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Abstract. Away from the young disk, several classes of early type stars
are found. They include (i) the old, metal-poor blue horizontal branch
stars of the halo and the metal-poor tail of the thick disk; (%) metal-rich
young A stars in a rapidly rotating subsystem but with a much higher
velocity dispersion than the A stars of the young disk, and (7i7) a newly
discovered class of metal-poor young main sequence A stars in a subsystem
of intermediate galactic rotation (Vyot &~ 120 km s™!). The existence and
kinematics of these various classes of early type stars provide insight into
the formation of the metal-poor stellar halo of the Galaxy and into the
continuing accretion events suffered by our Galaxy.

1. Introduction

In this review, I will discuss some of the classes of early type stars in-
habiting regions of the Galaxy which are usually associated with the older
populations. I will not be able to discuss:

e The early type stars of the young disk;

e The apparently normal OB stars seen up to about 20 kpc from the
galactic plane which are believed to have formed in situ, possibly
through galactic fountains or associated with high velocity clouds;

e Other very young stars apparently ejected from the galactic plane by
binary destruction or binary interactions within star clusters and as-
sociations;

e The RR Lyrae stars, which are an important metal-poor population
tracer and a very large subject in themselves;
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e Other highly evolved early type stars such as the white dwarfs, sub-
dwarf O and B stars, and the bright post-AGB stars.

First I will briefly describe the properties of the old components of the
Galaxy near the sun, to provide a context for the discussion of the early
type stars.

2. The Old Components of the Galaxy near the Sun

The thin disk has a mean rotational velocity of about 210 km s™! in the
solar neighborhood and its velocity dispersion in the usual UVW compo-
nents is about (40,30,20) km s~1. Its exponential scale height is about 300
pc and its radial scale length is about 4.5 kpc. The chemical abundance
of the nearby old disk stars lies typically in the range 0.2 > [Fe/H] > -
0.5. The thin disk contains most of the luminous mass of the Galaxy (see
e.g. Freeman, 1987, 1991).

The thick disk is a hotter disk-like component. In the solar neigh-
borhood, its mean rotational velocity is about 190 km s~! and its velocity
dispersion is about (60,40,40) km s~! (see Beers and Sommer-Larsen, 1994).
Its exponential scale height and scale length are about 1000 pc and 4.5 kpc
respectively, and it provides about 5 to 10% of the galactic luminous mass.
Most of the thick disk stars have abundances in the range -0.5 > [Fe/H] >
-1.0, but the abundance distribution shows a long tail extending down to
much lower [Fe/H] values. Beers and Sommer-Larsen show that about 60%
of the nearby metal-poor stars with -1.0 > [Fe/H] > -1.6 belong kinemati-
cally to the thick disk, as do about 30% of the very metal poor stars with
[Fe/H] < -1.6. The total mass of stars in the metal-poor tail of the thick
disk is about 108 Mg.

The metal-poor halo is the diffuse population defined by the metal-
poor halo globular clusters, RR Lyrae stars, blue horizontal branch stars
etc. Its radial density distribution follows the power law p(r) o r=3-°, and
there is some evidence that its mean age decreases outwards by a few Gyr
(e.g. Zinn, 1980). Kinematically, the halo population near the sun has a
mean rotational velocity near zero, and its velocity dispersion is about
(140,100,100) km s~ 1.

Most people now believe that there is a fairly sharp break between the
rapidly rotating components (thin and thick disks) and the non-rotating
metal-poor halo. There is little evidence for an old population with inter-
mediate kinematics.
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3. What Early-type Stars Could be Expected Away from the
Young Disk ?

Other than the stars which I am excluding from this review, the main
families of early type stars that we might expect to find away from the
young disk include:

e The blue horizontal branch (BHB) stars of the metal-poor halo and
the metal-poor tail of the thick disk;

o Blue stragglers of the thick disk and halo;

e Younger main sequence stars, maybe metal-rich or metal-poor, asso-
ciated with more recent accretion events. These could be stars which
formed in accreted satellites, or stars which formed from galactic or
accreted material during the accretion event itself.

For practical reasons, to do with the separation of BHB stars and stars
of higher gravity, most studies of early type stars away from the galactic
plane are of stars in the color range 0.0 < (B-V), < 0.3. Even in this range,
the separation is not easy. A wide variety of separation methods have been
used. We should expect that most samples of early type stars (BHB or with
main sequence gravities) will be contaminated at some level.

4. Why Study Early-Type Stars ?

Among the early type stars, the BHB stars are excellent probes of the
old metal-poor population. It is easy to find candidate BHB stars, even at
large distances, although it is not so easy to separate the BHB stars from
contaminants like main sequence A stars. Also, it is possible to estimate
relatively accurate photometric parallaxes for BHB stars.

The goals of studying the BHB star population are to derive the struc-
ture and dynamics of the metal-poor halo and the metal-poor tail of the
thick disk. Some specific applications include:

e the density distribution and the mass of the metal-poor halo;

o the dynamics of the halo;

e discovery of moving groups of old stars (e.g. Doinides and Beers, 1989;
Arnold and Gilmore, 1992) which may be the debris of accretion events
or tidally disrupted globular clusters;

e radial population gradients in the metal-poor halo (e.g. the radial gra-
dient in the second parameter effect);

e the mass distribution of the galactic dark corona, from the kinematics
of the most distant BHB stars.

Searches for early type main sequence stars away from the galactic plane
(mostly A stars for practical reasons) provide the possibility of detecting
younger populations in the thick disk and halo, as evidence of more recent
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star formation or recent galactic accretion events (e.g. Rodgers et al. 1981;
Rodgers and Roberts 1993a,b; Preston et al., 1994).

Major studies of early type stars away from the galactic plane include:

e The Beers-Preston-Shectman HK survey (1988ff) and Pier’s (1982fF)
follow-up study which produced 4408 field BHB star candidates;

e Sommer-Larsen and associates’ (1986fF) search for halo BHB stars;

e Rodgers (1971), Rodgers et al. (1981, 1993a,b) and Lance (1988a,b)
on the halo main sequence A stars;

e Norris and Hawkins’ (1991) study of the kinematics of distant halo
BHB stars;

e Kinman et al. (1994) on the halo BHB population.

In the following sections, I will discuss the results of some of these
studies in more detail.

5. High Latitude Main Sequence A Stars

Rodgers (1971) and Rodgers et al. (1981) found metal rich main sequence
A stars at heights of 1 to 4 kpc above the galactic plane. Their vertical
velocity dispersion ow = 66 km s~1, their [Ca/H] values are in the range
0 to -0.5, and their ages appear to be < 2 Gyr. They suggested that the
formation of these high latitude A stars resulted from a merger of a dwarf
galaxy (maybe a third Magellanic Cloud) with the Galaxy.

Their work was followed up by Lance (1988a,b) with Stromgren photom-
etry, measurement of the Do 3 width parameter for the Balmer absorption
lines, Ca K equivalent widths and radial velocities of a sample of early type
stars with V < 15 near the SGP. She found 29 main sequence stars, up
to 11 kpc from the galactic plane, again with 0.0 > [Ca/H] > -0.5, well
separated from the BHB stars in the (log g, ©) plane, and with ow = 62
km s~!. About half of the A stars in her sample in the region 1 < z <
4 kpc are main sequence “population I” stars. The histogram of ages for
these high latitude A stars is sharply peaked between (2 and 5) x108 yr,
compared to the much broader age distribution of the disk A stars which
extends up to about 2 Gyr. The age distributions of the high latitude A
stars argues strongly against their origin via stochastic acceleration from
the disk, or the possibility that they are blue stragglers. Lance also mea-
sured rotational velocities for a subsample of her stars: their distribution
of vsinz is typical of normal young A stars rather than of BHB stars or
blue stragglers. In summary, these high latitude A stars are a young, metal
rich and dynamically hot population. One would expect to see evidence of
this population in surveys for lower mass main sequence stars above the
galactic plane (e.g. Wyse and Gilmore, 1990).
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The discussion so far has been for A stars near the SGP. Rodgers and
Roberts (1993a,b) made a new objective prism survey for AQ to FO0 stars
with 10 < V < 15.5 in galactic fields at 1 = £90°, b = —45°. This survey was
aimed partly at determining the rotational properties of the high latitude
A star population, and was followed by slit spectroscopy to derive [Ca/H]
abundances and velocities. Of the 320 stars in the final sample, 80 have
estimated values of [Fe/H] > -0.5. Their mean rotational velocity Vit =
210412 km s~ and their line-of-sight velocity dispersion is 0105 = 4043 km
s~1. We recall that Lance derived oy = 62 km s~1. This is a kinematically
unusual population but not grossly different in its kinematic properties
from the thick disk. However there are far too many of these stars (relative
to other thick disk stars) for them to be blue stragglers of the thick disk,
at least according to the statistics of blue stragglers in globular clusters.
And from Lance’s work, the high latitude A stars are anyway much younger
than the thick disk.

The metal-poor stars in the Rodgers and Roberts sample are interesting.
They selected a subsample with Hé equivalent widths between 6 and 18A,
(to avoid old metal-poor turnoff stars and hot main sequence stars) and
[Fe/H] values < -1. These are mostly BHB stars, but may include some
metal-poor main sequence stars. Among the stars within 2.5 kpc of the
galactic plane, a significant fraction has disk kinematics, persisting down
to [Fe/H] = -1.7. These are probably the BHB stars of the metal-poor tail
of the thick disk.

6. Metal-poor Blue Main Sequence Stars

From the HK survey, Preston et al. (1994) generated a sample of stars with
UBV photometry and with 0.15 < (B-V), < 0.35. These stars have main
sequence gravities and UBV colors lying to the blue of the most metal-poor
globular cluster main sequence turnoff. From their (U-B) color excesses and
model atmospheres, they found 175 stars with [Fe/H] < -1 and V, > 13
within about 2 kpc of the sun. It seems unlikely that many of these blue
metal-poor (BMP) stars could be halo blue stragglers, because their fre-
quency relative to the halo BHB stars is so high: N(BMP)/N(BHB) =~ 8,
compared with a relative frequency of 0.8 for the metal-poor globular clus-
ters. Preston et al. conclude that these BMP stars probably lie on isochrones
whose main sequence turnoff lies within or to the blue of this color range
0.15 < (B-V), < 0.35; i.e. they are young objects with ages as low as about
3 Gyr.

The kinematics of these BMP stars is particularly interesting. Their
galactic rotation velocity Vi is 128430 km s~1, and the velocity dispersion
is an apparently isotropic 90 km s~!. For comparison, a sample of halo stars
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with a similar distribution of [Fe/H] would have Vot = 5549 km s~!. The
line-of-sight velocity distribution is very closely gausssian and shows no
sign of a disk component. These early-type metal-poor stars are apparently
kinematically intermediate between the halo and the thick disk. There is
some indication of a similarly intermediate population in the G-star survey
of Wyse and Gilmore (1990): they may be seeing the fainter but similarly
young counterparts of the BMP stars.

These stars are young (ages > 3 Gyr), metal-poor ([Fe/H] < -1) and
kinematically intermediate. Where would such stars form ? Preston et al.
note that some nearby satellite systems like the Carina dwarf spheroidal
galaxy have major intermediate-age metal-poor components. It seems pos-
sible that the galactic BMP stars may have come from accreted dwarfs.
They estimate that the accreted population represents about 10% of the
local halo density, and that the total accreted mass would be about 108
Mg; this is equivalent to several dwarf spheroidal galaxies.

We have now seen two families of relatively young stars that lie far
from the disk and have kinematics that are clearly unlike those of the thin
disk. We note that these two families (the BMP stars and the high latitude
A stars) have different properties and kinematics. The BMP stars, with
their low abundances and intermediate kinematics, may come from accreted
objects, as Preston et al. suggest. The more metal-rich main sequence A
stars of Rodgers and Lance show rapid galactic rotation and may have
formed from galactic material during mergers.

7. The Structure of the BHB Star Halo

Kinman et al. (1994) studied the structure of the galactic halo outside the
solar circle, using halo BHB stars as tracers. They selected their candidate
stars from the Case AF star survey in two fields: SA157 (NGP) and an
anticenter field (1 = 183°, b = 37°). From the survey stars with colors in the
range 0 < (B-V), < 0.2, they made an unusually thorough selection of the
BHB stars using three criteria: (i) a photoelectric u-B color which measures
the Balmer jump, (%) spectrophotometric indices measuring the amplitude
and steepness of the Balmer jump, and (74i) the Do, width parameter for
the Balmer Hy and Hé lines. They find that the Do, parameter alone is
not a clean discriminant for BHB stars, even from high S/N spectra.

Of (35,37) blue stars with 13 < V < 16.5 in the two survey fields re-
spectively, they selected (16,15) BHB stars, which are believed to represent
a complete sample. The non-BHB stars are mostly metal-poor (78%,64%)
with [Fe/H] < -0.9. Again, using the halo globular clusters for reference,
there are far too many of these metal-poor non-BHB stars (relative to the
BHB stars) to be blue stragglers of the galactic halo. Probably they are the
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BMP stars of Preston et al. (1994): see §6.

Augmenting their BHB sample with stars from Arnold and Gilmore
(1992) and Sommer-Larsen and Christensen (1986), Kinman et al. show
that the density distribution of the BHB star halo is well represented by
p o« 7735 for |z| > 5 kpc. The BHB star distribution in the NGP field is
well fit by the spherical p & =3 model with a local density of 6 BHB stars
kpc~3 at the sun. However the distribution in the anticenter field requires
an additional flatter component with a scale height of about 2 kpc at the
sun and a local density of 24 BHB stars kpc™3. What is this extra (and
dominant) flatter component in the BHB star distribution ? Is it the metal
weak tail of the thin disk again ? This is not yet clear. The survey fields are
not well suited to measuring the galactic rotation Vyo; however the line of
sight velocity dispersions oj0s in the two fields have similar values of about
140 km s~!, which is much higher than the velocity dispersion of the thick
disk (see §2).

8. The Color Gradient among the Field BHB Stars

Globular clusters in the galactic halo show a gradient in the second param-
eter effect with galactic radius (see e.g. Zinn 1980). This is now conven-
tionally interpreted as an age effect: the globular clusters in the outer parts
of the Galaxy formed later and over a longer time interval than the clusters
in the inner Galaxy (although there are other factors which affect the mor-
phology of the HB). Preston et al. (1991) investigated the change in the
mean color of field BHB stars with galactic radius. They selected the BHB
stars from their distribution in the (U-B),, (B-V), diagram. With an adopt-
ed My - (B-V), relation and the galactic density distribution p o r=33,
they showed that a constant BHB mean color with galactocentric radius is
inconsistent with the observed color distribution of BHB stars over B,.

For BHB stars in the color window -0.02 < (B-V), < 0.18, Preston
et al. find that the mean unreddened (B-V) color increases outwards with
galactocentric radius by about 0.025 over the interval 2 to 12 kpc. This
indicates that the mean age of the field BHB stars decreases outwards in
the halo systematically by a few Gyr, similar to the implications of the
second parameter gradient for the halo globular clusters.

Preston et al. used their BHB star sample to measure the total density
of the metal-poor halo near the sun. Using (%) their estimate of 42 HB
stars kpc3, (ii) the observed ratio of integrated V luminosity to HB star
numbers for globular clusters: Ly /Nyp = 540, and (%) the typical mass-
to-light ratio M/Ly = 2.5 for globular clusters, they derive a halo density
of about 5.7 x 10* Mg kpc~2 locally, which is within the range of previous
estimates.
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9. Kinematics of BHB Stars in the Outer Galactic Halo

Sommer-Larsen et al. (1994) and Sommer-Larsen et al. (1994) compiled a
list of faint field BHB stars covering a very large interval of galactocentric
radius, from about 5 to 50 kpc. These stars come from catalogs in four
galactic fields [the SGP, (270°, -45°), (38°, -51°), and (0°, -47°)] by Flynn
et al. plus a sample of very distant BHB stars (40 to 65 kpc) by Norris and
Hawkins (1991). They also observed a sample of BHB stars at (0°, -29°) in
the inner regions of the Galaxy, chosen from the Beers et al. (1988) survey.
Their goal was to study how the velocity ellipsoid of the metal-poor stellar
halo changes shape with radius; this provides a useful constraint on the
formation process for the metal-poor stellar halo. The BHB stars are ideal
tracers for this purpose, because they can be classified at great distances.

The authors use a simple model of the radial and tangential velocity
dispersions as functions of galactocentric distance rg, together with the
Jeans equation, to show that the radial component o, of the halo velocity
dispersion decreases fairly rapidly with radius beyond the solar circle. The
decrease in o, is from about 140 km s~! at the solar circle to an asymptotic
value of about 80 km s~! at large radius. This decrease in o, is matched by
a corresponding increase in the tangential velocity dispersion component oy
with increasing radius, from about 95 km s™! at the solar circle to about
130 km s~! at large radius. This indicates that the velocity ellipsoid changes
from radial anisotropy near the sun to tangential anisotropy at large rg.
In the inner galaxy (rg = 4 to 5 kpc), the radial anisotropy is even more
extreme than at the solar circle: the derived velocity ellipsoid is (o,,09) =
(2154 34,78 + 19) km s~!. This behaviour, with the tangential anisotropy
in the outer regions, is probably more consistent with the formation of the
halo by accretion of small subsystems, rather than by the early collapse of
a monolithic overdensity in the early universe.

10. Summary

Away from the young disk, the early type stars are a heterogeneous collec-
tion. We find

e old halo BHB stars, with evidence for flattened and approximately
spherical components, and with strong tangential anisotropy of the
velocity ellipsoid at large galactocentric radius;

e BHB stars of the metal-poor tail of the thick disk;

e metal-rich young main sequence A stars, in a rapidly rotating system
(Vrot = 210 km s71);

e metal-poor young main sequence A stars in intermediate rotation (Vo =
120 km s71).
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The early type stars are useful probes of different populations, and provide
insight into the formation of the metal-poor halo of the Galaxy and into the
continuing accretion events suffered by the Galaxy; however some practical
problems of classification (i.e. BHB vs. main sequence) remain.
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