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Abstract. Making use of the HIPPARCOS data and refining a previous study of the space distribution of the
carbon-rich giant stars located in the vicinity of the Sun (Paper I), we fully investigate their space distributions
and space velocities on the basis of our photometric grouping (CVi i.e. carbon variable stars with i« = 1 to T,
HCj i.e. hot carbon stars with j = 0 to 5). As expected, the CH stars (a subset of the HC stars delineated
on the grounds of spectroscopic criteria) need to be considered separately. We also used groupings according
to variability classes. The various biases affecting the use of the data are taken into account as far as possible.
The mean distance to the Galactic plane of the faint ((Mpo) > —3.5) HC-stars amounts to 0.5 kpc compared
to 0.15 kpc for the bright ((Myo) < —3.5) CV-stars. Exponentially decreasing distributions are fit with distance
scales of 0.95 + 0.06 kpc and 0.19 kpc respectively, and a normalization factor of 5.2% to 7.3% for the former
component, compatible with a thick disk and thin disk respectively. Projected surface densities on the Plane are
given with a total of about 76 kpc ™2, including 6% of CH stars and at least 18% for the other HC-stars (namely
the HC’-sample). While halo-type velocities are found for CH stars with a substantial drift of —112kms™", the
solar reflex velocities and residual-velocity dispersions for the HC’-sample are about twice those of the CV-sample,
close to thick disk and thin disk values respectively. In summary, we identify the HC-sample as a component of
the thick disk contaminated by the CH stars which are a spheroidal contribution, and possibly by CV-stars at
HC5. As expected, the CV-sample is a component of the old (thin) disk, dated from AVR, (3 £ 1) Gyr on average,
but with a likely spread from a few 10% Myr up to 8—12 Gyr. While the former (HC) represents very old low mass
stars (initial masses less than 1.15 Mg but subject to mass-loss), the latter (CV) are younger stars with higher
initial masses on average (up to a few solar masses). The high frequency of HC’-stars rules out models requiring
rare events. Better modeling of mixing events in low mass stars on the RGB and AGB could help. Less dragged

up carbon is needed to transform the low-mass stars with a low O/H ratio into carbon giants.
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1. Introduction

The carbon-rich giant stars occupy a special place in the
realm of stellar evolution. They are stars of low and inter-
mediate initial masses evolved far from the main sequence
up to the red giant branch and asymptotic branch where
they experience thermal pulses (TPAGB; Wallerstein &
Knapp 1998; Busso et al. 1999). Alternatively, anomalous
surface abundances may result from mass exchange in a
binary system, with a TP-AGB companion that became
a white dwarf (Han et al. 1995 and references therein).
This is the model accepted for Ball stars, many of them
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having proved to be binary members (Mc Clure et al. 1980;
Jorissen & Boffin 1992). The low-luminosity carbon stars
classified into the R-types however fail to show any evi-
dence of binarity, and Mc Clure (1997a) considered they
could be the product of coalescence of components.

With the existence of carbon dwarfs (Dahn et al. 1977,
Green et al. 1991; Bothun et al. 1991), some carbon giants
may be evolved from carbon dwarfs, exactly like dwarf
Ball stars (e.g. Bergeat & Knapik 1997) that are poten-
tial precursors for some future Ball subgiants and giants.
Those carbon dwarfs are likely members of binary systems
(Liebert et al. 1994; Green & Margon 1994) and their ve-
locities of several hundreds of kms™' relative to the Sun
are typical of a spheroidal population (halo).

We investigate the space distributions and space veloc-
ities from HIPPARCOS data, of a sample of about 300 car-
bon giants first analyzed by Knapik et al. (1998, hereafter
Paper I). They proposed a model of the distribution of
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observed parallaxes, making use of the cumulative distri-
bution of HIPPARCOS proper motions which are very
accurate when compared with those previously available.
The HIPPARCOS carbon stars are close to the Sun. They
only show some concentration towards the Galactic plane
while the 5987 stars in Stephenson’s (1989) catalogue ex-
hibit, in addition, a positive galactocentric gradient to-
wards Galactic anticenter (Fuenmayor 1981), and clumps
correlated with the local spiral arms (Cygnus-Perseus
and Sagittarius-Carinae: Stephenson’s Fig. 2). Having de-
scribed and taken into account the biases which affect
the mean values from HIPPARCOS data, Knapik et al.
(Paper I) adopted a flat subsystem or slab. They found
their data to be roughly consistent with uniform density
in star number. Part of the present paper is intended to
refine this picture, especially concerning the frequency dis-
tribution vs. height (i.e. distance to galactic plane |z|).

Classical analyses of velocity data include the determi-
nation of the solar reflex velocity, and then the evaluation
of the maximal dispersions along the three ellipsoid axes
(see e.g. Delhaye 1965 for a summary of early results).
They make use of radial velocities and/or proper mo-
tions. A better constraint of the kinematic solution is ob-
tained when individual parallaxes are available (Mihalas
& Binney 1981, Sects. 6 and 7). For carbon stars, it was
impracticable before HIPPARCOS since no reliable par-
allaxes were available.

The early studies on late-type giants are summarized
in Blanco (1965) and on variables by Plaut (1965). The
solar motions and velocity ellipsoids for early R stars
(Vandervort 1958; Mc Leod 1947) seem similar to those
of G and K dwarfs. The most extensive study was by
Dean (1976), which included 427 stars, mainly classified N
or late-R. The author concluded that the obtained kine-
matic solution is close to the one obtained for F5 dwarfs.
Among the R stars, the CH stars (Keenan 1942; Bidelman
1956) are on average high velocity stars with respect to
the Sun. They are believed to be members of binary sys-
tems (McClure 1997b) but the eventual orbital veloci-
ties should be small on average (0-15 kms™!) when com-
pared to the high velocities observed with respect to the
Sun. Hartwick & Cowley (1985) studied 51 confirmed and
probable CH stars. They concluded that they are halo
tracers. A majority of carbon giants and related objects
are variables of various types in the General Catalogue
of Variable Stars (GCVS, Kholopov et al. 1985), namely
Lb (irregulars), SR (semi-regulars a or b) and M (Miras).
The oxygen-rich long period variables (LPVs) show spe-
cific kinematic solutions with large solar reflex velocities
and larger dispersions at shorter periods (e.g. Delhaye
1965; Mihalas & Binney 1981). A question is whether the
carbon-rich LPVs display a similar behavior.

Apart from the CH stars which are associated with
the spheroidal component, the carbon giants are mainly
disk objects. It is especially interesting to explore the con-
nection of those stars with the old (thin) disk and with
the recently discovered thick disk (e.g. Freeman 1987a).
These structures deserve their many recent studies (e.g.

Buser et al. 1999; Schwarzkopf & Dettmar 2000; Chiba
& Beers 2000; Prochaska et al. 2000; Kerber et al. 2001;
Ojha 2001).

The first classification of the carbon-rich giants in
discrete photometric groups (13 groups named HCi and
CVj with ¢ = 0 to 5 and j = 1 to 7, and the four-
teenth SCV as a transition to S stars), was established
by Knapik & Bergeat (1997), Bergeat et al. (1999) and
Knapik et al. (1999). The new effective temperatures
proposed for carbon-rich giants and related objects by
Bergeat et al. (2001) rely on spectral energy distributions
(SEDs), model atmospheres and measured angular diame-
ters. The classification and the homogeneous temperature
scale obtained proved to be tightly correlated. It was con-
cluded that the main parameter of this photometric clas-
sification is effective temperature (Bergeat et al. 2001).
This is the first classification to achieve this, providing a
sound basis for further model atmosphere analysis. A good
correlation is also found with luminosities (Knapik et al.
2001 and Table 3 hereafter). Sampling according to our
photometric classification is thus preferred to that making
use of spectral classification, even in its refreshed version
(Keenan 1993).

The statistical biases affecting parallaxes and deduced
quantities were studied in Paper I. They are re-examined
in Sect. 2 with special attention paid to differences be-
tween the HC and CV-groups. The mean distances (|z|)
to the Galactic plane are investigated in Sect. 3, while the
influence of the Malmquist bias is estimated in Sect. 4.
After correction for selection effects in sampled cylinders,
the distributions of HC- and CV-stars with distances |z| to
the Plane are investigated in Sect. 5, and local space den-
sities derived. The projected surface densities of carbon
giants according to photometric groups (Sect. 6) and ef-
fective temperatures (Sect. 7) are presented. A first crude
analysis of kinematic data is then performed, making use
of mean radial and tangential velocities with respect to the
Sun (Sect. 8). Finally the reflex solar velocities (Sect. 9)
and stellar residual-velocity ellipsoids (Sect. 11) are de-
rived, the former for variability classes as well (Sect. 10).
The results are discussed (Sect. 12) in terms of two distinct
populations: the CV-stars associated with the old (thin)
disk and most of the HC-stars (HC’-sample, i.e. non-CH
HC-stars) with the thick disk. The CH stars are confirmed
as a halo component.

2. The statistical biases
2.1. The distribution of true parallaxes

Knapik et al. (Paper I) studied the space distribution of
the nearly 300 carbon-rich giant stars observed by the
satellite HIPPARCOS (ESA 1997). No appreciable corre-
lation with interstellar extinction, galactocentric distance
and/or spiral arms structures was detected in this sam-
ple of nearby stars (Sect. 2 of Paper I). Due to the lim-
ited accuracy of the observed parallaxes wy, the statisti-
cal use of parallaxes, distances, absolute magnitudes etc.
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is hampered by statistical biases. The bias investigated by
Lutz & Kelker (1973, hereafter LK) is twofold

— the effect of the true spatial distribution of stars
on parallaxes measurements for a given standard de-
viation (which amounts to zero only for uniformly-
distributed true parallaxes), and

— the non-Gaussian distribution of quantities which are
non-linear functions of parallaxes (such as distances or
absolute magnitudes), even for a Gaussian distribution
of parallaxes (Smith & Eichhorn 1996), with the addi-
tional effect of truncation, at least of negative observed
parallaxes.

Even in the hypothetic case of vanishingly small er-
rors on observations (perfect measurements) resulting in
negligible influence of those biases, the Malmquist bias
(Malmquist 1924, 1936) is present since the employed sam-
ple was selected on the basis of a limiting blue or visual
apparent magnitude. The effects of those biases having
been taken into account, the true spatial distribution can
be obtained. In Paper I, uniform sliced cylinders (slabs)
with axes normal to the Plane were adopted.

The relative accuracies of the HIPPARCOS proper mo-
tions are far higher than those of the corresponding ob-
served parallaxes in the catalogue (ESA 1997). In addi-
tion, no appreciable bias is expected on the former data.
Adopting a model by Hanson (1979) on the cumulative
distribution of proper motions, Knapik et al. (Paper I)
established a simple power law

P(w) o w—(2.35i0.10) (1)
for the distribution fonction of true parallaxes in the
whole sample of the carbon-rich stars in the HIPPARCOS
Catalogue. They modeled the distributions of the observed
parallaxes for three distinct error ranges (their Fig. 2),
and calculated for statistical purposes the expected true
parallaxes of the parent population of the sample (their
Sect. 5). The good correlation (their Fig. 3b) found with
the relative photometric angular diameters (independent
data) confirmed the validity of the approach.

2.2. The HC-subsample

The hot carbon stars (HC-stars; Bergeat et al. 1999) ap-
pear less concentrated toward the Galactic plane (Paper I)
than the cool carbon variables (CV-stars; Knapik &
Bergeat 1997 and Knapik et al. 1999). This assumption
based on galactic latitudes (Stephenson 1989) was con-
firmed by the HIPPARCOS data. Since the HIPPARCOS
sample and Paper I model are dominated by about 195
CV-stars, we focus here on the case of the subsample of
104 HC-stars, repeating the analysis of the cumulative dis-
tribution of proper motions (Sect. 3 of Paper I). This more
dispersed diagram led us to an exponent of —2.25 + 0.15,
which is not significantly different from that in Eq. (1).
Finally, we adopt the latter for the whole sample of car-
bon stars, including peculiar objects.

The distribution of Eq. (1) results from the Malmquist
bias on the magnitude-limited HIPPARCOS sample. The
limiting visual apparent magnitude V{ ~ 10.0 & 0.50 was
adopted in Paper I for the whole sample, leading to the
absolute visual magnitudes

My, =V —10.0 + 5logw ~ 5log w. (2)

The distributions in dereddened magnitudes of the HC-
and CV-groups both look nearly Gaussian in shape, but
with a slight difference in limiting magnitudes, namely

(V) e ~ 10.44 £ 0.20 (3)
for the HC-stars and, for the CV-stars,
(W) ey = 9.57 £ 0.20. (4)

Their maximas are located at (Vp),,.. ~ 9.50 £ 0.20 and
(V0) max = 8.35£0.20 respectively. Corrections to the effect
of the Malmquist bias on mean absolute magnitudes are

proposed in Sect. 4.

2.3. A global model of the influence
of the Malmquist bias

Making use of Eq. (2) for the whole sample, the
distribution

N (My) ~ 50.68 exp [f (My +1.5)2 /2 (1.06)2} (5)

was adopted in Paper 1. For the Malmquist bias, the cor-
rection factor (f > 1) on the number density was calcu-
lated as

[/OO (2m) "2 exp (—2?/2) dx]l. (6)

Equation (12) in Paper I was however erroneously written
with a factor 27/2. The correct version is thus

21 = (My1 + 1.5) /1.06 =~ 1.412 + 4.708 log = (7)
with Eq. (13) in Paper I being replaced by
fl@=f1)w ™ ~1.08w ™ (8)

Then the exponent m ~ 0.70 & 0.07 is a good fit on
the 0.5 < w < 1.2 mas interval where 65.6% of our
stars are located. We obtained f < 1.035 for stars with
w > 1.2 (31.4%) . The statement in Paper I however re-
mains unchanged, that is “for a remaining 3% of stars at
w < 0.5, the f-factor is underestimated of typically 15%
when calculated from Eq. (13)”, i.e. from Eq. (8) in the
present paper. Finally, only slight changes occur in the
exponent (0.70 instead of 0.67) and intervals (the above
1.2 mas replaces a former 1.4 mas value). The individual
values are given in Table 1. Very similar results (m ~ 0.63)
were derived from an assumed rectangular distribution of
absolute magnitudes My (Sect. 7.3 of Paper I). We finally
adopt the exponent m ~ 0.67 & 0.07.
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Table 1. The correction factor (f) of the Malmquist bias as a function of the true parallax w for a well-documented subsample
of 262 HIPPARCOS carbon stars. The slope change becomes apparent near w ~ 1.0 mas.
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Fig. 1. The distribution of the HIPPARCOS carbon stars as
a function of the estimated true parallax. Power law (10) is
shown as a dashed line. Beyond 1 kpc, the increasing influence
of incompleteness of the sample is clearly seen.

As stated in Paper I, roughly correcting the distribu-
tion of Eq. (1), we obtain

N (w) x w™¥dw

(9)

with ¢ ~ 2.35+ 0.67 ~ 3.02 + 0.12, for the space distribu-
tion of carbon giants in the Sun vicinity. The distribution
N (w) obtained before correction is shown in Fig. 1. Two
portions may be distinguished viz.

— w > 1mas, fitted with
log N (w) ~ —(2.90 £ 0.27)log w + (1.79 £ 0.13) (10)

that is an exponent amounting to the above-quoted
g-value within errors and,

— w < 1mas, where the distribution goes through a
maximum before decreasing rapidly.

The power law (—2.35) in Eq. (1) is a global result for
the HIPPARCOS Malmquist-biased sample. An unbiased
sample would exhibit ¢ ~ 3 which was interpreted in
Paper I in terms of a uniformly-populated slab. The distri-
butions of the CV- and HC-samples displayed slopes simi-
lar to that of Eq. (10) for Fig. 1 data. The above transition
at wy ~ 1 mas however results from (w¢)yo =~ 0.6 mas for
the HC-stars combined with (@), =~ 1.2mas for the
CV-stars. This is a direct consequence of the more pro-
nounced concentration of the latter objects toward the
Plane. Future space missions like GAIA (ESA 1995) will
allow more complete sampling, reaching the edge of the
Galactic disk and a much better accuracy, reducing the
Malmquist and Lutz-Kelker biases to unprecedented low

levels. Then, the main difficulty will probably come from
the brightness distributions on the discs of those large an-
gular diameter objects.

3. The mean distances (|z|) to the Galactic plane

Following the analysis of the HIPPARCOS data on carbon
stars, a simplified model of a uniformly-populated slab
or flat cylinder was proposed in Sect. 8 of Paper I. Its
theoretical distribution was

N (w) dw x 27hw 3 dw (11)

with an exponent amounting to exactly 3. The h-
parameter is the cylinder height, exploring the +h/2 in-
terval centered on the Galactic plane. This disk of radius
about 3 kpc was introduced to model the space distri-
bution of about 300 HIPPARCOS carbon stars. It was
stated in Paper I that A ~ 0.6—0.8 kpc should be adopted
for N stars (mainly CV-stars) while h ~ 1.1—-1.3kpc can
fit the distribution of the R-stars (essentially HC-stars).
This is the crude model we intend to refine hereafter.

3.1. The mean distances and their associated bias

The true parallaxes as estimated in Sect. 5 of Paper I can,
at least to a first approximation, be used to derive mean
parallaxes ({w)) free of the Lutz & Kelker (1973) bias.
The pdf of the “observed” distance (as compared to the
“true” distance D) is

J (Do) = exp [~ (1/Do = 1/D)? j20%| [(2m)*aDy? (12)

which is non-Gaussian even if 0 = 0, corresponds to a
Gaussian distribution. The mathematical expectation is

1 +00 €XPp [— (wo —@)?/ 202}
(27r)1/20 /—
and Smith & Eichhorn (1996) calculated the ratio
I'= (Do) @ = (Do) /D

(Do) = dwg (13)

o wo

(14)
and published a diagram of I" against the relative error
(15)

(their Fig. 1 p. 213). For a < 0.74 they obtain I" > 1 (that
is, the distance (Dg) is an overestimate) with a maximum
of I' ~ 1.28 for a ~ 0.49. On the contrary, an underesti-
mate (I < 1) is observed for ac > 0.74, which increases for
increasing a. Of course I' — 17 for a — 0.

The relation between pdfs

a=o/w

91 (w/w0) = g1 (wo/w) (16)
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Table 2. The mean value of true parallaxes w for each photometric group. The theoretical correction factor I" leads to estimated
means (D), close to the values of 1/(w) (their ratio is p in Col. 8). The quantities in Cols. 9 and 10 are on the contrary unusable.
They are replaced by those in Cols. 11 and 12 (see text for details).

G n (@) + 0w I (3 Dest 1wy P (g 0 mém (I (2D
n.d. mas n.d. kpc kpc kpc n.d. mas kpc kpc kpc

HCO 4 0.95 £ 0.22: 1.07: 1.11: 1.04: 1.06  0.98: 5.0 &£ 0.7: 0.201: 0.20:  0.19:
HC1 25 1.09 £ 0.52: 1.28 1.07 0.84 092 091 27 +£19 0.377 0.55 0.43
HC2 27 1.04 £ 0.60 123 1.19 0.97 096 1.01 13 + 51 0.077 0.71  0.58
HC3 17 0.68 + 0.26 1.24 1.61 1.30 1.48 0.88 270 £ 1100 0.004 0.62  0.50
HC4 13 0.80 + 0.29 1.22 1.41 1.16 1.26  0.92 34 + 34 0.292 0.67 0.55
HC5 18 0.85 £ 0.19 1.06 1.24 1.17 1.17  1.02 4.2 + 3.8 0.240 0.48 0.46
CV1 31 1.21 £+ 0.67 1.25  1.06 0.85 0.83 1.02 66 + 210 0.015 0.18 0.15
Ccv2 43 1.33 £+ 0.59 1.28 091 0.71 0.75  0.95 21 £ 44 0.048 0.17  0.16
Cv3 32 1.18 £ 093: 097: 1.11 1.14: 0.84 1.36: 12 £ 15 0.085 0.20 0.20
cv3* 31 1.03 £ 0.44 1.27  1.14 0.90 097 0.93 13 + 15 0.078 020 0.16
Cv4 28 1.27 + 0.61 1.28 097 0.76 0.79 0.96 300 £ 1500 0.003 0.17  0.13
CVs 28 1.46 £+ 0.68 1.29 0381 0.63 0.68  0.93 37 £ 150 0.027 0.18 0.14
CVé 25 1.45 £+ 0.69 1.28 0.88 0.69 0.69 1.00 120 + 56 0.008 0.23 0.18
Cv7 6 096: £0.24: 1.08: 1.09: 1.01 1.04:  0.97: 78 £ 7.1: 0.128: 0.33:  0.30:
SCV 3 096: £030: 1.150 1.11: 0.97 1.05:  0.92: 9.0 &£ 5.4: 0.111: 0.14:  0.13:

is verified only for a distribution uniform in true paral-
lax, an unrealistic hypothesis. It was shown instead that
N (w) oc w235 (Paper I and Sect. 2), and thus

92.35 (w/wo) # g1 (wo/w) . (17)

The calculations of Smith & Eichhorn should not apply,
in principle, to the present case. The estimate of the mean
distance obtained for every photometric group from

(D)est = (1/@) /T

is however close to the value of 1/ (w) (see Table 2). We
introduce the ratio

(18)

p=(D)es/ 1/ (@) = (@) (D) o5t (19)
The mean of the 15 values quoted in Table 2 is
(p) ~0.98 +0.11. (20)

Removing the exceptionally high value w ~ 5.68 mas de-
duced for C2803 = U Hya, since it is located at 4.8 o, of
(w) ~ 1.18, the CV3* sample was obtained. Ignoring the
CV3 sample (n = 14) leads to

p =~ 0.96 = 0.04 (21)
and, alternatively, excluding CV3* (n = 14),
p~0.99+0.12. (22)

The conclusion p ~ 1 to within the errors may thus be
accepted. The I'-factor of Smith & Eichhorn (1996) still
applies here. The distributions of true parallaxes actu-
ally derived in Sect. 5 of Paper 1, do mimic the Gaussian
shape.

3.2. Mean distances (|z|) to the Galactic plane

Considering the distances from the Galactic plane

|z| = |sinb|/w (23)
where b is the galactic latitude, the average
(1/]z]) = (/| sinb|) (24)

is calculated on a homogeneous linear function of w and
thus suffers from no (Smith-Eichhorn) bias. It is how-
ever strongly influenced by the stars close to the Plane
(b - 0= w/|sinb| — +00): see Col. 9 in Table 2. The
reciprocals of those quantities exhibit unrealistic values
(Col. 10 of Table 2). We prefer to admit that the I-factor
still applies to the biased values

(lz[) = (|sinb| /=) (25)
leading to the corrected estimates
(l2])e = (I2[) /T (26)

They are quoted respectively in Cols. 11 and 12 of Table 2.
We observe that the values for the HC-groups are much
larger than those of the CV-groups. We find respectively

[(|2])elyye = (0.50 £ 0.06) kpe (27)

for the HCi-groups (i = 1 to 5; 104 stars), and for the
CV-groups (j = 1 to 6; 187 stars, CV3 adopted)

[{lz])c] ey = (0.16 £ 0.03) kpc. (28)
If CV3 is replaced by CV3*, the result is
(2] ey = (0.15 4 0.02) kpe. (29)
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The ratio is thus

[z e / T2 oy = 3-13 or 3.33

respectively, adopting Eq. (28) or Eq. (29).

The CV-stars are, on average, about three times more
concentrated towards the Plane than the HC-ones. A
clear-cut jump between both regimes appears at HC5-CV1
two groups which are however close to each other in terms
of mean effective temperatures (Bergeat et al. 2001), and
also on the grounds of mean absolute magnitudes (Col. 2
of Table 3 and Knapik et al. 2001). We emphasize that
those results were quite unexpected when the definitions
of our photometric groups were adopted, precisely on the
basis of photometric criteria only. In Table 2, the values
quoted for HCO, SCV and CV7 are only indicative.

(30)

4. Absolute magnitudes of the photometric
groups

In Sect. 7.4 of Paper I, we concluded that the subset of the
bright N-variables (CV-stars) in the HIPPARCOS sam-
ple is little affected by the Malmquist bias, while the op-
posite situation prevails for the faint hotter R-type stars
(HC-stars). This statement applies to the evaluation of
mean absolute magnitudes for the HC and CV-groups, and
thus to mean luminosities. Despite the differences between
those two categories, only a Gaussian curve could success-
fully be fitted to the distribution of the visual absolute
magnitudes, namely Eq. (5). Along the sequence of the
thirteen HC and CV-groups (HCO to HC5 and then CV1
to CV7) which is also an effective temperature sequence
(Bergeat et al. 2001), the mean absolute visual magnitude
hardly changes, contrary to its bolometric counterpart.
The latter displays a much wider range (Table 3 with re-
sults from Knapik et al. 2001). Mean bolometric correc-
tions were computed (Col. 5 of Table 3), and then mean
absolute visual magnitudes (Col. 6) from

(My) = (Mya1) — (BCy) - (31)

A wide interval of nearly uniform (My ) is observed which
ranges approximately from HC4 to CV6 (8 groups) with

((My)) = (—1.74 £ 0.11) =+ 0.04. (32)

It is flanked by two increasing (in (My)) branches, re-
spectively HC1 to HC4 and CV6-CV7. Finally, this
is roughly consistent with the only Gaussian (5). The
diagrams My (5logw) and My (5logw) show that the
influence of the Malmquist bias is maximum in the HC1-
HC2 groups. In the absence of bias, the stars should
populate a complete horizontal rectangular strip (no de-
pendence). The straight lines shown in Figs. 2 and 3
correspond to the limiting magnitudes in My as given
by Egs. (3) and (4) substituted in Eq. (2), for the HC2
and CV4-groups respectively. It can be seen that they
delineate two left-inferior triangular portions which are
almost empty. The triangular area for CV4 in Fig. 3 is
much smaller than its counterpart for HC2 in Fig. 2.

Table 3. Mean values and ranges of the absolute bolometric
magnitudes, mean bolometric corrections for the V-bandpass,
and mean absolute visual magnitudes, for each photometric
group: all quantities being adapted from Knapik et al. (2001);
(a) without C4247 which is brighter than the three other stars;
(b) without C2334 which is underluminous; (c) values corrected
from the influence of the Malmquist bias.

G (Myo1)  (Mpol)© (inf; sup) (BCy) (Mv)
HCO -—1.71 —0.92; —2.98 —0.13 —1.58
HCO®™ —1.32 —0.92; —1.81 —0.13 —1.19
HC1 —1.06 —0.35; —2.11 —0.60 —0.46
HC1® —0.74 —0.00; —1.80 —0.60 —0.14
HC2 —1.22 —0.58; —2.15 —0.60 —0.62
HC2( —1.02 —0.30; —2.00 —0.60 —0.42
HC3 —1.99 —1.15; —3.36  —0.88 —1.11
HC4 —3.00 —2.11; —4.54 —1.16 —1.84
HC5 —3.37 —2.81; —4.12 —1.70 —1.67
CVl =372 —3.62 —3.01; —4.79 —2.07 —1.65
CV2 —434 —424 —365 —535 —242 —1.92
CV3 —439 —429 -3.74; 532 —264 —1.75
CV4  —4.66 —4.56 —3.91; —580 —2.83 —1.83
CV5  —4.82 —4.72 —4.24; —5.60 —3.17 —1.65
CV6 —5.05 —4.95 —4.49; —5.79 —3.43 —1.62
CV7 —5.43 —4.60; —6.80 —4.62 —0.81
cvr® 581 —5.20; —6.70 —4.62 —1.19
SCV  —5.77 —5.51; —6.06

Adopting the (BCy) means from Table 3 we may use in
the My —diagrams, the straight lines

(Myor), = (Mv), + (BCv,) (33)

where (My), is expressed as mentioned above. Returning
to Figs. 2 and 3, the influence of the Malmquist bias can
be estimated by another method, (1) re-constructing the
complete horizontal strip from a Monte-Carlo simulation,
(2) restricting the averages to the complete portions, e.g.
w > 0.83 mas for HC2 and @ > 0.67 mas for CV4. Finally,
we have derived corrections according to

(Myo1) = (Mypor) + 6 (Mpor) -

We found 6 (My,e1) ~ 0.32 for HC1 and 0.20 for HC2 which
are by far the largest corrections met. For CV1 to CV6,
we obtained smaller clustered values and we adopt there

(34)

§ (Mpor) = 0.10 +0.03 (35)

a correction which will be applied since it is reasonably
well-established. The values for HC3, HC4 and HC5 are
poorly determined, and we could settle for 6 (Mpo) <
0.10. No correction will be applied in this latter case, just
like for the HCO, CV7 and SCV-groups.

We conclude that the corrections on mean absolute
magnitudes due to the Malmquist bias are small (and
could have been neglected) when compared to the large
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Fig.2. The influence of the on the

HIPPARCOS sample of HC2-stars.

Malmquist bias

ranges (inf; sup) in Table 3. The intrinsic dispersions of
the absolute bolometric magnitudes in a given group are
enlarged by substantial errors on parallaxes.

5. Space distributions and densities
5.1. Generalities

We plotted diagrams of z = sin b/w vs. r = cos b/w
for every group, and then, globally, for the HC- and CV-
stars respectively. Having found no marked difference be-
tween both Galactic hemispheres, we finally used (r, |z|)-
coordinates in diagrams. Rectangular domains of widths
such as 0 < r < 1.6 to 1.8 kpc, are populated. Their
heights are |z| < 1.8 kpc for the HC-stars and |z| < 0.5 to
0.6 kpc for the CV-stars (a ratio of about 3: Eq. (30)).

The influence of the Malmquist bias was roughly com-
pensated at by applying Eq. (6) with

w = (r2 + |z|2)71/2 )

(36)
The term My + 1.5 in Eq. (5) was replaced by My +1.21
for HC-stars and My +1.73 for CV-stars, as obtained from
data in Table 3. The new Eq. (7) for HC-stars is thus

(@1)ge ~ (Myy +1.21) /1.06 ~ 1.557 + 4.708 logzw  (37)
where (V) =~ 10.44 from Eq. (3), while
(1) oy = (My1+1.73) /1.06 ~ 1.226 + 4.708 logww (38)

is obtained for CV-stars from (V{’),, =~ 9.57 i.e. Eq. (4).
The f-factors were applied to frequencies in square bins of
sizes 0.16 and 0.32 kpc for CV- and HC-stars, respectively.
Cumulative counts were then performed as a function
of r in the same intervals, all contributions of |z|-ranges
being added. Finally, surface densities projected on the
Plane were derived. They are nearly uniform in cylinders
of increasing radii, up to r < 0.8 kpc for CV-stars, and
r < 1.28 kpc for HC-stars. They amount to 40—50 kpe ™2
and 15—20kpc™2 respectively. For wider cylinders, we
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HIPPARCOS sample of CV4-stars.

found slowly decreasing values, possibly due to underesti-
mated Malmquist corrections: e.g. zero frequencies in re-
mote bins remained so after the multiplicative correction
is applied. Since no concentration of carbon stars is ex-
pected in the neighborhood of the Sun we restrict any
further analysis to the above-mentioned cylinders.

5.2. Distributions vs. |z|

We denote by N the space density of stars in kpe ™, cor-
rected for the Malmquist bias (Sect. 5.1). An exponential
decrease of the space density with |z| is usually derived
for various stars (Gilmore & Reid 1983; Freeman 1987a,
1987b; Gould et al. 1996). Hence we studied diagrams (not
shown here) of In N (|z]) vs. |z]|, according to
N (|z]) = No exp (—|z]/20) (39)
where z is the distance scale. Linear fits were obtained
from the least square method, yielding the slope —1/zg
and the intercept In Ny, with the corresponding uncer-
tainties and the coefficient of determination (Table 4).
The high accuracy of the CV fit is due to the first
three points at 0.08, 0.24 and 0.4 kpc, which have very
high weights (95.5% of the total). It is probably accidental.
Increasing the radius of the sampled cylinder to 0.96 kpc
leads to the same slope within 1% and to a reduction of
17% of Ny. For the HC-sample, which is about half the
CV-one in star number, the accuracy is lower. Varying
the cylinder radius from 1.28 kpc to 1.6 kpc increases the
slope from 1.05 + 0.07 to 1.18 &£ 0.08 with In Ny ~ 2.88.
Unacceptable scatter is obtained when adopting 0.96 kpc
(Poisson error bars). Finally, the adopted solutions are
those given in Table 4, i.e. for 0.8 kpc (CV-sample) and
1.28 kpc (HC-sample) respectively. Both coefficients of de-
termination are very high. The projected densities (on the
Plane) zg Ny, and space densities in the Plane Ny/2 are
also quoted for both samples. The ratio (CV to HC) of the
latter is about 12.6 while that of the former is only 2.5.
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Table 4. The parameters of the modeled space distributions of the HC- and CV-stars according to Eq. (39), as obtained in
adopted cylinders radii of Col. 3. The corresponding space densities in the Plane, vertical distance scales, and projected space
densities, are given in Cols. 7 to 9. Values corrected for missing CV6-CV7 and SCV-stars, are quoted in Cols. 11 and 12.

Groups n Te In No 1/z0 p2 No/2 20 20Np NF N(')/Q (z0No)’ NEF’ Population
kpc kpc™?! kpc ™3 kpc kpc ™2 kpc~? kpc ™2
HC 104 1.28 3.065 1.05 1.00 10.6 0.95 20.4 0.073 0.067 Thick disk+Halo
+0.094 +0.07 +1.0 +0.06 +3.0
HC 81 2.81 8.3 15.9 0.057 0.052 Thick disk
+0.09 +0.8 +2.3
CcVv 195 0.8 5.592 5.33 0.95 134 0.188 50.3 0.927 147 55.3 0.933 Thin disk
+SCV +0.021 +0.09 +3 +0.003: +2.0 +3.3 +2.2

This is a direct consequence of the distance scales zg dif-
fering from one another, with a ratio of nearly 0.2.

The vertical distance scale (20)yc ~ 0.95 kpc falls in
the middle of the 0.6-1.45 kpc range of values published
for the thick disk. It is in excellent agreement with recently
published values such as 0.86 & 0.20 kpc by Ojha (2001)
or 0.8 < zp < 1.2 kpc by Kerber et al. (2001). This disk
represents a structure much thicker than the classical thin
disk to which our (z9)cy ~ 0.19 kpe corresponds well.
The latter value is close to that of Kerschbaum & Hron
(1992) for C-rich SRbs and Miras, viz. 0.18 kpc. Claussen
et al. (1987) and Groenewegen et al. (1992) found 0.2 kpc
for various samples of carbon giants. Van Eck & Jorissen
(2000) derived 0.22 kpc for (bright) intrinsic-S stars and
0.58 kpc for (faint) extrinsic-S stars which are brighter
((Mper) ~ —3.1) than the HC-stars ((Mpor) ~ —1.8).

The population of the thick disk was also named
“Intermediate Population II” (IPII; e.g. Majewski 1993
for a review). Not all spiral galaxies exhibit such a struc-
ture and its (dynamical) origin is unknown: various the-
ories like violent thin disk heating by satellite accretion
(model 6 in Table 1 of Majewski’s paper) were proposed.
Here we take advantage of the natural separation of car-
bon giants on the grounds of their SEDs, into two cat-
egories (HC and CV), whose space distributions differ
markedly (i.e. thick disk and thin disk respectively). Of
course, mutual contamination of both samples is likely at
HC5-CV1, and halo CH stars are also involved. There is no
such separation for faint oxygen-rich stars and the stud-
ies of the thick disk are difficult. Gilmore & Reid (1983)
modeled the distribution of the faintest M-dwarfs with
two exponentials of distance scales 0.3 kpc and 1.45 kpc,
and a normalization factor (NF) of 2% for the thick disk
population. Making use of HST data, Gould et al. (1996)
found 0.323 kpc and 0.656 kpc, and 20%. The numbers for
carbon giants (Table 4) are 0.19 kpc and 0.95 kpc, and a
NF of 7.3% for the thick disk + halo (5.7% for thick disk).

We conclude that the distribution of the HC-stars is
typical of a thick disc component contaminated by a true
spheroidal contribution, to which the 23 hot HC-stars clas-
sified as CH stars belong. The CV-stars are found as a
component of the (old) thin disk. Since the CV6-CV7 ob-
jects with thick circumstellar dust shells and the SCV-
stars are almost absent from the HIPPARCOS sample, we
propose a tentative 10% correction to the CV-densities in
Cols. 11-12 of Table 4. Then the normalization factors

(NF’) should be 6.7% and 93.3% for the thick disk + halo
and thin disk respectively (5.2% for thick disk).

6. Space densities in terms of photometric groups

There were 567 carbon stars (597 SEDs) successfully stud-
ied in our previous papers, including

— 130 HC-stars (131 SEDs) i.e. 22.9%,
423 CV-stars (449 SEDs) i.e. 74.6%,
— 14 SCV-stars (17 SEDs) i.e. 2.5%,

which should be added 22 stars (24 SEDs) classified
oxygen-rich groups. We ignore here nearly 100 Ball
stars classified in oxygen-rich groups that were treated
separately (Bergeat & Knapik 1997). We emphasize that
101 carbon stars amongst the above-mentioned 567 stars
(i.e. 17.8%) are not affected by any appreciable interstel-
lar extinction (Fp_y < 0.02). The distribution of those
567 carbon stars in our 14 groups is shown in Fig. 4. It is
obviously asymmetric and bimodal (HC and CV-zones).

The corresponding projected densities in the Plane are
given in Table 5 (calibration from Table 4). The value for
the CV7-group is certainly underestimated by a factor of
typically two. The average frequency is about 40.5 stars
per group, but the distribution is quite non-uniform. Two
peaks are observed at nearly HC1-HC2 and CV5-CV6 re-
spectively, with a minimum at HC3-HC4. This is consis-
tent with the mean true parallaxes quoted in Col. 3 of
Table 2: they show a minimum in the same range. Those
rarer HC3 to HC5 stars are observed farther from Sun
on average. We also notice a minimum at CV4. It can be
considered an artifact of our classification which is tighter
in effective temperatures at CV4-CV5 than it is at CV3—
CV4 or CV5-CV6 (Bergeat et al. 2001). If only one group
(CV4-5) was adopted instead, it would have been the most
populated one in the whole diagram. This interpretation
will be confirmed in Sect. 7.

The present statistics relies on a sample about twice
the HIPPARCOS one. The existence is confirmed of two
great families in those samples (HC and CV+SCV), made
of distinct stellar populations (Sect. 5).

to
in

7. Space densities vs. effective temperatures

The sequence of the HC- and CV-groups correlates
well with that of decreasing effective temperatures from
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Table 5. The projected densities in kpc™2, of the 567 HC-, CV- and SCV-stars corresponding to data in Fig. 4 calibrated from
densities 55.3 £ 2.2 for CV4+SCV stars, and 20.4 £ 3.0 for HC-stars (Table 4); * underestimated.

HCO HC1 HC2 HC3 HC4 HC5 CVl Cv2 CVv3d Cv4 CVs CVe CV7r SCV
0.6 4.9 4.6 3.3 3.2 3.8 5.8 7.7 8.2 5.7 10.1 126 3.6:* 1.6
+0.1 +0.7 +£0.7 05 =05 +£06 =£02 =£03 =£03 £0.2 £04 05 +0.1: =0.07

Table 6. The projected densities in kpc™2, of the 432 carbon stars and related objects according to effective temperatures, and

calibrated with a total density of 75.7 £ 3.7. The considered intervals are (Teg1, Tess); * underestimated.

Ters 3.84 3.81 3.78 3.75 3.72 3.69 3.66 3.63 3.60 3.57 3.54
Ter1 3.81 3.78 3.75 3.72 3.69 3.66 3.63 3.60 3.57 3.54 3.51
PD 0.70 0.35 1.40 0.53 2.28 3.33 3.15 4.90 3.15 3.15 6.48
Err. | £0.03 £0.02 +0.07 +£0.03 £0.11  £0.16 +0.15 +0.24 +0.15 +0.15  +0.32
Ters 3.51 3.48 3.45 3.42 3.39 3.36 3.33 3.30 3.27 3.24

Ter1 3.48 3.45 3.42 3.39 3.36 3.33 3.30 3.27 3.24 3.21

PD 5.96 13.7 11.4 5.78 4.38 0.70:* 1.93:* 1.40:* 0.70:* 0.35:*

Err. | £0.29 £0.67 +£0.56 £0.28 +0.22 +£0.03: =+£0.095: £0.07: +0.03: =+0.02:

0.2
1 0.15 - 4

1

HCO HC1 HC2 HC3 HC4 HC5 CVl CV2 CV3 Cv4 CV5 CV6 CV7 scv
Ph. group

Fig. 4. The distribution of the 567 studied carbon stars in the
fourteen groups. The scale is normalized for a total of unity.

Bergeat et al. (2001) for 432 SEDs. The values are dis-
tributed in the range

3.21 <logTey < 3.83 or 1620K < Teg < 6760K. (40)

Their distribution is shown in Fig. 5, the above range be-
ing subdivided into 21 intervals of 0.03-width in log Teg.
Projected densities in the Plane are given in Table 6 (cal-
ibration from Table 4). The results for log Teg < 3.36 are
probably underestimated due to missing CV7-objects.
The maximum of Fig. 5 is located near logTeg =~
3.43—3.47 centered at 2820 K, i.e. at nearly CV4
((Teg) ~ 2775 K) . The minimum of Fig. 4 at CV4 has no
counterpart here. It is thus an artifact of the classifica-
tion which is tighter in effective temperatures at CV4-—
CV5. A relative minimum is hardly noticed in the range
3.54 < logTeg < 3.60 or 347T0K < Teg < 3980K that
is near HC5-HC3, which corresponds to the minimum in
Fig. 4. The asymmetric distribution is still compatible

(R
T T cvi T cvschs T

HC1 HC2 HC5 CV2 Cv4 CV6
L L L L L L L L L L L L 0 L L L L L L
3.8 3.7 3.6 3.4 3.3

3.5
log Te

Fig. 5. The distribution of the 432 SEDs of carbon stars with
effective temperatures (arrows point to mean values).

with the existence of the two families (HC and CV). An
additional minimum is observed at logTeg ~ 3.33—3.36
(21402290 K) since few CV6 or CV7 stars fall in this
range. The calibration of effective temperatures is diffi-
cult here (Bergeat et al. 2001). Also part of the CV7-
stars are missing. The reality and meaning of this lat-
ter minimum is questionable. A systematic underestimate
of nearly 100 K in the calibration of the CV7 stars can-
not be ruled out. Alternatively, a true jump in Teg can
intervene at the CV6-CV7 junction, as induced by sub-
stantial photospheric opacities from circumstellar dust at
Terr < 2400 K.

8. Mean radial and tangential velocities

Prior to a detailed analysis of the velocities, we derive the
mean values of the radial components V;, and those of the
tangential ones from proper motions and parallaxes i.e.

1/2
Vi =~ 4.738 [ (1o cos 0)° + Mg} /w4738 ) w.  (41)
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Table 7. A summary of the mean values for the five samples considered in Sect. 8: the whole samples for the CV and SCV-stars
and for the HC-stars on one hand, and three subsamples of the latter on the other hand (see text for definitions).

Type = () () (Vi) (=) ER (IVal) (Vihe  (Terr)  (Moor)
mas mas km s ! kpc kpc km s ! km s ! K
Ccv 195 1.28 £+ 0.68 7.8 £ 7.0 23 £ 19 0.22 + 0.03 0.19 + 0.03 31 £ 22 27 £ 19 2720 —4.6
(+SCV)

HC 104 0.93 £+ 0.46 174 £ 25 47 £ 57 0.57 + 0.42  0.50 =+ 0.37 91 + 109 80 £+ 95 4350 —1.8
HC 81 0.96 = 0.50 11.0 + 9.5 44 £+ 45 0.56 + 0.43 0.49 + 0.38 64 £ 51 56 £+ 45 4300 —1.7
5

HC 12 1.05 £ 0.59 9.9 £ 12.1 35 £ 22 0.32 +£ 0.28 0.28 + 0.25 43 £ 28 37 £ 24 5400 —-1.8
(2) + 1000

HC 23 0.92 + 0.32 51 £ 65 98 + 100 0.63 £ 0.38 0.56 £ 0.33 197 £ 187 173 + 163 4170 —1.6
(3) + 550

The radial velocities were extracted from CDS at
Strasbourg and catalogues and references there indexed.
The two proper motion components were taken from the
HIPPARCOS catalogue (ESA 1997) and the estimated
true parallaxes from Paper I. The space velocities are

V: (‘/;;2 +‘/;2)1/2-

(12)
The average values (V;) are however affected by the bias
described by Smith & Eichhorn (1996) in the same way as
distances D to the observer and distances |z| to the Plane
(Sect. 3 and Table 2). This is not the case of (V;).

It is remarkable that all confirmed CH stars on the one
hand and the HAC stars on the other hand, are all con-
tained in the HC photometric groups (specifically the “hot
carbon stars” with Teg > 3400 K, Bergeat et al. 2001).
Conversely the ®C-rich stars or J-stars, are found in both
the HC and CV-groups. Mean values and dispersions are
quoted in Table 7 for five samples

— the CV-stars (classified into groups CV1 to CV7);
the HC-stars (classified into groups HCO to HC5);

— (1) the HC-stars without CH (spectroscopy);

(2) the HC-stars classified HIC and/or RCB-variables;
and (3) the HC-stars classified as CH stars.

The reader should remember that radial velocities may be
affected by atmospheric velocities, especially in Miras, and
by orbital velocities in binary systems. Both categories
of objects are however few in the present samples, and
statistical cancellation of random contributions in either
direction is expected. We attempt a rough correction of
this bias making use of Eq. (26) and of

(Vi)e = (Vi) /()

where (I') ~ 1.14 is the estimated mean for our range of
accuracies, of the ratio I' defined in Eq. (14). Both uncor-
rected and corrected values are quoted in Table 7.
Concerning velocities, marked differences are observed.
The CV-stars display the smallest mean proper motions
and velocities (with (V;), =~ (|Vi])) and consistently, a
mean distance to the Galactic plane less than those of the
HC-stars. For the HC-stars, the mean proper motions and
radial velocities are 2—3 times the respective values for the

(43)

CV-stars. The velocities of the HC(1)-sample (CH stars
omitted) are twice those of the CV-sample. Finally, the
CH stars (HC(3) sample) do have mean velocities which
are twice the overall mean for the HC-sample they strongly
affect. The mean distances to the Galactic plane are how-
ever similar for the three samples as found for mean true
parallaxes. Conversely, the HAC and RCB stars (sample
HC(2)) display simultaneously smaller mean velocities and
a stronger concentration to the Plane than stars of the
whole HC-sample. Those latter two subsamples are how-
ever very small (n = 23 and 12 respectively) and the con-
clusions are only provisional.

The HC and CV-stars clearly belong to two distinct
populations on kinematic grounds, as was the case for
locations (Sect. 5). The differences are very large when
the CH stars are included (HC in Table 7), and remain
marked when they are rejected (sample HC(1)). We have
noticed that (V;). = (|Vi|) for the CV-stars located on
orbits close to the Galactic plane. This is also the case
for the HC(1)-sample which is supposed to be free of CH
stars. Conversely, it is observed that (V). ~ 2 (|V;|) for
the HC- and HC(3)-samples. The causes for those differ-
ences appear in the detailed analyses of Sects. 9 and 11.

Mean effective temperatures from Bergeat et al. (2001)
and mean absolute bolometric magnitudes (Knapik et al.
2001) freed from the bias described by Smith & Eichhorn
(1996), and corrected for the influence of the Malmquist
bias as described in Sect. 4, are quoted in Table 7. It is
confirmed that the HIC and RCB stars are found in the
high effective temperatures fringe of the HC-stars. No such
trend is seen for the CH stars. No significant difference is
found between the (My,1)-values of the three HC subsam-
ples which are surprisingly close to one another.

9. The reflex solar velocities for HC and CV-stars
9.1. The unbiased angular velocities

The basic considerations of the present section can be
found in Mihalas & Binney (1981, Sect. 6) and the used
equations are given in Appendix A. We have adopted for
the velocity components, the following usual frame: the
U-axis towards the Galactic anticenter, the V-axis to-
wards the direction of Galactic rotation, both axes lying
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in the Galactic plane, and the W-axis pointing towards
the North Galactic Pole.

Calculating the mean values (U), (V) and (W) from
Egs. (A5) to (AT), we meet the same bias as described in
Sect. 3.1. It originates from the very fact that the compo-
nents are not linear functions of the true parallax w. We
use angular velocities instead, which are linear in w, viz.

wlU = fu(l, b, ¢, pa cosd, us) — w V; cosbeosl = vy (44)
wV = fv (I, b, @, o cosd, us) + w Vi cosbsinl = vy (45)

wW = fw (I, b, @, o coso, ps) +w Visinb = vy, (46)

The mean values (vy), (vy) and (v ) are thus unbiased.
We may then derive the mean velocities from

U) = (w) /(@) (V)= )/ (@)
(W) = (ww) /(@)

provided the velocities and true parallaxes are uncorre-
lated. This should in principle be the case since we are
dealing with samples of relatively nearby stars distributed
on the whole sky, with no marked correlation with the
spiral-arm structure (Sect. 2 of Paper I).

We have however conducted various tests, such as the
diagrams of U, V and W vs. @w where the “rule of thumb”
was applied and least square regressions as well. The for-
mer method may help in detecting possible failures in the
latter one. No significant correlation was found.

(47)

9.2. The main results for the HC and CV-stars

Making use of Eqgs. (A8), (All) and (A12), the solar ve-
locities were derived for four samples (Table 8), (1) the
CV-stars, (2) the HC-stars, (3) the HC-stars not con-
firmed as CH stars (HC’), and (4) the confirmed CH stars.
Error estimates are also given. The latter were evaluated
in a rough way, for various accuracies of estimated true
parallaxes as quoted in Paper I, quoted errors on ob-
served proper motion components (ESA 1997), and errors
or quality quotation (a, b...) of observed radial velocities.
The influence of relative errors on proper motions proves
negligible. The influence of estimated true parallaxes is
usually larger than that of radial velocities. When inac-
curate, the latter may occasionally play a role. The de-
gree of correlation, usually small, of the various terms in
the Appendix equations, is difficult to estimate, especially
for small samples corresponding to individual photometric
groups.

The results are compared to the values derived by
Dean (1976) from a sample (C) of 427 radial velocities.
The majority of Dean’s stars are CV-stars but some HC-
stars were included as well, which probably explain why
his data seem intermediate between ours for the CV-
and HC-samples respectively. Its mean value of the dis-
tance to the Galactic plane is however (|z|) ~ 0.213kpc
which is practically our value (0.22 £0.03) for the CV-
stars (Table 7). The same is true for the stellar residual-
velocities distributions (see Sect. 11 and Table 11), except
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Table 8. Solar velocities in kms™' and apex directions (galac-
tic coordinates in °) for our four samples (S) of carbon stars.
In the second zone, the results from Dean (1976) for a mixed
sample (C), and those of Hartwick & Cowley (1985) for CH
stars (CH). Reference solar motions are given in the third zone.

S n ug v v we So N ba

Ccv 180 —2.3 5.85 —0.6 4.3 7.6 68 34
+2.6 +2.1 +1.8 +£2.1 £24 £20

HC 90 —16.3  30.5 —25.3 6.5 35.2 62 11

+3.6 +3.2 +2.4 3.3 +6 +4
HC? 70 —14.6 11.0 —=5.7 3.8 18.65 37 12
+4.0 £3.1 +2.7 £3.7 *£11 +9
CH 20 —29 117 —112 21 122 76 10
+10 +10 +7 +10 +5 +4
C 427 —9.6 11.7 —6.5 4.6 15.8 51 17
+2.0 £2.2 +3.2 2.2 +8 +12
CH 51 -1 147 —142 9 147 90 3.5
+37 +35 +24 +35 +15 +9
SSM —10.4 14.8 —-9.6 7.3 19.5 56 23
BSM -9 11 —5.75 6 15.4 51 23
PSSV -9 12 —6.75 7 16.5 53 25
SLS —10.0 5.25 0.0 7.17 13.4 28 32
+0.4 +0.6 +0.4 +0.4 +3 +2

for the component perpendicular to the Galactic plane
which is slightly smaller than ours for the CV-sample.
We have added in Table 8 the results for the standard
solar motion (SSM) and for the basic solar motion (BSM)
as given by Mihalas & Binney (1981, p. 398). The com-
ponents of the peculiar velocity of the Sun relative to the
LSR (namely PSV) from Mihalas & Binney (1981, p. 400)
are also given. We however adopt the values (km s_l)

up ~ —10.0 vy =525 we ~T7.17 (48)

as derived by Dehnen & Binney (1998) from HIPPARCOS
kinematics of 11 865 main sequence stars (SLS). The anal-
ysis of the distribution of nearby stars in the velocity
space inferred from HIPPARCOS data on 14369 stars
can be found in Dehnen (1998). The azimuthal compo-
nent is smaller (5.2 km s’l) than the classical value of
(12 km s’l) . This latter feature is common to recent stud-
ies (see the references in Dehnen & Binney 1998). The ug-
values in Table 8 are negative ones while those of wg are
all positive ones. This is also true for the values quoted in
Tables 6-3 of Mihalas & Binney (p. 396) for various groups
of stars. These components are directed respectively to-
wards the Galactic center and the North Galactic Pole.
The v[,-components are all positive in Table 8 as it is the
case in the table of Mihalas & Binney. From Egs. (A10)
and (48), it happens that

v~ 5.25 — v, (49)

the values being given in Col. 5 of Table 8. We note an
appreciable lag of the HC-sample with respect to the Sun
(vl ~ —25.3km s_l) which is essentially due to the CH
stars since the value for the HC’-sample is much smaller
(=5.7). It is well known that the Galactic thick disk is
rotating rapidly (e.g. Freeman 1987a, Sect. 3; Majewski
1993, Sect. 3.3.1 and Fig. 6). The asymmetric drift in-
creases with median |z|, with however high dispersion in
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the values from various tracers of the thick disk. At about
0.5 kpc (which is the case of the HC-sample: see Table 7),
the estimates range from 0 to —60kms~!, while drifts of
—30 to —110kms~! are observed beyond 1 kpc.

The same lag is responsible for Sg ~ 35.2kms~! for
the HC-group, while Si ~ 18.7kms™! for the HC’-group
is close to the values for SSM and BSM. The apex coor-
dinates are roughly consistent for the five groups consid-
ered. The values of ug, v, we and Su for CV-stars are
all small ones. There is no appreciable lag or leading of the
CV-sample with respect to the Sun. These results confirm
the CV-groups belonging to a classic disk population (or
thin disk). The HC-groups seem again representative of
an older kinematic population (thick disk). It is contami-
nated by a spheroidal component, the CH stars, which is
similar to the sample of Hartwick & Cowley (1985).

9.3. The trends along the photometric sequence
of groups

Bergeat et al. (2001) have shown that the sequence of
photometric groups from HCO to HC5 and then from CV1
to CV7 is a sequence of decreasing effective temperatures.
It is also a sequence of increasing luminosities as shown by
Knapik (1999) and Knapik et al. (2001). The mean values
displayed in Table 3 illustrate this result. The analysis of
the kinematic trends along this sequence is thus tempting,
but limited by low accuracy.

The average solar velocities and apex coordinates as
obtained for 11 of the 14 photometric groups are given in
Table 9. A clear-cut dichotomy between the HC- and CV-
groups, is confirmed. The solar space velocity drops from
more than 30kms™! to 7—15kms~!, and the jump seems
to occur between HC5 and CV1.

Since the CH stars are considered as halo tracers, we
also computed the solar velocities in new HC-samples
without the confirmed CH stars (star-symbols in Table 9).
No confirmed CH star was found in the CV-groups. The
most outstanding result is that the HC-like velocity data
of HC5 is entirely due to one star, namely C327 =V Ari,
and that the HC5*-results are seemingly CV-like. A ratio
of 2.7 however remains between the mean solar velocities
of the HC1*- to HC4*-groups

(Sw) ~29.1+26 (50)
and those of the HC5*- and CV-groups
(Se) ~10.7+1.2 (51)

significant at more than 4 0. The latter value is typical
of the intermediate and old (dwarf) population of the
thin disk while the former one points to older stars (e.g.
Mihalas & Binney 1981), of the thick disk population.
Revisiting the data on mean distances to the Galactic
plane, we could see that despite the HC5 high value
(|2]). =~ 0.46kpc (see Table 2), the poorly-documented
distribution N (|z|) seems finally CV-like. Removing V Ari
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Table 9. Solar velocities in kms™ and apex directions for
11 photometric groups of carbon stars (same meanings as in
Table 8). The star symbol refers to samples without confirmed
spectroscopic CH stars. It can be seen that HC5* (V Ari re-
moved) is closer to the CV-groups than to the other HC ones.

G 7 n ue ’U/® weE S@ lA bA

HC1 1 23 6 28 27 39 —78 43
+7 +7 +5 +6 +15  +13

HC1* 1 18 -7 25 14 30 75 28
+8 +7 +6 +7 +18  +14

HC2 2 25 —43 69 2 82 58 1.4

+7 +6 +5 +7 +5 +3

HC2* 2 18 —27 24 0.9 36 42 1.4

+8 +7 +6 +8 +12 +9
HC3 3 14 —18 —11 —13 25 -33 =31
+9 +8 +6 +8 +24 £21
HC3* 3 12 —18 —15 —6 24 —41 —14
+10 +9 +7 +10 £23 +£18
HC4 4 12 —6 24 31 39 s 51
+10 +9 +7 +8 +23 +21

HC4* 4 7 —15 0.1 22 27 0.2 56

+13 +12 +9 +11 +45  +48

HC5 5 16 —13 29 —17 36 66 28
+9 +8 +6 +8 +15 13

HC5* 5 15 —6 4 —6 9 33 36
+9 +8 +6 +8 +63 58

CV1 6 29 —6 9 —6 13 56 27
+7 +5 +4 +5 +31 £25

Ccv2 7 43 —0.4 7 3 7 86 22
+5 +4 +4 +4 +45  +34

Cv3 8 30 -9 6 12 16 33 48
+6 +5 +4 +5 +29 30

Cv4 9 28 —6 2 2 7 19 15
+7 +5 +5 +6 +48 42

CV5 10 27 2 8 5 9 —74 30
+7 +5 +5 +4 +47 35

CVe6 11 24 7 2 12 14 —15 57
+7 +6 +5 +6 +45 52

HC1* 1.5 36 —17 25 7 31 56 14
+HC2* +6 +5 +4 +5 +11 +8
HC3* 3.4 19 —17 —10 4 20 —30 13
+HC4* +8 +7 +6 +8 +22 £17

only reduces (|z]),. to 0.44. We conclude that the space dis-
tribution and the kinematics of HC5* are typically CV-
like, but that the populated galactic volume (i.e. the galac-
tic scale above the plane) is rather HC-like. Between mean
values, a difference was found at 3o, on the first coordi-
nate, with for the HC1* to HC4* sample

(up) ~ —16.7+ 4.1 (52)
while for the HC5* and CV-groups
(up)y ~3.0+£28. (53)

Then we plotted against the i-index of the photometric
groups, the (ug)-components (Fig. 6) and space veloci-
ties (Se) (Fig. 7) to help in deciding what is real. Since
the HC-stars are less numerous than the CV-ones, we in-
troduced samples HC1* + HC2* and HC3* + HC4*, as
quoted in Table 9. This choice is justified by compatibil-
ities in absolute magnitudes and effective temperatures,
and the will to keep HC5* as a separate group. The lat-
ter is found indistinguishable from CV1 in both figures.
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Fig. 6. The ug-components of the solar reflex velocity for the
photometric groups (data from Table 9; HCj*’s samples).
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Fig. 7. The Se-components of the solar reflex velocity for the
photometric groups (data from Table 9; HCj*’s samples).

The first plot shows a more or less regular gradient from
negative values to a slightly positive one, according to

ue =~ (2.23+0.49) i — (20.96 £4.33)  p? ~0.75. (54)
Following the sequence of groups back from CV6 to HC1,
we deal with stars moving more and more predominantly
outward with respect to the Sun, and thus relative to the
LSR. The diagram is not suggestive of a sharp discontinu-
ity at HC4*~HC5%*, but larger samples are needed before
a firm conclusion can be ascertained. The plot of Sg vs.
the é-index (Fig. 7) is more conclusive in this respect and
a jump at HC4*~HC5* could be present with a flat por-
tion from HC5* to CV6 indicated. We tentatively fit the
distribution for the HC-groups by

Se ~ —5.804 + 39.5 (55)

and the HC5*-CV sequence by Eq. (51).

The solar reflex velocities toward the Galactic anti-
center (ug) increase along the HC-CV sequence of pho-
tometric groups, from negative values (i.e. directed to-
wards Galactic center) to slightly positive ones. From
radial velocity measurements of 179 carbon stars towards
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Table 10. Solar velocities in kms™' and apex directions for

carbon stars of various variability classes. The meanings are
the same as in Table 8. The subsamples are: Lb (Irregulars);
SRb (Semi-regulars of low amplitude); Miras (carbon Miras);
M+SRa (Miras + Semi-regulars of large amplitude); LPV1
(Long period variables of P < 300¢); LPV2 (Long period vari-
ables of P > 300%); Cst (photometric constants); Cst* (photo-
metric constants without 19 CH stars).

G n ug v v we So N ba
Lb 86 —0.2 14 —8.7 —1.0 14 89 —4
+4 +3 +3 +3 +15 +11

SRb 7 —4.9 3.5 1.8 6.8 9.0 35 49
+4 +3 +3 +3 +34 +35

Miras 29 1.9 5.2 0.0 9.0 11 —71 58
+7 +5 +4 +5 +66 +62

M+SRa 43 1.0 2.7 2.5 7.9 8.5 —71 70
+5 +4 +4 +4 +102 +98

LPV 1 56 —6.0 2.9 2.3 5.7 8.8 26 41
+5 +4 +3 +4 +34 +35

LPV 2 54 1.3 3.7 1.6 12 13 —71 73
+5 +4 +3 +3 +68 +66

Cst 61 —18 42 —37 13 48 67 15
+5 +4 +3 +4 +6 +4

Cst* 42 —11 24 —19 6.9 27 66 15
+5 +5 +4 +5 +11 +8

the Galactic anticenter, Metzger & Schechter (1994) al-
ready found that their sample is moving radially outward
with respect to the LSR at a velocity of (6.6 + 1.7) kms™!,
i.e. corresponding to ug =~ — 6.6 which is very close to
our average ugp ~ — (7.0+£1.0)kms! for 270 carbon
stars. There is actually no reason to favor linear relations
and curved fits might prove better for ug and S when
more accurate data will be available. Clearly more data is
needed before a firm conclusion can be reached. Intruders
from the halo may well remain in the HC*-samples.
Dehnen (2000) studied the HIPPARCOS data for 3527
main-sequence stars with B —V > 0.6 and 2491 mainly
late-type non-main-sequence stars, high velocity stars ex-
cluded. In a (u, v)-diagram (velocities relative to LSR and
u-axis towards Galactic center: his Fig. 9, p. 809), he found
a bimodal distribution he attributed to the effect of the
second Lindblad resonance. Our data (after subtraction
of the solar motion relative to LSR of Dehnen & Binney
1998) coincide with his principal mode (essentially his
sample of early-type stars, including the Sun). No coin-
cidence was found with his secondary mode (intermediate
velocities) mainly populated by late-type stars.

10. Reflex solar velocity vs. variability classes

We have considered samples delineated according to the
classification scheme of the GCVS catalog of Kholopov
et al. (1985). Again the components of the reflex solar ve-
locity were derived from the method used in Sect. 9. The
results are quoted in Table 10. The distribution of the
carbon stars in terms of photometric groups is shown in
Fig. 8 for every variability class (M for carbon Miras, SRa
for large amplitude semi-regular variables, SRb for smaller
amplitude semi-regulars, Lb for irregular variables and Cst
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Table 11. The extreme dispersions o; and their directions
given as galactic longitudes L; and latitudes Bj, for the sam-
ples of Table 8. The estimated dispersions along the Galactic
axes (last three columns) are compared to published values:
 This paper; ® Dean (1976); ¢ Hartwick & Cowley (1985);
4 0ld Disk (Freeman 1987a); ¢ Thick Disk (Norris 1999). We

found in every case o, =~ 03.

0 s L - - - L L N
HC1 HC2 HC3 HC4 HC5 Cvi cv2 Cv3 Cv4 CV5 CV6 Ccv7

Fig. 8. The distribution of the 276 HIPPARCOS carbon stars
with variability class amongst the photometric groups, normal-
ized to unity.

for constant stars). It appears that the constant stars are
also HC-stars while most of the variable carbon stars are
found in the CV-groups as first-intended. Also, the Lb-
variables are predominantly HC5 to CV3, which makes
them intermediate. Then, the SRb-variables are abundant
from HC5 to CV6, while the SRa-variables and Miras ap-
pear as more concentrated between CV4 and CV7. There
is a statistical correlation between the sequence of increas-
ing variability “Cst, Lb, SRb, SRa and Miras” and the se-
quence of photometric groups “HC1 to CV7”. This point
will be further discussed in Knapik et al. (2001), together
with mean luminosities.

The sample of the irregular (Lb) variables is the
largest one. It displays a slight lag in v{;, which makes
it again intermediate between the other variables on one
hand and the constant stars on the other hand. While
the former have practically no lag like the CV-stars,
the latter show an appreciable lag like the HC-stars
(Table 8 and Table 10). The compositions of variability
classes as shown in Fig. 8, explain those results. The Lb-
and SRb-samples contain 2 and 3 CH stars respectively.
Removing them does not change appreciably the results
of Table 10). Conversely, a Cst*-sample is considered from
which 19 CH stars were rejected. The lag v} and the spatial
velocity Sg are almost halved in this latter sample.

We also considered two subsamples, namely LPV 1
with P < 3009 and LPV 2 with P > 300%. The latter
is dominated by Miras and SRas and the solution found
is consistent. The solar velocity for the LPV 1 sample is
close to the result for the SRb-sample. The trend to larger
components of the solar reflex velocity for shorter periods,
as shown by oxygen-rich LPVs (e.g. Delhaye 1965; Mihalas
& Binney 1981, Table 6.3 p. 396), is not found here. Those
latter giants presumably correspond to the second mode
(Sect. 9) of Dehnen (2000).

11. The ellipsoids of residual velocities

We finally study the stellar residual-velocity distributions,
determining their axes and maximal dispersions, and then
the dispersions along the three galactic axes. We make

S n 7 Lj B; oj ou Ty Tw
cvd 180 1 5.3 1.9 30.2 30.1 222 234
2 938 38.3 22.1
3 2777 516 23.4
cP 427 29.8 19.8  14.0
op¢ 40 25 20
HC* 90 1 74.0 15.0 106.0 85.4 104.3 54.4
2 3432 —29 83.3
3 624 —747 544
HC® 70 1 3285 15.4 59.6 59.0 57.8  42.1
2 564 8.0 57.0
3 3005 —72.7 423
TD® 65 54 38
CH* 20 1 756 17 281 163 277 85
2 349 12 156
3 293 68 86
CH® 51 ? 161 125

use of a method adapted from Charlier (1926), already
adopted by Bergeat et al. (1978). An account of Charlier’s
method can be found in Atanasijevié¢ (1971).

We abandoned the idea of a detailed study of the
residual-velocity distributions in each photometric group,
due to small samples and low accuracy. The results are
summarized in Table 11, where the dispersions are signifi-
cantly higher for the HC-sample than for the CV-sample.
The ratio ranges from 2.3 (third axis) to about 4 (first
and second axes which are nearly in the Galactic plane).
Removing the confirmed CH stars, we obtain the HC’-
sample whose velocity dispersions are about twice those of
the CV-sample, whichever axis is considered. Those results
again point to two distinct populations, the HC one be-
ing contaminated by a contribution from halo (CH stars).
The vertical dispersion of 42 to 54kms~! observed for
the HC’- and HC-samples, is typical of the thick disk
(40—50kms~!, Freeman 1987a; Gilmore 1989) while the
value of 23kms~! for the CV-sample is representative of
the old (thin) disk (20 km s~1; Gilmore 1989). More specif-
ically, the three velocity components usually adopted for
the thick disk from Norris (1999) and for the old disk from
Freeman (1987a) are given for comparison with the values
for the HC’- and CV-samples respectively. The agreement
is excellent in both cases. As usual, it is found that the
third axis (smallest extreme dispersion) of the velocity el-
lipsoid is oriented nearly perpendicular to the Galactic
plane, and the other two axes lie approximately in the
Plane. Usually, the direction of the largest velocity dis-
persion is nearly toward the Galactic center. This is very
nearly the case of the CV-sample.

Making use of the age versus velocity (AVR) relation
of Wielen et al. (1992), the o ~ 44km s~ obtained for the
space velocities of CV-stars of Table 11 would correspond
to an average of (3 £ 1) Gyr. Within the uncertainties, the



108

AVR of Carlberg et al. (1985) would yield (6 + 1.5) Gyr.
The two relations actually differ. From an analysis of the
HR diagram and pulsation masses (Knapik et al. 2001),
we favor the former age but there is probably a consid-
erable spread in individual values from a few 10?2 Myr
up to 8-12 Gyr. The values for the HC-groups fell com-
pletely outside the AVRs published in both papers. It is
clear again that the HC-stars are a distinct older popu-
lation with large velocity dispersions. The various lags of
CH stars along the v-axis influence the dispersions in the
Galactic plane, and deviate the vertex axis.

12. Discussion and conclusion

The space distribution and velocity data of HIPPARCOS
carbon-rich giants were studied in detail. The biases
(Lutz-Kelker, Smith-Eichhorn and Malmquist) were inves-
tigated, refining the analysis of Paper I. While the Lutz-
Kelker bias (1973) is accounted for in our estimated true
parallaxes, the bias described by Smith & Eichhorn (1996)
is avoided, as far as possible, by averaging on quantities
which are linear functions of parallaxes. Corrections for
mean distances and absolute magnitudes were proposed
to account for the Malmquist bias (1924, 1936). They
prove to be small here. The exponent in the frequency
distribution of true parallaxes is however increased from
—2.9 or —3 £ 0.15 (uniform slab) to —2.35 £ 0.10 by the
Malmquist bias. The HIPPARCOS sample seems almost
complete up to a distance of nearly 1 kpc from the sun.
It was shown that the average height above the Plane is
(0.50 £ 0.06) kpc for the HC-stars, about three times that
of the CV-stars, viz. (0.16 + 0.03) kpc.

The vertical space distributions are described in terms
of a simple exponential law with a distance scale for HC-
stars much larger (0.9540.06 kpc, thick disk) than that for
the CV-stars (~0.19 kpc, thin disk). The local densities in
the Plane and projected surface densities were deduced,
with an estimated total of nearly 76 kpc™2, among which
29% are HC-stars. If the HC5-stars (whose case is not
clear) are rejected, this percentage falls to 24% with 18%
attributed to thick disk HC-stars and 6% to halo CH stars.
Detailed densities were established in terms of photomet-
ric groups and effective temperatures, confirming asym-
metric and bimodal distributions (HC- and CV-zones).

The mean radial and tangential velocities with re-
spect to the Sun turn out to be about 25kms~! for
195 CV-stars and about 50kms~! for 81 non-CH HC-
stars, that is an unambiguous ratio of 2, suggestive of
distinct kinematic populations. Those average velocities
are much higher for 23 confirmed CH stars, in excess
of 100km s~!. The reflex solar velocity with respect to
our groups was then calculated and compared to refer-
ence motions. Also they are quite consistent with previ-
ous results for carbon stars. While the CH stars show halo
velocities with a substantial drift of —112kms~! in the v-
velocity, typical of a slowly rotating system (Hartwick &
Cowley found —135kms~!), the contaminated HC-sample
shows only —25.3kms™!. In the case of the HC’-sample,
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it is even smaller (—5.7kms™1), i.e. in the low-range drift
velocity of thick disk tracers (Majewski 1993) with me-
dian distances from plane of about 0.5 kpc. No appre-
ciable lag is found for the CV-stars (—0.6 + 2kms™1!),
whose space distributions and velocities are typical of the
thin disk, most of them being younger and more mas-
sive than the Sun. Large velocities perpendicular to the
Plane are observed mostly for the CH stars. The ug-
component increases along the sequence of photometric
groups. Correspondingly, the space velocity Sz appears
as 2.7 times larger for HC*-stars than it is for CV-stars.

The analyses according to variability classes illustrate
the fact that variables are essentially in the CV-groups
while constant stars are found in the HC-groups. Amongst
the carbon variables, the irregular variables (Lb-class) ex-
hibit kinematic data (lag and space velocity), intermediate
between the other variables and the constant stars.

Finally, the ellipsoids of the residual velocities of HC-
and CV-stars were investigated. The dispersions of the
HC sample range from 2.3 to 4 times higher than those of
the CV-sample. The ratio still amounts to about 2 when
the non-CH HC stars (i.e. the HC’-sample) are consid-
ered. Their dispersions are remarkably close to the values
quoted by Norris (1999) for the bulk thick disk stars. The
0w ~ 40kms™! value is characteristic of the thick disk
population at the solar distance from the Galactic cen-
ter (Freeman 1987a, p. 612). The dispersions of the CV-
sample are very close to the values usually quoted for the
old disk (Freeman 1987a). Making use of the age vs. veloc-
ity relations (AVR) of Wielen et al. (1992), we obtained
3 Gyr as a typical average age of the CV-sample, and 6 Gyr
from the relation of Carlberg et al. (1985), which seems
less likely. The individual values probably range from a
few hundred million years up to 8-12 Gyr. The HC and
HC’-samples clearly fall outside those relations, and low-
mass stars with ages in excess of 10 Gyr are indicated.

We conclude that the CV-sample is a component of the
old (thin) disk. Most HC-stars are members of the thick
disk with contaminations from halo CH stars and a few
CV-stars. Conversely, the Mira V CrB (CV7) might be a
halo intruder on the basis of its high velocities, especially
perpendicular to Plane. The thick-disk membership on the
basis of space distribution and velocities, and the high
space density of HC-stars, are certainly important clues
in the investigation of the true nature of the mysterious
hot carbon stars, which have lower metallicities on average
(e.g. Wallerstein & Knapp 1998). Less dragged-up carbon
is needed to make a carbon star from a star with low initial
O/H ratio, and low mass stars do have smaller hydrogen-
rich envelopes to enrich of only a few tenths of one solar
mass. Possible correlations of kinematics and metallicities
need be investigated (see Prochaska et al. 2000 for stellar
abundances in the thick disk).

The HC-stars are relatively low-luminosity objects
with (Mpo1) >~ —1.8 (Tables 3 & 7). The third Dredge-
up process of carbon and (eventually) s-process elements
in TP-AGB stars (Iben & Renzini 1983) occurs only for
My < —3.5 £ 0.5, depending on details of the models
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and codes used (e.g. Marigo et al. 1999). Those models
fail to explain the HC-stars. Full discussion of this topic
is postponed to a future paper (Knapik et al. 2001). For
the time being, we emphasize the point that the high fre-
quency of the thick disk HC’-stars (>18%) is a strong
argument against theories necessitating rare events. The
binary model itself, for which no evidence was found in
the observations of HC’-stars (McClure 1997a), seems un-
likely. The discrepancy possibly originates in insufficient
knowledge of mixing processes in low-mass stars evolving
along RGB and AGB or at He-flash, prior to TP-AGB
(Busso et al. 1999).

Suntzeff et al. (1993) have studied a sample of stars
in the Large Magellanic Cloud (LMC), suspected to be
CH stars, which are very luminous (Mpo =~ —5.3). Our
CH stars are actually much fainter (—1.8). If confirmed,
the existence of such bright CH stars should probably be
explained in terms of evolutive tracks for LMC metallicity
(Z ~ 0.008) shifted towards higher effective temperatures
with respect to tracks for solar abundances (Z ~0.02).
The carbon stars Azzopardi et al. (1991) and Westerlund
et al. (1991) ascribed to the Galactic bulge (spheroidal
region extending about 3 kpc from the Galactic center)
are finally much closer to our HC-stars. Westerlund et al.
(1995) published the HR diagram of 20 bulge C-stars.
Their locus corresponds to 3.53 < logTeg < 3.66 and
—2.72 < log Mo < —1.04, with (Teg) ~ 3825K and
(Mpo1) ~ —1.72£0.6 which corresponds well to the content
of Table 7 for the HC-stars. The mean metallicity higher
in the bulge than outside it, is possibly responsible for
the mean value (Teg) ~ 3825 K slightly lower than those
quoted in Table 7. Ng (1998) suggested that the stars of
Azzopardi et al. are not intrinsic bulge stars, but Tyson
& Rich (1991) found that their kinematics are the same
as those of bulge K and M stars. It is possible that the
bulge and the thick disk are parts of the same dynamical
component, at least in systems with small bulges, like the
Galaxy (Freeman 1987a).

Graff et al. (2000) analyzed the velocity residuals of
551 carbon stars in the LMC. They found two different
populations (20% of stars with ¢ ~ 8kms~=! and 80%
with o ~ 22kms~1), and identify them with young disk
and old disk populations respectively. The former, which
does exhibit a slightly higher metallicity, has no coun-
terpart in our HIPPARCOS sample. It should probably
be searched for beyond the HIPPARCOS range, in the
local structures of spiral arms. There is however no hot
faint carbon giants in the LMC (i.e. no low-luminosity R-
type stars of our HC-sample) which could correspond to
the thick disk population. Conversely, the faint-end of the
C star luminosity function is at about My ~ —1.4 in the
Small Magellanic Cloud (SMC), and at Mo ~ —1.2 in
the Fornax dwarf galaxy (Azzopardi 1999). Those num-
bers are in very good agreement with our mean values for
early HC-stars in Table 3.
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Appendix A: The Sun velocity
Introducing the galactic proper motion components
11 cosb = g cOsd cos @ + g sin ¢ (A1)
Hb = —[le COSISING + s COS P (A.2)

where ¢ is the parallactic angle (0 < ¢ < 180) as given by

sing/ cosdg = £ sin (a — ag) / cosb (A.3)
where + is adopted for @ > ag and — for a < ag.
The galactic coordinates are (I, b), while (ag, dg) are
the adopted equatorial coordinates (1950) of the North
Galactic Pole G

ag = 12h49.0mn = 192°25 g = +27°4. (A4)
The equatorial proper motion components i, cosd and s
were taken from the HIPPARCOS catalogue (ESA 1997).
The velocity components are then ('y ~ 4.738 km s_l)

U = ~ [pcosbsinl + ppsinbcosl] /o — V; cosbcosl
(A.5)

V = ~ [mcosbeosl — uy sinbsinl] /oo + V; cosbsinl
(A.6)

W = ~ [upcosd] /w + Vi sind (A7)

where w is the true parallax as estimated in Paper I. We
intend to compute the mean values (U), (V) and (W) -
With the opposite sign, this is the solar velocity relative
to the considered group of stars, viz.

up=—(U) vo=—(V) we=—(W) (A.8)
with for the mean peculiar velocity of the group
(ux) =0 (vs)=w (ws) =0. (A.9)

The v;-component is not set to zero since the group may
systematically lag behind the local standard of rest (LSR),
and (v.) averages to a negative value which is small
for spiral-arm and disk stars, and large for spheroidal-
component stars (see Mihalas & Binney 1981, Sect. 6.4,
p. 397). To derive the Sun’s peculiar velocity (ug, v, wg)
relative to its LSR, we must determine v and calculate
ve = — (V) + . (A.10)
Alternatively, the solar motion may be described in terms
of a speed

, 1/2
Se = (“é + vl + wé) (A.11)
and the coordinates of the apex as given by
tan [y = —vj, /ue  sin by = we/Se. (A.12)
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