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ABSTRACT

A three-component model of the Galaxy was used to de-
rive a statistical relation between the apparent and ab-
solute magnitudes for stars which make the maximum
contribution to the star-counts in a given Galactic sub-
system. The results are tabulated for the thin disk (main
sequence stars and red giants), the thick disk, and the
spheroid. The model and photometric data used to spec-
ify the model parameters are briefly described. The re-
sults can contribute to the discussion of the limiting mag-
nitude of the GAIA mission.
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1. INTRODUCTION

The proposed ESA space interferometry mission GAIA
will supply the scientific community with astrometric and
photometric data of remarkable quality (Lindegren &
Perryman (1994)). With scientific targets located in the
Solar System, throughout the Galaxy, and in the galac-
tic neighbourhood, the mission will have a major impact
on different areas of astronomy and astrophysics. As a
survey, the GAIA project will provide a huge stellar sam-
ple which is free of selection effects and complete up to
a limiting magnitude (V > 15.5 mag). Stellar statistics
based on GAIA observations will considerably improve
our understanding of Galactic structure and the nature
of stellar populations.

The final GAIA catalogue will contain a mixture of stars
with different intrinsic luminosities belonging to different
Galactic subsystems. Assuming a model of the Galaxy,
we can predict which part of the Galactic populations
will be probed by GAIA observations. The calculations
were carried out with a three-component model of the
Galaxy. The model parameters were specified by the use
of photometric data for about 23000 stars observed in
the Galactic meridian (see Andruk et al. 1995). In order
to achieve the best agreement between model and obser-
vations, we fitted the values of the dip (aw) of the disk
luminosity function, the correction to the absolute magni-

tude of disk red giants (AM‘rfd giants) and the expression
for interstellar extinction.

2. PHOTOMETRIC DATA

Photographic B magnitudes of 14 100 stars were obtained
in 47 selected fields along the main Galactic meridian with
the Kiev long-focus astrograph (40/550). The sample is
complete up to B = 14.5 mag. The rms error of pho-
tographic B magnitudes is about 0.05 mag for brighter
stars and increases to 0.3 mag for the faintest stars.

In addition, we included in the analysis the data for 8 800
stars obtained from Tautenburg Schmidt plates in two
fields near the North Galactic pole. The internal ac-
curacy of B and V magnitudes for intermediate stars
(11 £ B < 15 mag) is about 0.05 mag, whereas the
magnitudes of brighter and fainter stars are of lower ac-
curacy (0.1 mag). The Tautenburg sample is complete
down to B = 18 mag.

In addition, photoelectric magnitudes and colours in the
Johnson UBVR system were obtained for 943 stars in
the programme fields. The observations were conducted
mainly with the Zeiss-600 (60/760) telescope located on
Mount Terskol in the North Caucasus. The external rms
errors are 0.014, 0.026, 0.012, 0.016 mag for V magni-
tudes and colours (U — B), (B — V), and (V — R), re-
spectively. The data were used to specify the expression
for interstellar extinction Ay (R,b).

The best fit of the modelled colour distribution to ob-
servations was obtained with the modified Sandage law

(Sandage (1972)):

Av(R,b) = 0.165(1.192 — |tanb]|) - | cscb| -
[1 — exp(—R|sinb| h,)], [b] < 50°,
Av(R,b) = 0, |b] > 50°, (1)

where hz, is the scale height of an extinction layer.

3. THE BASIC EQUATIONS AND RELATIONSHIPS

We used the first fundamental equation of stellar statis-
tics for the j-th subsystem or stellar group:

Vi Riim
AJ-(V,l,b):dQ/dV / D; (¥, M)F;(My)R?*dR
Vi 0

(2)



to calculate the number A; of stars in a solid angle df)

and in the i-th magnitude interval AV; = V;o — V;; and:
A;((B-V),L,b) =
(B=V)iz Riim
dQ / d(B-V) / D; (7, M)F;(My)R?*dR
(B=V);1 0

()

to calculate the number of stars in the ¢-th colour index
interval A(B —V); = (B —V);2a — (B — V)i1. Here
F;(M) is the luminosity function in the solar neighbour-
hood; R is the distance from the Sun; Ry, is the maxi-
mum distance from the Sun where a star of a given My
appears as a star within a given AV magnitude interval;
7' is position of a star relative to the Galactic centre. The
expressions for the space-density function Dj(f', M) for
each subsystem were taken from Bahcall (1986).

We considered a three-component model of the Galaxy
consisting of the thin disk (or disk), thick disk and
spheroid populations. Further, we assumed two groups
of stars in the thin disk, namely the main sequence stars
and disk red giants. The distribution function of the ap-
parent magnitudes is:

4
A(V,1,b) =Y A;(V,1,b).
7j=1

To model the observed colour index distribution, we con-
sider eight essential types of stars: main sequence stars
and disk red giants as the disk subsystem; subdwarfs and
intermediate giants (or stars of the intermediate popula-
tion before and after their main sequence turn-off point)
and white dwarfs as the thick disk subsystem; extreme
subdwarfs and spheroid giants (or stars of population II
before and after their main sequence turn-off point) and
horizontal branch stars as the spheroid subsystem. The
corresponding distribution function of colour indices is:

A((B-V),1,b) = f:AJ B—V),1,b).

The luminosity function of the disk main sequence was
computed by the use of the equations given in Bahcall &
Soneira (1980) but excluding disk red giants and taking
into account the dip, i.e., a lack of stars within My, inter-
val from 6 to 10 (Starikova (1960), Wielen (1974)). The
value of the dip, aw, is obtained by a fit of the model
to observed distributions of magnitudes and colours. The
best agreement between the observations and the model
was achieved if a value of 0.6 (in logarithmic scale) was
assumed for the dip.

The luminosity functions of the thick disk and spheroid
and the normalisation {thin disk:thick disk:spheroid} as
{1:0.02:0.00125} were taken from Gilmore (1984). Ad-
ditionally, the results obtained by Da Costa (1982) for
globular clusters were used to model the influence of the
horizontal branch in the spheroid luminosity function.

To construct the colour-magnitude diagram, we used the
data of Chiu (1980) for the lower main sequence of the
disk, whereas for stars earlier than spectral class GO the
data of Straizys (1977) were used. For the disk red giants
we took the data from Morgan & Eggleton (1978) which

were corrected for the shift AM redgiants | ted by Flynn

& Mermilliod (1991). The best fit of the the observed
colour distribution by the model given by Eq. (3) was ob-

tained with the correction AMredgmnts +0.5 mag.
The colour-magnitude diagram of the globular cluster
47 Tuc (Lee (1977)) was used for subdwarfs and giants of
the thick disk. The extreme subdwarfs and giants of the
spheroid are presented by the data for the old globular
cluster M 92 (Sandage (1982)). The white dwarfs and
horizontal branch stars were taken from Chiu (1980).

4. RESULTS AND CONCLUSIONS

In order to model the distributions given by Equations (2)
and (3), we assume the following parameters: the distance
between the Sun and the Galactic centre is Ry = 8.5 kpc;
the height of the Sun above the Galactic plane is 420 pc;
the axial ratio of the spatial distribution for the spheroid
is k = 0.85, the scale length of the disk subsystems is
hx = 4 kpc and the scale height of the thick disk is
hz = 1.3 kpc.

Following Schmidt (1963), and Mihalas & Binney (1981),
we assume the the scale height hz (M) from 90 to 350 pc
corresponding to increasing My from 2.3 to 5.4 for main
sequence stars of the disk whereas for the red giants, the
scale height changes from 250 to 400 pc with an increas-
ing My from —0.75 to 2.6. The parameters hz, used
in Eq. (1) is 114 pc (Sharov (1963)). Fig. 1 shows the
number of stars per square degree modelled for differ-
ent stellar subsystems and in three directions along the
Galactic meridian.

Considering a total number of stars Aj(V, 1,b) in a disk-
like subsystem j as:

4
3 —
Aj(V;1,b) = omRji D; (7, M) Fj(My )
and setting its partial logarithmic derivative with respect
to V to zero, i.e., alo e (45) =
between the apparent magnitude V,, and the absolute

magnitude My of stars which make a maximum contri-
bution to the star-counts for the subsystem j:

0, we obtain a relation

sin b cosbcosl

hx

(4)
According to Eq. (4), V;, depends on the Galactic direc-
tion, scale height, scale length, and interstellar extinction.
Table 1 gives V,,, in five Galactic directions and for each
stellar subsystem. Here we approximated the spheroid by
a disk-like system with a scale length of 4 kpc and a scale
height of 4 kpc.

From Table 1 we conclude that with the limiting mag-
nitude V = 16 mag, all disk red giants located in the
vicinity of the North Galactic pole will be observed by
GAIA, whereas the thick disk and the spheroid will be
mostly represented by stars brighter than My = 3 and
My = 1 respectively.

As an example, to study the question of the dip of the
luminosity function for the thick disk (My = 7), statisti-
cally significant samples of stars fainter than V' = 20 mag
are needed.

~—



My (B-YV) hz Vimag] V. [mag] V,[mag] Vn[mag] Vin|mag]
[mag] [mag| [pc] (I=0°, (I=0°, (I=180°, (I=180°,
b=10°) b=50°) (b=90° b= 50°) b=10°)

Disk main  sequence
-5 -0.31 90 6.7 2.7 2.2 2.8 7.2
-1 -0.18 90 10.7 6.7 6.2 6.8 11.2
3 0.34 148 15.6 11.8 11.2 11.9 16.5
7 1.08 350 21.0 17.5 17.1 179 23.4
11 1.57 350 25.0 21.5 21.1 21.9 27.4
15 1.88 350 29.0 25.5 25.1 25.9 314

Disk red giants
-1 1.75 250 14.1 9.1 8.4 9.1 14.1
0 1.35 283 15.5 10.4 9.6 10.4 15.5
1 1.07 327 17.1 11.7 11.0 11.7 17.1
2 0.95 372 18.6 13.0 12.2 13.0 18.6
3 0.60 400 20.0 14.2 13.4 14.2 20.0
4 0.45 400 21.0 15.2 14.4 15.2 21.0

Thick disk
-1 1.60 1300 16.7 13.2 12.0 13.2 16.7
1 0.98 1300 18.7 15.2 14.0 15.2 18.7
3 0.77 1300 20.7 17.2 16.0 17.2 20.7
5 0.56 1300 22.7 19.2 18.0 19.2 22.7
7 1.00 1300 24.7 21.2 20.0 21.2 24.7
9 1.38 1300 26.7 23.2 22.0 23.2 26.7
11 1.55 1300 28.7 25.2 24.0 25.2 28.7
Spheroid

-3 1.40 4000 17.2 16.9 12.4 16.9 17.2
-1 0.90 4000 19.2 18.9 14.4 18.9 19.2
1 0.68 4000 21.2 20.9 16.4 20.9 21.2
3 0.55 4000 23.2 22.9 18.4 229 23.2
5 0.50 4000 25.2 24.9 20.4 249 25.2
7 0.95 4000 27.2 26.9 22.4 26.9 27.2
9 1.35 4000 29.2 28.9 24.4 28.9 29.2

Table 1: Statistical relation between the apparent V,, and absolute My magnitude.
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Figure 1: The modelled surface density [stars/degreezj in three directions along the Galactic meridian. The short-dashed,
long-dashed, and dashed-dotted lines correspond to the disk main sequence stars, disk giants, thick disk and spheroid,
respectively. The total density is marked by a solid line.



