- 37.784+ 2.09 Red [ 0.0 70.5 0.0
0814-02087-1 8:51:32.59 11:48:52.1-11.5+ 1. 8 -5.0+1.8 36.07-1.74 Red 94 27.7 88.7 245
H1208-FBC3856 8:51:32.60 11:42:05.0 cee 37.664+ 5.97 Red [ 0.0 71.7 0.0
H1236-ES2019 8:51:33.38  11:45:59.9 33.96+ 2.33 Red c 0.0 99.8 0.0
H1184-FBC3937 8:51:35.53 11:34:32.1 .- 33.874+4.93 Red [ 0.0 99.9 0.0
0814-00847-1 8:51:37.18 11:59:02.4-29.2+ 2. O -2.1+2.0 11.62+ 0.87 Red 0 0.0 0.0 0.0
f9756-FBC3985 8:51:37.37 12:03:19.8 24,96+ 5.32 Red [ 0.0 20.7 0.0
0814-01225-1 8:51:39.38 11:51:45.4 -7.8+ 2.2 -9.1+23 33.86+ 0.97 Red 92 345 99.9 345
0814-01007-1 8:51:42.32 11:50:07.8-10.7+ 2.3 -424+ 2.4 33.18+ 0.78 Red 96 38.6 995 384
0814-01471-1 8:51:42.36 11:51:23.1 -85+22 -47+ 23 3225+ 067 Red 99 882 96.0 84.6

0814-01823-1 8:51:43.56 11:44:26.4 -6.2+ 2.0 -85+ 2.0 36.73+ 0.58 Red 89 39.6 819 324
f9750-FBC4138 8:51:44.96 11:38:59.3 .- 32.63+ 1.49 Red [ 0.0 97.9 0.0
0814-00264-1 8:51:46.09 11:36:18.8-12.8+ 1. 6 -59.84+ 1.6 87.07+ 0.75 Red 0 0.0 0.0 0.0
H1249-ES2042 8:51:47.45 11:47:09.8 . 42.90+ 2.00 Red [ 0.0 17.2 0.0
H1211-FBC4291 8:51:48.48 11:42:23.7 .- 35.124+ 2.47 Red [ 0.0 95.4 0.0
0814-02047-1 8:51:48.64 11:49:15.6-11.6+ 1. 6 -6.3+1.6 42.85+ 2.10 Red 95 256 17.2 4.4
H1251-ES2041 8:51:48.70 11:47:35.8 88.25+ 2.74 Red [ 0.0 0.0 0.0
0814-00795-1 8:51:49.36 11:53:38.9-11.3+ 0.9 3.8+£09 -2.44+4+0.63 Red 0 0.0 0.0 0.0
f9773-SAND1507 8:51:51.78 12:04:47.1 . 32.994+ 1.96 Red [ 0.0 99.0 0.0
H1484-FBC4433 8:51:53.30 11:56:17.0 . 31.984+ 3.57 Red c 0.0 94.2 0.0
0814-02253-1 8:51:54.91 11:40:26.8-22.3+ 1. 6 -45.84+ 1.6 49.30+ 0.78 Red 0 0.0 0.0 0.0
0814-01011-1 8:51:56.01 11:51:26.6 -7.2+1.6 -146+15 29.79t£ 2.21 Red 0 0.0 72.9 0.0
H1422-FBC4502 8:51:56.10 11:39:14.0 27.05+ 5.68 Red [ 0.0 40.4 0.0
H1473-FBC4508 8:51:56.24 11:53:35.9 35.594 2.92 Red [ 0.0 92.8 0.0
H1449-FBC4515 8:51:56.61 11:47:25.0 33.594 3.47 Red [ 0.0 100.0 0.0
H1468-FBC4578 8:51:58.65 11:52:15.0 38.844 2.83 Red [ 0.0 56.9 0.0
H1492-FBC4654 8:52:01.59 12:01:03.2 17.73+ 4.11 Red [ 0.0 0.0 0.0
H1452-FBC4706 8:52:03.51 11:47:48.0 34.784+ 3.23 Red [ 0.0 97.5 0.0
H1414-FBC4777 8:52:06.37 11:37:30.7 0.424+ 2.26 Red [ 0.0 0.0 0.0
0814-00134-1 8:52:10.97 11:31:49.2-10.6+ l 9 -3.7£1.9 33.12+ 0.76 Red 94 352 99.5 35.0
H1426-FBC4887 8:52:11.40 11:40:32.0 e 31.94+3.44 Red [ 0.0 94.2 0.0
H1601-FBC5015 8:52:16.90 11:48:31.0 .- 29.86+ 6.40 Red [ 0.0 74.0 0.0
0814-02313-1 8:52:26.33  11:41:27.7-13.7+ 2. 4 -7.8+2.6 33.25+1.31 Red 21 2.9 99.7 2.9

aBoldface entries denote star selected as cluster membegsthe 3D criteria.

Type of spectral template used in the cross-correlatioR¥odetermination, as described in §3.3.
Star not used in Dias et al. (2001) membership analysis.
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TABLE 10
CLUSTERANALYSIS — ALL DATAZ

2000 02000 Ha COSS W \2
Star ©  (masyt) (masyf!) (kms') Type

Probabilities

Dias

PE PV

{0t
PC

Full table given in journal

@Boldface entries denote star selected as cluster membagsthe 3D criteria
Type of spectral template used in the cross-correlatioRf¥determination, as described in §3.3
Cstar not used in Dias et al. (2001) membership analysis.

Star not analyzed due to large errors (see 8§5.1).

TABLE 11

2MASSAND TYCHO-2 PHOTOMETRY FORTARGETED CLUSTER STARS

Star

2MASSID az00 02000 Brycho Vrycho 2MASSJ  2MASSH

2MASSKs

3D Memb?

Full table given in journal

aSlar not matched to any 2MASS point source.
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TABLE 12
DERIVED CLUSTERBULK KINEMATICS

Members Bulkvy 3p Bulk V 3p+rv Haocoss Hs Hi cosb Hb

Cluster 3D 3D+RV (kms1 (kms1 (mas yi'1) (mas yi'1) (mas yi'1) (mas yi'1)

Berkeley 86 2 - —2554+260 cee -380+1.27 -458+124 -5.88+125 090+ 1.26
Collinder 205 1 6 240+4.07 2818+152 -4.00+210 800+1.90 -808+190 -3.84+210
Collinder 258 2 6 104+ 0.60 1490+£093 -090+262 -5.00+240 035+261 -5.07+241
Harvard 10 3 - -1817+1.94 cee -3.88+1.07 -1164+1.11 -1199+1.11 258+1.07
IC 2488 3 - -184+152 e -7.73+1.56 893+150 -984+150 -6.55+1.56
IC 4651 9 10 -3334+0.67 -3330+067 -1.72+£0.70 -276+0.69 -2.54+0.69 204+0.70
IC 4756 7 13 -2444+075 -2508+0.64 068+0.74 -199+0.72 -195+0.72 -0.76+£0.74
Kharchenko 1 3 - 1744131 e 6.10£1.23 -191+1.29 354+1.29 532+1.23
Lynga 1 1 6 -25084+433 -24314+052 -520+450 -7.70+4.10 -878+436 -3.03+t4.25
Lynga 2 4 6 -964+129 -994+060 -388+153 -8.61+150 -899+151 -2.89+152
NGC 129 3 - -3941+054 e -237+125 -132+125 -2464+125 -115+125
NGC 381 2 - —29.76+1.32 0.63+287 -2.14+296 075+287 -210+2.96
NGC 457 2 - —3299+0.60 -284+136 -0.04+135 -282+136 -031+1.35
NGC 884 3 - -1935+1.16 -0.644+1.02 067+101 -0.81+1.02 044+1.01
NGC 957 2 - =3434+120 0.164+135 -1.154+145 054+136 -1.03+144
NGC 1513 1 - -1513+1.04 0.10+270 -5.40+2.60 360+266 -4.02+264
NGC 1528 5 - -16.9040.48 1294082 -0.944+0.84 15840.83 014+0.83
NGC 1662 6 20 -1216+135 -1195+0.86 -154+0.73 -2.174+0.73 177+0.73 -1.98+0.73
NGC 1960 8 - -17.834+0.99 0.50+£0.51 -4.50+0.55 425+054 -1.55+0.52
NGC 2099 3 - &%1+0.92 453+117 -7.43+121 861+1.20 125+1.18
NGC 2215 3 4 -1098+0.68 -10.74+0.66 507+£129 -6.35+1.35 591+1.35 558+1.29
NGC 2264 1 9 24064291 2469+0.98 -0.40+200 -1.20+2.00 1164200 -0514+2.00
NGC 2301 2 - 25+ 1.14 e -0.55+113 —-6.20+1.13 620+£1.13 -0.58+1.13
NGC 2323 5 6 1465+ 1.32 14704+1.29 1504093 -3.93+0.99 382+0.99 1764+0.93
NGC 2353 3 7 206+0.61 1878+144 -275+090 -2.18+0.89 237+0.89 -2.58+0.90
NGC 2354 6 7 389+0.39 3286+0.38 -9.27+125 -213+112 374+112 -874+125
NGC 2423 20 - 2284+ 0.94 e -0.674+0.39 -3.044+0.39 308+0.39 -0.43+0.39
NGC 2437 18 19 489+ 1.03 46924103 -4.75+047 009+0.47 027+£0.47 -4.75+047
NGC 2447 13 - 2238+40.20 cee -5.234+0.61 433+058 -3.69+058 -5.70+0.61
NGC 2482 4 - 388+131 e -2.05+0.92 449+085 -4.26+0.85 -249+0.92
NGC 2516 5 57 230+0.71 2332+0.26  -4.20+0.59 968+059 -864+059 —-6.07+0.59
NGC 2527 5 10 33+ 0.56 3917+0.67 -3.92+1.40 6554+1.23 -6.144+1.23 -454+1.40
NGC 2539 6 8  286+041 2834+0.39 -382+085 -3.35+0.82 351+0.82 -3.68+0.85
NGC 2546 7 9 1&4+0.57 2112+132 -3.77+£0.78 3744+0.72 -331+0.72 -4.15+0.78
NGC 2547 3 6 1£2+4+1.28 1565+1.26 —6.74+0.73 354+0.72 -257+£0.72 -7.174+0.73
NGC 2548 10 - 89+0.34 e 0.61+0.48 143+050 -1.444+0.50 059+ 0.48
NGC 2567 3 6 3%3+0.67 3623+0.74 -3.83+1.90 178+169 -1484+169 -3.964+1.90
NGC 2579 2 5 550+0.44 165+0.38 -247+1.42 1444139 -1.23+139 -258+1.42
NGC 2669 1 7 264 0.62 2092+0.48 -3.30+£1.30 620+1.30 -6.10+1.30 -3.48+1.30
NGC 2670 1 7 154+ 3.44 17204+0.83 -6.10+2.10 480+200 -4.62+200 -6.24+210
NGC 2682 10 33 3%7+£042 3384+0.33 -7.87+061 -5.60+0.59 557+059 -7.88+0.61
NGC 2925 2 - —0254214 .- -1279+1.55 360+145 -538+145 -1215+155
NGC 3680 10 11 D6+ 0.36 104+0.35 -575+0.61 115+057 -445+059 -3.81+0.60
NGC 5281 2 6 -1962+057 -1852+075 -935+167 -035+159 -8254+1.65 440+ 1.61
NGC 5316 8 - -135540.48 cee -527+1.06 -0.79+1.00 -4.80+1.04 230+1.02
NGC 5460 5 -8.63+2.00 e -591+056 -201+059 -559+0.58 278+0.58
NGC 5617 3 6 —-3595+080 -36.60+0.86 11542.96 179+274 211+2.83 027+2.87
NGC 5662 2 - -14.46+284 e -220+172 -477+162 -5154+166 -1.05+1.69
NGC 5822 13 - —29.46+0.49 e -857+0.95 -885+0.88 -1169+0.89 388+0.94
NGC 5823 2 8 -3009+323 -3005+079 -469+324 -0604+298 -2574+3.03 397+3.19
NGC 6025 6 - 1610+ 0.97 e -1.92+094 -2424+093 -2.73£0.93 145+0.94
NGC 6031 2 4 -623+176 -2484+134 -1654+238 -992+221 -1005+221 013+2.38
NGC 6067 4 - —39.83+042 e -269+110 -176+110 -2.09+1.10 2444110
NGC 6124 10 11 -19894+0.99 -1987+0.98 -0.07+051 -342+052 -342+052 -0.164+051
NGC 6134 7 9 -27.30+£067 -2741+059 -011+112 6974109 -696+1.09 -0.38+1.12
NGC 6167 3 5 -2053+0.73 -2132+041 -1944+135 -1554+131 -1.63+131 186+1.35
NGC 6250 1 5 -798+099 -8.04+0.81 1350+1.70 -1120+1.70 -1160+1.70 -1315+1.70
NGC 6281 6 11 -6.33+0.74 -6.36+060 -2.86+0.75 -366+0.76 -3.54+0.76 301+0.75
NGC 6405 6 10 -827+£045 -7.024+153 -1494+0.63 -6.104+0.64 -5.89+0.64 218+ 0.63
NGC 6416 6 10 -27.02+158 -27524+094 -0364+091 -0.144+0.99 -0.09+0.99 037+£0.91
NGC 6603 2 4  2B3+0.96 2134+0.92 098+ 1.06 051+1.15 039+1.15 -1.03+1.06
NGC 6705 4 6 30184+ 1.42 3087+1.14 -538+119 -035+125 -0.05+125 539+1.19
NGC 6811 7 - 63+0.30 -531+0.67 -813+0.64 -9.67£0.65 092+ 0.66
NGC 6866 2 - 128+ 0.75 cee -5524+117 -797+1.09 -9.67+1.11 061+1.15
NGC 6885 2 6 -160+£099 -150+087 -290+141 -6.05+134 -6.704+1.35 041+1.40
NGC 7209 6 - —20.50+0.67 e 1.81+0.69 -0.04+0.66 144+0.68 -1.09+0.67
NGC 7654 1 - -5739+214 0.40+5.00 060+£5.20 055+5.02 046+5.18
Platais 1 3 - —26.734+0.40 e -450+£109 -3.784+1.08 -5.88+1.09 016+1.08
Ruprecht 119 3 6 -1277+1.34 -11214+1.34 092+1.46 -125+144 -1.18+144 -1.00+1.46
Stock 8 3 - -1801+1.50 cee -181+1.06 —-4.234+1.07 290+1.07 -357+1.06
Trumpler 10 2 8 2/2+3.10 3217+0.76 -1217+0.81 805+0.78 -7.81+078 -1233+0.81

3Bulk cluster parameters unreliable due to mmbership uaiceyt
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TABLE 13
DERIVEDNGC 2682 MoTIONS COMPARED TOPREVIOUSRESULTS
Parameter Units  Nmembers Value Ref
1o, COSS  (mas yFl) 10 -7.87+£0.61 This Work
(mas yrl) 30 -8.62+0.28 Dias et al. (2001)
(mas yrt) 27 -8.31+0.26 Kharchenko et al. (2005)
Bs (mas yrY) 10 -5.60+0.59 This Work
(mas yrl) 30 -6.004+-0.28 Dias et al. (2001)
(mas yrl) 27 -4.81+0.22 Kharchenko et al. (2005)
Ve (kmsT) 10 3367+0.42 This Work
(kms?) 13 3249 Scott et al. (1995)
(kmsT) 104 335+05 Mathieu et al. (1986)
TABLE 14
COMPARISON OFDERIVED CLUSTERRVS
Members BUlerSD Bulk Vr,3D+RV OtherV, # AVrSD AVr>3D+RV
Cluster 3D 3D+RV (kms1) (kmsL) (kms1) stars  «kms?d) «ms?1) Reference
Berkeley 86 2 - —25.54+ 2.64 -22.0+7.0 6 +3.5 Forbes et al. (1992)
IC 2488 3 - -1.84+1.52 -2.6+0.1 -0.8 Claria et al. (2003)
IC 4651 9 10 -33.34+ 0.67 -33.30+0.67 -31.0+02 14 +2.3 +2.3  Mermilliod et al. (1995)
-30.8+ 0.3 44 +2.5 +2.5 Meibom et al. (2002)
IC 4756 7 13 -24.44+ 0.75 -25.08+0.64 -25.8+0.6 13 -1.4 -0.7 Mermilliod & Mayor (1990)
-25.0+£02 15 -0.6 +0.1 \Valitova et al. (1990)
NGC 129 3 - -39.41+ 0.54 -38.5+0.2 2 +0.9 Mermilliod et al. (1987)
NGC 457 2 - -32.99+ 0.60 -25.1+ 3.0 4 +7.9 Liu et al. (1989)
NGC 884 3 - -19.35+ 1.16 -42.5+2.8 2 -23.2 Liu et al. (1989)
NGC 957 2 - -34.21+1.22 -28.6+ 13.8 2 -5.6 Liu et al. (1989)
NGC 1662 6 20 -12.16+1.35 -11.95+0.86 -13.94+0.5 -1.7 -2.0 Grenier et al. (1999)
NGC 2099 3 - +8.51+ 0.92 +7.7+09 30 -0.8 Mermilliod et al. (1996)
NGC 2264 1 +24.06+ 2.91 +24.71+0.95 +24.1+8.0 6 +0.0 -0.6 Liuetal (1989)
NGC 2354 6 +32.89+ 0.39 +32.86+0.38 +33.4+0.3 +0.5 +0.5 Claria et al. (1999)
NGC 2447 13 - +22.38+ 0.20 +21.7+0.7 11 -2.1 Mermilliod & Mayor (1989)
NGC 2516 5 57 +23.80+ 0.71 +23.32+0.26 +22.7+04 --- -1.1 +0.6 Robichon et al. (1999)
+24.2+0.2 57 +0.4 +0.9 Terndrup et al. (2002)
+23.8+£ 03 24 +0.0 +0.5 Jeffries et al. (1998)
+22.0+0.2 22 -1.8 -1.3 Gonzalez & Lapasset (2001)
NGC 2539 6 8 +28.36+ 0.41 +28.34+0.39 +29.3+0.1 09 +0.9 +1.0 Mermilliod & Mayor (1989)
NGC 2546 7 +18.74+ 0.57 +21.12+1.32 +16.0+ 2.0 -2.7 -5.1 Hron (1987)
NGC 2547 3 6 +14.22+1.28 +15.65+1.26 +14.4+1.2 +0.2 -1.3 Robichon et al. (1999)
NGC 2682 10 33 +33.67+0.42 +33.84+0.33 +33.5+05 104 +0.2 +0.3  Mathieu et al. (1986)
+33.8+1.3 04 -0.1 +0.0 Prichet & Glaspey (1991)
+32.0+9.0 33 +1.7 +1.8 Scott et al. (1995)
NGC 3680 10 11 +1.064+0.36  +1.0440.35 +0.9+0.2 6 -0.2 -0.2 Mermilliod et al. (1995)
NGC 5822 13 - -29.46+ 0.49 -29.0+ 0.7 +0.5 Mermilliod & Mayor (1990)
NGC 6067 4 - -39.83+ 0.42 -39.9+02 10 -0.1 Mermilliod et al. (1987)
NGC 6134 7 9 -27.30+ 0.67 -27.41+0.59 -26.0+02 14 +1.3 +1.4  Claria & Mermilliod (1992)
NGC 6705 4 6 +30.48+ 1.42 +30.87+1.14 +345+1.4 29 +4.0 +3.6  Mathieu et al. (1986)
NGC 6811 7 - +6.034+ 0.30 +7.1+0.3 03 +1.1 Mermilliod & Mayor (1990)
Trumpler 10 2 8 +27.62+ 3.10 +31.91+0.73 +25.0+£35 22 -2.6 -6.9 Robichon et al. (1999)
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TABLE 15
COMPARISON OFDERIVED MEAN PROPERMOTIONS TO THOSE OFDIAS ET AL. (2001, 2002)

Dias et al. (2001, 2002a) This Study Comparison
Hacoss s Mo coss Hs Apocoss  Dps Dias Memb.

Cluster Stars Memb. (mas yi'l) (mas yi'1) Memb (mas yi' 1) (mas yi'L) (masyil)  (masyrl) Conf. Re]

Berkeley 86 99 50 -41+22 -454+22 2 -3.8+13 -46+12 -0.3 01 2 22
Collinder 205 19 12 -39+19 65+19 1 -40+21 80+19 01 -15 1 4
Collinder 258 25 13 81422 -0.8+22 2 -0.9+26 -5.0+24 7.2 4.2 0 8
Harvard 10 92 34 -28+16 -112+16 3 -39+11 -116+11 11 04 3 11
IC 2488 63 40 -56+3.0 80£30 3 -7.7£16 89+15 21 -0.9 3 22
IC 4651 43 19 -11+21 -22+21 9 -1.7+07 -2.8+0.7 0.6 0.6 7 16
IC 4756 181 30 -01+13 -34+13 7 07+0.7 -2.0+£0.7 -0.8 -14 4 8
Kharchenko 1 86 40 2+36 -35+36 3 61+12 -19+13 -4.0 -1.6 3 14
Lynga B 23 9 -7.7+29 -24+29 1 -52+45 -7.7+41 -25 53 1 11
Lynga 2 33 13 -52+32 -59+32 4 -39+15 -86+15 -1.3 27 2 4
NGC 129 39 10 -11+28 16+28 3 -24+12 -1.3+12 13 29 3 17
NGC 381 25 13 ®+19 -1.3+19 2 06+29 -21+30 03 0.8 2 9
NGC 457 29 14 -06+25 -1.9+25 2 -28+14 00+14 22 -1.9 2 9
NGC 884 46 18 -16+25 02+£25 3 -0.6+10 07+£10 -1.0 -0.5 3 12
NGC 957 28 12 n+35 03+£35 2 02+14 -11+14 09 14 2 11
NGC 1513 20 6 P+38 -3.6+38 1 01+27 -54+26 49 18 1 8
NGC 1528 63 20 Bt17 -15+17 5 13+0.8 -09+0.8 01 -0.6 5 14
NGC 1662 34 18 -19+12 -22+12 6 -1.54+07 -2.2+0.7 -0.4 0.0 6 5
NGC 1960 49 30 a+16 -4.0+1.6 18 054+0.5 -45+0.6 -0.4 05 8 18
NGC 2099 84 40 B+18 -7.1+£18 3 45+12 -74+12 -0.7 03 3 23
NGC 2215 17 12 5+19 -5.6+19 3 51+13 -6.3+14 -25 0.7 3 8
NGC 2264 81 30 -11+4+20 -3.8+£10 1 -04+20 -1.24+20 -0.7 -2.6 1 7
NGC 2301 89 45 -134+18 -5.0+1.8 2 -0.6+1.1 -6.2+11 -0.7 12 2 23
NGC 2323 100 55 ®+20 -1.94+20 5 15+09 -39+10 -0.9 20 3 17
NGC 2353 35 25 -254+26 00+£26 3 -2.8+£09 -2.24+09 03 22 3 15
NGC 2354 69 20 -5.8+29 -15+29 6 -93+12 -21+11 35 0.6 6 19
NGC 2423 93 50 ®+19 -26+19 20 -0.7+£04 -3.0+04 13 04 18 22
NGC 2437 144 75 -45+14 06+14 18 -4.8+05 014+05 0.3 05 18 14
NGC 2447 69 34 -48+19 44+19 13 -5.24+0.6 43+0.6 04 01 13 14
NGC 2482 57 32 -49+4+3.0 16+3.0 4 -2.0£09 45+0.8 -29 -29 2 15
NGC 2516 81 45 -324+17 101+17 5 -4.24+0.6 9.7+ 0.6 10 04 5 8
NGC 2527 62 32 -41429 64+29 5 -39+14 65+1.2 -0.2 -0.1 5 22
NGC 2539 50 30 -41+14 -1.8+14 6 -3.8+038 -34+0.8 -0.3 16 5 14
NGC 2546 286 80 -4.0+22 36+22 7 -3.8+038 37+0.7 -0.2 -0.1 7 21
NGC 2547 38 19 -77+£19 38+19 3 —-6.7+£0.7 35+0.7 -1.0 03 3 7
NGC 2548 107 70 -08+17 19+17 10 Q6+0.5 14+05 -14 05 10 30
NGC 2567 30 17 -32+26 23+26 3 -3.8+£19 18+17 0.6 05 3 8
NGC 2579 14 10 -41+19 29+19 2 -25+14 14+14 -1.6 15 2 5
NGC 2669 32 16 -58+35 41+35 1 -3.3+13 6.2+13 -25 -2.1 1 10
NGC 2670 18 9 -81+22 59+22 1 —-6.1+21 48+20 -2.0 11 0 1
NGC 2682 53 30 -86+15 -6.0+15 10 -7.9+0.6 -5.6+0.6 -0.7 -0.4 10 9
NGC 2925 71 32 -89+25 54+25 2 -128+16 36+14 39 18 2 14
NGC 3680 24 14 -59+22 20+22 10 -5.84+0.6 11+0.6 -0.1 0.9 10 9
NGC 5281 29 12 -53+26 -35+26 2 -93+17 -0.3+16 4.0 -3.2 0 4
NGC 5316 97 25 -5.0+23 02+23 8 -53+11 -08+10 03 1.0 8 16
NGC 5460 94 40 -6.6+27 -2.6+27 5 -5.94+0.6 -2.0+06 -0.7 -0.6 5 22
NGC 5617 54 35 -20+36 -2.3+£36 3 11+30 18+27 -3.1 -4.1 3 16
NGC 5662 109 60 -50+29 -5.6+29 2 -22+17 -48+16 -2.8 -0.8 2 26
NGC 5822 257 140 -8.0+28 -82+28 13 -8.6+09 -8.8+0.9 0.6 0.6 13 46
NGC 5823 31 10 -38+19 01+19 2 -47+32 -0.6+30 09 0.7 2 11
NGC 6025 66 30 -314+20 -3.31+20 6 -1.94+09 -2.4+0.9 -1.2 -0.9 5 15
NGC 6031 21 11 -24+24 -75+24 1 -17+24 -99+22 -0.7 24 2 6
NGC 6067 114 24 -17+26 -25+26 4 -27+11 -18+11 10 -0.7 4 8
NGC 6124 117 60 -1.3+20 -3.1+20 10 -0.1+11 -34+05 -1.2 0.3 10 36
NGC 6134 28 15 -09+33 -46+33 7 -01+11 -7.0+11 -0.8 24 3 3
NGC 6167 22 10 -14+26 -55+26 3 -19+14 -16+13 05 -3.9 0 0
NGC 62503 23 10 -02+16 -3.3£16 1 135+17 -112+17 -137 79 0 3
NGC 6281 37 21 -34+25 -3.6+£25 6 -29+0.8 -3.7+038 -0.5 01 6 10
NGC 6405 60 30 -22424 54422 5 -1.54+06 -6.1+0.6 -0.7 0.6 6 12
NGC 6416 70 32 -14+4+24 02+24 6 -0.4+09 -0.1+10 -1.0 03 6 8
NGC 6603 44 22 od+23 01+23 3 10+11 05+1.2 -0.3 -0.4 2 6
NGC 6705 64 32 46427 -1.1+27 4 -54+12 -03+12 0.8 -0.8 4 12
NGC 6811 102 51 -55+19 -75+19 7 -53+£0.7 -8.1+06 -0.2 0.6 7 26
NGC 6866 89 45 -34429 -5.0+29 2 -55+12 -8.0+11 21 30 2 30
NGC 6885 46 20 -26+26 -43+26 2 -29+14 -6.0+13 03 17 2 10
NGC 7209 72 36 b+19 14+19 1 18+0.7 -0.0+0.6 -0.3 14 6 22
NGC 7654 25 10 -06+27 09+27 1 04+5.0 06+5.2 1.0 -0.3 1 8
Platais 1 59 25 -37+29 -40+£29 3 -45+11 -38+11 0.8 -0.2 3 26
Ruprecht 119 31 14 -124+15 -1.8+15 3 09+15 -12+14 -2.1 -0.6 2 6
Stock 8 24 15 -10+17 -54+17 3 -18+11 -42+11 0.8 -12 3 7
Trumpler 10 44 22 121415 6.7+15 1 -1224+08 81+0.8 01 -14 2 6

8Cluster excluded from further analysis, duedu , coss5 OF Apg > 5.0mas yrl.
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FIG. 1.— Comparison of proper motion& ., coss and Aug derived from the Hipparcos (Baumgardt et al. 2000), TycH®ias et al. 2001, 2002a), 4M
(Glushkova et al. 1996) and the new UCAC-2 (Dias et al. 2006)eys. (a) Hipparcos vs. Tycho-2. (b) 4M vs. Tycho-2. (cppiircos vs. 4M. (d) UCAC-2
vs. Tycho-2. Error bars are the quadrature combination @futiicertainties in the two surveys. Filled triangles demdusters with best erorsXe,,, and
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FIG. 2.— (a) 2MASS color-magnitude diagram (CMD) of all UCAC+Hars within the 25’ radius of M67 with Salasnich et al. (20@DJASS isochrone
overplotted. Red points denote stars brighter than madmitu13.0 in the UCAC system (approximately equal to the GmRiband), that are selected to be
along the cluster’s stellar sequence in the CMD while bluatsalenote stars fainter than 13.0 that lie the clustermmaquence. (b) Comparison of proper
motions . andps derived for M67 stars from the UCAC-2 survey. The red and lploimts denote the same stars as in (a). One can see that Ingatidi
fainter UCAC-2 data, and thereby changing which survey ttopgr motion data are primarily derived from, one can agtugiange the derived bulk proper
motion by almost 2 mas ¥ in each direction. The black square denotes the measurkgtager motion from the Dias et al. (2001) survey.



Open Clusters as Galactic Disk Tracers | 23

,: 3 C ( )l T T T T I ! l. T T T T =
c(a : =
52 : E
o 1F E
= = A ! | ! - =
T8F N L e E
T 9F #e %! E
D gE 4 AAﬂ’AM.."g.‘ neo aAB 3
» 7F | EAI a® A ‘a 24 3
S Pttt
8_‘ 500 E (C) .' o © \ E
S 0Fa - L e S -
N C . ]
-500 E | | | | | | | I | | | | |A | -
6 8 10 12
R,. (kpc)

i T T | T T T | T T T | T T T | T ]

4 —(d) _

2 I ““ AA 1

- .I‘. DA A .

g [ 4 fls T o 1

X B 8 5.% 44 _

! fg@fg *T s -

>_:=0 - A A. &é.’. i

. T e _

2 c ]

i A i

4 —

i 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 ]

6 8 10 12
X, (kpc)

FiG. 3.— Properties of the open cluster sample. (a) Plot of efusje vsRyc. One can see that most clusters are less than 200 Myr old tfigagles) though
a number of old clusters are present in the sample (blacles)iccOpen Squares denote the clusters Collinder 258, L¥ni5C 1513, NGC 6250, and NGC
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FIG. 4.— Comparison of the measured RVs for Fekel (1999, opered)cand IAU radial velocity standard stars. The dashed lingksnan ideal 1-to-1
correlation. The dotted line is a linear fit to the data.
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FIG. 9.— Steps in the membership analysis for NGC 2682 (M67)Herl-D RV distribution V). (a) Kernel-smoothed RV distribution for all stars used in
the analysis of the data for the cluster NGC 2682. (b) Kesnebothed distribution for stars not within the cluster wad{Dias et al. 2002b). (c) Probability
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FiG. 10.— Steps in the analysis of the 2-D proper motion distiéiu(isq, cosg) i15) for NGC 2682 (M67). (a) Kernel-smoothed distribution dfsthars used
in the analysis. (b) Kernel-smoothed distribution for staot selected to be RV members (see FigurBY0x 0.8). (c) The probability distribution given by
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FIG. 11.— 2MASS color-magnitude diagram (CMD) for NGC 2682 (Mt stars inside the cluster radius (Dias et al. 2002b) s€es &) denote stars that
we determined to be non-members. Large circles denotessbasted to be members basedbath RV and proper motion criteria. Triangles denote stars that
havePY > 70% but which do not have Tycho-2 proper motion data avalabl
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FIG. 13.— Same as Figure 12.
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FiG. 16.— Comparison of radial velocitieaV; to previous studies (see Table 14). (1Y, plotted as a function of our measuréd no obvious systematic
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FiG. 17.— Comparison of the proper motiofs:,, coss andApus derived from our study to those of Dias et al. (2001, 2002&)€Ta5). Histograms of\p
showing that, besides the cases of Collinder 258, Lyngad NiBIC 6250, all of our reliable measurements of the bulk Ruihiefclusters are within 5 masyr
of Dias et al. (2001, 2002a) study with the pealai,, = 0 mas yr! andApus =0 mas yrl. (a) Apna showing clusters having seven or more 3D members from
our own analysis (blue histogram), while the green histogdenotes clusters with 3—-6 3D members, and red histogramirsipdhose clusters with less than
three 3D members. (b) as (a) with histograms color-coded daybership from Dias et al., with the blue histgram having0 members, green 10-19 members,
and red< 10 members. (cA\ps with same color-coding as (a). (x5 with same color-coding as (b).



