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Zusammenfassung

Kinematik von metallar men Unter zwer g-Sternen : Wir prasentieren eine Unter-
suchung der Raumgeschwindigkeiten von 895 Unterzwenq&teaus der Stich-
probe von Carney et al. (1994; CLLA). Hipparcos ParallaxetBigenbewegungen
sowie Tycho2 Eigenbewegungen wurden mit Radialgeschgkedien und Metal-
lizitaten von CLLA kombiniert. Das kinematische Verhaltder Sterne wird insbe-
sondere in Hinblick auf ihre Metallizitaten diskutiert.ddmeisten der Sterne ha-
ben eine Metallizitdt von-1.0 <[Fe/H]< —0.4 reprasentieren die Geschwindig-
keitsverteilung der dicken Scheibe. Wir leiteten die Hdéitsfunktion der dicken
Scheibe mitl /V,,,... Methode ab. Wir fanden, dal die Helligkeitsfunktion in der a
soluten Magnitudé/,, = 4 — 5 mag, gut mit der Helligkeitsfunktion tibereinstim-
men, die von derstellare Anfangsmassenfunktion abgeleitd (Reyle & Robin
2001). Wir analysierten die Kinematik in unserer dickenesio Probe und fanden
substrukturen in der dicken Scheibe Population.

Kinematics of Metal Poor Subdwarfs : We present an analysis of the space
motions of 740 subdwarf stars based on the sample stars obZat al. (1994,
CLLA). Hipparcos parallaxes and proper motion and Tycha#ppr motions we-
re combined with radial velocities and metallicities frorhl&. The kinematical
behavior is discussed in particular in relation to their afltities. For stars with
metallicity -1.0<[Fe/H]<-0.4, the velocity distributiaepresent the thick disk po-
pulation. We derived the luminosity function of thick disking 1/V,,.., method.
We found that the luminosity function in absolute magnitofld/,, = 4 — 5 mag,
agree well with the Luminosity function derived from thelkteinitial function
(Reyle & Robin 2001). We analayzed the kinematics in ourktltick sample and
found substructure in the thick disk population.
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8 1 Introduction

1 Introduction

1.1 Stellar Populations of the Galaxy

A stellar population is a set of stars of the same age and daémdmposition.
Born together at some point in the Galaxy, stars of the saelaispopulation will
share the same kinematic properties in the Galaxy, whetlegrlie with respect to
their circular velocities to the Galactic center or in th@indom velocities in the
Galactic halo.

The study of stellar populations has been widely recognémedne of the main
tools to study a variety of astrophysical problems. One ef pimary reasons
for studying stellar populations in galaxies is to improwg anderstanding of the
formation of galaxies and their evolution in time. The higtand implications
of such studies in our own Galaxy have been well reviewed byd&ge (1986),
Gilmore, Wyse and Kuijken (1989) and Majewski (1993).

Figure 1: The Galaxy from the COBE satellite

During, the Second World War, Baade (1944), using red phafdgc plates,
discovered that stars in the nucleus of M31 are actually radtg, and therefore
very different from the blue stars that could be found in @&parms. Baade con-
cluded that red giants populate spheroidal componenteafdtaxy and called them
Population 11 in contrast to the stars in the spiral arms which he cafgallation
|. He also formulated a prominent correlation between hisuRdion | and Il and
those of that Oort (1926) found on the basis of kinematicapprties: Population
Il stars seemed to have high velocities, whereas Populbsitams did not. This dis-
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covery opened a completely new path in galactic physics patked a debate that
is still very much in progress. After the works of Sandage &alkwarzchild (1952)

it became evident that Population Il is represented by testars, and while both
young and old stars constitute Population I. So, at thistme became a player in
the "big game". Later, Chamberlain and Aller (1952) introgldi one more param-
eter, the abundance of heavy elements, which were very lpothéorepresentatives
of the Population Il and almost solar for Population I.

e

Figure 2: A schematic view of the Galaxy. The four major stelomponents, the
position of the Sun, and the Galactic center have been marked

By 1957, the Vatican Conference on Stellar Populations (@il 1958) pro-
posed a compromise scheme of five populations: Extreme Bibgul, Older Pop-
ulation |, Disk Population, Intermediate Population lidafalo Population 1. More
recently, divisions have once again changed from the caanmgdicity of halo and
disk, to the somewhat higher complexity of Young (thin) Disk, @tdin) Disk,
Thick Disk, and Halo. Each group is distributed roughly,mally about the plane
along the perpendicular or z-axis direction. The disp@&siof the groups are not
precisely known and are found to differ from one investigatio another, but are
of the order of 100-200 pc for the thin disk and 500-1000 pcHerthick disk. The
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very old halo population is more nearly spherically disitdal with a dispersion in
z of several thousand parsecs.

The classical scheme and current usage for both the Milky svelyexternal
galaxies are summarized in the first and second parts of Tahl&he top part
of Table 1.1 presents the classical view of stellar popotetiin the Milky Way.
Each of the three basic population divisions are furthedsudbed, with defining
examples of observed classes of objects listed. The comndoseof spatial distri-
butions, spectral types, kinematics, and chemical abwetaare all correlated. It
is the set of correlations which provide the evidence forithsic physical validity
of the population concept (Cox 2000). The bottom line of the part illustrates
schematically a classical extension of the populationgepnto external galaxies.
The bottom part illustrates the current appreciation ofstielar populations. Many
more details are shown, together with finer subdivisionse &$sential features of
the population concept however remain unmodified.

Bulge

RR Lyrae in the central bulge of the Galaxy are visible thioBgade’s window and
other regions of low absorptions. Other characteristitasté&racers of the bulge
include K and M giants. These stars span a wide range of nuogtgllbut over
half are in the range-0.4 < [Fe/H| < 0.3 (Sadler, Rich & Terndrup 1996). The
inner part of the bulge also appears to contain A stars, imglthat some star
formation has occurred within the past’ year (GWK). The mass of the bulge is
about2 x 10°M, or one-third the mass of the disk. The bulge rotates at 60 km
s L.
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Thin Disk (Population 1)

e Spiral-arm populations or extreme populations | are the youngest in the
disk. These include HI and molecular clouds, HIl regionstgstars, stars
of type O & B, supergiants and type | cepheids, which appetmatie spiral
pattern of the Milky Way. These tracers are concentratesgecto the disk
plane with a scale height of 60 pc. They move on nearly circoibits with
net velocities of about 22Bm.s~!. Their metallicity is somewhat higher than

the Sun.

e The old disk refers to stars in the disk which are older than a few Gyr. This
generally means A type stars or later. They rotate at abduikg0s*. The
total velocity dispersion is about twice that of the youngkdisee Table 2.1).
Objects of the old disk include F, G, K and M stars, white deaplanetary
nebulae and some types of variable stars. The total mas® ahitin disk is

Table 1: Stellar Population. Classical (top) and curreswér) concepts of stellar
populations [Cox, 2000]

Population I Il Disk ] |
Hallo Pop. II Intermediate Old Pop. | Extreme Pop. |
Characteristic subdwarfs stars with Galactic A stars gas, spiral
objects globular clusters  V, > 30kms nucleus Me dwarfs structure
and RR Lyrae LPV's,P < 2509 RR Lyrae strong-line supergiants
properties P>0.94 P <094 stars Cepheids
weak-line stars
Scale height (pc) 2000 500 300 100 60
central strong strong strong little little
concentration
T/Tu 1.0 1.0-0.8 0.8-0.25 0.25-0.05 0.05-0.00
ow (kms™1) 75 25 17 10 8
Z|Zg 0.1 0.25 0.5 0.75 1.0
External Galaxies Elliptical Elliptical Bulges Spdisks, Irr's  Sp disks, Is’
Population Extreme Pop. Il Intermediate Pop. Il Bulge/Pop. Il Pop. | rewte Pop. |
Characteristic “halo” “thick disk” “bulge” “old disk" “young disk"
objects subdwarfs globular SMR stars intermediate young stars
and globular clusters =“IR bulge* age disk spiral
properties clusters with [Fe/H] > -1 planetary stars structure
with [Fe/H] < -1 RR Lyrae, c-type nebulae Cepheids
RR Lyrae LPV's,P 2504 =“optical bulge“
AS>4 RHB stars RR Lyrae
AS<4
tri-axial (?)
(Vrot) 30 170 60 200 220
oy oV oW 130:100:85 60:45:40 120:120:120 38:25:20 20:10:8
Z/Zg 0.03 0.3 0.1-2 0.9 1
T/Tu 1.0-0.9 0.9-0.8 1.0-0.5 (?) 0.9-0.1 0.1-0.0
External Galaxies dE Sa, SO, gE Sa, SO, gE Sbcd, Irr's Sbcd, Irr's
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about6 x 101°M.

Thick Disk (Intermediate Population 11)

Star counts suggest that this component is distributed iskavdth scale height of
1to 1.5 kpc. Less than 1 % of the stars in the vicinity of thelsellong to the thick
disk. This component dominates the high-latitude tail eftin disk atz> 1 kpc.
The total mass of the thick disk is only abawf M.

The true nature of this stellar populations is not fully urstieod. It was origi-
nally classified as part of the halo, but it is much flatter thag other halo popu-
lation. Kinematics studies imply that the thick disk rotatégth a velocity of about
170 km s* (Gilmore, Wyse, & Kuijken 1989; hereafter GWK), greaterrilrata-
tion of the halo which is less than 40 km's This shows that the thick disk is closer
to the thin disk. Metallicity measurements also supportidiea that the thick disk
is distinct from the stellar halo. The characteristic matalndance of the thick disk
is [Fe/H] = —0.6, while the halo is poorer in metals (GWK).

It's less obvious that the thick disk @stinct from the thin disk since in many
respects it represents a continuation of the trends withrageetallicity, velocity
dispersion, and scale height as seen in the thin disk. Onthiez band, the veloc-
ity dispersion and scale height of the thick disk are sigaiftty greater than even
the oldest thin disk sub-population, suggesting that soswdtinuity might occur
between these groups.

Stellar Halo (Extreme Population 11)

The stellar halo of the Galaxy includes the system of glabeliasters, metal-poor
high velocity stars in the solar neighborhood, and metalrgogh latitude stars.
The total mass of the stellar halo is only aba0t)/.. As the oldest visible com-
ponent of the Galaxy, the stellar halo holds important ctogbe formation of the
Milky Way.

Metal-poor subdwarfs in the solar neighborhood have large velocities with
respect to the Sun and other disk stars. These stars are log biggentric orbits
about the galactic center; their net rotation is no more #km s!, while their
random motions are quite large. The metallicity of thesesst@anges from-3 <
[Fe/H] < —1 (Mihalas & Binney 1981). Further explanation on these staes
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presented in sectior’s2 and2.3.

Globular clusterswith [Fe/H] < —1 are the classic tracers of the galactic halo.
Their spatial distribution provides the first real clue theetsize and shape of the
Galaxy. These clusters have a nearly-spherical distabh@xtending to many times
the Sun’s distance from the galactic cenf&gr

RR Lyrae variables are useful in tracing the large-scale distrdyutf the halo
because they can be identified by their characteristic Nghiation at large dis-
tances.

Table 2: Some population characteristics of disk and hatopmments in the solar
neighborhood (Norris, 2001)

Scale height ou,ov,owl  Vigg! Age
Component (pc) ([Fe/H]) (kms™1) (kms™ 1)  (Gyr) p/prot?
Old thin disk 300 —0.3 30, 20,15 15 <10 0.95 — 0.98
Thick disk 800 — 1500 —0.6 65,55, 40 40 12 —15 0.02 — 0.05
Metal-weak 1400 —-1.2 Unknown 40 (12 -15)  (0.0005 — 0.002)
thick disk
Flattened halo 1600 — 2000 —1.68 130,100,908 160 12 -15 0.0008

(also called old,

low or collapsed halo)

Spherical halo Spherical —1.6% 130,100,90% 160 12 0.0002
(also called younger,

high or accreted halo)

loy,ov andow are velocity dispersions in the directions away from theaGti¢ center, toward Galactic rotation and
toward the north Galactic pole, respectiveli,, = (Viot — V' ) measures the asymmetric drift, the velocity by which the
component lags the solar neighborhood in its systemiciootat

2Ratio of the density of the component to total density in tiarsneighborhood. We assumgaio/paisk = 0.001.
3Decomposition of the two halo components has not yet beeievath The tabulated values are those determined for their
admixture in the solar neighborhood. The values of the iddat components are thus uncertain.

1.2 Studiesof the Thick Disk

The thick disk was defined through star counts 20 years agm{® & Reid 1983)
and is now well-established as a distinct component, notathef the stellar halo
or of the thin disk. Its origins remain the source of consatbés debate.

Since the pioneering work of Gilmore & Reid, several large/eys (most re-
cently Beers et al. 2002, Chen et al. 2001, Ojha 2001, Kedaerel, & Santiago
2001, Chiba & Beers 2000) have been undertaken to constraiglobal proper-
ties of the thick disk in the larger hopes of unraveling itariation. The Milky
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Way thick disk is somewhat metal-poor, with metalliciti@ging from—2.4 <
[Fe/H]< —0.5 (Beers et al. 2002, Chiba & Beers 2000) but a mean on the higher
end (-0.7to —0.5; Robin et al. 1996, Layden 1995, Gilmore, Wyse, & Jones 1995)
While the ages are not as well constrained, the thick diskasght to be at least

as old as the metal-rich globular clustef&l'uc, the globular cluster of the same
metallicity (o< 12 Gyr; Gilmore, Wyse, & Jones 1995). The scale height is now
thought to bes00 — 900 pc, roughly2 — 4 times thicker than the old thin disk. The
radial scale length i2.5 — 4.5 kpc (Reyle & Robin 1996, Ng et al. 1997), giving an
overall axial ratioof3 : 1t0 7 : 1.

The kinematics of the thick disk are intermediate betweesétof the thin disk
and those of the stellar halo; in particular, the standalgevior the mean azimuthal
streaming velocity of the thick disk ig..; ~ 170 km s~! (Norris 1986; Morrison,
Flynn & Freeman 1990; Chiba & Beers 2000). Velocity dispansiare generally
found to span typical values betweghand50 km s™!, sometimes up t80 km s™*
in the radial direction (Ratnhatunga & Freeman 1989). Therasgtric drift ranges
between-20to — 80 km s~! and the mean metallicity from0.5 to —0.8 dex. The
view of the thick disk has been complicated by the study ofridon et al. (1990)
who brought to the fore low-metallicity stars-(.6 < [Fe/H] < —1.0) with disk-
like kinematics. Chiba & Beers (2000) estimate that 30% efdtars with—1.6 <
[Fe/H] < —1.0 belong to the thick disk population. It remains unclear wieethis
population is separate from the thick disk or its metal-wizalk However, surveys
of faint F/G stars tend to find a lower valug,,, ~ 100 km s ! (e.g. Wyse &
Gilmore 1986; Gilmore, Wyse & Norris 2002).

There are two main theories of formation for these stellanponents: ei-
ther they are left-overs from the monolithic dissipativélayase of the protogalaxy
(Eggen, Lynden-Bell, & Sandage 1962; ELS) or from the buitdef the Galaxy
through hierarchical merging (Searle & Zinn 1978). ELS puth their model
that the stellar halo formed from a rapid collapse of the gmiotud, then a rota-
tionally supported disk formed later to explain what theyught was a correlation
with metal-poor stars having high orbital eccentricitiesl dow angular momen-
tum. However, their sample was proper-motion selected aodienm studies have
shown no correlation between metal abundances and eaign{g.g. Chiba &
Beers 2000). Searle & Zinn put forth their bottom-up modekwhhey found a
large (several Gyr) spread in the ages of globular clustedsn@ abundance gra-
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dient with distance from the Galactic center, both prediddiof the ELS model.
Thus Searle & Zinn argued instead that the stellar halo coale formed from the
accretion of independent fragments of massg3/| .

The thick disk was thought to be dynamically heated (in@dagelocity dis-
persion and thus scale height) out of the thin disk, early bemthe disk was just
forming. One possibility of such heating is simply scatigroff of transient spiral
density waves (Carlberg & Sellwood 1985) or giant molecalands (Lacey 1984).
The fairly high values for the velocity dispersions of thekhdisk, oy, ~ 40 km
s7! ando, ~ 80 km s7!, argue against normal disk-heating mechanisms (the
transient gravitational perturbations in the disk, bitspiral arms, GMCs) being
involved in its formation - those processes generally satuat the values of the
velocity dispersions for the old thin disk, oy, ~ 20 km s
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Figure 3: Velocity dispersion in the U (top), V (middle), ant(bottom) directions
vs. the logarithm of the age for stars from the Edvardssoh €1893) sample. This
figure is from Freeman & Bland-Hawthorn (2002).

Figure (3) shows a plot of velocity dispersion vs. age (Edsson et al. 1993,
Quillen & Garnett 2001). The plot shows three regimes: statsmger thars Gyr
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with a vertical velocity dispersion of0 km s™! representing stars heated by the
process described above, star§ ef 10 Gyr old with oy, = 20 km s~ representing
the thin disk, and stars older thafn Gyr with a higher velocity dispersion a0

km s~! which are the thick disk stars. This sudden doubling of théicad velocity
dispersion at an age df) Gyr suggests that the thick disk was formed by a sin-
gle heating event that occurréd Gyr ago and that the disk has not suffered any
significant mergers since then.

What signatures of a merger-origin for the thick disk migérhain observable
today ? Helmi et al. (1999) found by analyzing Hipparcos diagasignature of a
cold stream in the velocity distribution of the halo starshaf Milky Way. This was
confirmed later by Chiba & Beers (2000) using their own datee(B et al, 2000).
Helmi et al. (1999) interpreted this stream as part of thal tildbris of a disrupted
satellite galaxy accreted by the Milky Way, which ended uphia halo. Navarro
et al. (2004) have argued that Eggens’s (1996) Arcturuspiewanother such a
debris stream, but in the thick disk of the Milky Way, datingck to an accretion
event5 to8 Gyrs ago. These observations complement observationsgafirom
accretion of satellites such as of the Sagittarius dwardgal(lbata et al. 1994)
or very recent accretion in form of the Monoceros streamadisced in the outer
disk of the Milky Way with SDSS data (Newberg et al. 2002, Yaethal. 2003,
Rocha-Pinto et al. 2003, Penarrubia et al. 2005). Extendadgs of accretion of
satellites onto massive galaxies are also expected theihgtFor instance, recent
sophisticated simulations of the formation of a disk galaxyhe framework of
cold dark matter cosmology and cosmogony of galaxies by Péiaal. (2003a, b)
suggest that disrupted satellites contribute signifigamdt only to the stellar halo
but also to the disk of a galaxy.

Several models of formation of the thick disk as shown abaeepsroposed
which predict peculiar features for the spatial, chemikalematical and age dis-
tributions of the thick disk, including mean behavior andpdirsions, gradients,
continuity-discontinuity with other populations. Suclegdictions are described for
instance in Majewski (1993). Therefore, a detailed knogtedf properties of the
thick disk is necessary to favor one of the proposed moddisrofation.

Previous studies of the thick disk properties are numeramsrost of them
suffer from serious limitations: local samples of seledats are biased in favor of
metal-poor or high velocity stars, samples of tracers {elssRR Lyrae...) are small
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and not necessary representative of the whole thick disklptpn, while in situ
surveys suffer from lower precision due to the lack of asttrio and spectroscopic
observations for faint stars. As a consequence, the pagasnatthe thick disk are
not precisely established.

1.3 Outline of the Present Study

Studies of the kinematics of various stellar populationthanGalaxy, in particular
the thick disk and the halo, have long been limited by thelaldity of large sam-
ples of stars with measurements of proper motions, radlatitees, distances, and
metallicities. Such a database is required in order to caimsplausible scenarios
for the formation and evolution of the Milky Way.

Samples of nearby subdwarf stars with high space motionsge@n observa-
tionally convenient probe of the structure of the Galaxyfifam the Galactic plane.
The large proper motion selected stellar samples of Calrejpam, Laird, and
Aguilar (1994, hereafter CLLA) have proved particularlyuable for studying the
kinematics and chemical abundances within a few kilopargem the Sun.

The Hipparcos catalogue provides a dramatic increaseitainadly and quan-
titatively, of the basic available data of distance and prapotion. The cross-
identification of CLLA data with Hipparcos improved the acate space velocities
and standardized metallicities of the subdwarfs. Signitieeorks were done by
Reid (1998) and Fuchs, Jahreiss and Wielen (1998; herdalti). FJW discussed
the kinematical behavior of the 560 subdwarfs, whose ate#l and proper mo-
tions were improved by Hipparcos, in relation to their metdies.

In this work, we study the kinematical properties and theihasity function
of thick disk population using our sample of subdwarf st&tewever, employing
proper motion selected sample could introduce the kinentédis. This bias can
be corrected by weighting each star following the exampl&camidt (1975), and
Dawson et al. (1995) using/V,,.. method. This bias can also be modeled with
assumed velocity ellipsoids for the thick disk, althougéréhremains a significant
sensitivity towards the kinematic model used. Contamamafrom the thin disk
population could be a problem, since the density ratio afiktho thin diskl : 10
(Reid et al. 1995). However, imposing a strict lower propetion can render this
negligible. Halo contamination to the thick disk sample baravoided by imposing
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a tangential velocity cut-off.

Many studies have employed the method of proper motion tseteto deter-
mine the spheroid luminosity function, simply becausentaes the most efficient
method for obtaining samples of local spheroid stars. Weuwsg this method to
derive the ’bright end’ thick disk luminosity function. Wesggorm a monte carlo
simulation of the sample to allow the biases and effects wipta selection to be
taken into account, so the luminosity function could be ected or at least, cor-
rectly interpreted.

We analyzed the fine structure of the phase space distribfutitction of sub-
dwarfs using a search strategy based on Dekker’s theorylattgaorbits to find
overdensely populated regions. The star streams couléplplelate to dynamical
perturbation by spiral density wave or as part of the tidardedebris of a disrupted
satellite galaxy accreted by the Milky Way.

In the next chapter, we will explain the theoretical backords of the subd-
warfs, kinematics of stars in the Galaxy and the method toveléhe luminosity
function, and the procedure of the monte carlo simulatie@dus this work. Chap-
ter 3 is focused on the kinematic analysis of the subdwad,dhits chapter is based
on paper of Arifyanto et al (2005). In the chapter 4, we wiltide the "bright end’
luminosity function of the thick disk. The fine structure retphase space distribu-
tion of our subdwarf sample will be explained in chapter 5e Tast chapter will be
the summary and conclusions.
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2 Basic Theories

2.1 Subdwarf Stars

Adams and Humanson (1935) called attention to a groups f kteated between
the main sequence and white dwarfs, which they called asrimtdiate white
dwarfs’. They noted that the hydrogen lines of these stare warrow and sharp
and the metallic lines faint. These stars were later calldswarfs by Kuiper
(1939) since he found them more similar to dwarfs than to evbwarfs. He de-
fined them as stars not over 2-3 magnitudes below the mairesegand described
the spectra of objects earlier than about G5 in terms sinaldrose of Adams et al.
(1935).
Subdwarfs are seen to share several interesting properties

e a spectrum with weak metallic lines

e an ultraviolet (photometric) excess

e a position in the HR diagram below the main sequence
e alarge space velocity.

In practice it is found that none of the four characteristadgen individually suf-
fices to define 'subdwarfs’. The spectroscopic criteriomufficient, becausg
Boo stars and Horizontal Branch stars also satisfy thismoin. If we consider the
position in the HR diagram, we find that (usually) a trigondmegoarallax is either
unavailable or not, if it exists, has such a large possibieréo make the absolute
magnitude poorly determined and the space velocity suéquslly. Therefore,
many authors do not use space velocities. Instead they usey dgavge proper mo-
tion or a very large radial velocity (eg. CLLA). If we add thendition that the
object must be a permanent member of our Galaxy, its spaoeitye(V)should be
smaller than 400 or 500ms~ (Jaschek & Jaschek 1987).

Eggen (1979) defined subdwarfs as old, metal poor, high igldwarfs. He
suggest as a lim{tFe/ H| < —0.6 and for the space velocifiy > 140kms~!. This
definition seems clear but uses age and composition as p@@smeéiich are not
easily obtainable. In practice, the 'age’ is replaced byspeelocity and 'composi-
tion’ by a photometric weakness-of-line index (Jaschek gchak 1987).
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From their large space velocity, the subdwarf stars arengaio the high veloc-
ity stars group. This group is defined in a purely kinematig.wa star is called
as a ’'high velocity object’ (HV) if its space velocity is lagthan a limiting veloc-
ity V.Observation has shown that stars in the solar neighborhaee symmetric
velocity distribution up toV/ = 62kms~!, but for higher values the distribution
becomes strongly asymmetric. We recall that the space iteloc

V = (V2 4+ 4.74p%d%)"/? (1)

whereV;. is the radial velocity corrected by solar motignthe total proper motion
(in "lyear) andd the distance (in pc)V, andu can be measured very accurately,
but V' usually has a large uncertainty frathn Since an error inl propagates into
V, a certain number of HV stars appear as such only becausegeféarors ind.
Authors prefer to use a condition gralone as a definition of HV stars (eg. CLLA).

In terms of stellar population (see sections 2.1.2 and R.th& metal-poor sub-
dwarfs are belong to thick disk and halo objects. Eggen (198parates these
two population stars according to abundance, and definefoastaa as an object
with [F'e/H] < —0.6. GWK argued that the thick disk population has dominated
metallicity group[F'e/H] > —1 with mean< [Fe/H]| >= —0.6. While the halo
population hasfe/H] < —1.

2.2 Galactic Space Velocities

In order to study the kinematics of nearby stars, one shaalltliate the galactic
space velocity componentd (V, andW) for given proper motion, radial velocity,
and parallax. We will use a right-handed coordinate systardfV, andW, so that
they are positive in the directions of the Galactic centela@ic rotation, and the
North Galactic Pole (NGP), respectively. Some authorsgpreteft-handed system
for U, V, andW, in which U is positive toward the Galactic anticenter.

All coordinates used must be for equinox J2000, becauseésttia system used
to define galactic coordinates. In the followingandé are equatorial coordinates,
while b and| are galactic latitude and longitude, respectively. Thagi coordi-
nate system is defined by three angles. Some authors useusit®egl position of
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the North Galactic Pole :

ayep = 12"51™ = 192.85948°
Snap = +27.12825°

The third anglei, is the inclination angle between the galactic equator eécetijua-
torial plane. The point where these two great circles crotisa Node pointd yoqe
andl yoqe):

ay = 282.86°
Iy = 32.93° (2)
i = 62.87°

Here we will use the last terms to calculate the galactictmrsand space velocity.

2.3 Transforming Coordinates and Velocities

We will also use the following quantities:

T ,the parallax in miliarcsec,

V, ,the radial velocity inkms=1,

wuh = 15u2 cosd ,the proper motion in right ascension, corrected for detima
in miliarcsecyr—1,

s ,the proper motion in declination, in miliarcsge!.

The local velocity components of stars are :

T, =k pe/m ,tangential velocity in right ascension kmns—1,
Ts =k ps/m ,tangential velocity in declination ifms—1,
V, ,radial velocity

wherex = 4.74045539 x 1073, Transformation matrix to calculate equatorial com-
ponents from local ones

—sin &« —cos asin § cos acos
T= cos @« —sin asin § sin acos § | . (3)

0 cos 0 sin §
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Matrix for transforming equatorial components into galacbmponents is given
as

cos Iy cos any +sin Iy sin aycosi cos Iysin ay —sin Iy cos aycosi  —sin lysin i
A= sin Iy cos any —cos |y sin apycos i sin lysin ay + cos |y cos aycosi  —cos |ysin i . (4@
sin ap sin i —cos ay sin i cos |

Using the values ofvy,l v, andi as written in eq. (2.2) the transformation matrix
becomes

—0.0548655 —0.873456 —0.483802
0.494138 0.20618 0.746987 . (5)
—0.867651 —0.198081 0.456011

A

The galactic coordinate components are then,

CcoSs acos 0

=Ae sin vcos & | e - (6)

N < X

sin &

and the galactic space velocity components,

U Ta
V | =TeAe| T; (7)
w V,

Table 3: Standard, basic, and peculiar solar motion

Us Vo Wo  ve Apex of motion
Solar motion (kms™1) a )
Standard 10.0 5.2 7.2 13 270° (1900) +30°
Basic 9 11 6 154 267°4 (1950) +25°
Peculiar 9 12 7 16.6267°.0 (1950) +28°

2.4 Correction for the Solar Motion and L SR

The above velocities are heliocentric. The adjustmentherrotion of the Sun
within a rotating Galactic frame of reference depends ontuwghehosen as a com-
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parison. Thestandard solar motion is an implicit kinematics definition of the LSR
from the mean motion of nearby gas and state basic solar motion is an implicit
kinematic definition of the LSR from the maximum in the kindios of nearby
stars. The peculiar solar motion is a dynamical definition, derived from extrapo-
lation of the asymmetric drift-velocity dispersion rettito zero dispersion (Cox
2000).

We adopt the standard solar motion (Dehnen & Binney, 199&orection of
solar motion. And the rotation velocity of the LSR about thed&gtic center is taken
to be—220 km s~ 1.

After correcting the galactic space velocity for the solation, we transform
them into cylindrical space velocitied)',V', andW :

U = Ucos ¢—Vsin ¢
V' = Usin ¢+ V cos ¢ 8)
W = W
where,
Rs = 8500 pc, Galactocentric distance of the Sun
R = Y24+ (R, - X)? (9)
Y
- ( 1

cos ¢ (R) (10)
cos ¢ = (%) (11)

2.5 Asymmetric Drift

Theasymmetric drift v, of a stellar population is defined as the difference between
the circular velocity at local standard of rest (LSR) andrtiean rotation velocity
of this stellar population. The empirical relationship loé¢ tasymmetric drift is

Vg = Ve — Vg

(12)

S|t

1The Local Standard of Rest (LSR) is defined as the origin oflacity system corrected for
solar peculiar motion. It is defined empirically, from theamanotion of nearby stars, the kinematic
definition, or from the local circular velocity, the dynamldefinition
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wherev, is the circular speed, rotational velocity,v_f;z radial velocity dispersion
andD ~ 120 km s~! (Mihalas & Binney, 1981).

We can now show that this relationship is a consequence éthdans equation
in cylindrical coordinates

I(vog)  O(wwy)  O(VTgRy;) Vp — Uy 0P
o " or e " wm Tor

)= 0. (13)

Since the sun lies close to the galactic equator, we may a&eakguation at
z =0, and that0v/0z) = 0 by symmetry (Binney & Tremaine 1987),

- — 0P
+vh — v+ Rom = 0. (14)

ROw}) o 0(TaTY)
_ + R —
OR

v OR 0z

Define theazimuthal velocity dispersion o7 by

0'35 = (U¢ — @¢)2 = U_; — @i, (15)

and substitutd?(0® /0R) = v?2, we obtain

— RO(w%)  _9(Txms) _
2 o _ It R _ 22
% "'k v OR - 0z Ve =Y
= (Ve —Uy) (Ve + Tp) = 04(20. — vy). (16)

After some mathematical treatments, we have then

.0, 05 3 Olnv 102 v2
= 2[25—5— R 22 (= —1)] (17)
VR VR n YR VR

where the sign ambiguity covers the range of possible beha¥ithe velocity
ellipsoid near the Sun. If we assume thgt~ v? ~ 0.450%, that the disk of our
Galaxy is exponential,

v =1uvyexp(—R/Ry), (18)

with Ry/ Ry = 2.4, and that, = 220 kms~*, we can use equatid.17) to find
v, ~ v%/(110 4+ Tkms~"), which is in a good agreement with the empirical value
D ~ 120kms™! in equation(12).
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2.6 ThelLuminosity Function

The density of stars varies from point to point within theaggl Moreover, within
any volume of space there will be both luminous and faintsstaet the number
dN of stars with absolute magnitudes i/ (+ dM, M) in the volumed3x around

the pointx be

dN = ®(M,z)dMd>z. (19)

To a first approximation it is useful to imagine that the mixstdrs of differ-
ent luminosities is the same everywhere. To express the nagthematically we
approximate the functio® (M, =) defined above by the product of two functions
®(M) andv(x). That is, we write

AN = [®(M)dM] [v(z)d*z] . (20)

®(M) is called a luminosity function, which measures the retafractions of
stars of different luminosities, whilg(z) measures the total number density of stars
at the pointz. In its simplest form® gives the distribution over luminosity of stars
irrespective of their spectral or physical types. In thisecave call® the general
luminosity function.

The Luminosity Function (LF) is basically a histogram, slmyvthe number
of stars in consecutive absolute magnitude cells, each ok or half magnitude
wide, and constructed from all stars within a fixed volumecsp@nit: stars pc’

mag!).

Malmquist Bias

Most methods for determining a luminosity function invob@unting the number
dN/dm of objects that have apparent magnitudes in the range- dm,m) and
that lie within some given area of the sky. The star-countfiom A(m) = X
clearly depends on both the spatial distribution of the ctigsjand on their luminosity
function. Since it is impossible to determinm) to arbitrarily faint magnitudes,
there will be some limiting magnitude, such thatd(m) is available only fom <
m,. The simplest sample of objects upon whitfm) could be based is magnitude-
limited in that it consists of all objects brighter than that lie within a specified

area of the sky.
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Itis not hard to see that the mean absolute magnitude oftsbjesuch a sample
will be brighter than the mean absolute magnitude of the [adjoun as a whole : the
volume within which we can see the most luminous objectsgelathan that within
which we can also see the faintest objects (a volume-linsiéealple). Consequently,
luminous objects are over-represented in a magnitudeddsample. Or in term of
absolute magnitude, the mean absolute magnitude of stargi@en spectral type
in an apparent magnitude limited samplé,() is brighter than the mean absolute
magnitude of a volume-limited sampléZ{). This effect is called Malmquist bias
after the Swedish astronomer K.G. Malmquist (Malmquist2,9%2almquist 1936).
The systematic bias is expressed by

1 dN
AM = M, — My = —o— 22 21
mn 0 UNdm’ (21)

whereo is the rms (cosmic) scatter in absolute magnitude Aie:) is the
differential number counts for objects of absolute magietiy .

The correction for these biases is discussed in detail ibiStet al. (1989),
and we follow their technique for estimating correctionsito They derive (for a
uniform space density of stars and an uncertainty in thelatessmagnituder) a
correctionA® which must be added to the actual luminosity functioto produce
the observed L,

% = %o— (0.61In10)* — 1.21n10% + %/ . (22)

Tinney, Reid & Mould (1993) then used equation 22 to obtaimsa-brder esti-
mate of the size of this correction. They assumed,

AD 5D s
2% L 23
) (I)obs ( )
/ "
-1, (0.61n10)2—1.21n10%+% : (24)
2 obs (bobs

and evaluate an approximation to the true LF by subtractorgections from
the observed LF,

P~ Dy — Aobs (25)
(I)obs
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Lutz-Keker Bias

A major problem in using trigonometric parallaxes is thetsgsatic error in lumi-
nosity calibrations due to the combination of accidentedrsrof observation with
the steeply sloping true parallax distribution. This eff&@own as the Lutz-Kelker
bias, causes an observed parallax to be on average highetshae value (Lutz &
Kelker, 1973, LK). This overestimate translates into anaradtimate of distance,
and hence an underestimate of an object’s luminosity agetefiom its apparent
brightness. After the Hipparcos, this bias and its eradinatre of some impor-
tance.

LK undertook the first quantitative analysis of this effaghich has the same
source as Malmquist bias. They determined specific coargtior the case of a
uniform stellar distribution, i.e., a parallax distriboni, P(¢) oc 7=4. Smith (1987)
has shown that their calculations can be described by thé&iealgormula

AMpx =5 x log {[1 +4/1— 19(%)2]/2} (26)

Hanson (1979) has demonstrated that the constant-derisigotrections are
seldom relevant for analyzing observational samples, @hexgnitude and proper-
motion limits can modify the selection effects. He derivati@re general analytic
representation of the LK corrections. If the parallax dittion can be character-
ized as a power lawP(r) o« =", then the LK correction can be approximated
as

AMx = —2.17 x Kn n %) (%)2 + (—6”2 a ion a 3) (%)1 @27)

Fig.4 (or Fig.1 Reid, 1997) shows, a smaller value ééads to lower predicted
corrections: with fewer stars at smaller parallax, the pholity of overestimating
an individual parallax measurement is correspondinglyiced. The appropriate
exponent to use for a given sample can be estimated empjricsihg the cumu-
lative proper-motion distribution of the sample of starswidnich one has parallax
data. If P(m) o« 7—™, and the stellar velocity distribution does not vary siguifitly
within the sampling volume, theN (1) oc =",

We adopt the value of the parameter= 4 in calculating the LK absolute
magnitude corrections. The resultant LK corrections ofsulrdwarf sample, which
has a mean uncertainty of 11%, amount to only 13 mag, but rise to-1.43 mag
as the precision drops to 30 %.
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Figure 4: Lutz-Kelker corrections. The solid points mark tystematic offset

in My, as a function ob, /7 calculated originally by LK and the solid line shows
Smith’s (1987) analytic representation of these data poiftie dotted, long-dashed
and short-dashed lines outline the corrections predicyeHldnson’s formula for

n = 2,3, and4, respectively, where: is the exponent of a power-law parallax
distribution. Then = 4 (uniform density) case is equivalent to the original LK
analysis (Fig.1 of Reid (1997))
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The Generalized Schmidt’s V,,,.. Method

Three decades have been passed ever since Schmidt (197b)¢insled to deter-
mine a LF of halo stars with only 18 high velocity stars usimggroposed / V..
method (Schmidt, 1968). This method is to construct a cotaphagnitude-limited
sample and to estimate the maximum distance at which eaclinsthe sample
could be seen. This distance, and the solid angle coveredebgample, allow a
"maximum volume" (orV,....) to be calculated for each star, which is the largest
volume of space over which that star could be detected irngilre proper motion
and magnitude limits of the survey. This technique imgdiyatorrects for any bias
arising from the proper motion selection.

Felten (1976) shown, that the sum of the inverse of thése values in a given
luminosity bin is an unbiased estimator ®f\y )dMy,. Thel/V,,.. technique is
essentially a method of allowing the distance limit of a taiee-limited” sample to
vary with luminosity. It allows more intrinsically brightajects to be counted in the
sample, so that the maximum available information on thed &iracted (Tinney
et al, 1993).

The original1/V,,,., method assumes that the sample is selected from a uni-
formly distributed population. In reality, stars in the aoheighborhood are con-
centrated in the plane of the galactic disk. However theceffef a space-density
gradient can be allowed for by assuming a density law, as shywStobie et al.
(1989) and Tinney et al. (1993), by defining a generalizediwaV,.,, enclosed
within a distancel,

d .2

d

%en:Q/ Lp Ta (28)
o Po

where(} is the solid angle covered by the samplgjs the local space density
andr is a distance. We assumed that the local density can be egpeelsby an
exponential disk of scale height

L oxp= @M = exprsint)/h. (29)
Po

where z is distance perpendicular to the galactic plane, aisl the galactic
latitude. By a straightforward substitution we therefoegizk,

h3
x@m:Qm—gb{Q—(gMngrz)}, (30)
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where{ = r(sinb)/h. We can then construct (by analogy with thé/,,,... LF)
an unbiased estimator for the local dFas the sum of the inverses of the maxi-
mum values o¥/,,, available to stars in a luminosity bin of width\/,, centered at
My, . That is, for a star of a givef/,, (from which we derive-,,..), the maximum
generalized volumé&,,,., is given by

Tmaz 5.2 d
Vmam = Q/ LP T? (31)
0 Po

which can be evaluated using eq. (30) {0 (7.4 sin b) /h, and so that,

1

¢ = .
Vmaa:

(32)

If we have a sample with a lower proper-motion limjtand a faint apparent
magnitude limitm s, the maximum distance,., over which any star can contribute
to the sample is given by

Tmaz = T+ max {ﬁ, 100‘2(mf_m)} , (33)
H
wherer is the parallax,: is the proper motion, angh is the apparent magnitude.
Similarly, if the sample is complete only to an upper propetion limit ;, and a

bright apparent magnitude;, the minimum distance for inclusion would be

Pmin = T ' min {ﬂ; 100'2("%_”"”)} ) (34)

u

Finally, if the sample covers only a fractighof the sky, then the maximum volume
in which a star can contribute to the sample is

4 Tmax .2 d
Vmam = gﬂ-ﬂ LP r? (35)

Tmin pO

with Q = %ﬂ'ﬂ.
In estimating the errors in the LF we adopt the assumptiorocfd®nian errors
(Felten, 1976),

70 =3 o (36)

max

The (V/V,4:) Test
The overall completeness of the stellar sample can be dstintyy using the
(V/Viae) test. For each star the ratio of the voluii€corresponding to its distance
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r) to V... IS calculated, and the mean of this quantity shoul@ bdor a complete
survey evenly sampling the survey volume. The error in tr@'ﬁamisl/(mN)%,
whereNN is the number of stars in the sample.

<v:> - <(m)> (37)

2.7 Correction for Kinematic Bias

Consider a stellar population with local galactic kinerosittharacterized by their
known average velocity components in galactic coordinatés (V'), and (W),
with corresponding velocity dispersions, oy, andoy,. Denote byr(t) the result-
ing distribution of tangential speeds relative to the Istahdard of rest, such that
7(t)dt is the fraction of stars having tangential speeds betwest + dt. From
this population a complete sample is selected such thay etarin the sample has
an annual proper motiam > . If g is sufficiently large to ensure that the sample
stars are nearby, then it is safe to assume that they havestanbspace densipy

A complete shell of thicknesg- at distance has a volume ofrr2dr, and contains
4mr?pdr stars. Of those, only the fraction with tangential speedsk,r, where

k = 4.74, will be included in a catalogue whose entries have ;.y, and only they
can contribute to the sample’s distribution of tangenf@eds, which is denoted by
C(t | 1) (the conditional distribution of, given ). It follows that

C(t|p) x 47Tp/ r27(t)H (t — kuor)dr, (38)
0
where
1, ift>k
H(t — kper) = P h= .,uor (39)
0, otherwise

is the unit step function. The proportionality constantetggs on the form of
7(t). The equation is readily evaluated to demonstrate that

Ct|p) o 7(t) /000 r?H(t — kuor)dr, (40)
o t37(t) (41)
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in the general case. To cite a specific example, if

o2 202

) = exp (-i) , (42)

(a convenient, and not unrealistic, description) thenperly normalized,

1 /2t 2

The significance of expression (40) in the present conteis isnplicit sug-
gestion that it may be worthwhile to explore the possibibfyweighting a star’s
velocity components by some factor proportionaltdin order to reduce or elimi-
nate kinematic bias in a proper motion-selected sample affwhis a member. An
obvious choice for that weight factor is the quantify.. (Eq. 31 and 35).

In the simplest case, all of the sample stars hayg = ur/ . Sinceur = t/k,
then

V—l — 3(kM0)3

44
mazx 47Tﬁ 3 ( )

which has the sought-fardependence.

Dawson et al. (1995) used théV,,.. as weight to the stellar kinematic data of
high proper motion stars of old disk population, yields tie#eity ellipsoid in very
good agreement with one based on a kinematically unbiasegiea

2.8 Monte Carlo Smulation

Sandage & Fouts (1987) have suggested that the halo wasdatareng a very
rapid collapse, on a time scale of a fewt0® years, in which there was continuous
chemical enrichment and increasing spin-up with time. Thegument based on
an analysis of UBV data for kinematically selected stardctvhad a linear depen-
dence of rotational velocity about the Galactic center aomalnce (in the range
—2.3 < [Fe/H] < 0.2). However, Norris (1986) found a nonlinear dependance
suggestive of a decoupling of the halo and disk componeriteedbalaxy, based on
non-kinematically selected samples. Norris & Ryan (1988spnted Monte Carlo
Simulation of Sandage & Fouts (1987) selection criteria examine the role of
errors of observation and calibration in their analysis fanohd that the decoupling
of disk and halo is still evident in kinematically selectdijext.
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Monte Carlo sampling of a model of the population being stddallows the
biases and effects of the analysis procedure to be takeraguount, and the re-
sults corrected for these effects. The technique permitsenous different effects
operating simultaneously to be followed through the stagesources selection,
observation, and analysis, to determine the net effect ofamaus (and possibly
inter-connected) influences (Ryan & Norris, 1993). Richst& Graham (1981)
used a combination of analytic and Monte Carlo procedurésain efforts to com-
pensate halo density estimates made from high proper mstardata for exclu-
sion of low velocity stars. Bahcall & Casertano (1986) seekanly to determine
the incompleteness in measurements of the halo densitgl$mtried to estimate
the degree to which the observed kinematics were biased.s@awt al (1995)
used a simple technique for obtaining an unbiased estinfdbe arameters of a
population’s velocity ellipsoid from a complete, properta-limited and appar-
ent magnitude-limited sample of member stars by utilizimg Schmidt'sl/ V..
method, and checked by means of a series of Monte Carlo dionga

The luminosity function derived from the kinematically sgied sample (i.e,
halo, thick disk or white dwarf population) are expected &avdrsome kinematical
biases and distortions. A monte carlo simulations of a mpdpulation is expected
to allow the biases and effects of sample selection to be at égast, correctly in-
terpreted — provided that a detailed simulation from thgestaf source selection is
performed accurately (Garcia-Berro, et al., 1999). GaBeaor & Torres (1997),
Wood (1997) and Wood & Oswalt (1998) investigated systerallyi the statisti-
cal uncertainties associated with the derived age of thie efithe white dwarf
LF. These authors use the theoretical white dwarf LF obthinem the standard
methods to assign probabilities and to assign luminoditigise white dwarf in the
simulated sample.

User Inputs

The user inputs to the MC simulations include the initial tnemof "stars" for each
calculation (V,,,,,), number of "stars" in the final samp?é,,;, region covers by the
sample in equatorial system, the maximum distance (in pa)yke the sample ob-
jectsD,,q., velocity ellipsoid ¢y, ov, ow, andV,,,)0f certain galactic population
(thin disk, thick disk or halo), the lower proper motion limpi,,;,, (in mas per year),
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the apparent magnitude limity;,,, and integrated theoretical LF (Bergbusch &
Vandenberg, 1992), and the number of simulatia¥g,().

We use the following notation®(0, 1) indicates a uniform deviate between the
limits 0.0 and1.0, andG (o) indicates a normal (Gaussian) deviate with variance
and zero mean. The normal deviate is calculated using theMBdber method (cf.
Press et al.,1986).

Theoretical Selection

The algorithm at the heart of this MC simulation is quite sienWe populate a vol-
ume Viam, With Ny, Objects, drawing our "observationally selected" subsampl
from this population.

1. We randomly choose two numbers for the equatorial coatds(y, §) of
each star in the sample within approximately 120 pc from the Sun, as-
suming a constant space density.

2. The decision was made as to wether the "star" belongs thitneisk, thick
disk or halo. We then determined its components of spaceiglnd asym-
metric drift by drawing 3 numbers from the normal distrilourj

U = G(oy) (45)
V = vasym + G<UV) (46)

3. Next is the discrimination based on the LF. For this we imgeisochrone
from Bergbusch & Vandenberg (1992) as the discriminataes;¢hrve is nor-
malized to a peak of unity on input, and spline interpolatoefficients are
computed. For each trial, two uniform deviate random nun@verdrawn.
The first of these is scaled to provide a value for absolutenmade M
between the maximum and minimum values for the samples,

My test = P(2, 7)mag. (48)

The spline-interpolated value of the normalized LF at tarsdom trial lumi-
nosity,®,»;yr(My ) is compared with the value of the second random num-
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ber®;.q. If &5 < @rrrnr(My), ie., if the test point is below the appropri-
ate curve, then the object "exists"lif,.,, at the locatior{c, d, r, U, V, W, My).

4. Given(a, 0,7, U, V, W, My), we compute radial velocity, proper motion, and
apparent magnitude.

5. The next step is to determine whether the object makewithie observation-
ally selected subsample—i.e., whether the proper motidmgnmagnitude
are within the the specified observational limits.

29 TheWavdet Transform

The concept of the wavelet transform was introduce by Manlét983 for the an-
alyzing of seismic data (Goupillaud et al., 1984). Sinceph@eering work and
taking benefit of developments especially carried out iméeaother kind of sig-
nals, in one or two-dimensional form, have been analyzedl¢pehies et al., 1986),
sound, speech recognition, images, fractal structuresrettstronomy, the wavelet
transform was used to study the galaxy distribution (Sletal{., 1990), analyzing
satellite data, finding substructure in the distributiorstafrs (Skuljan et al., 1999),
etc.

The basic ide is elementary. The wavelet transform of a sigha with respect
to the analyzing wavelef(z), which has always a zero mean and can be complex-
valued, is the 2D function

h(z,a) = s(x) ® #ME)’ (49)

where® is the correlation symbol anda scale variable.

Each of its values is the product of the signal with an eleargritounded func-
tion, a wavelet, which is constructed frogx) by means of dilatations and trans-
lations; the signal is decomposed on a wavelet basis. Owiribe localization,
smoothness and oscillating properties;¢f), the half-plane defined by these val-
ues, the so-called wavelet coefficients, describes thebddltein space and scale. It
results a time-frequency analysis {ifis interpreted as "time"), which differs from
the Wigner-Ville’s transform one (Slezak et al., 1990).



36 2 Basic Theories

The Wavelet Analysis

To perform a wavelet transform of a functigiiz, y) we define a so-called analyzing
wavelety(z/a,y/a), which is another function (or another family of function),
whereq is thescale parameter. By fixing the scale parameter we can select agtavel
of a given patrticular size out of a family characterized by same shape. The
wavelet transformu(x, y) is then defined as a correlation function, so that at any
given point(¢, n) in the XY plane we have one real value for the transform :

wen = [ [~ e (S5 awa, (50)

which is called the wavelet coefficient @ »). Since we usually work in a discrete
case, having a certain finite number of bins in 6Y” plane, this means that we
shall have a finite number of wavelet coefficients, one vakrebmn.

)
r/a

Figure 5: The Mexican hat in two and three dimensions

The actual choice to analyze the wavetatepends on the particular application.
When a given data distribution is searched for certain graygp(overdensities)
then a so called Mexican hat is most commonly used (Skuljah e1999). A two
dimensional Mexican hat (Fig. 5) is given by:

a2

Y(r/a) = (2 — —2) e, (51)

wherer? = 22 + y2. The main property of the function is that the total vol-
ume is equal to zero, which is what enables us to detect anyd®aresities in our
data distribution (Skuljan, et al, 1999). The wavelet coedfits will be all zero if
the analyzed distribution is uniform; but if there is anyrsfigant 'bump’ in the
distribution, the wavelet transform will be give a positxadue at that point.
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If we normalize the Mexican hat using a factor?, then we will be able to
estimate the half-width of the 'bump’, by simply varying tbeale parameter. the
wavelet coefficient in the center of the bump will reach itsxmaum value if the
scalea is exactly equal ter, assuming that the 'bump’ is a Gaussian of the form:
exp(—p?/20?), p being the distance from the center.
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3 Kinematicsof Subdwarf Stars

Studies of the kinematics of various stellar populationthanGalaxy, in particular
the thick disk and the halo, have long been limited by thelaldity of large sam-
ples of stars with measurements of proper motions, radlatitees, distances, and
metallicities. Such data are required in order to conspkansible scenarios for the
formation and evolution of the Milky Way. Samples of nearbppdwarf stars with
high space motions provide an observationally convenisstigoof the structure of
the Galaxy. The large, proper-motion-selected, stellanpdes of Carney, Latham,
Laird, and Aguilar (1994, hereafter CLLA) have proved partarly valuable for
studying the kinematics and chemical abundances withinvkflmparsecs of the
Sun.

The correlation between kinematics and metallicity givesful information for
formulating theories of galactic structure. Differenaeshemistry and space veloc-
ities are crucial in defining the different populations witthe Galaxy and inferring
their origins. Relevant studies of the kinematical behawicstars ,in particular in
relation to their metallicities ,were presented by e.g. Non, Flynn, & Freeman
(1990, hereafter MFF) using a sample of K giants whose nigtads are measured
using the DDO photometric system, Nissen & Schuster (198ihguate F and G
dwarfs and subgiants, Chiba & Yoshii (1998) using red giamid RR Lyrae stars,
Martin & Morrison (1998) with a sample of nearby RR Lyrae stand Chiba &
Beers (2000) using 1203 metal-poor solar-neighborhoad.sta

The Galactic halo is characterized by a roughly sphericatspglistribution with
close to zero net rotation. Its stars are metal poor, withek peetallicity at [Fe/H]
= —1.6 (Laird et al. 1988). The halo population in the solar neighlood is
not purely a relic of a monolithic, “rapid” collapse (Carneyal. 1996). There
have been several suggestions of a two-component haloawldttened component
in the inner halo and a more spherical outer halo (Sommesdra& Zhen 1990;
Carney et al. 1996).

The Galactic thick disk is the kinematically hottest pantiof the disk of the
Galaxy, with a scale height of 1.0 to 1.5 kpc and rotates witblacity of about 170
km st (Gilmore, Wyse, & Kuijken 1989). The thick disk is usuallynsidered to
be dominated by stars in the range [FetH}-1 (Freeman 1987), peaking at about
[Fe/H] = —0.5 (Carney et al. 1989). Many workers have claimed the existerc
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a metal weak tail of the thick disk component in the ranrget < [Fe/H] < —1
(MFF; Beers & Sommer-Larsen 1995; Chiba & Beers 2000). MRktba fraction
of 72% of the stars in this metallicity range in a "metal-weak khiesk™ (MWTD),
rotating rapidly at/;,; ~ 170 km s 1. Another large fraction of MWTD was found
also by Beers & Sommer-Larsen 1995). Their MWTD, rotatingy;at ~ 195 km
s~ 1, accounts for about 60 % of the stars in the ranges < [Fe/H] < —1 in the
solar neighborhood, and it possesses an extremely metd-iag down to [Fe/H]
< —2. Chiba & Beers (2000) estimated the fraction of MWTD at ab@Qit% of
the metal-poor stars in the abundance ranger < [Fe/H] < —1, which is smaller
than the fraction derived by MFF and Beers & Sommer-Lars&9%), but larger
by ~ 10% than the result of Chiba & Yoshii (1998) using solar neigliward red
giants and RR Lyrae stars.

The investigation of thick-disk and halo kinematics mayydre applicable to a
specific place in the Galaxy and may have fine structure of éhecity distribution
smoothed out by the velocity resolution of the study (Ma&imMorrison 1998).
Here, we study the kinematics of solar neighborhood subidstars based on the
sample of high proper motion stars by CLLA. CLLA have meadyrhotometric
parallaxes, radial velocities, and metallicities of mgiAl to early G stars, many
late G and some early K stars in thewell Proper Motion Catalogue. In total the
CLLA sample containd464 stars. In their paper there are listed 1269 stars with
kinematical parameters and 1261 stars with metallicityapeaters, and there are
1447 stars with radial velocities in their catalog. The ahdelocity precision of
their sample lies in the range 6f4 to 1.3 km s™. About 15% of their sample are
binaries or multiple systems. The typical accuracy of thé&attheities was estimated
to be+0.13 dex.

The photometric parallax of CLLA was replaced in our studyusyng the
high precision parallax of Hipparcos catalogue. We usedigtiemetric Catalog
TYC2+HIP (Wielen et al. 2001) for the proper motions of stars with Hipjos par-
allaxes. This catalogue is derived from a combination ofHiparcos Catalogue
with proper motions given in the Tycho-2 catalogue with dirgolutions (Wielen
et al. 2001) and previous earthbound measurements. Wasstithe high precision
radial velocities and metallicities of the CLLA catalogue bur study. Previous
work using Hipparcos subdwarfs was done by Reid (1998) artis;Wahreil and
Wielen (1998; hereafter FIJW). In this previous work we désad the kinematical
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behaviour of the 560 subdwarfs for which improved parakaxed proper motions
were obtained by Hipparcos, in relation to their metaliést In the present pa-
per we increase the size of the sample considerably by aygpéycorrection to the
photometric CLLA distances determined using stars withgdioos parallaxes.

3.1 TheData

In studying the kinematics of the nearby metal-poor subtbvwae need the sam-
ple of subdwarf stars which include proper motion, radidbgiies, distance and
metallicities data. Many authors presented cataloguesetélnpoor halo stars in-
cluding the subdwarfs, eg. Carney et al. (1990), Ryan & N@rg91), Nissen &
Schuster (1991), Carney et al. (1994).

The data, which we have analyzed for this work, is based osdah®le of high
proper-motion stars by Carney et al. (1994). They have medghe photometric
parallaxes, radial velocities, and metallicities of mdghe A, F, and early G, many
of the late G, and some of the early K stars in tiogvell Proper-Motion Catalog.
In their paper, there are 1269 stars with kinematical patars@nd 1261 stars with
metallicity parameters of the 1464 stars in the completeestiand there are 1447
stars with radial velocities in their catalogs. The radi@loeity precision of their
sample lies in the range of 0.4 to 1k3»s~!. About 15 % of their sample are
binaries or multiple systems.

Hipparcos and Tycho astrometric satellite (ESA 1997) aoeiding accurately
parallax and proper motion data of nearby stars. The nevil@adata by Hipparcos
have led to accurate distance estimates for more exteraimple of nearby halo
subdwarfs. The median standard error of Hipparcos paralhakproper motions
are 0.97 mas and 0.8 mas/year, respectively (Turon 1999).

The CLLA data set of 1447 stars has been cross-identified Astnometric
Catalogue TYC2+HIP (Wielen et al. 2001) and we found 545ssitarcommon.
But for some stars there were not all data available or sonppaicos parallax
were not accurate enough/o, < 3) for stars with large distances (< 5 mas).

About 700 CLLA stars which are not appeared in the TYC2+HIRalogue
were cross identified with the Tycho-2 Catalogue (Hgg et @002, and we found
about 259 stars with Tycho-2 proper motions. The proper onoticcuracy of
Tycho-2 is about 2.5 mas/yr derived from a comparison wighAktrographic Cat-
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alogue and 143 other ground-based astrometric catalodlidsA used Luyten’s
NLTT proper motions for the calculation of the space vepcitmponents. These
proper motions have typical errors of 20 to 25 mas/year. dfbee, Hipparcos and
Tycho-2 proper motions provide an enormous improvemertigénaiccuracy of the
tangential velocities.

We omit the binaries and common proper motion stars bechasiuble weighted
stars could influence the distribution. Table 3.1 summadra& samples informa-
tion.

It should be emphasize here that our present identificatemcarried out with
a limited Hipparcos and Tycho samples. Reid et al. (2001¢ saarched for unrec-
ognized metal poor subdwarfs in the Hipparcos cataloguaderdified 317 stars
with precision of better than 15 percent.

Table 4. Sample of Subdwarfs

Sample N Parallax Proper motion Ry
A 545 Hipparcos TYC2+HIP  CLLA
B 72 Calibrated Hipparcos TYC2+HIP  CLLA
C 259 Calibrated Hipparcos Tycho-2 CLLA

3.2 Selection Criteria
Color Magnitude Diagram

Figure 6 shows the color magnitude diagram for all 545 idieatiCLLA stars with
photometric distance. The absolute magnitudes and ttegidatd errors are based
on Hipparcos parallaxes and errors. The B-V colors werentdf@m Hipparcos
catalogue.

Some stars which no distance was given, already recogniZel byA as sub-
giant. However, we can see obviously from CM-diagram Figh& tontamina-
tion by previously undetected subgiants and giants s&éent. To avoid these, we
should remove all stars lying above a line in the CM-diagrafined by the zero age
main sequence of stars with solar metallicity shifted uplsdoy A My = 0.8 mag.
About8% contaminations were found in present investigation.
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Figure 6: Color-Magnitude-diagram for all identified CLLAass. Hipparcos par-
ralaxes were used to determingéfi; and its standard error. The full lines indicate
the mean main sequence and old open clusters M 67 and NGC h8&laBhed line
is the ZAMS shifted upward bxx M, = 0.8 mag, used to remove the contamination
by subgiants and giants
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Test of Photometric Par allaxes

We determined the overall correction of the photometritaticse scale of CLLA
by analyzing the parallax difference. There are 539 CLLAsstghich have both
photometric and trigonometric parallaxes in our samplel(&I'YC2+HIP). We
compared the Hipparcos parallaxes with the photometrialiaaes of CLLA (see
Fig. 7). The error bars represent both Hipparcos and CLLAlfz¢ errors. A
typical error in absolute magnitude of CLLA stats\/y, = 0.3 mag is assumed.
This errors could be corrected to the parallax error usitagioa

AMy = 2.1715 Zronet (52)
T phot
wherem ot , o — andA My denote the photometric parallax, the error in pho-
tometric parallax and the error in absolute magnitude aetbgely.
We used the least? method applicable when the data have errors in both coor-
dinates to fit our data. The?-function is chosen according to Press et al. (1992)

(53)

The slope of the regressidnderived from our 539 subdwarfs, bs= 1.116 +
0.008. For comparison, a sample withy,, < 25 mas leads to a larger correction
of b = 1.169 + 0.028. We also tried to cut in the metallicities, with the resukitth
for more metal-poor stars a larger correction was neededsties with[F'e/H] >
—1.0, which dominated by thick disk stars,1.6 < [Fe/H] < —1.0, and extreme
metal-poor stars withiFe/H] < —1.6 we find slopes of the regression lihe=

1.093 4+ 0.010,b = 1.324 + 0.042 andb = 1.394 + 0.043, respectively.

Since the halo stars in the CLLA sample have an average snpaltallaxes
than the disk stars, the latter correction should be apptidthlo stars. FJW and
Jahreiss et al. (1997) have found similar correction on #sesof a smaller sample
of subdwarfs. The data points at the upper right corner offitseplot of Fig. 7
(All Data) and the fourth plot{1.6 < [Fe/H] < —1.0) represent the star HIP
57939, which is the nearest star in our sample with, = 109 mas. No significant
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Figure 7: Hipparcos trigonometric parallaxes versus th&qrhetric parallaxes of
CLLA, for 539 stars (top-left) and for different metalligicuts : [Fe/H]< —1.6
(top-right), [Fe/H]> —1 (center-left),—1.6 < [Fe/H] < —1 (center-right), and for
stars at large distancesy;, < 25 mas (bottom-left). The full line is a linear fit to
the data.

changes in the slopes of both plots (less thapare found, if we omit HIRF7939
when calculating the slopes.

All these corrections are used to calibrate CLLA photonegtarallaxes in our
sample which undetected by Hipparcos and about 35 stardawtaccuracy Hip-
parcos parallaxesru;, < 5 mas antr,,,, /mm, < 3). There arer40 stars which
are survived the selection criterid§1 subdwarfs have Hipparcos parallaxes and
TYC2+HIP proper-motions anzb9 with calibrated parallaxes and Tycho-2 proper-
motions. We use then these astrometric information to tatiethe galactic space
velocity of our sample.

3.3 Kinematical Properties

Using the parallaxes supplied by the Hipparcos cataloguagmegp motions by the
TYC2+HIP and Tycho-2 catalogue, and radial velocities giweCLLA, the space
velocity component#/, V, andW, which are directed to the Galactic center, direc-
tion of galactic rotation, and north galactic pole, respety, have been calculated
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Figure 8: Spatial distribution of the samples CLLA-TYC2+H(a) to (c) and
CLLA-Tycho-2 (d) to (f) , respectively. X points towards ti@&alactic center, Y
in the direction of galactic rotation and Z towards the Gatagorth pole.

with respect to the Sun and then reduced to the LSR (locallatdrof rest). For the
latter Dehnen & Binney’s (1998) values10.0, +5.2, +7.2 km s™! were adopted
for U, V, We, respectively. Finally, the velocity components were sfarmed

onto a frame rotating with circular velocify;,. = —220 km s! relative to the

LSR, i.e. the expected rest frame of our Galaxy (e.g. WieB86). The rotational
velocity is defined as M, = V' — Ve

Figure 9 shows the U, \;, and W velocities of the samples CLLA-TYC2+HIP
and CLLA-Tycho2 as scatter plots. The U-distribution iraedes that the present
sample was kinematically selected. The CLLA Catalog is thasea proper motion
catalog so that stars with small tangential velocities assimg. We can see clearly
that for small U-values the diagrams are sparsely populdted is also seen in the
V-velocities. The stars with metallicities [Fe/HH —1 lag on the average by about
40 km s7!, i.e. are thick disk stars. The old thin disk stars are mg¢af. also
Fig.10). In the W-velocities no kinematical bias is visibiteis apparently lost in
projection. However, since we are mainly interested in tinerkatics of the halo
stars, this bias is of no consequence in the present cotitexévident from this fig-
ure that metal-poor stars with [Fe/H] —1 have larger random motions compared
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with metal-rich ones [Fe/H} —1. This shows that the kinematic properties change

rather abruptly at [Fe/H} —1 to —2, which is probable the transition region from

halo to disk component (Ryan & Norris 1991 and Chiba & YosBi®8).
The mean motion with respect to the LSR and velocity dispessiwere cal-

culated for different groups in [Fe/H]. The results are pregsed in Table 5. The

most metal-deficient stars in the samples, more metal p@or fflRe/H]= —1.6,
are dominated by members of the halo population. These exdibit a radi-
ally elongated velocity ellipsoidoy, ov,ow) = (189 + 13,97 £ 7,98 + 7) and
(157 4+ 12,87 £ 7,77 + 6) km s! and show no net rotationV;,;) = 1 & 13

and15 £ 14 km s™! for the CLLA-TYC2+HIP and CLLA-Tycho2 samples, re-

spectively, which are in good agreement with RR Lyrae kineaaf Martin &
Morrison (1998) and Layden et al. (1996). Chiba & Beers (3G60Qnd a lower
velocity dispersion in the U-directioligy, ov, ow) = (141 £ 11,106 + 9,94 + 8)
km s~! from their 1203 non-kinematically selected stars.

The velocity dispersion components of the sample in the nma&tal-rich abun-

dance ranges decrease as the contribution of the thick dmmpanent progressively
increases. In particular, for [Fe/EH —1.0 the contribution of the halo component is

expected to be negligible. Our CLLA+TYC2+HIP sample in timstallicity range
has velocity dispersiongy, ov, ow) = (74+2,50+ 1,37+ 1) with V., = 176 km

s~!, which is in agreement with thick disk samples of Martin & Meon (1998) of
RR Lyrae stars and Chiba & Beers (2000) of solar-neighbaitsbars.

Table 5: Mean Velocities and Velocity Dispersion of the Sen§tars

N

(U) (V) (W) ou oy ow
dex km s
CLLA-TYC2+HIP
[Fe/H] > —1.0 381 —10+4 —5043 —3+2 74+2 501 37+1
—1.6 <[Fe/lH] < -1.0 47 —-38+23 —171+12 —1411 152411 86+6 7245
[Fe/H] < —1.6 53  —4426 —226£13 —1+£13 189+13 977 98%7
CLLA-Tycho2
[Fe/H] > —1.0 169 —8+8  —9746  —6+4 11044 8143 5T+2
—1.6 <[Fe/H]< —-1.0 50 52+17 —187+£10 5+9  121+£9 68+5 61+4
[Fe/H] < —1.6 40 38425 —212+14 —19412 157412 87T 7746
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Figure 9: Space velocity components {,..;, W) versus metallicity [Fe/H] of the
samples CLLA-TYC2 (a) to (c) and CLLA-Tycho2 (d) to (f), resgtively.
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of 50, 100, 150 and200 km s!, respectively.
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Our CLLA-Tycho2 sample is more sparsely distributed th&GhLA- TYC2+HIP
sample in the metallicity range [Fe/H] —1. To understand this, we note that the
CLLA-Tycho2 sample was drawn from the CLLA stars that arein¢ihe Hipparcos
catalogue. This might imply that mainly CLLA stars with magdes brighter than
10.5 mag fall in our CLLA-TYC2+HIP sample and stars with magnisdainter
than10.5 mag are in the CLLA-Tycho2 sample. Stars with fainter appaneag-
nitudes are at larger distances and velocities compardtetblipparcos stars. The
minimum distances for each sample afieand40 pc for CLLA-TYC2+HIP and
CLLA-Tycho2, respectively. Figure 8, where we plot the sgdatistributions in X,

Y and Z shows this clearly. We can find the minimum tangengébeity using the
minimum distances and mean proper motions for both samydasy

(1)
min = 4.74 Amin o4
Vr 000 (54)
where(u), duyin, andV 4, denote mean proper motions in masyminimum
distances in parsecs and minimum tangential velocitiesisk for each subdwarf
sample. We found for the CLLA-Tycho2 samgle i, > 50 km st, which might
explain why there are comparatively few thick disk stardis sample (cf. Fig.10).

3.4 V., Distributions of Subdwarfs

The corresponding V;-velocity distributions for the samples CLLA-TYC2+HIP
and CLLA-Tycho2 are shown in Figs.11 and 12, respectivelfe Tirst group,
[Fe/H] > —1 dex, represents what are obviously the thick disk stars. thind
group, [Fe/H]< —1.6 dex, consists of extreme metal-poor stars, dominated by
members of the halo population. The histograms of the sa@il¢ A-TYC2+HIP
and CLLA-Tycho2 can be fitted by Gaussian distributions.

The second group;-1.6 < [Fe/H] < —1 dex, shows a peculiar kinematics. A
Kolmogorov-Smirnov test, which avoids binning of the datagws that the velocity
distribution of the very metal-poor stars, [Fe/H]—1.6, in the combined sample is
statistically different from the velocity distribution @iie intermediate population,
—1.6 < [Fe/H] < —1.0. The maximum deviation of the normalized cumulative
distribution between the two groups i3 = 0.241 and thus significantly larger
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Figure 11: Rotational velocity (V) distributions of sample CLLA-TYC2+HIP
grouped according to their metallicities. The velocities eeduced to the local

standard of rest.
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Figure 12: The same as Fig. 11, but for sample CLLA-Tycho2.

than the critical valueD, o; = 0.196 (Sachs 1988), which leads to a rejection of
the hypothesis of the statistical similarity of the velgaitistributions of the two
groups. Similarly we have shown that the velocity distribatof the metal-poor
stars is symmetric with respect 16, = 0 km s (D = 0.149, Dy o5 = 0.282),
whereas the velocity distribution of the intermediate grasi asymmetric D =
0.375, Dg.05 = 0.300). Thus the intermediate group seems to represent a differen
population of halo stars.

On the other hand, the asymmetric drift ratig) /o2 = —0.007 (CLLA-
TYC2+HIP) is very similar to that of the thick disk staf3]) /0% = —0.008. We
conclude tentatively that the stars in theé.6 < [Fe/H] < —1.0 metallicity range
represent a population of the dynamically hot metal-weakttlisk (MWTD).
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3.5 Summary and Discussion

We have analyzed the kinematics ©f0 nearby metal-poor subdwarf stars from
the CLLA catalogue. The subdwarfs were cross-identifieti thie TYC2+HIP and
Tycho 2 Catalogues to find accurate trigopnometric paraslaared proper motions.
The accurate Hipparcos parallaxes lead to an upward cmmefetctor of 11% of
the photometric distance scale of CLLA, and it was used toecbthe photometric
distances of CLLA-Tycho?2 stars.

The present analysis indicates that the solar neighborbBobdwarf stars with
[Fe/H] <-1.6 show halo kinematics characterized by a radially ed¢ed) velocity
ellipsoid and no significant rotation. At a metallicity rangf [Fe/H] > —1, our
samples showlisklike kinematics. In the metallicity rangel.6 < [Fe/H] < —1.0
we found a significant number of stars with kinematics notaiblstars but that of
a dynamically not-metal-weak tail of the thick disk.

Chiba & Beers (2000) obtained a fraction of 30 % of low-méd#ilf stars in
their nonkinematically selected solar neighborhood samith —1.7 < [Fe/H] <
-1.0, which is consistent with our result 88%. Chiba & Yoshii (1998) analyzed
the kinematics of red giants and RR Lyrae stars in the solghberhood based on
Hipparcos data. They found in both red giant and RR Lyrae $srip the range
—1.6 < [Fe/H] < -1.0, a fraction of~ 10 % of stars in a population with a mean
velocity (V) aise = 195 km s71.

We must try to understand the implications of a significamipation of MWTD
stars for theories of the formation and evolution of the &galdt should be kept in
mind that, although the MWTD population may contribute ayéafraction of the
local metal-poor stars, the (inner) halo population is probakily dominated by
the stars with [Fe/HK —1.6 within a few kiloparsecs of the Sun. Furthermore,
although we have emphasized the possible importance of W& Mpopulation, it
certainly still appears to be a minor constituent of thererttiick disk population
(Beers et al. 2002).

If there is indeed a significant fraction of thick disk staighwnetal abundance
—1.6 < [Fe/H] < —1, as we have argued, this finding may have significance for
formation scenarios of the Galaxy. An interesting scenéoiothe origin of an
MWTD component may be the merging of satellite galaxies ((8&aZinn 1978),
which are then accreted by a thin, fast rotating, possibliaiyoor, Galactic disk
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(Quinn et al. 1993; Wyse 2001). The dynamical heating of telas component
of this disk in connection with the accretion process predutbe thick disk. The
kinematics of the halo depends on the dynamics of the mesgtg]lites, whereas
the kinematics of the thick disk are determined by the hgatinthe rotating thin
disk. Based on this merging picture of galaxy formation, onight argue that the
“shredded satellite” stars retain a kinematic signatustirtit from the thick disk
part that results from the heated thin disk. The kinematicédrof the destroyed
satellite, which is probably the origin of the MWTD stars, wa be visible in the
mean orbital rotational velocity of stars. Based on a spsctipic survey of 2000
F/G stard).5 — 5 kpc above the Galactic plane Gilmore et al. (2002) deterchane
mean rotational velocity lag of the shredded galaxies dfo0 km s~*. The actual
lag expected from the shredded satellite depends predattyiran the initial orbit
and the amount of angular momentum transport in the mergeeps and is not
initially predictable in a specific case (Gilmore et al. 2002
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4 TheThick Disk Luminosity Function

The stellar thick disk was first detected in the Milky Way byr@re & Reid (1983)
although thick disks were seen in other early-type galakefere then (van der
Kruit & Searle, 1981). They undertook a survey 1, 500 stars overl8 square
degrees towards the South Galactic Pole, deriving absmiatmitudes from photo-
metric parallaxes for the entire sample. They were pasdityinterested in older,
red stars so they usédandV plates. Their sample was magnitude-limited ta 18
mag andl” < 19 mag. The goal of the observations was to derive the lumiynosit
function in the solar neighborhood and look for variatiorithvdistance from the
Galactic plane. They performed their analysis both for astammt metallicity with
height and a metallicity gradient of0.3 kpc™! for 0 < z < 5 kpc and then no
gradient forz > 5 kpc. They then computed star counts in bing @ind M, . Note
that they do assume that all the detected stars are on theserpience and that the
in plane density of the fainO(< M, < 19) stars is the same as the brighter stars
(3 < My < 11). The luminosity function is plotted in Figure 13 for the mkitity
gradients of0 (left) and —0.3 kpc~!(right). At aboutz = 1 kpc, the luminosity
function steepens rapidly fdv/;, < +4. This strongly suggests that the young stars
are confined to the plane while at heights above 1 kpc, an plojeulation of stars
dominates.

Gilmore (1984) has discussed a model of galactic populatievhich the thick
disk population has a spheroid luminosity function, havabgut10% of the mass
of the thin disk and an order of magnitude more Populatiortdtssthan in the
spheroid (Fig.14).

The thick disk population has a mean metallighe/ H| ~ —0.4 — —0.7 (eg.
Gilmore et al. 1995; Robin et al. 1996; Buser et al. 1999) Whscsimilar to the
disk globular cluster 47 Tuc (Carney et al. 1989). The thigk d.F considered to
have the same shape of metal rich globular cluster 47 Tuce(Batsal. 1999). Until
now no direct measurement of the thick disk LF has been doeglé Rnd Robin
(2001) derived the LF from their thick disk Initial Mass Ftioo (IMF) based on
the star counts at high and intermediate galactic latitudes

In this study, we will derive the LF of thick disk using the slarf sample
of CLLA. The old metal arm subdwarfs with both accurate nigities and with
accurate Hipparcos/Tycho-2 parallax and Proper motiorsoreanent are reliable
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Figure 13: Gilmore & Reid’s (1983) stellar luminosity furart for metallicity gra-
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Figure 14: Figure 6 of Gilmore (1984). The luminosity fumctiof thick disk,
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& Soneira (1981) and several LFs of globular cluster from dat& (1982).
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samples to determine the thick disk LF. The CLLA subdwarfgecs only F,G and
early K populations.

4.1 TheSample

The data set constructed by Arifyanto et al. (2005; herateiW) (chapter 3) is
based on the sample of F and G subdwarfs of Carney et al. (T4943). While
keeping the precise radial velocity and metallicity dat&€Cat. A, AFJW have sig-
nificantly improved the accuracy of the distances and props#ions of a subset of
the CLLA sample. The original CLLA sample contains 1464 stéut kinemati-
cal and metallicity data are not available for every star.nilaf the CLLA stars
were observed with Hipparcos and AFJW identified 481 starhénastrometric
TYC2+HIP catalogue (Wielen et al. 2001) and replaced thallaxes and proper
motions of CLLA by Hipparcos parallaxes and proper motigespectively. The
Hipparcos parallaxes were then used to recalibrate theoptedtic distance scale
of the rest of the CLLA stars. AFJW could identify 259 CLLA stan the Tycho-2
catalogue (Hog et al. 2000) and adopted the proper motimem dghere. Thus the
sample of AFJW, which forms the basis of our analysis, costad0 subdwarfs
with greatly improved parallax and proper motion data. Whiile photometric dis-
tances were corrected by a factor of abbitt, the old NLTT proper motions were
improved from an accuracy @f) to 30 mas yr' to 2.5 mas yr .

4.2 Selection of Thick Disk Stars

Measurement of the thick disk LF is considerably more diffithan measurement
of the Population | LF, because the thick disk populatiomeegnts a small fraction
of stars locally and is a population which is not easily saefet and studied apart
from other stellar populations. It overlaps probably bdté old thin disk and the
halo in terms of kinematics and metallicities. There is ngiobs predetermined
way to define a sample of purely thick disk stars in the solaghierhood. There
are essentially three ways of finding local thick or thin diskrs: pure kinematical
approach (Grenon 1987; Bensbhy et al. 2003), by pure metgltielection sample
(Carney et al. 1989), or by looking at a combination of kindosa metallicities
(Schuster et al. 1993) and ages (Fuhrman 1998). It shouléfark mind that one
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has to be careful concerning biases in one’s stellar sanaplésn one’s methods
when studying the thick disk.

Nissen & Schuster (1991) used tlive/H] — V.., diagram for separating the halo
stars from the "high-velocity disk" stars. Then in the papfe8chuster et al. (1993)
they defined the stellar population paramet&r''and used it to make a diagonal
cut connecting[Fe/H], V;;) = (—0.3,0 kms™') and (-1.5, 175 kms™') to isolate
more cleanly the thick disk stars. In their most recent w&dhuster et al. (2005)
indicates that the range21 < X < —6 gives a fairly clean thick-disk sample, with
only small contamination by the halo and old thin disk. In &&tier et al. (1993)
the cut—21 < X < —18 was used to define an even cleaner thick-disk sample,
but here too few stars are found in this reduced X intervatelR#y, Karatas et al.
(2005) used theX criteria, provides 22 thick-disk stars. They foung = 32 + 5
kms?, <V, >= 154+ 6 kms ! and< [M/H] >= 0.55 + 0.03 dex for these
thick-disk stars, which is in agreement within the rang8®f- 37 km s~! given by
Norris (1987), Croswell et al. (1991), and Carney et al. @98

Bensby et al. (2004) use only kinematic criteria to sepatstehin disk, thick
disk, and halo. They do not use the metallicity. Assuming the space velocities
have Gaussian distributions for each stellar populationpanent it is possible to
calculate a "probability” for each star that it belongs thei the thin disk, the thick
disk, or the halo :

2 r_ 2 )
f(U,V, W) =k.exp (— U2 — v Vgsym) — W2 ) (55)
207, 2074, 207y,
where
1
k= 56
(27)320p0vow (56)

normalizes the expression.

To get the probability that a given star belongs to a spectfpupation, we have
to multiply the probabilities from Eq.(55) by the observedctions () of each
population in the solar neighborhood. Finally, by dividihg probability for thick
disk membership 0) with the probabilities for thin disk membershig' D) and
the halo membershipH), respectively, two dimensionless ratios that express how
much more likely it is that a star belongs to the thick diskitkize thin disk and the
halo, respectively, can be constructed:

Xrp frp Xrp frp

TD/D =258, TD/H = 2.2 (57)
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In order to select the thick disk sample one have UsBd D > 2andT’D/H >
1 (assuming the 10% normalization). This will ensure thapttodability of belong-
ing to the thick disk always will be greater than the prokiapdf belonging to the
thin disk (i.e.7’D/D > 1), even if the true value for normalization of the thick disk
actually is as low as 2% or as high as 14% (Bensby 2004).

Carney et al. (1989) used only the metallicity to isolatetthiek disk stars from
sample of stars selected from the Lowell Proper Motion @gtalith metallicities
published by Laird, Carney, and Latham (1988). They setectttick disk stars with
metallicities—0.65 < [Fe/H]| < —0.35 and calculated the thick disk asymmetric
drift of 35 & 5 km s™! suggest a net Galactic rotational velodify, of 185 4= 5 km
s!. Their data based on the proper motion selected sampleessltlad biases to
the higher proper motion.

We select for the thick disk all stars with1.0 < [Fe/H] < —0.4. There are
289 stars among 740 stars in our subdwarf sample. These ldvagditer than
my = 12.5 mag. and with proper motion larger than= 155 mas yr'. However
the sample is not completed to that magnitude and propeomdt Fig.15 and 16
we explore the completeness of our sample.

For this purpose, the Log-cumulative star counts of subfdmaith apparent
magnitude brighter tham, = 12.5 is shown in the left panel of Fig.15. For a
complete sample distributed according to a homogenougaspansity, the loga-
rithm of the cumulative star counts of subdwarfs with appaneagnitude brighter
My, raine @re proportional tan, with a slope of 0.6 (Mihalas & Binney 1981). We
also show in the left panel of Fig. 15 a straight line with sstpe. It is evident
that our sample is not distributed homogenously at appanagnitude fainter than

Table 6: Characteristic velocity dispersioas (o1, andoy) in the thin disk, thick
disk, and stellar haloX is the observed fraction of stars for the populations in the
solar neighborhood and, ., is the asymmetric drift (Bensby et al. 2003).

X oy Ov Ow Vasym

[km s71]
ThinDisk (D) _ 0.90 35 20 16  -15
Thick Disk (TD) 0.10 67 38 35  -46
Halo (H) 0.0015 160 90 90 -220
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Figure 15: The cumulative histogram of apparent magnitodelf subdwarfs with
metallicity —1.0 < [Fe/H] < —0.4 (left) and the restricted sample (right). The
straight lines with a slope of 0.6 represent the homogenndsamplete distribu-

tion in apparent magnitude (see e.g. Mihalas & Binney 1981).
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Figure 16: The cumulative histogram of proper motion fosalbdwarfs with metal-
licity —1.0 < [Fe/H] < —0.4 (left) and the restricted sample (right).The straight
lines with a slope of -3 represent the homogenous and coengistribution in

proper motion (see e.g. Mihalas & Binney 1981).
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my ~ 9.2 mag. Therefore we can now asses the completeness in appaagni-
tude of the restricted sample, since the turn-off for thimgl® occurs atny ~ 9.2
mag.

The completeness of the restricted sample in proper motwnbe assessed
in a similar way. Again, the assumption of an homogenous amdptete sample
in proper motion leads to the conclusion that the logarittirthe cumulative star
counts of our sample with proper motion larger tharshould be proportional to
with a slope of—3. We also show in the left panel of Fig. 16 with such a slope. The
exact value of the turn-off ig; ~ 180 mas yr. This is in good agreement with the
lower proper motion of NLTT catalog.

We defined the general restriction of the sample, in whichsaumple is com-
plete,m; < 9.2 mag. andy; > 180 mas yr!. We can see the right panels of Figs.
15 and 16 the restricted sample in apparent magnitude apeipnootions, respec-
tively, with mean metallicity< [F'e/H| >= —0.61 andop./g = 0.13. There
are only 89 thick disk stars within the complete sample. Tov@amination of thin
disk stars in our proper motion selected sample could bemimei by setting up
the minimum proper motion cuf{ > 180 mas yr'). The proper motion selec-
tion magnifies the contribution from the higher-velocitgd plopulations, since they
are effectively sampled over larger volumes than the lovedocity disc stars (Reid
1997; Cooke & Reid, 2000). The number of stars of each populan a proper
motion selected sample is proportional to the mean poulasingential velocity :

N(:LL > Mmm) X p0<VT>37 (58)

with p, the local space density of the population (Hanson, 1983¢ R8B4;
Digby et al.,2003). This therefore amplifies the contribantof the higher velocity
population above the ratio of the local space densities &athount :

i, - (%)3 (59)

This amplification has an effect on the likelihood of highoaty stars entering the
proper motion sample, and demonstrates the efficiency gigpnmotion selection

in selecting thick disk and spheroid stars. For example harspd to disc number
ratio of Ny;si © Nspheroia = 400 : 1 for a volume limited sample can be increased
t0 Naisk : Nspheroia = 5 : 1 fOr a proper motion sample. However, this richness has
a price — any sample of stars selected on the basis of propgonms inevitably
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tainted by kinematic bias. The bias may manifest itself iruenber of ways, but

is most obvious in the velocity ellipsoid of the sample starsere the dispersions,
particularly along the "long" axis, are distorted and thgmuade of the asymmetric
drift is significantly increased. The effect is evident inlanber of early attempts
to establish the velocity parameters for stars of extrenpiRtion 11, and has been
discussed by a number of investigators, e.g. Bahcall & @Gaser(1986), Ryan &

Norris (1993), Dawson et al. (1995) and Dighy et al. (2003).

There is still contamination by the halo stars, however tae o thick disk
density ratio is about 1.5%. We tried to minimize contanioraby the halo stars
by setting the maximum tangential velocity cut-&% < 200 km s™!. This cut-off
will also cause the high velocity tail of the thick disk poatibn to be excluded
from the sample, but our results allow us correspondingtyext the derived LF.

4.3 The Parameter of the Thick Disk

To determine the kinematic and spatial parameters thatitesthick disk accu-
rately, we must correct our sample for the kinematic biasesritains. We use the
Schmidt’s1/V,,.. to weight the velocity components of each stars in our sample
The weight is proportional té/;* for a proper motion limited sample. The star
which has a low tangential velocity (proper motion) or cltsé¢he lower limit for
the sample, can have higher weight than the star which hgsrl@roper motion.
However, the contaminated thin disk star which has lgwan cause a large error
in the calculation.

The Monte Carlo simulations (explained in chapter 2.8) ofaalet of the pop-
ulations allows the biases and effects of the analysis preeto be taken into
account, and the results corrected for these effects. Wergtna fake catalog of
about3 x 10° stars with model input for thick disk, and do selection ciiteof
my < 9.2 andy > 180 mas yr'. We repeat the simulations 200 times in or-
der to test the sensitivity of our results to the adopted mehand have found no
significant differences in the derived mean kinematicsipatars.

Kinematics Parameter

The mean kinematics parameter of 89 thick disk subdwarfsimcomplete sam-
ple are shown in Table 7. Taken at face value, the ’biasedkttisk asymmet-
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ric drift (or velocity lag)51 & 5 km s! suggest a net Galactic rotational velocity
Vet = 169 & 5 km s™'. After we corrected for the kinematics bias, the asym-
metric of our thick disk sample i¥,, = 41 £5, or V,,, = 179 =5 km s™*.
The velocity dispersion components of our thick disk staas by, oy, o) =
(66 +5,46 £+ 3, 39+ 3) without kinematics correction. Weighting by thgV/,, ... for
each velocity components, the thick disk velocity dispgrsvould be ¢/, oy, ow)
= (60 + 4,45 + 3,38 £ 3). Our corrected result is in good agreement with the non-
kinematics sample of Martin & Morrison (1998) of RR Lyraerstand Soubiran et
al. (2003) of stars in NGP (see Table 7 for comparison).

Fig.17 shows th&/, VV andWW distribution of the sample. We fitted the histogram
of the biased kinematics distribution (full lines), and tteshed lines represent un-
biased (corrected) velocity distributions.
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Figure 17: The histogram of the galactic velocity distribos of thick disk stars
inU,V, W, andV, (from the radial velocities) directions. The full line regent
the gaussian fit of the biased data and the dashed line shamliesed (corrected)

distributions.

The use of high proper motion as a selection criterion wifferentially select
the higher velocity stars in any given population. The viéyodispersionsr;; and
ow are expected to be overestimated by the uncorrected sasipbeswve preferen-
tially selected stars with extreme velocities. While thipectation is borne out for
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oy, itis less obvious foey,, which differs generally by less than 10% between the
non-kinematic and kinematic samples. This come about lsectne dispersion in

U is larger than i/, so as the sky is searched in a proper motion survey, stdrs wit
extremeU velocities will be found more readily than will stars withteeme IV
velocities. In the biased samptg, is underestimated because the sun is located in
one wing of the thick disk” distribution, and the proper motion selection procedure
preferentially accepts stars in the retrograde wing ratean in the prograde wing.
The resulting distribution is thus reduced in width and telifto a lowerl” than

the parent distribution. The largest bias of all is in mégnsince thel” velocity
difference between the thick disk and the sun is greater titawvelocities which
are readily encountered in theand ¥ distributions (Ryan & Norris 1991).

Table 7: Comparison of various thick disk sample

Sample Viot oy oy ow <[Fe/H]>
Kinematically unbiased sample

Soubiran (1993) 179+16 56+11 43+6 - -
Edvardssonetal. (1993) 183+6 59+6 48+4 38+4 -
Martin & Morrison (1998) 185+ 11 544+8 52+8 31+4 -
Chiba & Beers (2000) 200 46+4 50+4 3543 -
Soubiran et al. (2003) 169+5 63+6 39+4 39+4 —0.48+0.05

Kinematic selected sample

This work 179+6 6024 4543 3843 —0.61+0.01
Carney et al. (1989) 185+5 99410 5148 474+5  ~ —0.5
Bartasiute (1994) 18145 64+5 4943 42+3 -

There is an alternative method for computing the lag veydcit solar neigh-
borhood proper motion stars which overcomes both the pnojdion bias and the
dependence on the distance scale. Applied to a nearby sathele. ;2 quantity
defined by Frenk & White (1980) is independent of distancethfeumore, since it

2\We used the ternv,.,; (with hat)for the rotational velocity derived from the Frenk & White
(1980) formalism using the radial velocity data only, dng, for rotational velocities derived from
proper motion & radial velocities data
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uses measurements only of radial velocities which lie @utimal to the proper mo-
tion component used in the selection procediiregntains no knowledge of proper
motion bias, and is an unbiased estimator of the kinematics of the sampkegeo-
metrical weighting terms in Frenk & White (1980) formalisbased on the Galactic
coordinates of the stars, ensure that only radial velocitgmonents in the direction
of galactic rotation contribute to the compuﬁé’,dt. As aconsequence ef V' > be-
ing biased towards more negative values, &ng being unbiased (Ryan & Norris,
1993). We emphasize the important result thatithg quantity correctly recovers
the rotational characteristics of the parent distributgan after the proper motion
selection criteria have been applied, because the rad@dityedata are unbiased.
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Figure 18: The histograms of the galactic velocity distridus of simulated thick
disk stars i, V, W, andV, directions. The smooth curves represent the gaussian
fit of the input model. Sample=1000 stars

The unbiased’,; for our subdwarf sample i85 £+ 9 km s, which is in good
agreement with the corrected kinemati¢s; = 179 + 6 and other results from the
non-kinematic samples shown in Table 7.0n the bottom lefepaf Fig.17, we
plot the V,, distribution, calculated via Frenk & White formalism usitige radial
velocity data. Thé/, velocity has a wide spread distribution due to the geometric
factor, however the median gives the valud & km s,

We performed the monte carlo simulation, following the sebm criteria from
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our sample, giving the input kinematic parametewof,(oy, ow, Vasym) = (60, 45, 38, —41)
km s~!. We generate a simulated catalog3ok 10° stars, withd > —20°, within

d < 100 pc, assuming a uniform density in the galactic disk. Fig@etows the
comparison of input model and the restricted sample olbddihente Carlo simula-

tion of high proper motion study. The smooth gaussian cuavesnodel velocity
distribution (input parameters) and the histograms arevéhecity distribution of

the restricted sample.

From the top left panel of Fig.18, the effect of the properiomoselection crite-
ria on the measured dispersion may be seen. As a result of the sun being located
near the center of thé velocity distribution, the failure of some stars to survikie
proper motion selection criteria results in a prefererdighopulation of the peak
of the distribution whilst the wings are maintained (Ryan &rNs 1993). The re-
stricted sample yields;; = 72 km s™!, whereas the parent distribution had = 60
km s™!. Theoy andV,,,,, overestimated in proper motion selected samples, in this
example by a factor of 1.2. The result simulation for tevelocity component are
less extreme than those for thievelocity. Thel velocities, having a much smaller
range than thé& component, are rarely sufficiently large to contribute sigantly
to the total space velocity, with consequence that theyimked much more weakly
to the selection criteria.

We performed a statistical test to know whether our simdlagenples are drawn
from the same parent distribution as our thick disk starsugés the Kolmogorov-
Smirnov tests, which avoids binning of the data, give théphilities that samples
were drawn from the same parent distributions, are proiall’) = 0.46, proba-
bility (V') = 0.51 and probability (V) = 0.56. It is clear that our simulated sample
agree very well with the observéd V', andlV distributions.

4.4 TheLuminosity Function

The luminosity function is derived by /V,,.... method for the 89 thick disk subd-
warf stars. For each star a maximum distance is adopted frmm dvhich a maxi-
mum volume is derived. The adopted maximum distance is tladlesnof the max-
imum distance defined by the proper motion limit and the ntaglei limit. Each
star represents a single sampling over the maximum volurherefore each will
contribute to the LR /V,,.. and sum of all the sample stars (ref. chapter 2.6).
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Figure 19: Completeness fraction, measured in terms ¥ V,,,.,. > as a function
of absolute magnitud&/;,. The horizontal line indicates the values for the complete
sample< V/V,,0. >= 0.5

The sample stars in our sample cover2/3 or 5 = 0.6378 of the whole sky
since theiry > —20°. The number and luminosity function at each absolute mag-
nitude in Table8 is observed number of stars in each unit madm interval and
logarithm of number of stars per unit magnitude and unit n@u The complete-
ness of the sample is tested by the averadé/V,.. > shown in Fig.19.

Table 8: Thick Disk Luminosity Function from Subdwarf sampl

MV @(Mv) [oF) N
3.00 0.8146E-06 0.8088E-06 1
3.50 0.3810E-05 0.1823E-05 2
4.00 0.2450E-04 0.5152E-05 10
4.50 0.7607E-04 0.1285E-04 19
5.00 0.2294E-03 0.2150E-04 30
5.50 0.2543E-03 0.3036E-04 19
6.00 0.2136E-03 0.3278E-04 7
6.50 0.1182E-04 0.1996E-04 1

The correction factor for stars omitted by the selectioteda of tangential ve-
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locity (or proper motion) can be estimated numerically (RBtone & Graham 1981)
and by Monte Carlo simulation (Bahcall & Casertano 1986}hvimput of V,,,,
and the velocity dispersions. We performed again our MotéoSimulations and
derive the correction factor¢p) and simulated LF. We run 200 simulations, each
simulation, we generat® stars, and took 89 surviving stars from the selection cri-
teria, which is the same number of observed thick disk stamur sample. The
discovery fractionyrp of 0.53 is adopted from our simulation. We scale the thick
disk LF following the method use by Digby et al. (2003),

Dl = (60)
XTD
We will consider any possible contamination by the thin ditkrs. Assuming
they are also included in the sample with> 180 mas yr', then the derived LF
will comprise a total for thin disk and thick disk members.€Tthick disk LF can

then be calculated from the total (Disk and Thick Disk) by
OTp = Mrp@p I, (61)

whereArp is the fraction of thick disk stars in the sample. This is giby

1
Xrp/Xxp)(nrp/np) + 1’

Arp = ( (62)

wherexp, xrp are the fraction of thin disk and thick disk stars with> 180 mas
yr~t andnp, nrp are the local number densities of thin disk and thick diskssta
(from Table 6). The discovery fraction of thin digl is known from Monte Carlo
simulation with input parameter from Table 6.

45 Result and Discussion

Our measurement of the thick disk luminosity function is @dhrat only the lim-
ited range in luminosity corresponding the nearby F,G amly éasubdwarf stars.
Nonetheless, this result offer a means to understand tble disk population. We
plotted the luminosity function in Figure 20, is based on glnof nearby subd-
warfs. Therefore the resultis for the bright part of thekldsk luminosity function.
This LF has been obtained from 89 subdwarfs¥6r = 3.0 — 6.5 mag. The LF has
a steep slope in the absolute magnitudé®f = 3 — 5 mag. And constant density
of My, = 5 — 6 mag. At absolute magnitude 8f,, = 6.5 the luminosity function
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decrease. The reason of this decreasing could be the Wigbem D/, ~ 7 and
incompleteness in our sample. We performed Monte Carlo Isiioas to under-
stand the selection bias in our sample. We use the LFs of Bechb Vandenberg
(1992) for metallicity [Fe/H]=-0.65 with ages of 12 Gyrs. lbusch & Vanden-
berg (1992) use their LF to fit with the observed luminositydtion of 47 Tuc. The
simulated LFs for metallicity [Fe/H]=-0.65 with ages of 131G agree well with
the luminosity function derived by Reyle & Robin (2001) fof, = 3.0 — 6.0.

Log @ [stars pc™ mag™']

My [mag]

Figure 20: Simulated luminosity function taken from Bergbiu & Vandenberg
(1992) for metallicity [Fe/H]=-0.65 with ages 12 Gyrs (dotted line) and 14 Gyrs
(dashed line). We plot also the luminosity function of thaikk (full line) derived
from the initial mass function (Reyle & Robin 2001).

The differences in the slope in absolute magnitud&/ef= 3—5 mag. between
the simulations and the observed one could be due to lackigitbstars in the
subdwarfs sample. However, th&V/,,... plot in Figure 19 shows that our sample is
completed within the absolute magnitutde < M, < 6.0. Gilmore & Reid (1983)
(see Figure 13)found that the LFat> 1 kpc, steepens rapidly fav/;, < 4.0 mag.
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5 Fine Structureln The Phase Space Distribution of
Near by Subdwarfs

Fine structure in the velocity distribution of stars in thelkyl Way was discov-
ered and studied during almost all O.J. Eggen (Eggen 1996d@icknces therein).
Some of Eggens’s star streams are associated with youngabps&ters and can
be naturally interpreted as clouds of former, now unbourehiwvers drifting away
from the clusters. Other streams contain only very old statls ages older than
10 Gyrs. Especially, since for many members distances wer&mawn, but had
to be assumed in order to construct space velocities, thexetence of such old
streams was often doubted. However, modern data seem torsdh& concept of
old star streams. Helmi et al. (1999) found analyzing Hippardata the signature
of a cold stream in the velocity distribution of the halo staf the Milky Way. This
was confirmed later by Chiba & Beers (2000) using their owra dBeers et al.
2000). Helmi et al. (1999) interpreted this stream as patheftidal debris of a
disrupted satellite galaxy accreted by the Milky Way, whestded up in the halo.
Indeed numerical simulations have shown that relic stans fdisrupted satellites
can stay on orbits close together for many Gyrs (Helmi et @032 Helmi 2004).
These show then up as over-densities in phase space. Innigevean Navarro et
al. (2004) have argued that Eggens’s (1996) Arcturus greapaother such a debris
stream, but in the thick disk of the Milky Way, dating back toaccretion event 5
to 8 Gyrs ago. These observations complement observatfarsgoing accretion
of satellites such as of the Sagittarius dwarf galaxy (lleatal. 1994) or very re-
cent accretion in form of the Monoceros stream discoveraderouter disk of the
Milky Way with SDSS data (Newberg et al. 2002, Yanny et al. 2@Rocha-Pinto
et al. 2003, Penarrubia et al. 2005). Extended periods oéton of satellites onto
massive galaxies are also expected theoretically. Faanost recent sophisticated
simulations of the formation of a disk galaxy in the framekvof cold dark matter
cosmology and cosmogony of galaxies by Abadi et al. (200Baybgest that dis-
rupted satellites contribute significantly not only to thellar halo but also to the
disk of a galaxy.

Old moving groups are also observed in the velocity distrdvuof thin disk
stars in the solar neighborhood. Using Hipparcos paradlaxel proper motions
Dehnen (1998) found by statistical methods a new evidentteed®leiades - Hyades
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and Hercules star streams. Even more convincingly thesams show up in the
extensive data sample of three-dimensional kinematidal afaF and G stars in the
solar neighborhood by Nordstrom et al. (2004). The crowdihthese stars on
orbits in certain parts of velocity space is attributed toawyical effects. Dehnen
(2000) and Fux (2001) have demonstrated that the Herculeanstmay be well
due to an outer Lindblad resonance of the stars with the alelp@r of the Milky
Way. The Pleiades - Hyades Stream, on the other hand, islgyotae to orbital
resonances of stars in the solar neighborhood with spiraitlewaves in the Milky
Way disk (De Simone et al. 2004, Quillen & Minchev 2005). Hoee there are
also hints that further over-densities in velocity spacghhbe relics of accreted
satellites (Helmi et al. 2005).

In this chapter we use our own data (chapter 2 or Arifyantd. &@05; hereafter
AFJW) of the kinematics of nearby subdwarfs and develop asietegy to search
for signature of old star streams in the phase space digstibaf the stars.

5.1 Dataand Search Strategy for Streams
Data

The data set constructed by AFJW is based on the sample of & anddwarfs of
Carney et al. (1994, hereafter CLLA). While keeping the mecadial velocity and
metallicity data of CLLA, AFJW have significantly improveldet accuracy of the
distances and proper motions of a subset of the CLLA samjble.ofiginal CLLA
sample contains 1464 stars, but kinematical and metglli@ta are not available
for every star. Many of the CLLA stars were observed with Himos and AFJW
identified 483 stars in the astrometric TYC2+HIP catalogi¥ée(en et al. 2001)
and replaced the parallaxes and proper motions of CLLA byp#lipos parallaxes
and proper motions, respectively. The Hipparcos paradlaxere then used to re-
calibrate the photometric distance scale of the rest of thHeAGstars. AFJW could
identify 259 CLLA stars in the Tycho-2 catalogue (Hog et ab0@) and adopted
the proper motions given there. Thus the sample of AFJW, hwfdons the basis
of our analysis, containsi2 subdwarfs with greatly improved parallax and proper
motion data. While the photometric distances were cordebtea factor of about
10%, the old NLTT proper motions were improved from an accuratg®dto 30
mas yr!to2.5 masyr!.
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Search Strategy

The aim of our search is to find in phase space over-densftgtars on orbits which
stay close together. For that purpose we use Dekker’s (119ié®yy of galactic
orbits. Since the latter is despite its usefulness not wedlkn, we repeat here the
basic steps to estimate the parameters of stellar orbits.fifdt step is to separate
the planar from the vertical motion of a star. This assunmpisgustified, because
we are treating orbits of stars with disk-like kinematicanCentrating now on the
planar motion in the galactic plane the equation of motioa star moving in the
meridional plane is given by

. 0y D 112
=gl =0 <<I>(R)+2R2), (63)

where R denotes the galactocentric radius. The effective potetiais con-
structed in the usual way with the gravitational poten@#aR), which is assumed
to by axisymmetric, and the verticalcomponent of the angular momentum of the
starL,

1 L2
Dekker’s theory proceeds then like standard epicycle thepchoosing a mean

guiding center radius for the orbit of a st&j by setting

_ p2 : _ J1o2
L = REQ(Ro) with AR) = || 2= (65)

the mean angular frequency of a stellar orbit. The energystdreon the circular
mean guiding center orbit is obviously given by

1

Ey = ®(Ry) + 5

R20?(Ry) (66)
andx us the epicyclic frequency defined by

1dInQ

2 102 L
K2(Ry) = 4Q°(Ro) |1+ 57

(67)

Ro

The key point of Dekker's (1976) formalism is to expand theeptial with
respect to; aroundz- as
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R 0
1 d*® 1 1\°
+ id(}%)Q . (E—ﬁo) (68)

which is asymmetric with respect @, and thus more realistic than the Taylor
expansion ofP(R) in the standard epicyclic theory. With the definition(®fR) in
eq. (65) we have

dd

i), - e
dizﬁf% = R%%Y+QQR§%R3 (69)
= R'(rg— )
We thus find
Mm:%—%+% (70)

with the coefficients

1
ag = E0+§RSI<L3,
by = Rix (71)
1
0 = SRAR - OD).

The turning points of the radial motion of a st&y are defined by the condition

E = d&.5(R,). If the potential (70) is inserted, this leads to
R, 1 2(E — Ey)

= ithe = _
Ry 1xe °° R2K2

(72)

The orbits are thus characterized by the two isolating naegf motion angular
momentumL and energyly. Dekker (1976) has shown by her approximation (68)
with various forms of the exact potential that it gives relearesults up to eccen-
tricities ofe ~ 0.5. L ande can be estimated directly for each star in our sample.
We assume that every star is essentially at the positiorecbtin and find

L= R@(V + VLSR) = ROVLSR (73)
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Here R, denotes the galactocentric distance of the Sun, for whicladopt8
kpc, V is the velocity component of the star pointing into the diiet of galactic
rotation, and/; s is the circular velocity of the local standard of rest, forgfhwe
adopt220 km s™!. The eccentricity is given by

: (74)

eRo

with U = —R the radial velocity component of the star. In the following w
assume a flat rotation curve implying/Q2 = 2 and R3x3 = 2V7,,. The search
for overdensities in phase space of stars on essentialgatine orbits is carried out
in practice in a space spanned up\Wy?2 + 212 andV. In addition we study also
the distribution of stars in our sample ifii(|, V') velocity space. Since the Sun is
located very close to the galactic midplani;| is a measure of energy associate
with the vertical motion of a star.

5.2 Result and Discussion
Thin Disk

The stars in our sample with metalliciti@s:/H] > —0.6 dex have kinematics of
the old thin disk of the Milky Way. In Fig. (21) we show the dibution of 309
stars, which hav8V | velocities< 50 km s™', overv/U? + 2V2 versusV and |V |
versusV/, respectively. The space velocities have been reducee toc¢hl standard
of rest by adding the solar motidi/, V, W), = (10.0,5.2,7.2) kms™' (Dehnen
& Binney 1998) to the observed space velocities. Insteadatter plots we show
in Fig. (21) color coded wavelet transforms of our data. ks purpose we have
used the two-dimensional Mexican hat wavelet transfornerilesd by Skuljan et
al. (1999). After some experimentation we found that a wetvetale ofl0 km
s! showed the overdensities in the data samples in the clesagstThe Hercules
stream ranging fron¥’ ~ 30 km s to V' ~ 70 km s! is clearly visible and to a
lesser degree the Hyades-Pleiades strearat15 km s7!, in both cases exactly
where expected (Dehnen 2000, Nordstrom et al. 2004). Shesetstreams have
been discussed widely in the literature we do not go into anhér details in this
letter. We present them mainly here to demonstrate that dxyweging previously
known streams our method is well suited to search for coldsstaams.



5.2 Result and Discussion 73

7 o L e B B 5 L At S S B B

300

200

(U2+2v))"2 [km s7']

100

L L L L L L L L B BB B

|
N
o
o
o
o

7 o L e B B 5 L At S S B B

300

200

Wl [km s7']

100

—200 -100

o
o
o

V [km s7']

Figure 21: Wavelet analysis of the distribution of thin d&gkrs over/U? + 212
versusl (top panel) and oveliV| versusl” (bottom panel). The wavelet scale of
the Mexican hat kernel is 10 kntsand a linear color table from black over lilac,
green, yellow to red is adopted.
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Figure 22: Same as Fig.21, but for thick disk stars
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Thick Disk

The remaining stars of our sample with metallicities/H] < —0.6 dex belong to
the thick disk and halo of the Milky Way. The distribution 882 stars is shown in
Fig.(22) in the same way as above, but now restrictdiito< 100 km s~1. There
are two distinct features in the phase space distributioction. The lesser fea-
ture atl’ ~ 125 km s! corresponds to the familiar Arcturus stream (Eggen 1996,
Navarro et al. 2004). Actually there is one common star, @2-Bhe kinematics
and metallicities agree so well with each other that, evengh the reality of over-
densities is difficult to assess, we are confident that betsiingations have identi-
fied the same stream. Arcturus itself, although not a CLLA s in Fig.(22) at
V = —114kms*, VU2 +2V2 = 165 km s!, and|IW| = 4 km s7!, respectively.
With a metallicity of[Fe/H] = —0.55 (Luck & Heiter 2005) it fits well to the rest
of the presumed stream members. We place the center of dasrstatl’ = —125
km s and+/U? 4 2V2 = 185 km s~ implying |U| = 55 km s!. According to
equation (73) the guiding center radius of the stars passmgclose to the Sun is
Ry = 0.43R. = 3.5 kpc. The eccentricity isz, = 0.59 implying an outer turning
radius of R, = 2.5R. = 8.5 kpc. The stars are apparently close to apogalacticon,
when they are at their slowest on their orbits and the detegtiobability is highest.
In Fig.(23) we show a color-magnitude diagram of the presbimembers of the
Arcturus stream listed in Table 1. Overlaid are theoreigathrones of subdwarfs
with an age ofl2 Gyrs calculated for metallicitied’e/H] = —0.5, —1, and—1.5,
respectively (Yi et al. 2001). The good fit of the isochronedigates that the se-
lected stars must be very old. Judging from the ages and Ik of the stars
and the similarity of their kinematics with that of a disregtsatellite in the vicinity
of the Sun we follow Navarro et al. (2004) in the conclusioattthe members of
the Arcturus stream are of extragalactic origin. As can lems$e Fig.(22) there is
a second strong feature in the phase space distributioredhttk disk stars. This
seems to be even more significant than the overdensity in titteiys region. The
stars in this overdense region are listed in Table 2. To oowkedge the existence
of a cold star stream in this part of phase space has not bggested before. As
can be seen from Tables 1 and 2 the velocity and metallicgyridutions of the
members of the proposed new stream and the Arcturus steapneatecally iden-
tical. Also the color-magnitude diagram shown in Fig.(28¢ms to indicate that
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the stars stem from the same population. We place the cefnttee proposed new
stream aft’ = —80 km s™! and /U2 +2V2 = 130 km s~! implying |U| = 64

km s~!. The mean guiding center radius of these stars passing nse th the sun

is Ry = 0.64R, = 5.1 kpc. The eccentricity iz, = 0.42 and the outer turning
radius is atR;, = 1.7R, = 8.7 kpc. Thus also the stars of the proposed new stream
are on their orbits close to apogalacticon. We can at pres@ptspeculate about
the possible origin of the stream. However, the similarityhe characteristics of
the new stream with the Arcturus stream, seems to point alsm textragalactic
origin.
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Figure 23: Color-magnitude diagrams of the presumed mesntfethe Arcturus
stream (left panel) and proposed new stream (right pane®rl@id are theoretical
isochrones for subdwarfs with an age 1&f Gyrs and metallicities ofF'e/H]| =
—0.5,—1 and—1.5 (from right to left)
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6 Summary and Conclusion

Our samples based on the CLLA surveys are kinematicallyebiaand it is pos-
sible that some of the results discussed above could havedreduced by some
combination of biases. Comparing to the non-kinematicsdisnple of Chiba and
Beers (2000), our kinematics properties are somewhat higkeeause the lack of
stars in low velocity regions. The next steps of this worklddae to try to model
the kinematics biases and remove them and obtain kineripticdiased samples.
Another important bias related to the analysis of trigonwim@arallax is the Lutz-
Kelker bias (Lutz & Kelker, 1973). This effect causes a systtc bias such that
measured parallaxes will on average yield too small digsuf€ené et al. 1998).
Reid (1998) used Monte Carlo simulations to determined #peeted extent of
this bias in the Hipparcos subdwarf sample. He found thatfeample of stars
with parallaxes measured to a formal precision of 300%/¢ < 0.3) at My = 3
mag. would have predicted bias)/,, = 1 mag. Hence, for the,. /7 > 0.3, the
absolute magnitudes for the intrinsically brightest statsich remain in the sample
at distances of more than 500 pc, are biased to a greatert ¢éxganthe)M,, = 6
stars (Reid 1998).

Hipparcos parallaxes and proper motions improve the acgusé kinematic
properties of CLLA subdwarfs sample. Our sample A and A+Blacal samples,
since the distance of 90% of the samples are below than 15npcgistance per-
pendicular to the galactic plane|ig|< 100 pc. However, the kinematical properties
of sample C (CLLA-Tycho2) stars are somewhat 'colder’ thiam other samples.
The completeness of the Tycho2 catalogue isat< 11.5 mag., while about 30%
of our CLLA-Tycho2 sample have visual magnitudes faintantthe completeness
limit. We tried to make some distance cutda& 150 pc in the sample and found
that the rotation velocity of the metal poor subdwarfs beestigher,V,.; ~ 60
kms~!. However, this bias will not change our result that there éasiderable
overlap between the halo and thick disk.

Our finding of the 'metal weak thick disk’ (MWTD), from 740 kématically
selected sample of nearby subdwarfs, for metal poor statiseimange—1.6 <
[Fe/H] < —1 confirms the previous results by e.g. Morrison et al. (19@b)pa
& Yoshi (1998), Chiba & Beers (2000) and recently Beers et(2002). The lo-
cal fraction (i.e. within 300 pc from the Sun) of metal poaarstthat might be
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associate with the MWTD is on the order of 20%-40% and rotateebocity of
Voot = 120 kms™1!.

For stars with metallicity [Fe/H]>-1.0 shows the disklikem&matics. We con-
centrate for stars with-1.0 < [Fe/H] < —0.4 to locate the thick disk population.
We derived the luminosity function of thick disk using the gn@ude and proper
motion. We found the kinematics parameter of the thick disk &y, ow, Vasym)
= (60, 45, 39, —41) km s~!, which is in good agreement with other values from the
non-kinematically selected sample (Martin & Morrison, 399

Over the past decade, a number of claims for a significantlptpn of metal
poor stars with disklike kinematics have been made, but gfresence has been cast
into doubt because of incorrectly assigned metallicitigsefs et al. 2002). Based
on metallicities from the expanded sample of proper motioneyy by CLLA and
the accuracy of Hipparcos trigonometric parallaxes anggraotions, we confirm
the existence of the MWTD.

We must try to understand the implications of a significamipation of MWTD
stars for theories of the formation and evolution of the @galdt should be keep
in mind that, although the MWTD population may contributeaegke fraction of
thelocal metal poor stars, the (inner) halo populations is probatilytse domi-
nant reservoir of stars withf'e/ H] < —1.6 within a few kiloparsecs of the Sun.
Furthermore, although we have emphasized the possibleriamme of the MWTD
population, it certainly still appears to be a minor conttt of the entire thick disk
population (Beers et al. 2002).

If there is indeed a significant fraction of thick disk staighwnetal abundance
—-1.6 < [Fe/H] < —1, as we have argued, this finding may have significance
to formation scenarios of the Galaxy. An interesting scenfar the origin of a
MWTD component may be the merging of satellite galaxies((8&azinn, 1978),
which are then accreted by a thin, fast rotating, possibltahpoor, Galactic disk
(Quinn et al. 1993; Wyse 2001). The dynamical heating of telas component
of this disk in connection with the accretion process pregube thick disk. The
kinematics of the halo depends on the dynamics of the mesgitw]jlites, whereas
the kinematics of the thick disk are determined by the hgatirthe rotating disk.
This scenario offers a natural explanation for the strikimgmatical discontinuity
between halo and thick disk stars(see Ri@)(see Gilmore & Wyse 1985, Gilmore,
Wyse & Kuijken 1989, Nissen & Schuster 1991). An overlap imrabance at
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—1.6 < [Fe/H] < —1 (MWTD population) may occur, because the satellite galax-
ies and the Galactic disk have separate chemical evolu{dissen & Schuster,
1991). In the recent paper of Gilmore et al. (2002), they firidence for two prob-
able cccomponents within the thick disk by studying stafs— 5.0 kpc from the
galactic plane. Suprisingly they findla,; a few kpc above the plane of only0

km s~! compared to the expected 180 km sand conclude that this is probably
evidence for a merger event with the disk of the Milky Way sdtfiel2 Gyr ago,
that their sample is dominated by the remnants of a disrugatallite galaxy.
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7 Appendix: Datatables

The following tables contain the sample of subdwarf staosnflCLLA catalog
which the trigonometric parallaxes and the proper motisosifare coming from
the TYC2-HIP and Tyco2 catalogs.

Column 1: Hipparcos or Giclas Name

Column 2: Right Ascencions epoch 2000 [deg]

Column 3: Apparent magnitude V [mag]

Column 4: Declinatiord epoch 2000 [deg]

Column 5: Trigonometric Parallax] [mas]

Column 6: Proper Motiom,,* [mas/yr]

Column 7: Proper Motioms [mas/yr]

Column 8: Error in Parallax, [mas]

Column 9: Error in Proper Motion,, .. [mas/yr]

Column 10: Error in Proper Motioa,,, [mas/yr]

Column 11: Color (B-V) in magnitude

Column 12: Radial Velocity [km/s]

Column 13: Error in Radial Velocity [km/s]

Column 14: Metallicity [Fe/H] dex

Column 15: Remarks : 11 : Parallax and Proper Motion from TNOPR catalog
22 : Hipparcos stars with Corrected Parallax

33 : Stars with corrected parallax and with Proper Motiomfrbycho?2 catalog



Star 2000 82000 \% T Lok ns on Ol Opg B-V Viad OV, [Fe/H] remarks
(HIP/Gic) (deg) (deg) (mag) (mas) (masyr~!) (masyr~!) (mas) (masyr~!) (masyr~!) (mag) (kms7') (kmsT1) (dex) -
1) (2 (3) 4 (5) (6) Q) (8) 9) (10) (11) (12) (13) (14) (15)
81 0.24341455 -4.93253374 8.57 2343 -184.41 -172.42 126 750 0.49 0.642 0.0 0.7 -0.60 11
348 1.08959222 12.95729160 8.60 16.79 317.51 97.36 1.13 3 0.8 0.65 0.640 18.2 0.6 -0.26 11
352 1.11211336 58.06869125 1042 12.99 437.69 -37.99 176 .24 1 1.26 0.800 -90.0 0.7 -0.46 11
569 1.72450304 -3.62626290 8.23 18.71 -123.46 -222.27 1.04 0.91 0.62 0.580 -28.0 0.5 -0.33 11
1437 4.47774220 0.37782174 8.88 16.24 330.16 08.38 1.24 5 09 0.66 0.542 48.6 0.7 -0.48 11
1813 5.75087070 22.37500000 7.57 24.68 202.55 -221.23 0.89 0.78 0.51 0.639 -30.7 0.7 -0.21 11
2350 7.49946499 -5.76400185 9.44 18.62 -107.69 -224.14 513 1.10 0.84 0.886 9.7 0.4 -0.18 11
2563 8.14190960 28.19763184 8.66 17.80 194.07 64.99 1.29 02 1. 0.81 0.650 -1.2 6.9 -0.65 11
2600 8.25589275 44.73008347 10.27 9.52 223.44 -44.98 157 910 0.92 0.780 50.0 0.5 -0.11 11
2712 8.62380123 47.91554260 7.38 21.20 397.39 60.05 0.87 53 0. 0.61 0.549 -12.2 0.3 -0.18 11
3026 9.63311195 -8.30927658 9.25 9.57 20.13 -546.84 1.36 02 1. 0.77 0.465 -48.6 0.8 -1.50 11
3054 9.69775009 31.01914978 9.04 16.48 -245.88 -58.44 1.19 1.01 0.73 0.630 -81.7 0.6 -0.51 11
3430 10.93479156  72.17864227 10.20 6.04 324.42 92.29 114 90 O 0.92 0.401 -122.1 0.8 -2.27 11
3956 12.69722080 51.38268661 9.65 11.70 248.33 -47.05 1.57 0.91 0.78 0.620 45.7 0.4 -0.55 11
3960 12.71424770  10.36427307 10.51  12.09 277.88 60.66 2.16 1.55 0.95 0.789 35.6 0.5 -0.38 11
3979 12.79520035  -5.03927946 6.98  45.27 262.34 -119.63 5 0.9 0.75 0.61 0.663 -3.7 0.3 -0.28 11
4039 12.95339680  74.47397614 9.77 7.08 237.72 61.50 1.15 92 0. 0.86 0.490 -2.4 0.8 -1.17 11
4754 15.27709579 16.37264824 10.65 6.62 342.32 -150.17 0 1.8 1.09 0.94 0.540 -86.6 0.9 -1.71 11
4907 15.73842621 69.22705841 7.67 38.73 223.83 -148.19 8 0.7 0.56 0.73 0.756 -19.9 0.6 -0.18 11
5031 16.11029625 -2.36659646 9.15 25.48 -207.61 -136.98 14 1. 0.79 0.63 0.801 -14.0 1.0 -0.67 11
5106 16.36037064 63.72129440 8.29 18.19 227.80 -164.22 8 0.9 0.68 0.78 0.600 -28.8 0.4 0.17 11
5163 16.52147293 1.70641172 9.50 12.72 160.02 -147.42 1.34 0.91 0.66 0.603 28.3 0.8 -0.70 11
5301 16.95275879 -8.23370552 8.45 18.18 191.43 18.68 095 .88 0 0.58 0.662 34.6 0.5 -0.26 11
5335 17.05201912 21.97700691 7.61 30.84 400.93 -47.58 0.86 0.73 0.52 0.710 -24.0 0.5 -0.36 11
5527 17.68610573 10.99983215 9.08 20.00 220.75 46.60 1.33 .98 0 0.96 0.771 2.8 0.6 -0.26 11
5775 18.53016853 -16.42639160 10.10 8.64 198.69 -111.32 20 2. 1.28 1.16 0.670 85.1 0.5 -0.76 11
5806 18.62217331  -5.04738712 750 25.96 -161.59 -138.89 77 0. 0.64 0.48 0.575 -19.8 0.5 -0.12 11
6159 19.74993896  -8.93949413 8.90 14.91 -230.44 -458.83 21 1. 0.86 0.72 0.596 -5.4 0.5 -0.78 11
6306 20.26459122  51.98366928 7.62 16.64 288.40 -103.79 5 0.8 0.58 0.62 0.582 13.9 0.5 0.04 11
6309 20.26657295  38.03420639 7.83 20.25 277.59 17.35 114 83 0 0.82 0.661 13.9 0.5 -0.05 11
6613 21.22476196  18.49992943 8.49 30.24 544.96 -191.12 8 1.0 0.80 0.56 0.912 7.0 0.8 -0.31 11
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Star 2000 2000 \% T Lok ns on Ol Opg B-V Viad OV, [Fe/H] remarks
(HIP/Gic) (deg) (deg) (mag) (mas) (masyr~!) (masyr~!) (mas) (masyr~!) (masyr~!) (mag) (kms~') (kmsT1) (dex) -

(1) (2 (3) 4 (5) (6) (M (8) 9) (10) (11) (12) (13) (14) (15)
6833 21.98151398  -1.99149251 8.60 19.92 -167.14 -143.89 03 1. 0.71 0.59 0.656 -42.1 0.9 -0.56 11
7217 23.24000168 23.69567871 9.04 15.33 -204.88 -162.06 23 1. 0.82 0.67 0.623 -563.4 0.9 -0.55 11
7221 23.25903511 53.03375626 8.41 19.58 220.66 13.36 1.01 .74 0.56 0.710 -20.0 0.4 0.17 11
7339 23.63859940 68.94813538 6.52 47.65 -378.92 114.69 0 0.6 041 0.46 0.686 -33.2 0.6 -0.15 11
7452 24.00544930 49.71186447 10.14 6.85 133.44 -153.16 514 1.03 1.00 0.462 -133.0 0.9 -1.42 11
7626 2455910301 17.82942963 9.40 20.45 263.21 -157.17 7 1.3 1.10 0.96 0.810 25.5 0.7 -0.24 11
7902 25.40720749  66.90994263 7.70 27.28 692.15 -264.90 5 0.9 0.60 0.58 0.691 17.3 0.6 -0.16 11
8130 26.12433243 44.46387100 10.21 11.33 309.04 1.29 1.43 .94 0.73 0.498 38.8 0.7 -0.64 11
8221 26.46512604 20.30818939  9.17 14.72 218.56 -11255 3 1.2 0.90 0.81 0.780 -12.6 0.3 -0.26 11
8314 26.80161476  73.47422028 9.94 6.46 -206.34 162.86 1.26 1.07 0.93 0.417 -269.0 11 -1.62 11
8349 26.91716194  -3.23746896 8.22 12.64 180.98 123.96 1.12 0.92 0.76 0.517 22.1 0.6 -0.50 11
8720 28.04364777 -2.80501771 10.91 10.10 -66.99 -236.29 91 1. 1.46 1.16 0.762 -0.3 0.6 -0.64 11
8798 28.27582741  -1.32694447 7.43  26.56 -187.03 -349.83 05 1. 0.77 0.58 0.635 -16.8 0.4 -0.48 11
9080 29.23373795 11.66352558 10.52 13.26 378.47 2.28 1.97 .38 1.38 0.785 -10.7 0.9 -0.39 11
9238 29.69472885 69.02400970  9.29 9.53 353.75 -34.26 1.04 .76 0.86 0.578 0.9 0.6 -0.04 11
9269 29.77763748 33.20968246  7.14  40.74 243.44 -352.68 8 0.8 0.74 0.67 0.773 -35.1 0.4 -0.05 11
9714 31.24457550 22.80226517 9.51 19.49 360.77 -344.90 514 1.06 0.90 0.890 -9.9 0.6 0.06 11

10031 32.28442764  71.55200958 6.57 36.57 307.75 -239.33 65 0. 0.45 0.46 0.551 0.5 0.5 -0.19 11
10140 32.60219955 29.80657387 8.76 17.66 289.44 -266.23 27 1. 0.99 0.84 0.580 27.1 0.5 -1.03 11
10245 32.94532776  45.92424774 9.67 18.81 277.83 -8.32 1.35 0.99 0.89 0.890 -6.6 0.6 0.11 11
10449 33.66791153  -1.20142400 9.08 16.17 994.57 -80.53 2 13 0.82 0.73 0.582 27.8 0.8 -1.02 11
10510 33.86390686 27.35726166 8.12 26.89 286.63 -138.53 04 1. 0.71 0.75 0.705 1.2 0.3 0.03 11
10599 34.11555099 12.37976360 7.99 29.35 225.75 -220.25 06 1. 0.81 0.74 0.790 -20.7 0.4 -0.09 11
10629 34.20505142  64.95260620 8.30 25.82 -342.89 -318.59 .06 1 0.66 0.75 0.674 -32.3 0.4 -0.55 11
10652 34.27974319 21.56681061 9.06 14.43 473.77 83.43 1.29 0.77 0.69 0.621 -21.1 0.9 -0.89 11
10921 35.16384888  13.67014027 9.12 18.40 260.64 -37.41 113 1.05 0.87 0.790 42.1 0.3 -0.54 11
11083 35.67352676  18.41065216 8.83 29.51 261.20 87.10 1.30 0.74 0.74 0.906 42.3 0.6 -0.03 11
11111 35.75283051 71.17691040 8.94  26.92 533.81 -172.65 06 1. 0.78 0.81 0.882 -15.8 0.6 0.15 11
11270 36.28577423  46.49966812 9.55 12.00 152.13 -140.49 23 1. 0.83 0.89 0.671 49.7 0.3 0.18 11
11309 36.39140701 11.97122860  7.36 15.05 -122.34 -281.97 91 0 0.70 0.60 0.495 -8.9 0.4 -0.46 11
11532 37.17171478 17.80597687 10.22  10.65 -120.65 -176.62 1.73 1.18 0.95 0.830 -18.7 0.6 -0.11 11
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Star 2000 82000 \% T Lok ns on Ol Opg B-V Viad OV, [Fe/H] remarks
(HIP/Gic) (deg) (deg) (mag) (mas) (masyr~!) (masyr~!) (mas) (masyr~!) (masyr~!) (mag) (kms7') (kmsT1) (dex) -

1) (2 (3) 4 (5) (6) Q) (8) 9) (10) (11) (12) (13) (14) (15)
11949 38.54442215  42.78525543 759  32.63 406.02 -193.25 00 1. 0.68 0.77 0.677 16.5 0.6 -0.12 11
11952 38.54603577 -12.38429260 9.77 8.67 60.47 -185.07 8 1.7 121 1.24 0.437 24.0 0.7 -1.82 11
11983 38.64398193 5.44630623 9.81 24.80 -290.60 -575.88 64 1. 1.08 1.13 0.906 -76.6 0.6 -0.43 11
12294 39.58959961 2.44565916 10.51 6.67 358.38 9.40 2.02 25 1.16 0.474 57.4 0.6 -1.12 11
12306 39.61609268 30.81662560 7.36 27.89 -487.68 -387.71 .09 1 0.75 0.68 0.583 -99.9 0.8 -0.63 11
12456 40.10822296 42.26283264 9.59 14.33 247.52 -220.89 41 1. 1.06 1.12 0.830 24.9 0.4 -0.19 11
12579 40.44058609 47.35035706 9.16 14.51 49.66 -289.67 512 0.80 0.80 0.520 -12.6 20.6 -0.86 11
12926 41.56336212 25.64990044 7.89 38.95 238.76 -149.41 11 1. 0.79 0.66 0.840 14.4 0.6 -0.14 11
13111 42.15594864 22.59843445 10.10 11.03 55.03 -359.47 55 1. 1.07 0.97 0.580 -22.3 0.7 -1.00 11
13366 42.99314499  11.36997795 8.38 15.38 36.50 -44489 1 1.3 1.07 0.85 0.564 6.3 0.6 -0.69 11
14241 4591232681  -5.66629934 8.08  28.33 333.25 -264.62 20 1. 0.95 0.93 0.677 -20.2 0.6 -0.56 11
14401 46.44294739  45.08970642 9.71 18.42 235.63 -156.77 39 1. 0.91 0.85 0.873 -37.0 0.8 -0.60 11
14594 47.10662079  26.33094215 8.04  25.85 -209.50 -830.27 .11 1 0.85 0.75 0.486 -140.5 0.8 -2.12 11
14705 47.49863052  15.37323570 9.06 21.30 -95.88 -281.49 34 1. 0.90 0.72 0.825 -26.4 0.6 0.06 11
15126 48.76982498 1.03755450 10.23 12.64 361.97 11656 4 1.6 1.20 1.01 0.674 88.2 1.0 -0.85 11
15495 49.91604996  33.59864807 9.67 21.57 404.54 -560.56 54 1. 0.98 1.03 0.834 -108.1 0.8 -0.68 11
15904 51.20984650  12.25657749  10.76  12.65 569.24 -494.46 .19 2 1.32 1.16 0.571 86.2 0.6 -1.09 11
15934 51.30442810 42.12312698 9.43 13.56 183.80 -154.92 21 1. 0.91 0.84 0.780 0.4 0.4 -0.15 11
16169 52.08785248 -6.53092098 8.23 21.98 358.02 -195.35 13 1. 1.00 0.76 0.619 63.5 0.5 -0.58 11
16240 52.32770157 1.97539926 10.42 14.58 249.58 -207.37 75 1. 1.15 1.15 0.821 324 0.6 -0.43 11
16404 52.82249832 66.73028564 9.91 17.58 1191.05 -1066.611.53 0.72 1.00 0.667 -162.4 0.8 -2.10 11
16405 52.81426239 20.76807404 8.08 20.04 -112.71 -195.80 .16 1 0.95 0.77 0.680 -3.1 0.2 0.04 11
16494 53.09944153 -8.60372162 8.05 15.48 -21.42 -236.30 08 1. 0.91 0.95 0.585 -16.0 0.2 0.07 11
16581 53.36176300 59.41676331 8.08 31.12 161.68 -306.81 09 1. 0.77 0.83 0.871 -36.5 0.3 0.40 11
16770 53.95347977 -9.06075382 8.64 14.46 -92.69 -209.05 00 1. 0.89 0.86 0.669 -37.0 0.7 -0.23 11
16788 54.01323318  16.46739388 7.65  22.25 -287.01 -282.28 .04 1 0.84 0.79 0.580 -27.5 0.8 -0.34 11
17015 54.72690582  42.39300156 8.98 20.24 189.94 -299.06 26 1. 0.97 0.85 0.810 -3.9 0.4 -0.03 11
17147 55.09193802  -3.21697974 6.68  41.07 690.50 -213.58 85 0. 0.86 0.79 0.554 120.3 0.6 -0.85 11
17266 55.47230530  -5.93939734  10.02 14.46 273.49 210.42 58 1. 1.31 1.23 0.774 124.0 0.5 -0.45 11
18064 57.91341782  79.70836639 10.80 9.85 84.46 -163.26 5 14 1.04 1.26 0.671 66.2 0.6 -0.45 11
18324 58.76601028  61.16680908 7.84  46.95 437.67 -245.40 94 0. 0.67 0.69 0.831 38.4 0.5 -0.21 11
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Star 2000 2000 \% T Lok ns on Ol Opg B-V Viad OV, [Fe/H] remarks
(HIP/Gic) (deg) (deg) (mag) (mas) (masyr~!) (masyr~!) (mas) (masyr~!) (masyr~!) (mag) (kms~') (kmsT1) (dex) -

(1) (2 (3) 4 (5) (6) (M (8) 9) (10) (11) (12) (13) (14) (15)
18433 59.11970139 22.67439651 7.84 21.41 175.16 -232.35 22 1. 0.75 0.71 0.688 39.5 0.5 -0.27 11
18608 59.73028946  65.10186005 9.53 16.25 133.73 -261.75 48 1. 1.03 1.22 0.802 -5.6 1.2 0.24 11
18915 60.81249619  35.27327728 8.51 54.14 1732.55 -1365.301.08 0.76 0.65 0.863 -25.6 0.7 -1.73 11
19208 61.76432800 54.18371964 9.61 8.26 139.15 -298.09 9 15 1.13 1.00 0.551 -41.0 0.8 -0.64 11
20094 64.62312317 35.99168777 8.36 22.53 -141.68 -343.97 21 1 0.91 0.90 0.670 -42.9 0.4 -0.57 11
20298 65.24282837 45.81993866 9.91 9.15 340.15 -123.00 7 16 1.15 0.97 0.724 33.0 0.9 -0.41 11
20834 66.97055054  24.44477654 9.40 24.05 374.03 109.33 4 15 0.98 0.84 0.894 68.1 0.9 -0.39 11
21227 68.30910492  46.69824982 9.26 9.93 176.07 -152.84 218 0.92 0.92 0.551 67.1 0.4 -0.06 11
21306 68.60818481  12.73421001 9.68 12.62 21.58 -332.10 1 19 119 1.02 0.600 -82.2 0.5 -0.54 11
21921 70.70925140 66.73581696 8.29 27.55 355.03 91.24 1.04 0.64 0.75 0.710 -59.8 0.5 -0.43 11
22020 71.01499176 52.98161697 9.10 10.76 64.35 -29497 8 13 1.04 1.00 0.667 30.2 0.3 0.20 11
22060 71.17525482  25.93599892 10.13  7.82 200.43 -27.30 219 145 1.19 0.610 174.4 0.3 0.08 11
22246 71.82657623 45.98626328 10.12 24.07 237.56 -87.52 93 2. 1.62 141 0.800 95.8 0.5 -0.22 11
22528 72.71925354  67.16678619 9.51 11.28 -164.58 -197.07 .06 1 0.67 0.76 0.630 -34.2 0.4 -0.23 11
22596 72.93148804  45.83416367 6.94  33.44 375.61 -562.41 11 1. 0.84 0.62 0.586 28.7 0.4 -0.51 11
22777 73.48664093 69.23905945  9.78 13.44 219.93 -124.84 54 1. 0.92 1.11 0.850 -45.6 0.5 -0.42 11
22879 73.82263947 70.63336182 8.89 12.27 133.10 -264.27 15 1. 0.56 0.83 0.570 49.8 0.5 -0.54 11
22973 74.15148926  72.95162964 9.89 15.17 -142.86 189.72 39 1. 0.78 1.05 0.790 -45.0 0.5 -0.61 11
23016 74.25051117  73.83947754 9.45 10.97 79.45 -196.19 4 1.0 0.74 0.85 0.690 -16.1 0.5 -0.53 11
23080 74.49739075 34.26802063 8.15 30.22 581.50 -202.37 13 1. 0.92 0.76 0.750 38.8 0.3 -0.33 11
23344 75.31925964 4.11028814 9.79 7.80 155.82 -144.59 2.00 0.99 0.82 0.413 173.8 0.9 -2.78 11
23431 75.54096222  14.08156395 8.19 34.88 86.07 -405.37 8 1.3 0.79 0.64 0.720 -27.0 0.5 -0.61 11
23688 76.36962128  40.25732422 9.65 8.32 310.04 -71.14 1.50 1.07 0.78 0.441 105.8 0.6 -0.78 11
24030 77.48732758 5.55742788 9.71 10.29 269.99 -71.18 1.64 1.26 0.97 0.520 -16.0 0.8 -0.92 11
24289 78.18872070 4.32109070 10.57 16.01 232.46 -81.04 0 27 1.68 1.45 0.800 61.9 0.9 -0.77 11
25137 80.69093323  47.91368103 9.23 16.14 -178.48 -153.88 .28 1 1.04 0.62 0.590 39.3 0.7 -0.18 11
25860 82.80740356  15.77345181 8.64  18.66 -43.81 -372.89 33 1. 0.97 0.58 0.669 50.0 0.8 -0.53 11
26452 84.41486359 68.73518372 9.60 13.14 245.55 -143.16 54 1. 0.94 1.04 0.513 -35.6 0.7 -0.89 11
26486 84.50482941  78.35855865  7.73 14.51 69.06 -260.13 6 0.7 051 0.57 0.480 17.0 0.5 -0.37 11
26617 84.86431122  3.95074177 10.35 8.32 254.95 -243.80 3 23 140 121 0.640 128.3 0.7 -0.43 11
26664 85.00720978  6.06057930 8.67 23.32 54.46 -245.84 1.30 1.10 0.83 0.827 -21.7 0.7 0.13 11
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Star 2000 2000 \% T Lok ns on Ol Opg B-V Viad OV, [Fe/H] remarks
(HIP/Gic) (deg) (deg) (mag) (mas) (masyr~') (masyr~') (mas) (masyr~') (masyr—') (mag) (kms~1) (kms~1) (dex) -

(1) (2 3) 4 (5) (6) (7 (8) 9) (10) (11) (12) (13) (14) (15)
26676 85.04057312  12.17809868 10.20 14.30 277.41 -72.17 95 1. 1.37 1.00 0.650 23.2 0.9 -1.17 11
28884 91.47965240  26.55483818 9.42  23.97 -179.56 -374.95 44 1 1.06 0.79 0.888 -95.3 0.5 -0.18 11
28905 91.53125000 67.63999176 8.34 27.00 39.62 -314.53 111 0.68 0.68 0.771 47.6 0.3 0.05 11
28935 91.60280609 63.83513260 8.40 32.95 -7.47 -319.73 6 1.0 0.77 0.65 0.846 17.3 0.6 -0.27 11
29111 92.08332062 11.45883846 9.78 17.08 10.99 -287.00 521 125 1.11 0.881 26.5 0.3 0.10 11
29248 92.50446320 17.93421555 8.48 22.18 210.22 -227.70 40 1. 0.80 0.61 0.670 5.3 0.6 -0.50 11
29761 94.01116180 70.78157806 7.43 38.89 -13.09 -443.11 74 0. 0.36 0.52 0.776 19.7 0.5 -0.03 11
29777 94.05135345 56.93436050 7.48 18.90 -207.96 -187.04 .96 0O 0.83 0.69 0.599 22.4 0.6 0.11 11
29814 94.17899323 47.06034470 9.18 20.39 57.31 -493.15 0 1.3 0.96 0.69 0.769 22.6 0.4 -0.55 11
29824 94.20970154 44.70572281 9.05 24.87 -255.67 -333.47 .14 1 0.71 0.60 0.790 -34.4 0.5 -0.26 11
30018 94.75565338  38.53089905 10.22 16.96 147.55 -309.35 84 1 1.97 1.27 0.737 141.4 0.7 -0.45 11
30130 95.10269165  65.49791718 8.62 19.93 12.89 -262.46 3 1.1 0.65 0.70 0.700 -12.4 0.5 -0.20 11
30833 97.14922333  68.18815613 9.58 13.65 46.64 -229.83 7 1.4 0.73 0.95 0.679 34.6 0.5 -0.33 11
30890 97.26540375  17.74522781 7.61  20.93 -123.75 -165.42 22 1 0.84 0.70 0.621 -14.4 0.3 -0.30 11
30893 97.27303314  27.00887871 8.59  33.96 -246.64 -417.43 42 1 0.78 0.64 0.906 -47.4 0.3 -0.05 11
30990 97.56528473  60.78411865 8.45  13.88 136.73 -247.27 13 1. 1.12 0.79 0.591 60.5 0.5 -0.87 11
31085 97.84629822 -1.57069778 10.06 18.12 -249.17 -343.69 1.86 1.12 1.05 0.849 90.4 0.5 -0.31 11
31597 99.19331360  37.85181046 9.45  13.69 -62.24 -228.20 56 1. 1.17 0.92 0.750 77.8 0.6 -0.05 11
31740 99.60284424 48.79860687 10.11 11.92 131.60 -258.21 .66 1 1.41 1.21 0.730 85.9 0.4 -0.61 11
32806 102.58161926  60.92894363 8.61 26.01 -240.74 -184.11 1.17 0.78 0.84 0.790 -15.1 35 -0.19 11
33582 104.66057587  -0.48047039 9.02 14.63 336.31 -605.95 .33 1 0.88 0.73 0.579 -94.3 0.5 -0.61 11
33851 105.40364838 6.40800476 11.88 12.15 4.22 -673.40 2 3.7 3.23 2.38 0.748 -87.5 0.7 -1.26 11
33940 105.65186310 31.56522560 10.17 17.19 -62.70 -360.54 2.05 1.50 1.27 0.870 143.4 0.7 -0.51 11
33982 105.77023315 38.14225388 9.46 16.48 -21.04 -252.27 .76 1 2.13 1.34 0.636 63.9 0.8 -0.96 11
34511 107.27065277  15.42158699 8.00 22.78 -158.37 -287.48 1.09 0.85 0.66 0.631 43.0 0.8 -0.08 11
34642 107.62411499 53.25177765 8.80 10.77 -73.41 -241.43 21 1 1.02 0.83 0.600 -28.6 0.6 -0.73 11
34653 107.65581512  20.44103622 9.09 13.35 147.38 -280.87 .15 1 0.88 0.70 0.690 -26.3 0.7 -0.33 11
34902 108.32263947 17.43383408 10.27 11.23 -53.98 -216.66 1.77 1.04 0.90 0.800 -3.7 0.8 -0.44 11
35140 108.96479797  45.04333878 8.67 13.42 185.22 -3.41 0 1.2 091 0.74 0.600 -24.3 0.4 -0.61 11
36491 112.62090302 18.96128273 8.48  20.00 27.80 -436.75 45 1. 0.95 0.62 0.538 90.9 0.8 -0.81 11
36710 113.26815033  76.92041016 10.32  12.93 242.95 -201.59 1.42 0.96 1.28 0.722 -71.3 0.6 -0.60 11
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Star 2000 82000 \% T Lok ns on Ol Opg B-V Viad OV, [Fe/H] remarks
(HIP/Gic) (deg) (deg) (mag) (mas) (masyr~') (masyr—') (mas) (masyr~!) (masyr—') (mag) (kms~1) (kms™1) (dex) -

(1) (2 (3) 4 (5) (6) (7 (8) 9) (10) (11) (12) (13) (14) (15)
36874 113.71003723  24.95447159 7.37 25.42 128.83 -352.88 .96 0 0.95 0.55 0.642 -135.6 0.4 -0.14 11
36954 113.96138000  73.27594757 8.51 25.63 119.63 33392 91 O 0.57 0.64 0.808 -28.2 0.5 -0.16 11
37510 115.47350311  60.56653976 9.69 12.62 -262.03 -159.79 1.44 1.24 1.20 0.696 3.6 0.7 -0.35 11
38541 118.38800049 30.60507011 8.27 35.29 705.89 -1834.981.04 0.84 0.72 0.621 -235.0 0.6 -1.75 11
38822 119.18415070 56.20563507 8.77 17.09 -133.55 -349.77 1.07 0.88 0.78 0.568 30.4 0.6 -0.84 11
39064 119.89139557 20.84388542 7.68 43.21 181.53 -545.03 .96 0 0.73 0.43 0.833 -28.8 0.9 -0.24 11
39143 120.09448242 32.12276840 10.26  16.97 -25.05 -203.74 1.66 1.30 1.23 0.860 25.1 0.6 0.07 11
39515 121.14447784 15.36425495 8.48 28.03 -171.40 -246.27 1.18 0.97 0.82 0.850 34.6 0.5 -0.07 11
40497 124.02632904 57.09413910 7.49 31.95 -315.98 -222.43 1.06 0.69 0.62 0.750 18.0 0.5 -0.32 11
40613 124.37228394 -3.98961496 7.74 20.46 -145.25 -438.59 1.12 0.88 0.91 0.584 113.0 0.4 -0.51 11
40674 124.55894470 44.61250305 9.36 14.29 35.01 -265.78 27 1. 1.09 0.90 0.673 -1.3 0.7 -0.46 11
40778 124.84403992  54.08600616 9.73 10.36 -35.28 -627.59 .44 1 1.01 0.99 0.484 65.9 1.0 -1.64 11
42084 128.66630554 9.37145138 8.93 19.37 345.46 -224.82 35 1. 1.18 0.95 0.801 -12.9 0.4 0.09 11
42499 129.96163940  11.52267170 7.61  53.98 -108.88 -500.06 0.98 0.76 0.62 0.832 -11.8 0.5 -0.27 11
42563 130.13960266  13.55639839  10.18 18.88 -425.87 2489 1.67 1.29 1.02 0.800 -5.3 0.6 -0.39 11
42592 130.21168518 -16.34514236 9.67 7.26 351.17 -483.87 31 1 0.89 0.83 0.431 206.3 0.9 -2.02 11
42887 131.10287476  24.79659462 9.32 6.59 -112.69 -348.20 .36 1 1.14 0.91 0.316 57.7 0.7 -1.26 11
43099 131.66490173 -13.35705185 10.24 5.76 -329.53 -961.1 1.49 1.14 0.86 0.311 41.4 3.4 -1.49 11
43393 132.58750916  -5.53602743 9.18 18.78 -182.52 -513.05 1.46 111 0.68 0.735 33.3 0.6 -0.52 11
44259 135.19769287 21.45371437 8.78 31.29 270.86 -342.81 .35 1 0.88 0.83 0.839 6.4 0.8 -0.16 11
45401 138.78376770 44.04991150 9.00 19.36 33.83 -279.36 29 1. 0.76 0.62 0.680 -57.5 0.5 -0.58 11
47174 144.20635986 57.91138077 9.99 11.04 248.08 -312.72 68 1 1.06 0.87 0.639 -2.6 0.5 -0.52 11
47515 145.29788208 11.55709553 8.80 14.37 117.66 -219.32 .13 1 0.74 0.58 0.670 9.8 0.6 -0.12 11
48152 147.23374939 13.74425602 8.33 12.44 374.19 -774.73 .04 1 1.00 0.44 0.399 -14.8 0.9 -2.18 11
48961 149.81610107 27.52302361 7.78 24.37 -330.57 -78.13 .89 0 0.70 0.51 0.582 3.0 0.5 -0.25 11
49344 151.09735107 70.86683655 8.41 15.94 -110.36 -206.99 0.89 0.63 0.69 0.660 -43.7 0.3 0.22 11
49615 151.89086914 -6.43919849 7.72 19.82 -370.58 105.28 .10 1 1.07 0.83 0.522 23.2 0.4 -0.38 11
49686 152.13595581  68.43746948 8.79 28.14 -262.40 -136.63 1.06 0.61 0.58 0.770 27.8 0.5 -0.33 11
49942 152.95028687  23.75519562 8.42 16.01 -379.52 7461 99 0. 0.78 0.54 0.637 82.7 0.7 -0.22 11
49988 153.07948303  17.29917908 7.88 14.43 -155.05 -230.16 1.09 0.76 0.60 0.552 61.6 0.3 -0.51 11
50005 153.12446594 -0.63710064 10.25 11.95 184.44 -267.75 1.78 1.29 0.97 0.679 61.1 0.8 -0.53 11
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Star 2000 82000 \% T Lok ns on Ol Opg B-V Viad OV, [Fe/H] remarks
(HIP/Gic) (deg) (deg) (mag) (mas) (masyr~') (masyr—') (mas) (masyr~!) (masyr—') (mag) (kms~1) (kms™1) (dex) -

(1) (2 (3) 4 (5) (6) (7 (8) 9) (10) (11) (12) (13) (14) (15)
50139 153.53472900 3.15129805 7.75  27.67 229.35 -401.03 00 1. 0.78 0.57 0.609 -22.0 0.4 -0.65 11
50355 154.23603821  25.86071396 7.57 28.11 165.30 -295.83 .13 1 0.95 0.59 0.595 -14.0 0.6 -0.12 11
50782 155.53953552 11.31024170 7.78 37.30 21.76 -324.43 29 1. 0.76 0.69 0.750 -13.4 0.4 -0.17 11
50965 156.14868164 -5.51967478 9.80 9.70 -242.50 -166.16 .40 1 1.05 1.00 0.580 20.6 0.6 -0.63 11
51257 157.05061340 -6.60057783 7.89 31.12 -374.53 -281.04 0.94 0.77 0.58 0.810 30.4 0.6 0.19 11
51769 158.68055725 -10.10957909 10.50 16.19 -183.38 627.5 1.80 1.41 1.10 0.684 51.4 0.7 -0.65 11
51897 159.04521179 15.87193203 9.09 14.59 101.71 -218.36 .31 1 0.94 0.65 0.600 -24.6 0.6 -0.53 11
51942 159.17103577 21.60326004 8.71 22.18 -244.63 -104.08 1.24 0.79 0.62 0.790 46.8 0.8 -0.23 11
52470 160.89093018 48.21412277 8.02 39.56 -330.11 181.11 .98 O 0.70 0.64 0.749 -32.3 0.7 -0.45 11
52668 161.54457092 56.47119141 10.32 12.35 -282.14 927.6 1.82 1.29 1.25 0.790 28.1 1.6 -0.55 11
53070 162.86718750 20.27749062 8.21 19.23 -260.72 -456.01 1.11 0.71 0.62 0.498 65.4 0.8 -1.56 11
53127 163.01770020  58.36984634 9.08 12.64 -248.90 -121.58 1.33 0.73 0.67 0.660 1.2 1.0 -0.16 11
53537 164.28984070  21.80485725 7.94  20.22 -150.60 -214.55 0.99 0.70 0.59 0.624 9.9 0.3 0.21 11
53822 165.17674255  15.45299053 9.43 16.83 -300.51 -15.04 32 1 0.83 0.69 0.860 53.8 0.8 -0.05 11
54109 166.07888794 5.79568911 8.25  19.03 -300.90 53.10 111 105 0.81 0.637 19.2 0.7 -0.02 11
54210 166.38290405  38.27599335 8.70  22.07 -336.93 58.12 09 1. 0.91 0.79 0.689 50.5 0.4 -0.46 11
54541 167.41758728 2.45624876 7.69  32.73 -277.41 39.33 7 09 0.75 0.66 0.777 10.3 0.6 0.09 11
54772 168.19999695  35.72886276 9.77 8.11 70.65 50899 2 14 1.09 1.02 0.432 -196.7 0.9 -1.75 11
55022 168.97595215 2.08669019 9.21 7.69 207.68 -8.64 1.18 .90 0.83 0.425 61.5 0.8 -1.31 11
55135 169.31066895 29.57061958 9.26 9.23 -212.46 9.43 1.30 1.05 1.00 0.620 46.4 0.6 -0.61 11
55592 170.81762695 19.89379311 9.97 8.72 -327.41 -315.95 51 1 0.91 0.84 0.494 98.3 1.1 -0.99 11
55717 171.24725342 28.94324112 8.67 24.99 -291.28 -168.94 1.12 0.88 0.76 0.805 15.2 0.3 0.00 11
55820 171.60417175 10.42289734 8.65 18.94 -380.47 -13.07 12 1 0.84 0.75 0.675 26.7 0.6 -0.11 11
56132 172.59323120 35.84172058 9.87 10.91 -250.35 14.68 68 1. 1.76 1.43 0.669 -17.6 0.8 -0.64 11
56291 173.09713745 76.65501404 11.53 10.52 114.55 -603.35 1.83 1.46 1.25 0.650 -121.8 0.9 -2.26 11
56832 174.75416565 6.05790091 7.60 29.15 -335.25 -120.78 .94 0 0.80 0.66 0.710 24.0 0.6 -0.06 11
57265 176.14877319 25.53657722 10.38 6.14 -518.75 -46.47 77 1 1.38 1.16 0.491 198.0 0.9 -1.04 11
57349 176.37712097  47.66688156 8.06 19.17 -591.55 -290.72 0.87 0.65 0.50 0.622 28.0 0.5 -0.52 11
57450 176.64648438  50.88185501 9.91 13.61 -869.93 -543.81 1.51 0.96 0.86 0.582 64.2 0.9 -1.44 11
57713 177.53268433 4.90738678 9.19 21.01 -251.97 -195.30 48 1 1.36 1.05 0.776 48.2 0.5 -0.47 11
57735 177.58720398  -1.25245309 9.26 18.37 -405.11 38.48 32 1. 0.92 0.64 0.787 21.9 0.6 0.00 11
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Star 2000 2000 \% T Lok ns on Ol Opg B-V Viad OV, [Fe/H] remarks
(HIP/Gic) (deg) (deg) (mag) (mas) (masyr~') (masyr~') (mas) (masyr~') (masyr—') (mag) (kms~1) (kms~1) (dex) -

(1) (2 3) 4 (5) (6) (7 (8) 9) (10) (11) (12) (13) (14) (15)
57866 178.03474426  18.75518608 8.40 39.48 30.12 -301.35 32 1. 0.84 0.76 0.860 1.3 0.5 -0.11 11
57992 178.41590881 86.23036194  8.28  32.39 -222.58 241.06 .69 0 0.64 0.52 0.720 9.7 0.4 -0.56 11
58253 179.20997620 13.37740707 9.95 11.98 -320.47 -173.65 1.49 0.90 0.73 0.700 28.9 0.6 -0.51 11
58443 179.76284790  -4.77748013 9.01 12.71 111.21 -177.25 22 1 0.96 0.70 0.581 -22.8 0.7 -0.35 11
58536 180.05995178 5.36352205 8.40 27.81 -299.18 -128.12 .03 1 0.84 0.48 0.759 17.2 0.2 -0.15 11
58843 181.02317810 3.34075189 9.21 15.97 59.41 -575.87 6 1.2 0.83 0.59 0.585 9.5 0.4 -0.79 11
58949 181.30220032  -1.50903952 8.16 30.58 -514.39 56.84 99 0. 0.55 0.52 0.754 16.6 0.3 -0.23 11
59014 181.50395203 14.64909172 10.10 17.27 244.22 -291.48 1.47 1.17 0.77 0.824 -31.6 0.3 -0.52 11
59033 181.54998779  27.49979591 9.99 13.35 -234.09 48.85 49 1. 1.26 0.84 0.690 -45.0 0.7 -0.42 11
59109 181.81280518  -5.73377991 10.00 5.75 -280.70 -227.75 1.55 1.17 0.81 0.413 57.8 0.7 -2.32 11
59490 183.00570679  13.26128483 10.17 9.16 -216.36 -439.05 1.49 1.02 0.78 0.469 99.3 0.4 -1.45 11
59572 183.23971558  10.03771687 7.92  32.30 210.10 -357.84 .01 1 0.95 0.53 0.792 -7.4 0.4 0.22 11
59589 183.30465698  10.82165527 7.57  29.50 8.73 -590.32 5 0.8 0.75 0.47 0.667 -24.5 0.2 -0.54 11
59655 183.51484680  4.99556684 8.71 21.94 -244.67 -103.59 21 1 1.00 0.73 0.810 20.1 0.8 0.16 11
59670 183.54251099 53.59118652 9.64 9.61 -310.15 -21.90 21 1. 0.89 0.97 0.527 -7.5 0.5 -0.65 11
59932 184.39704895 45.16862488 9.64 11.61 -283.48 -46.15 .39 1 0.99 0.83 0.680 23.3 0.5 -0.13 11
60268 185.36721802 61.74725342 8.23  24.27 -298.56 -261.06 0.79 0.55 0.59 0.622 -83.7 0.5 -0.85 11
60551 186.19120789 38.31874084 8.03  26.94 -586.93 64.39 82 0. 0.76 0.57 0.585 -2.8 0.8 -0.70 11
60632 186.39564514 1.28396392 9.66 10.95 -32.64 -470.63 29 1. 0.95 0.64 0.445 155.1 0.9 -1.81 11
60747 186.74942017 1.56622410 10.48 10.95 44.09 -327.41 76 1. 1.13 0.86 0.706 153.1 0.7 -1.08 11
61811 190.01441956  68.80244446 7.88 22.25 -438.44 30.57 68 0. 0.57 0.61 0.610 -3.1 0.5 0.02 11
61816 190.02932739  20.80911446 8.94 20.81 203.80 -368.82 .58 1 0.93 0.82 0.816 -22.0 0.7 -0.23 11
61974 190.50057983  72.96403503 9.25 15.38 -287.50 -67.43 .94 0 0.89 0.86 0.615 -43.2 0.7 -0.86 11
62198 191.22023010 13.48935318 9.04 12.40 -269.75 -47.05 .26 1 0.72 0.65 0.660 9.4 0.6 0.00 11
62349 191.63624573  24.14505005 6.83 22.98 -114.26 -216.46 0.84 0.62 0.48 0.540 6.0 0.7 -0.11 11
62366 191.71604919  22.48811150 9.52 12.23 -256.72 1.16 6 1.4 0.76 0.71 0.600 -17.4 0.6 -0.38 11
62607 192.43678284  1.18803751 8.13  30.12 -79.55 -644.49 91 0. 0.61 0.48 0.686 24 1.0 -0.81 11
62628 192.49494934  47.13080215 10.11  8.79 -312.40 -27.92 42 1 0.88 0.92 0.537 -21.7 0.5 -0.77 11
63063 193.81652832  7.83270025 9.93 19.28 115.89 -125.37 68 1. 1.14 0.83 0.809 113.5 0.6 -0.48 11
63239 194.36718750 18.67645264  9.82 13.68 -231.38 11282 54 1 0.88 0.78 0.751 -30.9 0.7 -0.53 11
63336 194.67893982  33.24570847 10.22 11.84 -264.18 -3.70 .80 1 1.19 1.11 0.743 -10.4 0.6 -0.64 11
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Star 2000 2000 \% T Lok ns on Ol Opg B-V Viad OV, [Fe/H] remarks
(HIP/Gic) (deg) (deg) (mag) (mas) (masyr~') (masyr~') (mas) (masyr~') (masyr—') (mag) (kms~1) (kms~1) (dex) -

(1) (2 3) 4 (5) (6) (7 (8) 9) (10) (11) (12) (13) (14) (15)
63346 194.70529175  68.78524017 8.07  29.07 -296.74 24593 .69 0 0.54 0.55 0.676 9.1 0.8 -0.67 11
63977 196.64881897 11.04453564  8.48 19.94 -244.69 -66.28 .12 1 0.89 0.65 0.600 -20.8 0.5 0.09 11
64103 197.05480957 3.77682924 9.67 14.41 -275.98 -52.93 48 1. 1.00 0.90 0.702 -56.4 0.6 -0.36 11
64132 197.16291809 51.06645966  10.21 6.22 -67.13 -223.40 45 1 1.12 1.04 0.341 -58.6 0.7 -1.10 11
64150 197.21258545 5.20724630 6.78 38.07 82.53 -667.75 8 0.8 0.47 0.46 0.667 23.6 0.4 -0.09 11
64698 198.90403748 9.01602936 8.42 18.80 -362.68 -121.69 .15 1 0.97 0.67 0.667 -6.9 0.7 -0.26 11
64747 199.04687500 35.88586807 8.29 22.39 267.28 -173.36 .98 0 0.76 0.65 0.640 -46.5 0.6 -0.51 11
65040 199.98065186 6.85745859 9.77 15.43 -235.23 -86.89 31 1. 1.07 0.75 0.654 83.4 1.5 -0.82 11
66051 203.12904358 36.03512955 7.96 16.67 83.69 -288.43 91 0. 0.68 0.57 0.590 -28.9 0.4 -0.56 11
66127 203.33796692  26.11985779 9.89 18.42 -213.51 96.99 38 1. 1.09 0.86 0.820 7.6 0.6 -0.23 11
66354 204.00735474  1.20218372 10.85 12.26 18.20 -279.78 15 2. 1.29 1.03 0.670 -40.5 0.9 -1.33 11
66509 204.50196838  19.14808464  8.81 18.98 133.89 -321.88 .19 1 0.78 0.66 0.668 -45.3 0.8 -0.62 11
67882 208.54437256  10.24798012 9.01 20.43 188.96 -210.40 .38 1 0.87 0.86 0.729 28.8 0.3 -0.20 11
68321 209.78952026  33.86093521 10.05  5.37 89.08 -429.10 60 1. 1.37 1.19 0.410 -171.7 0.9 -2.23 11
68714 211.00662231 22.52509880 10.16 12.17 114.14 -312.87 1.69 0.79 0.77 0.681 37.6 0.8 -1.04 11
77210 236.46833801  5.04071236 9.15  20.73 -249.26 69.29 513 1.25 1.15 0.834 1.3 1.9 -0.88 11
77466 237.24392700  45.79370499 9.18 14.11 -273.17 11184 89 0 0.69 0.74 0.650 -53.3 0.3 -0.55 11
78113 239.25161743  20.59430504 10.00 15.13 107.36 -235.701.88 0.87 0.87 0.820 15.9 0.8 0.02 11
78620 240.75071716  -6.45310307 10.20 10.83 -230.56 4143 72 1 1.56 1.35 0.698 -64.2 0.6 -1.54 11
78640 240.80541992  42.24629211 9.86 8.03 -194.99 -365.97 .12 1 0.87 0.88 0.481 -152.6 0.6 -1.53 11
79117 242.23081970 1.85203457 10.16  19.99 -203.75 -380.28 1.75 1.09 1.03 0.850 110.7 0.6 -0.66 11
80003 244.96524048 22.63896561 11.52 9.12 -40.27 -451.14 .01 3 1.98 2.32 0.723 158.6 1.0 -1.42 11
80262 245.77525330 17.46879768 8.44 24.97 -132.57 304.26 .06 1 0.82 0.78 0.724 -36.9 0.6 -0.33 11
80700 247.14978027 3.25295258 8.81 21.50 -12.87 -526.94 27 1. 0.93 0.88 0.770 25.2 0.7 -0.17 11
80789 247.43843079 30.69477081 10.24 11.80 -181.72 112.81 1.53 0.92 1.12 0.578 -70.4 0.6 -0.96 11
80837 247.61857605 4.17822409 7.27 24.34 -433.63 -1392.510.90 0.81 0.73 0.545 -47.9 0.5 -0.72 11
81170 248.67646790  -4.22906303 9.60 20.71 -133.67 -701.27 1.46 141 1.38 0.736 -169.9 0.5 -1.54 11
81223 248.84819031  8.81591511 9.10 15.36 51.36 -24863 9 1.3 0.95 0.92 0.605 12.3 0.6 -0.26 11
81312 249.10833740 30.94168282 7.10  25.37 -2.57 -465.28 72 0. 0.51 0.64 0.555 -5.0 0.7 -0.22 11
81461 249.57244873  -2.44216514 8.50 14.37 -179.36 -284.90 1.17 0.78 0.77 0.613 -35.9 0.3 -0.58 11
81598 249.95826721  5.50720930 8.62  26.39 102.30 -303.29 42 1. 1.29 1.03 0.876 51.3 0.4 -0.28 11
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Star 2000 2000 \% T Lok ns on Ol Opg B-V Viad OV, [Fe/H] remarks
(HIP/Gic) (deg) (deg) (mag) (mas) (masyr~') (masyr~') (mas) (masyr~') (masyr—') (mag) (kms~1) (kms~1) (dex) -

(1) (2 3) 4 (5) (6) (7 (8) 9) (10) (11) (12) (13) (14) (15)
81813 250.66073608 68.10216522 756  41.15 -282.18 426.88 .57 0 0.53 0.59 0.769 9.3 0.2 -0.08 11
82540 253.07405090 15.64843750  9.13 17.46 -102.57 -224.78 1.16 0.81 0.72 0.700 -7.0 0.4 -0.41 11
82588 253.24501038  -0.02642298 6.65 59.04 -711.28 -1484.3 0.87 0.69 0.52 0.749 45.3 0.4 -0.21 11
82896 254.10064697 68.02516174 8.70 19.73 -72.78 264.35 70 O. 0.66 0.77 0.659 -14.7 0.6 -0.38 11
82964 254.30558777  71.46322632 8.14 19.75 -190.32 85.63 68 0. 0.63 0.74 0.618 -16.5 0.4 0.15 11
82995 254.40174866  26.90564728 9.61 15.70 79.32 243.33 3 1.3 0.80 0.93 0.800 -14.4 0.6 -0.20 11
83604 256.33050537 26.93636513  10.00 6.28 -244.87 11569 .55 1 0.97 1.13 0.587 -113.6 0.6 -0.73 11
83691 256.57464600 12.60682583 8.53 23.54 -203.92 127.89 .11 1 0.84 0.78 0.750 -22.8 0.5 -0.17 11
85137 260.98889160 37.28020096 8.89 25.66 -15.83 -335.25 .96 0 0.76 1.03 0.800 3.1 0.4 -0.18 11
85373 261.67254639  31.05944443 9.67 14.04 -358.78 73.88 24 1. 0.89 1.15 0.840 -73.4 0.8 -0.64 11
85378 261.67999268 31.07719040  8.48 14.51 -361.71 7345 93 0. 0.67 0.89 0.626 -73.4 0.7 -0.61 11
85436 261.89410400 26.79496002 7.69  33.36 -101.32 275.08 .92 0 0.59 0.74 0.820 -24.4 0.5 0.17 11
85437 261.89596558 27.02563286 8.70 19.64 -9.42 37059 4 11 0.73 0.90 0.725 -72.2 0.5 -0.12 11
86321 264.56503296  18.55707741 9.77 8.93 -187.72 -204.56 .47 1 0.88 0.89 0.480 -240.6 0.9 -1.00 11
86431 264.90362549  37.18375397 8.39 18.32 -497.68 -820.42 0.78 0.61 0.76 0.576 33.6 0.7 -0.50 11
86443 264.93997192  2.41655636 9.94 8.35 -366.72 74.59 1.60 1.14 0.77 0.458 -398.0 1.2 -2.55 11
86453 264.97940063 44.06536865 9.02 13.76 -104.35 -185.21 0.86 0.67 0.84 0.630 -12.7 0.5 -0.60 11
86568 265.36233521  70.46440125 9.72 17.00 -211.17 79.77 01 1. 0.96 1.07 0.760 -51.1 0.5 -0.40 11
87017 266.71142578  10.11675739 8.51 15.47 -28.24 -228.63 .01 1 0.84 0.63 0.525 35.7 0.5 -0.31 11
87055 266.82952881  78.39132690 8.55 18.09 -120.38 177.00 .64 0 0.56 0.66 0.660 -50.5 0.5 -0.23 11
87062 266.86654663  -8.77992916 10.60 10.34 244.76 -365.31 2.20 1.58 1.22 0.605 84.2 0.4 -1.99 11
87467 268.07522583  36.40184021 10.35 5.91 -154.71 -244.43 1.17 1.13 1.09 0.520 -60.8 0.7 -2.53 11
88227 270.25738525  11.06874752 8.89 21.73 -36.89 -230.77 .26 1 0.82 0.82 0.739 -3.2 0.7 -0.26 11
89144 272.90850830 32.17737198 11.10 9.40 -96.72 -207.54 .82 1 1.68 1.73 0.780 -38.0 0.8 -0.49 11
89215 273.09115601 5.40122652 10.37 17.00 -499.64 -645.95 1.88 1.53 1.41 0.755 -1.5 0.8 -1.36 11
90365 276.59140015 8.61576462 8.32 26.30 -195.91 -468.58 .05 1 0.88 0.75 0.764 -18.1 0.4 -0.15 11
91360 279.49508667  -6.80547714 8.34  26.97 -129.82 -397.67 1.12 0.76 0.72 0.833 -49.2 0.6 -0.10 11
92277 282.09146118 -5.09140110 10.34 14.09 198.71 -229.78 1.93 1.50 1.21 0.704 15.2 0.4 0.01 11
92388 282.40975952  13.21860886 8.59 27.53 -197.56 -222.03 1.22 0.91 0.75 0.730 -54.5 0.6 -0.23 11
92532 282.85491943  38.62657166 7.15 33.31 323.60 44.24 1 06 064 0.56 0.594 -13.2 0.4 -0.43 11
92781 283.59667969  -4.60516977 9.05 11.85 -133.49 -430.27 1.50 1.11 1.05 0.586 21.4 0.7 -0.82 11
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Star 2000 82000 \% T Lok ns on Ol Opg B-V Viad OV, [Fe/H] remarks
(HIP/Gic) (deg) (deg) (mag) (mas) (masyr~') (masyr—') (mas) (masyr~!) (masyr—') (mag) (kms~1) (kms™1) (dex) -

(1) (2 (3) 4 (5) (6) (7 (8) 9) (10) (11) (12) (13) (14) (15)
92918 283.97070312  -5.74521637 7.46  29.77 -200.21 -388.80 1.04 0.89 0.73 0.747 -73.4 0.3 -0.03 11
93080 284.40975952  72.84113312 11.29  9.19 -104.14 353.00 .45 1 1.25 1.40 0.780 -29.3 0.9 -0.57 11
93269 284.98995972  64.05381012 9.17 14.45 -175.92 -107.90 0.82 0.92 0.82 0.690 -142.3 0.5 -0.46 11
93445 285.46258545 16.06344032 10.38 9.72 -147.50 -303.45 1.62 1.02 0.93 0.655 40.3 1.0 -0.80 11
94396 288.18768311 18.81275368 10.16 17.22 113.53 166.37 .82 1 0.91 1.02 0.873 -63.8 0.6 -0.28 11
94449 288.33633423 -0.59509206 9.18 7.52 -315.27 -447.88 .34 1 0.80 0.71 0.538 -65.6 0.6 -0.94 11
94582 288.73181152 71.52918243 9.55 18.21 113.70 170.93 79 0. 0.79 0.70 0.770 7.6 0.6 -0.35 11
94931 289.75228882 41.63460541 8.87 28.28 98.78 -631.15 85 0. 0.72 0.70 0.806 -121.1 0.6 -0.87 11
96077 293.01052856 50.18154526 8.05 19.16 -90.41 292.02 63 0. 0.61 0.51 0.659 -22.1 0.6 -0.61 11
96115 293.13296509 26.39059258 9.37 6.93 1.36 -172.83 1.46 0.61 1.00 0.390 -129.1 0.7 -2.54 11
96185 293.36282349 33.20186615 6.62 31.29 -464.12 22434 62 0 0.51 0.48 0.595 -166.8 0.7 -0.66 11
96308 293.73175049  11.42410088 7.91  23.69 278.96 7.57 1.10 0.75 0.61 0.670 -59.8 0.9 -0.27 11
96344 293.81158447  69.92833710 9.79 12.43 -105.90 -220.93 0.89 0.91 0.96 0.600 -1.3 0.6 -0.60 11
96427 294.06497192 4.76532269 9.18 13.51 11.07 -215.44 4 13 1.10 0.74 0.660 64.0 0.8 -0.20 11
96512 294.30880737  70.74145508 9.98 19.20 -64.35 -150.58 .02 1 111 0.97 0.810 -19.5 0.8 -0.35 11
96673 294.81130981  -2.61242032 10.29  8.20 217.14 -147.42 70 1 121 0.73 0.665 -111.4 0.8 -0.81 11
96780 295.07519531  79.71932220 10.34 10.55 192.18 188.66 .09 1 0.99 1.16 0.700 -29.8 0.6 -0.86 11
96943 295.61386108 8.15505219 8.99 21.05 154.03 14152 4 1.2 0.97 0.48 0.733 -22.1 0.5 -0.45 11
97514 297.29861450  65.95504761 8.52 9.84 40.55 212.40 0.66 0.46 0.68 0.525 9.9 0.5 -0.33 11
97781 298.04293823 67.42598724 11.22 9.54 49.22 187.52 9 1.3 121 1.29 0.900 -30.3 0.6 0.34 11
97940 298.56231689 1.94342387 8.78 21.12 -2.75 -272.20 9 15 0.93 0.83 0.878 10.0 0.8 0.01 11
97950 298.60726929 1.94138086 8.93 23.29 -1.00 -269.94 320 1.04 0.93 0.900 9.8 0.4 -0.12 11
98020 298.79031372 10.74094200 8.83 25.32 -37.73 289.98 15 1. 0.89 0.92 0.599 -192.8 0.8 -1.75 11
98288 299.55664062 69.14039612 9.27 14.20 144.82 136.01 74 O. 0.73 0.75 0.630 -5.8 0.7 -0.20 11
99267 302.25588989 42.86526108 10.11 12.04 118.85 34050 .12 1 0.83 0.79 0.510 -196.4 1.0 -2.13 11
99542 303.02362061 46.30050278 9.06 24.28 223.48 29191 88 O 0.70 0.62 0.810 -40.5 0.4 -0.32 11
99963 304.22369385 33.10865784 9.26 13.41 -127.95 -257.34 1.13 0.75 0.70 0.585 20.9 0.6 -0.32 11
100279 305.10232544 6.03133965 10.14 10.19 33.27 -364.11 .72 1 1.64 1.52 0.621 99.2 0.8 -0.97 11
100568 305.89935303 -21.37061691  8.65  22.88 541.98 -1855. 1.23 1.15 0.96 0.554 -171.8 0.7 -1.24 11
100682 306.18923950 25.05196953 10.83  7.49 91.52 -245.18 .73 1 0.99 1.02 0.427 -321.4 15 -2.85 11
100792 306.54965210 9.45011711 8.33 17.94 118.10 -549.35 24 1 0.96 0.97 0.503 -247.7 0.6 -1.28 11
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Star 2000 2000 Lok on Ol Opg B-V Viad OV, [Fe/H] remarks
(HIP/Gic) (deg) (deg) (mag) (mas) (masyr~') (masyr~') (mas) (masyr~') (masyr—') (mag) (kms~1) (kms~1) (dex) -

(1) (2 3) 4 (5) (6) (7 (8) 9) (10) (11) (12) (13) (14) (15)
101146 307.53536987 457156801 11.47 10.71 -201.83 421.0 3.19 1.83 1.76 0.874 -119.4 1.0 -1.07 11
101369 308.17926025 19.52651215 11.63 10.11 -74.14 866.2 2.83 1.19 1.16 0.880 -24.8 0.9 -0.70 11
102346 311.05426025 21.90742302 10.09 12.14 177.29 123.40 1.84 0.91 0.79 0.760 -28.9 0.7 -0.54 11
102923 312.77783203 7.02700377 9.82 20.71 237.77 -361.96 .62 1 1.41 0.84 0.900 -61.8 0.6 -0.07 11
103269 313.81982422 42.30018616 10.28 14.24 55.90 -390.99 1.42 1.05 1.04 0.590 -131.4 0.9 -1.78 11
103754 315.37118530  79.29594421 8.65 20.24 117.85 186.76 .66 O 0.64 0.62 0.717 -2.5 0.4 0.07 11
103812 315.55072021 19.90088844 9.06 17.10 4.94 222.96 0 1.3 0.93 0.67 0.666 -61.3 0.7 -0.67 11
103895 315.77398682  44.80445862 9.15 18.85 287.29 -60.03 .98 0 0.86 0.73 0.680 -9.2 0.4 -0.23 11
103897 315.77554321  29.48228264  10.20 7.90 -261.34 467.6 1.68 1.07 1.05 0.637 -123.1 0.5 -0.93 11
104076 316.28665161  73.20310211 8.73 15.04 132.91 136.39 .71 0 0.64 0.70 0.510 -33.6 0.4 -0.32 11
104375 317.16940308 73.69680786  8.69  32.59 -322.34 499.5 0.73 0.55 0.59 0.832 6.4 0.4 -0.38 11
104587 317.79522705 45.45591354  7.83  32.68 -241.49 -298.8 0.79 0.61 0.62 0.780 -49.9 0.6 -0.03 11
104601 317.84561157 71.66744232 9.74 8.65 219.15 234.11 06 1. 1.08 0.90 0.540 -22.9 0.5 0.15 11
104659 317.99597168  17.72774696 7.37  28.26 -121.62 -899.2 1.00 0.69 0.54 0.525 -44.5 0.5 -1.42 11
104913 318.77395630 62.84111404  9.56 14.51 122.87 260.66 .89 0 0.87 0.89 0.751 -64.6 0.6 -0.27 11
105488 320.49060059 27.45288467 10.51 10.90 204.44 153.08 1.68 1.09 1.07 0.530 -273.4 1.0 -1.55 11
105888 321.67877197  5.44163942 8.49 13.02 167.04 -246.55 .09 1 0.95 0.65 0.572 -84.6 0.6 -0.80 11
106047 322.19717407 65.61939240 10.43 10.58 149.96 205.88 1.42 1.27 1.23 0.850 -26.2 0.6 0.02 11
106356 323.11889648 1.01229441 8.31 16.43 -282.39 -333.06 1.16 0.98 0.63 0.610 12.9 0.7 -0.52 11
106403 323.26181030 30.35974312 8.11 7.50 155.57 7.32 0.93 0.64 0.64 0.413 -19.2 0.7 -0.98 11
106825 32453509521  -2.30315042 8.62 27.21 -462.99 -380.4 1.21 1.00 0.62 0.844 7.5 0.3 -0.05 11
106924 324.81729126  60.28383255 10.36  15.20 -381.63 @32.7 1.20 1.08 0.99 0.551 -245.4 1.0 -1.91 11
107020 325.11566162  -2.01757932 8.54 24.66 221.73 -111.58 1.16 1.01 0.60 0.672 -38.4 0.5 -0.35 11
107038 325.18658447 84.33348846 8.37 34.61 344.49 61.16 63 0. 0.66 0.54 0.868 -6.4 0.7 0.01 11
107294 325.98800659 27.38999939  10.05 9.19 -239.18 59.5 157 1.02 0.98 0.480 -95.1 0.7 -1.45 11
107895 327.91430664 0.84940821 8.60 28.47 335.23 -7251 17 1. 0.95 0.64 0.848 -29.1 0.5 0.00 11
108056 328.39495850  35.84844208 9.15 9.55 -112.59 13946 .19 1 0.71 0.79 0.580 -98.1 0.6 0.12 11
108103 328.54727173  4.97911930 9.25 15.44 274.42 -11.32 38 1. 1.31 0.83 0.630 -46.9 0.9 -0.52 11
108170 328.73028564  61.98785019 9.81 14.88 -74.92 -171.86 0.99 1.05 0.88 0.840 -53.8 0.3 -0.12 11
108200 328.81729126  32.64477539 11.07 10.60 761.65 128.51 2.06 1.30 2.01 0.686 -186.1 1.0 -1.86 11
108434 329.48489380 50.84568024  8.88 19.63 271.40 77.84 86 0. 0.69 0.70 0.730 -16.0 0.6 -0.08 11
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Star 2000 2000 \% T Lok ns on Ol Opg B-V Viad OV, [Fe/H] remarks
(HIP/Gic) (deg) (deg) (mag) (mas) (masyr~') (masyr~') (mas) (masyr~') (masyr—') (mag) (kms~1) (kms~1) (dex) -

(1) (2 3) 4 (5) (6) (7 (8) 9) (10) (11) (12) (13) (14) (15)
108496 329.68798828  0.80972624  10.26 13.31 -70.65 -244.01 2.00 1.28 1.15 0.794 -10.8 0.6 -0.29 11
108525 329.78717041  3.19776654 8.45 28.15 220.63 68.40 7 1.3 094 0.88 0.755 -15.8 0.7 -0.10 11
109049 331.36706543 5.75434923 10.57 9.92 -137.31 -123.44 2.27 2.02 1.62 0.889 -0.3 0.6 -0.23 11
109067 331.41958618 12.37669182 9.55 21.52 202.28 -418.16 1.58 1.23 0.98 0.672 -200.8 0.6 -0.95 11
109144 331.63821411 1.85713542 7.24 19.77 340.90 190.71 00 1. 1.05 0.68 0.537 -40.9 0.5 -0.21 11
109384 332.40582275  71.31433105 9.61 18.12 232.79 -87.32 .87 0 0.86 0.74 0.780 -64.1 0.8 -0.23 11
109563 332.91400146 6.19344473 8.45 13.78 231.43 67.51 511 1.13 0.86 0.594 -12.5 0.6 -0.52 11
109931 333.97772217  24.92799568 8.94 13.29 -182.88 -76.03 1.07 0.74 0.70 0.660 3.7 0.5 -0.14 11
110187 334.78234863  -7.31359863 8.90 11.78 229.95 -143.16 1.33 1.08 1.10 0.599 -77.2 0.5 -0.06 11
110229 334.93444824  83.53366852 8.63 14.17 299.03 40.37 80 0. 0.74 0.61 0.580 -14.2 0.5 -0.10 11
110560 335.95452881 24.39253616 10.64  5.62 -79.51 -166.48 1.69 1.18 1.06 0.573 -46.2 0.9 -0.65 11
110916 337.06768799  28.11199570 11.00 10.77 223.35 2698 91 1 1.30 1.23 0.740 -7.3 0.5 -0.56 11
111195 337.90090942  2.16217875 10.71  8.99 51.80 -327.98 00 2. 1.34 1.20 0.520 -212.7 1.0 -1.75 11
111300 338.20248413  10.40489197 9.34  16.86 -248.01 217.7 1.37 1.15 1.04 0.823 22.5 0.5 -0.68 11
111332 338.33969116  -9.06355572 8.73 15.05 297.40 -61.32 .15 1 0.96 0.71 0.576 -33.3 0.6 -0.47 11
111473 338.77362061 11.88140678 8.66  23.10 -335.35 -326.2 1.12 0.74 0.76 0.866 -18.3 0.6 0.10 11
111764 339.59387207  9.85863304  10.61  16.02 -183.57 476.8 1.94 1.86 151 0.850 7.3 0.4 -0.07 11
111783 339.62878418  10.53934193 9.50 16.15 -273.82 -836.3 1.47 1.23 0.94 0.764 -58.0 0.6 -0.39 11
111803 339.68951416  25.57036972 10.03 10.94 226.32 1860 .64 1 1.04 1.01 0.820 -22.2 0.3 0.02 11
111977 340.22796631 66.52342987 7.46 34.05 216.88 388.65 .60 0 0.55 0.51 0.635 -47.5 0.4 -0.61 11
112229 340.96133423 3.88684034 7.41 23.66 150.64 331.81 95 0. 0.85 0.69 0.515 -33.6 0.4 -0.88 11
112245 341.02426147 64.57067108 7.50 39.82 50.31 -297.90 .71 0 0.75 0.55 0.719 -45.4 0.7 -0.27 11
112666 342.25228882  77.95301056 10.16 11.27 239.94 -13.17 1.12 1.05 0.97 0.760 -97.8 0.6 -0.54 11
112811 342.69140625 1.86516070 9.33 16.66 100.35 -384.38 .33 1 0.97 0.84 0.683 -4.1 0.8 -0.81 11
113033 343.37292480 27.75495720 11.46 12.98 500.48 986.1 2.64 1.45 1.50 0.800 -279.2 0.8 -1.38 11
113514 344.83105469 12.19233322 8.35 20.59 332.17 -156.65 1.14 0.90 0.83 0.580 -122.8 0.5 -0.67 11
113896 345.98864746  -4.79486084 6.68  32.50 319.14 38.14 93 0. 0.70 0.58 0.581 -12.9 0.3 -0.17 11
113989 346.27539062 68.41706085 7.49  33.65 592.73 162.01 .59 0 0.52 0.60 0.646 -16.0 0.5 -0.64 11
114069 346.53771973  4.68673468 9.26 16.91 250.25 14.05 514 124 1.07 0.665 7.6 0.8 -0.42 11
114098 346.63522339  -0.19614220 9.33  27.80 -237.08 -29.97 1.29 0.84 0.80 0.879 -32.2 0.8 -0.23 11
114450 347.68121338  18.90904999  8.56 12.78 -205.78 485.5 1.28 0.79 0.77 0.590 -26.2 0.4 -0.10 11
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Star 2000 2000 \% Lok on Ol Opg B-V Viad OV, [Fe/H] remarks
(HIP/Gic) (deg) (deg) (mag) (mas) (masyr~') (masyr~') (mas) (masyr~') (masyr—') (mag) (kms~1) (kms~1) (dex) -

(1) (2 3) 4 (5) (6) (7 (8) 9) (10) (11) (12) (13) (14) (15)
114458 347.71096802  0.40973017 9.01 2257 -23.60 -271.45 31 1 0.94 0.81 0.854 23.5 0.7 -0.09 11
114661 348.41174316 39.41738892 11.02 14.09 173.67 813.8 2.18 1.63 1.28 0.689 -56.3 12 -2.68 11
115222 350.07458496 54.48757935 11.46 11.39 170.55 81.18 .20 2 1.83 1.60 0.780 36.0 0.6 -0.40 11
115331 350.40213013 44.09788132 7.36 45.63 636.25 219.18 .82 0 0.49 0.54 0.801 3.6 0.3 -0.09 11
115359 350.49285889 16.63253784 8.92 14.97 406.56 -49.04 22 1 0.93 0.86 0.610 -40.4 0.5 -0.63 11
115373 350.57565308 12.15933037 10.83 8.92 244.39 -1.04 91 1. 1.34 1.30 0.660 -87.7 1.0 -1.11 11
115381 350.59909058 -0.41486961 8.56 26.95 212.21 -250.97 1.37 0.76 0.80 0.853 -3.7 0.4 -0.06 11
115684 351.57662964  33.18867493 9.58 11.29 -120.00 -481.5 1.39 0.89 0.72 0.735 -33.5 1.9 -0.27 11
115704 351.63684082 60.62853622  10.49 8.85 457.54 40.28 43 1. 1.23 1.32 0.469 -105.4 1.1 -2.24 11
116085 352.84252930 59.16551590 6.76 59.31 1106.08 113.05 0.67 0.57 0.62 0.839 -25.4 0.4 0.05 11
116386 353.75848389 25.39853668 10.88  10.47 271.75 196.0 1.89 1.28 1.05 0.810 -124.8 0.6 -0.54 11
116410 353.84640503  2.22532988 8.42  25.82 110.91 316.39 28 1. 0.98 0.80 0.720 -12.9 0.6 -0.69 11
116441 353.92724609  20.58065033 9.10 13.28 -130.97 417.1 1.15 0.69 0.66 0.560 -38.2 0.5 -0.94 11
116454 353.95535278 0.44551590 10.19 18.10 -234.99 986.0 1.71 1.18 1.10 0.891 -3.0 0.4 -0.45 11
116498 354.11163330 33.03755188 10.13 16.58 304.19 1751 45 1 1.29 0.90 0.980 -23.0 0.7 -0.49 11
116613 354.49371338  46.19943619 6.58 43.26 357.25 -11.01 80 O 0.42 0.49 0.665 -0.1 0.4 0.02 11
117041 355.89547729  -7.92333174 10.11  8.46 609.63 -163.86 1.68 1.53 1.26 0.671 -86.4 0.7 -0.99 11
117364 356.96212769  -5.24419737 8.39 17.08 -177.42 -365.2 1.07 1.02 0.77 0.622 -35.7 0.6 -0.11 11
117367 356.96835327 4.17547560 7.69 21.43 351.04 -31.87 03 1. 0.91 0.51 0.627 -15.5 0.4 -0.20 11
117577 357.66842651 17.34466553 10.49 18.47 208.36 167.16 1.85 1.11 0.90 0.880 29.4 0.5 -0.45 11
117719 358.12268066  -9.40695477 10.10 12.49 201.09 9.89 77 1. 1.33 1.05 0.766 15.8 0.7 -0.60 11
117918 358.76739502  20.38483047 8.94 22.08 267.65 1191 12 1. 0.76 0.61 0.805 -28.2 0.8 -0.55 11
117953 358.88507080 3.50144601 7.72 34.09 -208.34 -293.98 0.94 0.74 0.59 0.751 15.1 0.6 -0.47 11
118010 359.04763794 59.76760483 7.67 20.01 194.99 28212 .74 0 0.66 0.60 0.638 3.3 0.4 -0.17 11
118115 359.38964844  -9.64751911 7.89 20.98 454.84 -146.12 1.20 0.97 0.58 0.643 -31.2 0.5 -0.02 11

8572 27.63602829 -9.35078621 10.34 7.32 255.90 94.70 1.01 .17 1.14 0.432 36.2 0.8 -2.62 11
12710 40.84187317  13.43249416 11.47  4.85 340.90 -147.40 67 0. 1.59 1.52 0.526 221.0 0.6 -2.12 22
18973 60.98022461  39.73866653 10.71  4.14 275.30 -205.80 57 0. 1.63 1.39 0.560 87.5 0.6 -0.08 22
27182 86.41825867  14.68891907 9.05 17.56 64.90 -189.90 3 24 0.96 0.75 0.650 38.5 0.7 -1.05 22
30098 95.01602173  38.34558868 10.74 12.59 99.60 -182.70 74 1. 2.29 1.49 0.746 220.2 0.7 -1.98 22
32567 101.93723297 58.64292145 10.32  6.93 -6.90 -477.10 96 0. 1.37 1.24 0.444 191.1 12 -1.49 22
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Star 2000 2000 \% T Lok ns on Ol Opg B-V Viad OV, [Fe/H] remarks
(HIP/Gic) (deg) (deg) (mag) (mas) (masyr~') (masyr~') (mas) (masyr~') (masyr—') (mag) (kms~1) (kms~1) (dex) -

(1) (2 3) 4 (5) (6) (7 (8) 9) (10) (11) (12) (13) (14) (15)
36430 112.46185303 32.86619186 10.41  8.54 18.10 -199.80 18 1. 1.66 1.31 0.540 29.1 0.6 -2.47 22
36513 112.67194366 24.08617973 10.80 5.20 163.40 -233.30 .72 0 1.17 1.00 0.350 -238.4 1.0 -2.71 22
45554 139.26667786 3.02490592 10.87 5.59 49.40 -287.10 7 0.7 1.28 1.15 0.523 222.3 0.7 -1.01 22
46516 142.31484985 8.63346481 11.15 4.51 198.90 -307.80 62 0. 1.60 1.31 0.390 266.1 1.5 -2.80 22
51191 156.85102844 1.40004909 11.03 5.43 -186.20 -296.10 .75 0 1.41 1.26 0.498 88.6 0.9 -1.34 22
53025 162.73593140 53.24755478  10.35 8.97 -222.30 -188.60 1.24 1.02 0.92 0.455 133.5 0.8 -1.88 22
53971 165.61355591  79.23381805 11.76 4.13 -346.90 -88.00 .57 0 1.50 1.34 0.472 3.4 0.8 -1.44 22
57244 176.07322693 40.53832626  12.02 4.40 -110.80 -252.90 0.61 2.18 1.57 0.535 -3.1 1.5 -2.52 22
59376 182.73237610 0.39842474 11.09 5.20 -56.50 -435.90 72 0. 1.14 0.93 0.449 99.3 0.6 -2.22 22
61361 188.60472107  15.28027725 12.01 3.26 -290.90 -35.80 .45 0 2.34 1.82 0.448 -73.2 1.1 -2.58 22
63100 193.92045593 12.55853748 11.32 5.16 -280.50 -258.50 0.71 1.43 1.22 0.521 2.9 0.7 -1.77 22
65206 200.44841003 74.20912170 11.66 4.91 -445.60 39.10 68 0. 141 1.31 0.480 -45.3 2.1 -2.56 22
65418 201.12750244  20.45613861 12.18 3.11 -92.20 -202.90 .43 0 1.39 1.25 0.468 57.5 12 -1.71 22
66673 205.01039124  -0.03854727 11.47  3.92 -227.50 -82.40 54 0 1.29 1.16 0.405 441.9 17 -3.52 22
68592 210.62536621  -5.65144348 11.13  4.37 -56.60 -397.50 .60 0 1.92 1.48 0.397 81.2 14 -2.80 22
72920 223.54463196 25.56359291 11.00 5.16 -165.10 -288.00 0.71 1.34 1.22 0.400 -62.9 12 -2.88 22
77637 237.74555969 8.42326450 9.95 10.07 -234.80 -159.80 .39 1 1.47 1.51 0.591 -51.6 1.0 -1.15 22
81276 248.99409485 45.86646271 11.24  3.31 -156.00 15490 .46 0 1.13 1.17 0.360 -246.3 1.0 -1.50 22
81578 249.90673828  34.28016663  11.00 6.46 -139.20 180.60 .89 O 1.29 1.66 0.600 -39.6 1.1 -1.09 22
82398 252.54779053 22.31389236  11.26 6.46 -149.00 -368.00 0.89 1.07 1.22 0.570 -78.0 0.9 -1.60 22
83320 255.43325806 16.15093231 11.46 4.69 -286.60 -244.20 0.65 1.42 1.39 0.460 -113.7 1.2 -2.63 22
91129 278.82986450 28.69872856  11.39 4.43 -16.40 -278.40 .61 0O 1.26 1.35 0.448 -86.0 1.3 -2.88 22
100984 307.11642456  62.01453781  11.47 8.39 -205.50 459 1.16 1.81 1.76 0.775 -67.8 0.7 -1.05 22
106447 323.40237427 0.39552456 12.14 3.17 243.90 -32.30 44 0. 6.40 2.88 0.462 -239.3 1.6 -2.69 22
110140 334.65209961 8.44581985 10.38 7.48 283.80 -103.20 .03 1 1.55 1.23 0.489 -235.1 0.8 -1.55 22
117522 357.50567627 8.72315025 11.34 5.83 372.00 -49.00 81 0. 1.80 1.22 0.532 -167.8 0.9 -2.42 22

G130-32 0.01702500 34.18856430 850 20.86 -228.80 -58.10 .08 3 1.10 1.20 0.650 -30.5 0.5 -0.58 33
G30-46 2.05598330 15.00853062 11.01  8.91 220.70 -51.20 213 170 1.60 0.890 -22.6 0.6 0.20 33
G31-36 3.56396246 -5.58169460 10.92  8.47 181.40 -48.00 512 210 2.20 0.810 36.1 0.7 -0.30 33
G243-21 5.55999565 62.02637100  9.66 8.73 245.60 24.60 1.29 2.50 2.50 0.660 5.7 0.8 0.16 33
G130-65 5.66082478 23.90870094 11.62  4.92 57.00 -249.10 57 0. 1.60 1.60 0.430 -271.3 11 -2.33 33
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Star 2000 52000 \Y ™ Mok s O O o Ous B-V Vrad OVyad [Fe/H] remarks
(HIP/Gic) (deg) (deg) (mag) (mas) (masyr~—') (masyr~') (mas) (masyr~!) (masyr~') (mag) (kms~1) (kms~1) (dex) -
(1) (2 3 4 (5) (6) (7 (8) 9) (10) (11) (12) (13) (14) (15)
Gl-4 6.92210007 4.84068060 10.69 12.40 365.40 21.70 183 70 1. 1.70 0.890 -31.0 0.5 -0.49 33
G31-55 7.36107492  -2.34918880 10.70 7.85 220.80 -266.80 96 0. 1.50 1.50 0.560 -28.4 0.6 -1.11 33
G217-54 7.80125427  55.58206177 10.57  9.30 257.60 36.10 7 1.3 240 2.20 0.860 5.0 0.3 0.21 33
G158-102  8.92188740  -6.71017218 10.82  8.82 -145.70 -054.6 1.30 1.90 2.10 0.700 -0.5 0.8 -0.82 33
G172-16 9.64449978  47.63056946  10.97 8.64 294.10 20.20 0 1.0 230 2.20 0.580 -85.0 0.6 -1.64 33
G69-21 11.66600418 33.82573700 10.34  9.20 250.20 -23.20 36 1. 1.50 1.60 0.680 -15.7 0.8 -0.57 33
G32-49 11.90062046  14.64067745 10.94 11.11 94.50 -189.90 .64 1 1.90 1.90 0.890 -7.8 0.4 -0.49 33
G1-35 14.38990021 10.58813858 11.67 5.63 267.00 -92.30 308 240 2.40 0.720 -19.2 0.6 -0.61 33
G242-75 14.87849617 69.48100281 10.05 10.69 241.90 -97.50 1.58 1.80 1.90 0.790 -14.6 0.3 -0.11 33
G70-31 15.88099957 5.07848597 11.82 5.52 9.90 -181.00 0.82 2.00 2.00 0.740 -99.5 0.3 -0.61 33
G172-38 16.40271187 49.45146561 11.08 8.07 147.50 -378.20 1.19 1.90 1.80 0.760 -196.2 0.9 -0.63 33
G270-159 17.43275070  -3.65865278 11.12 9.10 207.50 9.20 34 1. 2.50 2.60 0.860 71.4 0.6 -0.33 33
G271-11 18.03247070  -0.61593890 11.45 4.50 163.60 46.90 67 0. 1.50 1.50 0.590 56.9 0.5 -0.57 33
G172-46 19.16161156 51.85642624 11.15 11.72 149.60 806.1 1.73 3.20 2.90 0.910 -270.0 1.3 -0.70 33
G33-48 19.13096237  9.62285519 8.75  14.50 276.10 -120.30 14 2. 1.60 1.60 0.580 1.6 0.7 -0.38 33
G271-57  20.99714088  -7.71055555 11.17  8.15 -171.40 -60.50 1.20 2.60 2.80 0.770 6.3 0.5 -0.62 33
G2-38 21.72986603 12.00720787 11.38  6.02 -13.90 -359.40 73 0. 1.80 1.80 0.510 -171.9 0.9 -1.55 33
G271-70  22.10132027 -7.60629702 9.28 9.10 -61.00 -168.50 .34 1 1.30 1.60 0.550 3.8 0.7 -0.18 33
G271-75  22.44468307 -7.51000547 10.74  9.83 -47.90 -178.00 1.45 1.90 2.00 0.830 -55.6 0.6 -0.29 33
G173-2 22.72993279 52.74521255 10.05 13.37 -184.90 -33.50 1.98 1.80 1.70 0.860 -38.1 0.7 -0.07 33
G172-58  22.81628799 48.00484467 10.17 9.61 309.00 -36.70 .11 1 1.60 1.60 0.430 -25.9 0.9 -1.94 33
G72-12 23.03840446  34.55577087 10.82  9.30 161.10 -223.20 37 1 1.80 1.80 0.830 -33.8 0.8 -0.25 33
G172-60 23.54173279 52.66543198 9.55 12.40 251.00 -130.50 1.83 1.40 1.40 0.730 52.5 0.7 -0.18 33
G172-61 23.59453392  48.74098587 11.00 9.30 363.10 -59.70 .13 1 2.10 2.00 0.700 -202.6 0.8 -1.18 33
G2-47 23.81129646 5.64018345 10.78 11.26 284.70 -35.10 7 1.3 240 2.30 0.760 18.1 1.8 -1.00 33
G2-50 24.20779228 4.45748901 11.37 5.12 163.90 -195.30 2 06 170 1.80 0.500 -123.2 0.9 -1.19 33
G72-25 25.42072868 27.67760849 8.68 19.89 277.60 -131.80 .94 2 1.20 1.10 0.730 11.4 0.3 -0.27 33
G219-20 26.43549919 57.84775925 9.51 9.30 225.30 -39.60 37 1. 3.30 2.80 0.600 -39.7 0.7 -0.34 33
G71-33 26.30754089 3.51369452 10.63 8.91 224.10 -12.10 310 1.20 1.20 0.480 -9.6 1.5 -2.33 33
G133-45 27.38977432 43.77005386 11.78 5.06 76.30 -226.10 .62 0 1.90 1.80 0.540 -93.8 1.0 -1.50 33
G271-161 27.61633301 -5.78240538 9.60 10.06 114.80 121.20 1.49 1.40 1.40 0.640 13.2 0.5 -0.24 33
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Star 2000 2000 \% T Lok ns on Ol Opg B-V Viad OV, [Fe/H] remarks
(HIP/Gic) (deg) (deg) (mag) (mas) (masyr~!) (masyr~!) (mas) (masyr~!) (masyr~!) (mag) (kms~') (kmsT1) (dex) -

(1) (2 (3) 4 (5) (6) (M (8) 9) (10) (11) (12) (13) (14) (15)
G71-55 30.96243286  -0.53917497 10.78 7.99 -35.10 -255.40 .93 0 1.10 1.10 0.470 -30.9 0.7 -1.82 33
G245-44 32.00876617  74.00494385 9.88 8.64 209.30 -43.20 28 1. 1.80 1.80 0.690 44.5 0.7 0.28 33
G134-3 32.18346405 45.09605789  10.32 8.39 263.70 -122.00 24 1 1.50 1.50 0.630 73.1 0.6 -0.60 33
G4-2 32.83348846 9.62153053 10.68 9.95 142.40 -267.70 1.47 2.50 2.30 0.740 38.3 0.3 -0.80 33
G74-10 33.78947449  32.39492798 12.59 7.07 448.50 -154.50 .82 0 6.30 6.10 0.810 -44.5 0.8 -1.78 33
G94-49 34.23563004 27.41345215 10.40 9.83 -113.00 -248.70 1.45 1.40 1.40 0.660 -164.2 0.6 -0.82 33
G94-70 37.05536652  25.84680557 9.37 10.97 215.70 -120.30 .62 1 1.20 1.20 0.530 50.5 0.9 -0.65 33
G74-30 38.53173828 40.29902649  11.63 5.48 202.30 -61.60 67 0. 2.30 2.20 0.600 -68.7 0.6 -1.12 33
G134-40  39.42262650 43.99293518 10.18 7.78 233.00 -249.30 1.15 1.50 1.50 0.520 -53.6 0.8 -0.74 33
G246-11  42.10624313 62.89711761 10.71  5.09 168.30 97.00 75 O. 2.70 2.70 0.600 -22.7 0.8 -0.31 33
G36-47 44.33265305 26.28154945 1146  5.70 259.70 -220.90 .66 0 1.90 2.00 0.520 88.7 0.6 -1.77 33
G221-3 45.05932617 70.80566406 12.26 4.34 182.20 -126.40 .64 0 3.40 3.50 0.890 47.9 0.8 -0.07 33
G76-57 46.58712006  5.88631105  11.52  4.53 23.10 -299.60 7 0.6 2.50 2.40 0.690 -28.5 0.7 -0.28 33
G95-11 4751863861 34.84755325 11.95 5.98 249.50 -4.60 9 0.6 5.20 6.20 0.580 205.7 0.8 -2.09 33
G5-19 47.86060333 12.61932182 11.17  8.23 -23.90 -468.30 95 0. 2.10 2.10 0.600 -216.6 0.6 -1.69 33
G37-37 50.90980148 33.97508621 12.28  3.61 -71.50 -357.00 42 0 2.00 1.90 0.490 -137.1 1.3 -2.43 33
G5-40 51.91435242  21.04307175 10.79 6.63 48.70 -331.40 8 09 1.50 1.60 0.570 -117.8 0.9 -0.82 33
G6-13 52.38449478 12.80281639  11.47 6.11 72.70 -106.70 0 09 2.00 2.00 0.810 -31.1 0.7 -0.31 33
G79-42 52.40681839 10.56559181 10.78 6.34 210.40 -296.10 .77 O 1.70 1.60 0.500 20.3 0.7 -1.22 33
G79-43 52.50001907 9.43691158 11.60 5.03 118.20 -178.80 58 0. 2.50 2.40 0.480 -1.7 1.3 -2.32 33
G5-44 53.57446671 22.98726463 9.18 10.83 150.70 -169.00 60 1. 0.90 0.90 0.610 25.4 0.5 -0.06 33
G78-41 53.73811722 38.30670166  10.21 9.83 144.10 -144.20 45 1 2.50 2.50 0.670 -10.7 0.6 -0.65 33
G6-22 54.45927811 19.82347298 11.07 7.37 -49.70 -254.30 09 1. 1.30 1.30 0.780 -77.0 0.8 -0.38 33
G79-56 55.42676163 9.39259720 11.82 7.50 264.00 -251.00 92 0. 2.20 2.50 0.730 -61.4 0.7 -1.50 33
G79-63 56.01959610 9.93871975 11.58 5.38 394.00 -223.00 79 0. 2.60 2.50 0.820 105.0 0.9 -0.22 33
G81-8 63.11938095 41.99058533 10.53  6.79 -2.10 -302.70 0 1.0 1.40 1.30 0.640 1.9 0.8 -0.46 33
G7-31 63.99036789  7.89573050 11.50 5.03 143.20 -271.90 4 0.7 270 2.70 0.760 29.5 0.8 -0.20 33
G82-18 66.44487762  5.26753902 11.74 9.61 157.90 -447.90 17 1. 1.80 1.80 0.830 -89.5 0.8 -1.41 33
G39-18 67.93505096 38.30371475 10.98  3.89 111.50 -189.00 .57 0 3.00 2.90 0.650 -142.2 0.6 0.16 33
G8-40 68.14108276  26.46093941 10.70 11.26 191.50 -206.80 .66 1 1.80 1.80 0.850 6.5 0.9 -0.30 33
G39-23 68.33630371 34.05301285 10.96 8.73 130.10 -158.00 .29 1 1.90 2.00 0.890 -24.3 0.3 0.21 33
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Star 2000 2000 \% Lok on Ol Opg B-V Viad OV, [Fe/H] remarks
(HIP/Gic) (deg) (deg) (mag) (mas) (masyr~') (masyr~') (mas) (masyr~') (masyr—') (mag) (kms~1) (kms~1) (dex) -
(1) (2 3) 4 (5) (6) (7 (8) 9) (10) (11) (12) (13) (14) (15)
G175-40 69.28878021  55.27243805 10.80 9.10 310.60 -80.10 .34 1 3.00 3.00 0.850 76.0 0.8 0.02 33
G8-46 69.45775604  20.06802177 11.03  9.40 73.80 -221.60 9 1.3 1.40 1.50 0.880 83.6 0.6 -0.28 33
G82-42 70.50002289 -4.27956963 12.50 4.02 2.50 -347.60 904 4.20 4.60 0.610 -8.5 0.6 -1.29 33
G81-33 71.20476532 43.20515442 8.74 23.76 249.80 159.00 51 3. 0.90 1.00 0.870 49.1 0.6 0.00 33
G84-9 71.33836365 3.97051382 11.47 4.75 86.00 -215.40 0.70 1.40 1.40 0.550 -104.5 0.9 -0.94 33
G85-21 72.86737823 19.36123276  10.85 5.35 154.80 -188.10 .79 0 1.50 1.60 0.590 -65.6 1.1 -0.59 33
G84-22 73.95526123 -1.63158059 11.18 6.58 24.10 -280.60 97 0. 1.50 1.50 0.660 -93.8 0.6 -0.78 33
G96-16 75.54701996 45.03817368 9.86 15.28 -46.70 -319.40 .26 2 1.30 1.20 0.860 -9.9 0.7 -0.19 33
G96-17 75.53101349 42.44158173 10.19 14.02 -206.70 -203.8 2.07 1.40 1.30 0.850 -31.1 0.5 -0.43 33
G97-43 82.19673157 4.79588604 9.10 19.44 44.50 299.40 2.87 1.40 1.40 0.740 57.3 0.5 -0.59 33
G97-46 82.96208954  16.22028923 12.24  4.46 94.50 -312.60 66 0. 3.10 3.20 0.760 -70.5 0.8 -0.61 33
G99-40 88.23098755 -3.49025011 9.19 10.97 268.80 -49.80 62 1. 1.20 1.10 0.560 49.6 0.6 -0.45 33
G191-55 89.36911011  58.68017578 10.47  9.20 191.10 -110.00 1.07 2.90 2.90 0.500 -258.4 12 -1.94 33
G101-14 90.30200958  46.45011139 11.33  4.46 -65.40 -176.30 0.66 1.60 1.60 0.680 25.6 0.9 -0.20 33
G100-52 90.64237976  27.40293694  9.18 13.37 84.80 -191.20 98 1 1.40 1.30 0.680 17.0 0.9 -0.14 33
G102-44 90.68071747  13.07698059 10.84  7.78 232.20 -148.30 1.15 1.50 1.50 0.710 -28.8 0.5 -0.62 33
G192-18 91.65840149  56.44895172 10.90 13.58 19.30 -325.70 2.01 3.90 4.00 0.880 52.9 0.5 -0.73 33
G99-54 91.29025269 6.44833326  10.51 10.43 131.30 -152.10 54 1 1.90 1.80 0.760 56.3 0.8 -0.57 33
G100-60 92.11853790 22.43707848 11.54 5.52 197.40 -132.40 0.82 1.70 1.90 0.740 -45.8 0.9 -0.43 33
G192-21 92.50205231 50.15151215 8.52 17.11 205.80 -265.70 2.53 1.20 1.30 0.560 -18.6 0.6 -0.64 33
G101-25 93.26070404 38.91038132 10.79 9.00 132.20 -199.60 1.33 3.60 3.40 0.820 -47.6 0.4 -0.14 33
G98-53 93.45762634 33.41725922 11.14 3.69 22.40 -329.50 54 0. 1.70 1.80 0.510 144.8 0.8 -0.38 33
G192-28 96.51712036 51.29272461 11.35 6.79 184.90 -247.50 0.83 2.40 2.30 0.610 -68.5 0.4 -1.32 33
G106-46 96.28343201 0.64911944 9.09 14.02 -51.40 -245.60 .07 2 0.90 1.00 0.570 -9.6 0.6 -0.62 33
G103-53 100.94363403 25.52507973 10.19 10.31 -7.60 -814.3 1.52 2.00 2.10 0.680 9.2 0.8 -0.70 33
G103-58 101.62562561  35.87373734  10.00 9.40 -59.90 -200.6 1.39 2.30 2.30 0.610 -1.2 0.8 -0.62 33
G87-13 103.73456573 35.51627350 11.07 5.48 53.50 -241.70 .67 0O 3.80 3.90 0.480 206.4 0.7 -1.23 33
G108-46  104.91210938  9.09096909 11.04 5.82 132.60 -205.60 0.86 2.60 2.40 0.590 35.3 0.3 -0.77 33
G107-43  105.52983856  36.94966507 10.27 10.43 -64.90 1011. 154 2.50 2.50 0.640 80.7 0.5 -0.90 33
G88-5 106.53142548 18.63553047 10.21 11.26 214.10 -88.80 .66 1 1.20 1.20 0.720 -70.1 0.7 -0.57 33
G110-38  106.72556305 18.13643265 11.34  9.40 9.10 -167.70 .39 1 1.70 1.70 0.790 65.5 0.5 -0.67 33
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Star 2000 2000 \% T Lok ns on Ol Opg B-V Viad OV, [Fe/H] remarks
(HIP/Gic) (deg) (deg) (mag) (mas) (masyr~') (masyr~') (mas) (masyr~') (masyr—') (mag) (kms~1) (kms~1) (dex) -

(1) (2 3) 4 (5) (6) (7 (8) 9) (10) (11) (12) (13) (14) (15)
G107-50  107.47035217 42.65370941 11.81 5.25 15.00 -256.00 0.61 1.90 1.90 0.490 148.2 11 -2.25 33
G108-58  107.51078796  -1.29958057 11.84 4.73 8.40 -195.10 55 0 1.60 1.70 0.490 142.5 1.0 -2.24 33
G112-6 109.67667389 3.69551110 11.11 8.07 78.10 -334.00 99 0. 1.70 1.70 0.690 135.1 0.6 -1.00 33
G87-35 110.18698883  29.34507179 11.10 7.31 112.20 -203.60 1.08 2.30 2.40 0.760 69.4 0.5 -0.48 33
G265-26 111.70265198 89.58106232 11.40 3.66 -48.60 -258.9 0.54 1.10 1.20 0.550 -36.2 0.4 -0.43 33
G87-45 113.24451447  31.11652756 11.44 6.95 76.10 -286.90 .85 0 3.20 3.20 0.640 8.4 1.5 -1.49 33
G88-38 113.27664948 17.08782005 11.09 6.68 208.80 -133.00 0.99 1.70 1.80 0.770 -16.8 0.8 -0.17 33
G89-33 114.46957397 5.72173882 10.36 7.99 232.10 -172.70 .18 1 2.00 1.90 0.620 83.4 0.4 -0.62 33
G89-34 114.50767517 5.58660269 8.21 19.01 -198.30 -140.70 2.81 1.70 1.70 0.610 152.6 0.4 -0.29 33
G90-37 120.27460480 32.76589584  12.17 3.72 160.10 -208.90 0.45 2.60 2.70 0.520 23.5 0.9 -1.21 33
G90-38 120.71669769  36.03265381 11.25  8.23 42.10 -282.10 .00 1 3.40 3.20 0.730 51.1 0.6 -1.00 33
G234-24 12257016754 69.78121948 10.96 6.90 283.50 -78.20 0.84 2.50 2.60 0.470 -176.8 0.8 -1.60 33
G50-23 123.28235626  9.11175251 12.58 5.18 132.30 -314.50 .77 0 5.10 5.10 0.860 32.7 0.5 -0.63 33
G40-14 124.03065491 19.69767189 11.20 5.22 135.30 -313.30 0.60 1.40 1.40 0.380 -67.2 0.9 -2.71 33
G113-22  124.24073792  0.01770000 9.68 14.50 224.40 -150.40 1.77 0.90 0.90 0.590 54.0 0.7 -1.30 33
G194-32  129.14344788 58.65836716 11.39  4.13 -66.80 -229.3 0.61 2.60 2.60 0.620 44.1 0.5 -0.18 33
G51-20 129.39038086 31.55118561 11.84  6.20 -109.80 -815.7 0.92 2.20 2.20 0.760 7.2 0.3 -0.75 33
G115-34  133.99719238 38.66248703 11.22 545 88.70 -285.20 0.63 1.90 1.80 0.400 -79.8 0.4 -2.38 33
G114-48 138.42901611  -3.89803600 10.65 7.57 55.20 -224.80 1.12 2.20 2.30 0.650 -56.1 0.7 -0.51 33
G116-15 138.97915649  40.24324036  10.39 8.91 -85.40 -@21.5 1.32 1.20 1.20 0.640 -18.2 0.2 -0.67 33
G161-14 140.05436707  -5.36633062 12.36 3.87 81.70 -184.70 0.47 3.80 4.00 0.570 66.0 0.7 -1.22 33
G116-26 140.96406555 40.15530777 10.22 10.31 -386.90 0055. 1.52 1.50 1.50 0.690 58.9 0.3 -0.59 33
G49-19 144.71090698  28.40242004  10.59 6.24 51.30 -344.20 .92 0 2.20 2.20 0.550 76.1 2.8 -0.53 33
G48-29 145.18000793 1.00822222 10.48 6.95 148.20 -508.60 .81 0 1.50 1.50 0.370 -57.4 1.6 -2.66 33
G116-45 146.15785217 38.61071014 11.30 4.89 212.70 250.2 0.60 2.10 2.00 0.490 -33.7 0.7 -1.05 33
G161-73 146.40762329 -4.67461681 10.84 7.19 151.10 -256.6 0.88 2.20 2.40 0.500 121.2 0.9 -1.40 33
G116-56  147.46524048 41.18517685 9.91 9.95 -123.20 -24.6 1.47 1.30 1.30 0.630 104 0.5 -0.49 33
G43-5 147.46493530  6.60990000 12,51  5.25 68.10 -32950 1 0.6 4.10 4.00 0.630 99.5 15 -2.28 33
G43-7 147.55787659  5.15065813  11.75 6.84 210.20 -220.00 01 1. 4.00 3.90 0.800 -25.8 0.8 -0.68 33
G116-64  148.77635193 32.93080139 12.10 4.15 -133.70 7266. 0.48 3.00 3.00 0.470 78.3 0.6 -1.78 33
G42-34 150.80117798  19.84084129 10.70 13.16 -82.50 -843.6 1.95 1.50 1.60 0.850 37.5 0.8 -0.81 33
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Star 2000 2000 \% T Lok on Ol Opg B-V Viad OV, [Fe/H] remarks
(HIP/Gic) (deg) (deg) (mag) (mas) (masyr~') (masyr~') (mas) (masyr~') (masyr—') (mag) (kms~1) (kms~1) (dex) -
(1) (2 3) 4 (5) (6) (7 (8) 9) (10) (11) (12) (13) (14) (15)
G162-16  151.01251221  0.59161669 9.83 10.31 -195.90 68.00 .52 1 1.00 1.00 0.590 42.7 0.8 -0.64 33
G49-38 152.63069153 21.69181442 1154  7.13 -177.80 -082.6 1.05 1.50 1.50 0.810 129.2 0.7 -0.47 33
G162-53 156.34027100 -2.59884715 11.71 6.48 -194.90 79.80 0.96 1.60 1.60 0.870 59.0 0.2 -0.11 33
G58-12 160.78027344  20.34866142  10.58 8.31 105.60 -278.60 1.23 1.30 1.40 0.610 -1.9 0.6 -0.82 33
G45-9 162.90231323 9.09197521 10.13 9.61 29.20 -218.60 2 14 310 3.50 0.740 -17.1 0.4 -0.06 33
G146-71 163.51484680 39.51695633 10.32 7.57 -212.00 037.0 1.12 1.30 1.20 0.530 10.1 0.8 -0.78 33
G146-76 164.98948669 44.77882004 10.49 15.28 -101.80 .8a@19 1.77 1.30 1.30 0.670 -115.2 0.7 -2.31 33
G163-39 165.74284363  -3.38136935 8.88 22.51 134.50 -063.1 3.33 1.10 1.20 0.880 18.1 0.6 0.31 33
G197-8 169.47685242 57.02268219 12.11 4.26 -237.50 -10.80 0.63 3.20 3.30 0.630 26.2 0.9 -0.78 33
G10-12 169.80845642 5.67945290 9.29 25.16 -307.60 -74.20 .72 3 1.40 1.40 0.810 133.0 0.7 -0.92 33
G45-48 170.12135315  5.50481939 10.19 10.18 -161.40 196.30 1.50 2.00 1.90 0.750 24.2 0.4 -0.26 33
G176-27  170.46916199 50.62575912 11.30 6.34 253.40 239.7 0.94 2.80 2.50 0.830 -28.9 1.7 -0.61 33
G56-39 171.55844116 20.85104752 12.20 4.89 -180.70 -239.5 0.60 1.60 1.70 0.680 66.9 0.9 -1.00 33
G120-50 171.84983826 20.70161438 11.51  6.02 -235.60 56.10 0.89 1.50 1.50 0.640 45.6 0.7 -0.85 33
G197-17  172.64358521 61.88177490 10.67  8.23 -231.70 80.30 1.22 3.20 3.20 0.710 -41.7 0.4 -0.47 33
G57-7 173.14218140 10.90313625 10.13  8.55 -268.10 -217.40 1.26 1.50 1.40 0.600 28.1 0.8 -0.54 33
G147-62  173.67625427 36.21334076 11.35 5.35 61.70 -194.90 0.62 3.00 2.80 0.450 -3.5 0.8 -1.63 33
G236-82  177.00294495 70.85980988 10.80  7.92 -225.30 50.80 1.17 1.90 2.00 0.630 -70.7 0.8 -0.91 33
G197-45 182.37043762 51.93362045 10.73  10.97 -235.30 3014 1.62 2.30 2.20 0.720 23.4 0.6 -0.92 33
G123-9 182.73066711 44.00328827 10.50 10.83 -398.10 2074. 1.32 1.40 1.30 0.620 -22.4 1.1 -1.32 33
G12-20 182.75689697 12.14330578 12.10 6.90 -291.10 7050 .02 1 2.30 2.40 0.810 45.3 0.4 -0.86 33
G199-20 187.54280090 52.82161331 11.29 5.28 -259.10 080.6 0.61 2.30 2.20 0.440 15.4 0.7 -1.61 33
G59-25 188.74246216  23.14831352 8.75 12.77 72.50 -220.10 .89 1 0.90 0.90 0.590 -41.9 0.8 -0.07 33
G164-5 189.39932251 37.92812347 12.10 4.62 -227.30 -95.10 0.56 4.10 3.80 0.580 -59.9 0.9 -1.28 33
G60-46 193.76828003 7.79856396 11.68 6.63 -77.60 -227.50 .81 0 2.70 2.70 0.660 -33.0 0.4 -1.32 33
G14-23 195.37304688  -9.45279694 9.64 8.82 -98.40 91.50 013 1.10 1.20 0.550 24.1 0.5 -0.37 33
G14-26 195.79806519  -6.12199450 9.73 9.00 -126.30 30.80 33 1. 1.30 1.40 0.590 -11.8 0.6 -0.30 33
G62-9 195.82606506  4.12428331 11.31 891 -180.40 99.90 213 210 2.10 0.780 135 0.3 -0.67 33
G14-33 197.20214844  -3.97356105 11.18 8.31 -228.80 -99.40 1.01 2.70 2.90 0.670 -91.0 0.6 -1.15 33
G14-38 197.82829285  -4.82584190 10.87  8.55 -163.80 -51.40 1.26 2.50 2.70 0.740 3.7 0.6 -0.52 33
G14-41 199.02348328 -3.35667777 10.19  9.95 -150.80 96.30 .47 1 1.50 1.50 0.710 -13.8 0.6 -0.44 33
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Star 2000 2000 \% T Lok ns on Ol Opg B-V Viad OV, [Fe/H] remarks
(HIP/Gic) (deg) (deg) (mag) (mas) (masyr~') (masyr~') (mas) (masyr~') (masyr—') (mag) (kms~1) (kms~1) (dex) -

(1) (2 3) 4 (5) (6) (7 (8) 9) (10) (11) (12) (13) (14) (15)
G165-21  204.48841858  39.17504120 9.18  20.86 -227.60 8@45. 3.08 0.90 1.10 0.900 -24.4 0.5 0.14 33
G165-24  205.52835083 36.83250427 12.01  7.50 10.80 -259.20 0.92 4.40 4.00 0.770 -42.4 0.8 -1.05 33
G150-40 207.21726990 27.66931915 10.73 6.58 -243.80 F096. 0.80 2.20 2.10 0.500 -50.9 0.5 -1.08 33

G65-16 208.95143127 12.43881989 8.56 19.44 -95.80 -321.80 2.87 1.10 1.00 0.620 29.6 0.4 -0.65 33
G165-63 215.07612610 37.95622253 10.37 10.06 -205.90 3067. 1.49 3.10 2.90 0.820 -7.2 0.6 0.12 33
G239-12 214.71905518 73.23741150 11.62 4.78 -160.30 4048. 0.55 2.10 2.30 0.410 -172.0 0.7 -2.56 33
G135-42 215.54437256  20.25115204  10.45 8.07 155.80 089.3 1.19 1.50 1.50 0.620 102.4 0.6 -0.59 33
G124-45 217.00488281  -1.14115834 11.19 7.78 -327.40 230.9 1.15 1.50 1.60 0.720 12.3 0.6 -0.63 33
G178-27 217.11819458 37.98900986  11.23 5.67 -183.40 2047. 0.66 3.50 3.20 0.430 -180.5 0.8 -2.11 33
G201-1 217.30026245 54.53823853 11.78 4.26 -116.80 -065.5 0.63 2.90 2.80 0.560 -104.4 0.8 -0.83 33

G66-9 218.80310059 12.22204399 12.02  5.09 -202.70 -249.80 0.59 2.10 2.20 0.510 -48.0 0.8 -2.68 33
G201-5 219.03483582 55.55130386 11.49 4.86 122.90 -291.80 0.56 3.10 3.10 0.410 -35.6 11 -2.60 33
G178-50  222.05131531 41.52047729 10.56 10.56 -45.30 2096. 1.56 1.30 1.30 0.750 -17.1 0.6 -0.65 33
G223-82  221.98574829 62.93506622 11.26 10.06 -212.80 093.4 1.49 3.90 3.90 0.850 -95.9 0.7 -0.76 33
G166-47 22251060486  32.64896774 12.04  3.96 -187.00 038.2 0.46 2.60 2.40 0.410 -66.4 0.8 -2.52 33
G66-51 225.20860291  2.12708616 10.63 11.11 -177.50 -0209.3 1.36 1.40 1.40 0.710 -118.8 0.4 -1.09 33
G66-60 226.20381165 10.23811913 10.78  8.47 -481.50 -30.80 1.25 2.00 2.00 0.820 10.5 1.0 0.00 33
G167-21  227.20477295  28.65242577 11.59  9.20 -79.60 -095.3 1.36 1.90 1.90 0.840 -28.0 0.5 -0.80 33
G201-44 228.48899841 53.86436462 10.51 8.31 -28.70 -254.9 0.96 1.60 1.60 0.450 -144.6 0.7 -1.83 33
G16-20 239.57759094 2.05169725 10.80 10.69 -85.30 -240.30 1.24 1.70 1.60 0.620 170.5 0.5 -2.04 33
G202-25 239.98608398 45.73796844  11.04 9.72 37.00 -259.90 1.44 2.10 2.00 0.870 -0.3 0.6 -0.38 33
G168-22 240.31652832 23.07936096 10.66 8.55 -239.70 040.9 1.26 1.40 1.40 0.710 -79.8 0.6 -0.49 33
G16-28 240.90434265 2.61833882 12.09 6.24 -144.10 -168.40 0.76 1.80 1.80 0.720 2.9 0.4 -1.27 33
G168-26 240.83270264 21.96991348 11.19 7.57 -297.30 093.5 0.88 1.60 1.60 0.550 -302.4 0.8 -1.80 33
G202-35 243.73919678 49.76841736  11.02 6.15 -161.90 7a07. 0.75 1.50 1.40 0.500 -108.2 0.5 -1.24 33
G202-43 245.08639526  51.17391205 12.18 4.70 -260.10 035.1 0.57 3.60 3.20 0.590 -186.6 0.7 -1.39 33
G17-16 246.95089722  -1.06908894 9.63 16.77 -347.50 -002.0 2.48 1.20 1.20 0.720 -162.6 0.5 -0.95 33
G153-60  247.70648193 -4.06632757 10.57  9.40 -198.10 4P31. 1.39 2.40 2.40 0.730 52.5 0.5 -0.48 33
G153-64  248.12510681 -8.56060028 11.44  8.91 -150.10 5R07. 1.09 2.50 2.80 0.700 115.2 0.7 -1.54 33
G169-21  249.27185059 31.32330894 12.11  4.50 -156.10 a70.9 0.67 3.40 3.20 0.670 -124.4 0.7 -0.71 33
G139-6 255.34364319  13.82574177 10.07 12.40 -200.90 28.50 1.83 1.20 1.10 0.710 -48.3 0.4 -0.58 33
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Star 2000 2000 \% T Lok ns on Ol Opg B-V Viad OV, [Fe/H] remarks
(HIP/Gic) (deg) (deg) (mag) (mas) (masyr~') (masyr~') (mas) (masyr~') (masyr—') (mag) (kms~1) (kms~1) (dex) -

(1) (2 3) 4 (5) (6) (7 (8) 9) (10) (11) (12) (13) (14) (15)
G169-44  256.26950073 28.03717995 11.75  7.25 -259.40 081.2 1.07 2.20 2.00 0.750 -86.9 0.8 -0.93 33
G181-28  256.77621460 34.35960770 12.02  4.36 -225.00 6@11. 0.51 5.20 5.90 0.440 -169.8 1.1 -2.68 33
G170-21 257.31478882  22.73602867 12.58 4.50 -175.80 06@87. 0.52 2.70 2.70 0.600 -221.7 1.1 -1.81 33
G139-49 264.20046997 2.83879447 10.70 10.43 -137.80 3090. 1.27 1.30 1.30 0.670 -95.7 0.7 -1.23 33
G204-30 267.49429321  37.52183914  10.27 9.72 -215.20 5065. 1.44 3.20 3.00 0.600 -70.7 0.6 -0.98 33
G227-16 267.36529541 64.39154053 11.10 10.31 225.90 6@31. 1.52 2.90 3.10 0.860 -16.7 0.6 -0.40 33
G183-9 268.24884033 15.35081100 11.87 4.19 -93.30 -225.10 0.51 2.00 2.00 0.530 110.9 1.1 -1.58 33
G182-32 268.77621460 37.74655533  11.99 4.73 -187.30 3662. 0.55 4.40 4.10 0.560 -184.7 0.9 -1.63 33
G183-16 270.38092041 20.74371910 11.88 7.50 -163.00 FQ97. 0.92 1.80 1.80 0.790 -109.5 0.8 -1.15 33
G140-34 270.76705933  10.17744446  12.07 4.62 -69.10 -233.5 0.68 2.20 2.20 0.700 -29.9 0.5 -0.73 33
G206-8 271.77743530 29.36441040 12.26 5.70 -104.60 -17.2 0.84 3.00 3.00 0.790 65.5 0.8 -0.65 33
G204-49  273.14920044 40.55669022 10.85 9.83 6.30 -390.30 .45 1.40 1.30 0.730 -42.5 0.5 -0.97 33
G140-53  274.46737671  5.45205545 10.93 855 -197.00 -73.80 1.26 2.70 2.50 0.770 -42.1 0.8 -0.54 33
G21-19 279.29916382  -0.88984168 11.89  4.97 -84.00 -289.20 0.61 1.40 1.50 0.630 -126.7 0.8 -1.09 33
G21-22 279.79046631  0.12065278 10.74 6.11 -168.90 -446.20 0.90 1.50 1.50 0.540 59.3 0.7 -0.97 33
G184-32  282.47982788 28.09730530 12.56 3.16 -101.80 8060. 0.39 4.00 3.80 0.500 -161.6 1.0 -1.44 33
G141-47  283.31887817 10.62391376 10.54 7.85 -50.90 -097.7 0.96 1.80 1.70 0.540 -23.4 1.3 -1.34 33
G92-16 294.45025635  4.30997801 10.18 7.25 -64.30 -244.60 .07 1.90 1.80 0.700 26.9 0.9 -0.03 33
G208-32 294.47720337  44.98462296 9.64 10.31 -241.90 F080. 1.52 1.10 1.10 0.510 -116.0 0.7 -0.94 33
G142-44 294.72152710 16.42614937 11.15 7.71 -194.80 8086. 0.94 1.90 1.80 0.660 -280.9 0.6 -1.17 33
G125-25 294.82174683  38.04461288 11.30 5.94 104.30 189.70 0.88 1.90 1.90 0.700 -97.9 0.5 -0.56 33
G260-29 294.68997192 62.63092041 10.44 11.56 -30.80 @66.4 1.71 3.70 3.70 0.820 -29.3 0.9 -0.37 33
G23-23 300.71719360 14.26318073  11.07 9.61 -95.10 -157.30 1.42 1.60 1.50 0.850 37.6 0.8 -0.45 33
G143-33 302.09173584  15.04279995 11.59 4.86 -159.10 7080. 0.59 1.70 1.70 0.500 -89.6 0.4 -1.38 33
G186-18 304.16104126  29.53073311 11.39 7.71 226.70 129.10 1.14 2.50 2.40 0.820 -105.3 0.8 -0.51 33
G143-43 304.25558472 17.26276588 10.75 11.41 -163.40 .6Q10 1.69 1.10 1.10 0.750 33.0 0.8 -0.89 33
G230-44  309.46633911 51.73551559 11.08  7.57 -34.90 205.40 1.12 2.50 2.40 0.750 -9.5 0.6 -0.32 33
G24-25 310.06707764  0.55549723 10.57 10.56 141.60 -144.30 1.22 1.40 1.40 0.610 -308.6 0.9 -2.12 33
G230-45  310.06958008 54.21994019 11.43 9.72 83.40 224.70 .44 3.00 2.70 0.800 -79.8 0.7 -0.87 33
G230-47  310.38891602 57.49453354 10.12 10.69 -7.30 -241.9 158 3.30 3.20 0.740 -42.5 0.6 -0.39 33
G210-33  311.34753418 40.39088440 11.20 4.97 -202.80 3@05. 0.61 1.50 1.40 0.470 -175.2 0.7 -1.42 33
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Star 2000 2000 \% Lok ns or Olios Opg B-V Viad OV, [Fe/H] remarks
(HIP/Gic) (deg) (deg) (mag) (mas) (masyr~—') (masyr~—') (mas) (masyr~') (masyr~') (mag) (kms~1) (kms~1) (dex) -
(1) (2 3 4 (5) (6) (7 (8) 9) (10) (11) (12) (13) (14) (15)
G25-5 312.33590698  1.92505836  10.11  10.31 -43.60 -189.20 52 1 1.30 1.30 0.670 -37.9 0.6 -0.66 33
G265-39 311.08328247  85.56439209 9.10 15.55 275.10 -53.50 2.30 1.10 1.10 0.630 -22.5 0.6 -0.71 33
G262-32 314.75091553  65.04447937 10.73  14.02 -367.90 0038. 2.07 2.40 2.50 0.820 -90.2 0.8 -0.97 33
G26-1 321.69931030  -8.39890003 11.27 6.34 56.70 -221.60 73 0. 2.30 2.50 0.490 14.5 0.9 -1.87 33
G25-31 321.85812378 7.66276646 10.65 7.99 -141.50 -195.30 1.18 2.60 2.50 0.580 70.7 1.2 -0.98 33
G232-18 322.65539551 48.86656952  10.53 6.68 -198.10 52.50 0.99 2.30 2.20 0.600 -261.4 0.7 -0.57 33
G26-8 322.93942261  -1.92733061 10.47 1141 203.00 -68.60 .69 1 1.70 1.70 0.850 -83.1 0.7 -0.32 33
G126-10 323.75091553 10.92063904 11.83 4.07 -101.20 1@51. 0.50 2.10 2.10 0.470 -101.7 0.8 -1.38 33
G26-22 325.29495239  -7.48076963 11.90 5.18 -85.10 -252.50 0.77 4.10 4.40 0.680 88.9 0.7 -0.88 33
G214-1 326.98181152  33.10755157 12.08 5.48 197.90 -13.50 .64 0 2.10 2.00 0.570 -119.6 0.8 -2.03 33
G126-36 327.08038330 19.97517014 9.95 11.56 -103.50 6e41. 141 1.10 1.10 0.610 -87.0 0.9 -1.03 33
G265-43W  325.39273071 85.91363525 10.52 13.80 239.80 5008. 2.04 2.80 3.00 0.800 -131.7 0.4 -0.76 33
G93-47 328.03710938  7.64446115 10.77  6.90 200.60 40.50 2 1.0 1.80 1.90 0.630 -34.7 0.5 -0.58 33
G214-5 329.79324341  41.04139709 11.52  5.90 -291.90 -0292.6 0.68 1.80 1.70 0.530 -235.7 14 -2.12 33
G27-8 330.80630493  -1.22029448 11.39  5.82 199.50 -127.80 .71 0 1.70 1.60 0.510 -53.0 0.8 -1.53 33
G126-52 331.05575562  19.54845810 11.02  6.02 -3.40 -298.20 0.70 1.10 1.10 0.380 -242.1 1.2 -2.57 33
G18-29 331.61508179  5.92587757 10.61  9.50 35.70 -190.80 41 1. 2.00 1.90 0.750 -4.9 0.5 -0.52 33
G126-56 332.32955933  11.69862747 11.73  5.25 191.70 61.10 .78 0 1.70 1.80 0.690 -53.2 0.8 -0.76 33
G156-4 336.32681274  -5.54553604 10.97 9.20 -17.90 -221.20 1.36 1.80 1.90 0.770 -44.7 0.4 -0.55 33
G156-7 336.38900757  -4.02529430 11.82  4.89 -13.30 -247.20 0.60 3.70 4.00 0.610 -56.6 0.6 -1.06 33
G241-7 336.42810059 69.52659607 10.50 9.10 172.80 91.50 34 1. 1.80 1.90 0.620 -114.2 0.7 -0.97 33
G27-33 338.19650269  -5.95460558 11.51 8.23 -215.70 -048.3 1.00 2.70 3.00 0.760 -15.0 0.6 -1.08 33
G233-26 339.98480225 61.71876526  11.88 5.41 -160.40 1@02. 0.66 3.80 4.00 0.670 -314.5 0.8 -1.16 33
G28-16 341.91043091 6.42221117 11.59 7.99 250.60 -77.40 18 1. 2.70 2.70 0.810 -25.0 0.5 -0.86 33
G67-40 345.44311523  11.82143307 10.66 9.50 286.70 -79.40 41 1 1.70 1.60 0.750 -29.3 0.4 -0.64 33
G190-10 346.99896240 41.85565567  11.22 9.40 344.60 -95.90 1.09 1.80 1.70 0.610 -111.6 0.9 -1.92 33
G28-48 348.25216675 1.80319166 11.11  11.72 -68.50 -148.80 1.73 1.50 1.50 0.870 25.1 0.6 -0.90 33
G68-3 348.32144165 20.94276428 9.74 20.37 101.40 -226.30 .48 2 1.00 1.00 0.800 -94.4 0.5 -1.07 33
G128-43 349.27697754  31.72630310 11.30 7.50 -137.80 4028. 1.11 2.20 2.10 0.830 -73.1 0.7 -0.27 33
G217-2 349.89379883 58.61155319 12.02  4.36 273.50 67.70 65 0. 3.10 3.20 0.640 -302.5 0.9 -0.97 33
G216-45 351.85070801 50.26315308 11.07 6.48 191.60 7120 .96 0 2.50 2.40 0.680 36.3 0.8 -0.52 33
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Star Q2000 82000 \% T Lok ns on Olios Ops B-V Viad OV, [Fe/H]  remarks
(HIP/Gic) (deg) (deg) (mag) (mas) (masyr—') (masyr—!) (mas) (masyr~') (masyr~!) (mag) (kms~!) (kms~1) (dex) -

(1) (2) (3) 4 (5) (6) (M) (8) 9) (10) (11) (12) (13) (14) (15)
G128-80 353.74972534  33.02474594  11.99 5.15 241.20 1400 .76 0 4.60 4.50 0.820 -22.0 0.6 -0.25 33
G217-15 355.08245850 59.26098251 10.47 10.06 239.10 059.4 1.49 2.70 2.70 0.830 -68.1 0.5 -0.03 33
G171-15 356.26129150 44.66766739  11.55 8.07 51.30 -228.20 0.94 1.90 1.80 0.640 -333.6 0.9 -2.12 33
G129-44 358.91058350 21.81556892 10.34 7.57 -181.60 9@45. 1.12 1.40 1.50 0.630 -96.3 0.6 -0.41 33
G158-11 359.19015503  -6.84970570 10.69 7.44 218.60 -038.0 1.10 2.10 2.20 0.620 65.6 0.7 -0.66 33
G30-34 359.69992065 9.24085045 9.20 15.55 352.50 -140.20 .30 2 1.30 1.30 0.670 30.5 0.5 -0.58 33
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