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Abstract. We present the results from a new complete absolute
proper motion survey in the direction of intermediate galac-
tic latitude (I = 167.5°, b = 47.4°) with respect to background
galaxies and quasars, using a set of Tautenburg and OCA (Obser-
vatoire de la Cote d’ Azur) Schmidt plates, obtained at different
epochs separated by ~25 years. Photometric U, B and V survey
has been done for 4167 objects covering 18.8 square degree field
and proper motions have been calculated for 1888 objects for
a 8.6 deg? area. The resulting catalogues are complete down to
V=17, B=19 and U=16.5. An average proper motion accuracy
of 0.°25 per century was achieved for stars brighter than V=16,
with the uncertainties increasing to ~ 0.4 per century at V>16.
The photometric accuracy ranges between 0.07 to 0.10 in the
three bands.

We utilize our photometric and absolute proper motions data
to investigate the structure and kinematics of the Galaxy. We
have determined ultraviolet excesses and distances for a sub-
sample of 2685 stars in the color range 0.3<(B-V)<0.9 and with
V<17. Thus we have been able to probe the kinematical distri-
bution of F and G- type stars to distances up to 3.5 kpc from the
plane. We obtain a value -0.214-0.1 kpc~! for the galactic radial
gradient of velocity dispersion (8lna?,,y,/0r). By comparing
the ratio of stars in this direction to the number of stars towards
galactic centre at intermediate latitude (I = 3°, b = 47°), give a
strong evidence that the scale length of old disk is rather short
(2-2.5 kpc). Because of the kinematical biases inherent in our
data sample, we can not present definite kinematical parameters
for the intermediate population, but reasonable estimates would
be an asymmetric drift of 5744 km s~! and velocity dispersion
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*  Based on observations made at Nainital(India), OHP(France), on
photographic plates obtained with the OCA and Tautenburg Schmidt
telescopes. Digitizations made with the MAMA measuring machine.
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ences de 1’Univers).

(o) of 6043 km s~! at a mean distance (above the plane) of z
=2 kpc.
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1. Introduction

During the past decade galactic structure studies concentrated
on star counts, adjusting models of the Galaxy to match the ob-
served number-magnitude-color distributions, and setting con-
straints on the parameters of the stellar population models (Bah-
call & Soneira 1981; Gilmore & Wyse 1985; Robin & Crézé
1986; Bienaymé et al. 1987). Now it has become apparent that
we require an additional observable parameter to constrain fur-
ther the galactic model parameters and to describe the set of
star counts with reasonable accuracy. Proper motion surveys
offer a means for a detailed investigation of the kinematics of
our Galaxy. It is only recently that proper motion surveys to
faint magnitudes were carried out by various authors in differ-
entdirections e.g. Chiu (1980), Reid (1990), Spaenhauer (1989),
Majewski (1992), Bienaymé et al. (1992), Soubiran (1992a,b)
and Reid & Majewski (1993) with good accuracy. These mea-
surements include both photometry and proper motions.

One may gain kinematical information about a star from ei-
ther radial velocities or proper motions. One advantage of the
latter is that two-dimensional information is obtained, so that
with an appropriate selection of fields ( say the galactic centre
and the anticentre), three-dimensional structure ( the shape and
size of the velocity fields) can be more efficiently deduced. Fi-
nally, there must be some way to estimate distances, so that the
proper motions may be converted to velocities, and the entire
survey placed within a structural context. Here we utilize these
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new UBYV and proper motions data in order to address problems
of galactic structure and kinematics.

Here we present the results of an absolute proper motion
study in the direction (I = 167.5°, b = 47.4° ; o959 = 09738™ |
b1950 = +50°08/) for a 8.6 square degree field as part of an inves-
tigation of galactic structure and evolution. The proper motion
program is based on MAMA measurements and the absolute
proper motion was calculated with respect to reference galax-
ies and quasars. The error in the proper motions is given for
each star. The overall proper motion accuracy turns out to be
better than 0.3 per century. Schilbach (1993) had described the
comparison of our astrometric results by using two different
methods for the same field.

The first part of this paper explains the details of our data
reduction methods. In Sect. 2 we discuss specifically the photo-
graphic plate data used in this survey. The path from instrumen-
tal photographic photometry to final magnitudes is explained
in Sect. 3. In Sect. 4 we explain in detail our astrometric tech-
niques. This includes a section describing the derivation of ab-
solute proper motions and the overall accuracy of the proper
motion survey. In Sect. 5 we discuss the comparison of our
photometric and proper motions data with other data sets as
well as with Besangon model predictions. The mainsprings of
Besancon population synthesis model are described in Robin
& Crézé (1986) (star formation, stellar evolution, photometric
predictions), Bienaymé et al. (1987) (dynamical consistency),
Robin & Oblak (1987) (kinematic predictions). This model can
predict without additional empirical ingredients the multivari-
ate distribution of astrometric and photometric observables. We
then proceed to transform our proper motions into space veloc-
ities. We also address the possible introduction of systematic
errors on distance measurement.

2. Plate material

The photographic material used in this survey is described in
Table 1. All plates used were taken from Tautenburg and OCA
Schmidt telescopes between 1967 and 1993. The plates were
measured with the MAMA measuring machine in its scanning
mode (Guibert 1983; Berger et al. 1991). Plates measured for
astrometric purposes are digitized with a 10 pm pixel. Digitized
images are processed on line for star detection and centering. A
total of 11 Schmidt plates (1967-1992) have been used for the
astrometric reduction, giving a time base of ~ 25 years.

For the U, B and V photometry 6 OCA plates were used,
which were also digitized with a 10 pum pixel. The filter/emission
combinations of the 6 OCA plates give a system close to the
Johnson U, B and V bands.

Our final photometric survey covers 8761 objects in B & V
magnitudes and 4167 objects in U,B & V magnitudes covering
18.8 square degree field. The proper motion catalogue having
U,B & V magnitudes contains 1888 objects while 3872 objects
have only B & V magnitudes in a 8.6 square degree area. The
catalogues are complete down to V=17, B=19 and U=16.5.

Log(integ. density)

811

6 — .

9}

N

3 " s L 1

10 14 18 22

b

instr

Fig. 1. Calibration curve (Instrumental magnitudes versus logarithm
of the integrated density on plates) for OCA plate 2812. In total 138
standards were used. The dispersion is 0.08 mag

3. Photographic photometry
3.1. Calibration curve

Two kinds of photometric sequences have been used to calibrate
the plates. First UBV CCD photometry (Mohan et al. 1993) have
been obtained with the 1 m telescope of the Uttar Pradesh State
Observatory at Nainital (India) and 1.2 m telescope of Observa-
toire de Haute-Provence (OHP) in France on 19 different nights
during January 1991 to January 1993. Second photoelectric se-
quences from Notni et al. (1979) in the same field were used to
complete the set of standards. A total of ~ 150 standards in U, B
and V magnitudes well distributed on OCA plates were used in
the calibration. U, B and V standard colors were converted into
photographic instrumental colors (u,b,v) using Egs. (1) — (3).

Vinst = Viornson — 0.138(B — V) + 0.006(U — B) €Y
binst = BJohnson - 0162(3 - V) - 0048(U - B) (2)
Uinst = UJohnson — 0.155(B — V) +0.096(U — B) 3)

These equations have been previously determined by Mohan &
Crézé (1987) for OCA Schmidt telescope. Calibration curves
were obtained by fitting a third degree polynomial to the loga-
rithm of integrated density versus magnitudes plot. The calibra-
tion curve for OCA plate 2812 is shown in Fig. 1. The photo-
graphic magnitudes of the detected object have been calculated
by inverting the Egs. (1) — (3). For all plates the rms magnitude
scatter ranges between 0.06 to 0.10 in the magnitude range 10
to 18. The plate to plate dispersion in all magnitude range is
shown in Table 2.

Residuals from the best fit polynomial calibration are plot-
ted in Fig. 2 as a function of color for 65 standards brighter than
V = 16. As can be seen from the figure, there is no significant
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Plate Emulsion+ Color  Exposure Epoch Scale (’/mm)
number filter time(min)
Tautenburg Schmidt plates
2410 Astro-Spezial +GG13 B 60 04/03/1967 51.40
2414 Astro-Spezial +GG13 B 60 06/03/1967 51.40
2415 Astro-Spezial +GG13 B 60 06/03/1967 51.40
2416 Astro-Spezial+GG13 B 60 06/03/1967 51.40
2420 Kodak 103a-G+GGl11 v 45 07/03/1967 51.40
2430 Kodak 103a-G+GG11 v 45 08/03/1967 51.40
6568 ZU-21+GG13 B 28 25/11/1987 51.40
6569 ZU-21+GG13 B 27 25/11/1987 51.40
OCA Schmidt plates
2787 11a0O+UGI 8) 85 02/01/1992 65.25
2790 ITaD+GG495 v 64 02/01/1992 65.25
2809 [Ta0O+GG385 B 60 02/02/1992 65.25
2812 [TaO+GG385 B 60 03/02/1992 65.25
2986 11aD+GG495 v 60 17/01/1993 65.25
3003 11aO+UGI 8] 61 12/02/1993 65.25
0.4 j ! ’ Table 2. rms. scatter of magnitudes from plate to plate comparison
Brange ov oB ou
11-12  0.06 0.05 0.07
027 ] 1213 006 005 007
u o o 13-14  0.07 0.06 0.08
g 0% ° 0% "% 0 0% o . 14-15 007 0.06 0.08
< 0.0 F °0,°® °, ° o . 15-16  0.07 0.06 0.08
k7 r Bo %° PP, 16-17  0.08 0.06 0.08
&) o, ° %o o 17-18  0.08 0.07 0.09
-2 1
galaxies, the logarithm of MAMA density flux over object area
. is plotted in Fig. 4. Galaxies have a lower surface brightness
-4 — ' 11 and hence a lower density flux for a given area. A higher-order
0.2 0.5 0.8 : polynomial (e.g. order 15 in this case) was derived in an it-
b—-v erative procedure with stepwise exclusion of objects with large

Fig. 2. Residuals of the standards to the calibration curve versus in-
strumental b — v color (for stars with V<16)

color effect. The plate to plate magnitude comparison shows ge-
ometrical variations (the variation of the instrumental response
as a function of the position in the field). To look into this prob-
lem, we have sufficient bright standards well distributed over all
the plates. Using a linear fit in X and Y coordinates (Mohan &
Crézé 1987), we have determined geometrical coefficients for
the plate in each color. These corrections have been applied in V,
B & U magnitudes for all stars. The U-B versus B-V diagrams
without geometrical correction and after geometrical correction
are shown in Fig. 3a and b. The dispersion is lowered after ap-
plying the correction. The correction confines the data along the
main sequence.

For the homogeneity of the photometric sample, it is im-
portant to separate resolved objects (e.g. galaxies, blends, etc.)
from unresolved ones (e.g. stars). To classify objects as stars or

residuals. The resulting function was accepted as the stellar one.
The galaxies are then considered to be all the objects below this
curve. The reliability of the classification decreases rapidly for
stars closer to the limiting magnitude of the plate. However the
separation looks good for stars having logarithm of density >
4.2 (m, ~ 18). The deepest plate (T2415) has been used for
this purpose. To test our classification further, we have com-
pared our star counts (see Sect. 5) with predictions of Besangon
stellar population model and also with other surveys. There is
good agreement of star counts in the V band between the model
and the observations for 12<V <17 (see Sect. 5.2).

3.2. Completeness

Histogram of standard V magnitude counts from two OCA
plates is shown in Fig. 5. V counts appear to be complete at
V=17. From similar histogram, the completeness limits of the
B and U counts are found to be B=19 and U=16.5.
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Fig. 3a and b. U-B versus B-V diagram without geometrical correction and after geometrical correction. The full line locates the main sequence
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Fig. 4. MAMA density flux over object area. The line represents the
distance of 1 o from the “stellar curve”

4. Astrometry

As a first step the astrometric analysis has been conceived as
purely differential. In a second step the relative proper motions
have been shifted to absolute proper motions using the extra-
galactic objects in the field. The displacement of each stellar
image is measured relative to the framework defined by all stars
in the field. The overall error results from the inaccuracies from
the centering process, plate to plate transformations and sys-
tematic effects such as color effects or magnitude effects.

4.1. Cross-identification

Using a few bright stars, a first approximate plate to plate trans-
formations are computed between the reference and other plates.
The centre from one plate is transformed into the coordinate sys-
tem of the other one and counterpart candidates are searched for
within a 40 um radius (2.5 arcseconds for OCA plate) around
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Fig. 5. Histogram of the V star counts. The completeness limit
isvV=17

each projected centre. The calculation is iterative and rejects
stars giving large residuals in position. The best plate in terms
of image quality and depth has to be chosen as the reference
plate. The individual paired data sets are then merged to give
one image list for each epoch.

4.2. Plate transform

A mathematical transform is used to model the transformation
between plate coordinates from the two epochs. The mathemat-
ical transformations used are orthogonal functions

NN
X = .fr(xa y) = Z an,mPn,m(xa y)

n,m

N,N

Y = fy(xy y) = Z /Bn,mPn,m(ma y)

n,m
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Table 3. Plate to reference plate (T2415) transforms

Plate No. Number of Number of Total time

common stars  reference stars elapsed

(years)

T2410 9624 2026 -0.005
T2414 11450 2075 0.000
T2416 7401 1281 0.000
T2420 10716 1776 0.182
T2430 11848 2049 0.185
T6568 12314 2079 20.724
T6569 12034 2073 20.724
Cer2790 9166 2224 24.742
Cer2809 10859 2223 24.827
Cer2812 10417 2136 24.830

Where (z, y) represent the observed coordinates of the star on
one of the compared plate and (X, Y') are the coordinates of the
same star after transformation refered to the system of reference
plate. P, m(z,y) is a polynomial in x & y of order n and N
is the order chosen for the transformation. The advantage of

using orthogonal polynomial instead of ordinary polynomial is

that the determination of the error of each coefficient is inde-
pendent of the other and there is no more correlation between
the evaluated coefficients of the orthogonal model. The set of
polynomials depends on the exact distribution of reference stars.
For a uniform distribution of reference stars over a rectangular
area, the combination of the orthogonal polynomial would be
nearly similar to Legendre polynomial. The problem is to com-
pute the set of a,, ,,, and B, , coefficients forn =0,..., N and
m =0,..., N which minimizes

Ns
0% = (Xi — z0:)’

i=1

Ns
o2 =Y (Vi —yo:)
=

Where Ns is the total number of stars used in the transforma-
tion and (xq;, Yo;) are the observed coordinates of stars on the
reference plate.

We have selected overall 2000 stars brighter than m,, = 17
to compute the mathematical transformation. The large number
of stars allow to compute high order tranformation with a good
global accuracy and to model distortion of small size. Order 4
or 6 for P, m(z,y) (respectively 15 or 28 ap m or By, m coeffi-
cients) gives the best fit with a position error of less than 0.2 um.
Similar method has been presented by Chareton et al. (1993).
The accuracy of the computed transform is given by a functionin
(z, y) called "transform error ” (Bienaymé 1993). The transform
error value increases with the order of the polynomial expansion
and is largest along the edge of the field. Figure 6a and b show
the isolevels of transform error for 4th and 10th order transform
between two Tautenburg Schmidt plates e.g. T2415 & T2414

D.K. Ojha et al.: UBV and proper motion survey in anticentre

respectively. In the central part accuracy is 0.2 um. Since the
number of stars defining the reference system used are in high
density, the transform error keeps low values even with the large
number of coefficients. However due to the high order used, the
transform is badly defined along the edge of the plate. Also due
to very few stars at the corner of the plate, the transform error
keeps high values. By using high order transform, we expect to
detect distortions with a lower accuracy. Figure 6¢ and d show
the difference between 10th and 4th order x and y tranforms .
The amplitude of differences is about 0.8 pm, which is of the
order of the accuracy of the 10th order transform. We expect that
such differences can model small scale distortions, but due to
their small amplitudes below 0.8 um they are not significantly
modelled by the 10th order transform. Finally we do not find
any significant distortions with amplitude larger than 0.8 um.
So very high order transforms are unnecessary. For our final as-
trometric reduction, the order of the transform has been chosen
to be 4. Table 3 indicates the results of cross-identification of
all plates compared with the reference plate 2415, the elapsed
time since the date of the reference plate, the number of com-
mon objects after cross-identification and the number of objects
used in the transformation.

4.3. Proper motion determination

For each plate k = 1, ..., K and for each star ¢ = 1, ...,Ns we
have transformed coordinates (Xg;, Yx;) in reference system
defined by the reference plate and the displacement between
transformed coordinates and reference coordinates

Azyi = Xk — Tos
Ayri = Yri — yos

Proper motions are given by
Xki = Toi + Azki = Xoi + pft + €f;
Yis = yoi + Ayks = Yoi + pifti +€f;

It happens that the proper motion measurements are de-
graded because of blended images on one of the plates. To solve
this problem, a weighting matrix for each star and each coor-
dinate (w§;, wy,) has been introduced. Here the determination
of proper motion is a least square problem consisting of deter-

Xos ) , and its

mining the position of star i at initial epoch ( Y
0i

; Iz €ki ion i
proper motion Y aE The solution is
i ki
obtained by inverting the 2 x 2 matrix of the normal equations

(see Soubiran 1992a) which are given by

which minimize (

( W L tkwh (Xm =< > Xiwi, )
Ytewg, D twg; By > Xkitkwi;
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Fig. 6. a Isocontours of the transform error for 4th order transform. Distance between isocontours is 0.05 micron. Inner isocontour is 0.1
micron level. b Isocontours for 10th order transform. Distance between isocontours is 0.1 micron. Inner isocontour is 0.2 micron level. ¢ and d
Isocontours of the difference between 10th and 4th order X and Y tranform. Step between isocontour is 0.2 micron in both case. The first dashed

line gives zero level

and
( > wi; Ztszi> (Ym) - ( > Yiewy; )
Ttewi; 2 tiwlﬁi py > Yistiwy,

In our case we have used the weighting matrix

= 2107 (0r < 0¢)

which is a combination of ¢’s from centering and transfor-
mation processes respectively. Here o, depends on magnitude
and o; depends on the star position on the plate. In order to es-
timate the accuracy of the centering methods, we have plotted
the residuals in = and y coordinates against V magnitude (Figs.
7a-d) for reference plate (T2415) and one of the OCA plate (Cer

2809). Figure 7a and b shows the dispersion mainly resulting
from the centering of the stars (because for the reference plate
T2415, the contribution of proper motion is null). Standard de-
viations in um of centering methods as a function of magnitude
is given in Table 4. Overall dispersion in reference plate T2415
ranges from 0.7 um at magnitude 11 to 2.2 pum at magnitude
17. The errors in proper motions are derived from the matrix of
variance and covariance given by Pelat (1988) as

v(2) - s (TR )
W Yo (wity — t)? —f 1

and

()i (2554 )
wY S (wity —1)? -t 1
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Fig. 7a—d. Residuals in microns in  and y coordinates as a function of V for T2415 and Cer 2809 plates. For the reference plate T2415 the

dispersion mainly resulting from the centering methods. There is also no evidence for any significant magnitude effect

where non-biased estimations of o and o, are taken as

K

1 1
2 _ 2 _ 2
0x= %5 kE=1 wier” = %3 E wi(Xo — pty — Xi)

Table 4. Accuracy in um of centering methods in x and y coordinates
as a function of magnitude for reference plate T2415.

VMag  Numberof  oz24i15 Oy2415
interval stars (in pm)  (in pum)
9.5-10.5 46 1.06 1.09
and 10.5-11.5 67 094 074
) K ) 11.5-12.5 133 1.07 1.09
2 _ Y y2 _ Y(Yn — ¥t — V)2 12.5-13.5 321 0.96 0.93
WTEK 2 ;wkek K-2 D> wk(to — 1t —Yo) 13.5-14.5 538 1.03 0.93
- 14.5-15.5 874 1.16 1.12
Here €, and ez are the residuals in  and y coordinates on 15.5-16.5 1206 1.50 1.45
the plate. 16.5-17.5 1444 2.11 2.21
17.5-18.5 1383 2.30 2.35
Fo 2o Witk
T wi .
4.4. Overall accuracy of the proper motion survey
or
v The overall proper motion accuracy can be deduced from the
I_ > Witk various sources of errors. Sources of random errors are the plate
t= 7 p
> Wy, noise, the digitizing machine, the centering algorithm, the plate

to plate transform. Systematic errors are expected from the dif-
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Fig. 8a—d. Residuals in microns in z and y coordinates as a functiom of (B-V) for T2415 and Cer2809 plates. There is no evidence for any

significant color effect. Color term is found to be less than 0.34 um

ferential atmospheric refraction which may create a color term
in proper motion. To check the magnitude and color effects
on proper motion, we have chosen two plates T2415 (B) and
cer2809 (V). Figure 7a-d show the plots of residuals in z and
y coordinates on two plates versus V magnitude and Fig. 8a-d
show the plots of residuals versus (B-V) for stars V < 15. As
can be seen from Fig. 8a-d, the mean systematic errors in = and
1 is below 2 um, and so negligible. From the Fig. 8a-d the color
term in proper motion is found to be less than 0.34 pm per unit
in B-V (slope: -0.21+£0.13). So finally no correction has been
applied. In the present survey, the overall accuracy turns out to
be 0.25 per century for V<16 and 0.”4 per century for V>17.
The random error of the differential proper motions in arcsec-
ond per century versus V magnitude diagram is shown in Fig. 9
and the mean error in differential proper motion (in arcsec per
century) as a function of V magnitude is given in Table 5.

4.5. Reduction to absolute proper motion

The mean displacement of galaxies and quasars in the reference
frame is used to calculate the zero point of the proper motion.

1-0 W v A M T i T

Fig. 9. The random error o, =4 /cfﬁ,c + afw of the differential proper
motions versus V magnitude
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Table 5. The mean error (arcsec per century) in proper motion as a
function of V magnitude

V mag Number of <o,>
interval stars ("/cen)
9.5-10.5 40 0.30
10.5-11.5 62 0.25
11.5-12.5 130 0.23
12.5-13.5 319 0.22
13.5-14.5 537 0.22
14.5-15.5 871 0.25
15.5-16.5 1200 0.32
16.5-17.5 1432 0.44

Most of the extragalactic objects have been visually verified
in order to ensure that no unresolved multiple star or spurious
image was misclassified as a galaxy. Some galaxies present a
very large residual on the proper motion. They were indentified
as oversized galaxies with extended structures. Such objects
were eliminated and finally the mean proper motion of a sample
of 377 galaxies and 9 quasars uniformly distributed throughout
the ranges 11<V<18 and -0.8<(B-V)<1.8 has been used to
calculate the absolute proper motion. The rms dispersion of
galaxies and quasars motion is 0.80 arcseconds per century in {4
and 0.71 arcseconds per century in 115. The conversion equations
are as follows:

Uo(abs) = pg — 0.38 £ 0.04(" /cen)

us(abs) = ps — 0.43 +0.04(" /cen)

5. Discussion
5.1. Comparison with other data
5.1.1. Photometry—comparison with GSPC stars

‘We have compared our photographic visual magnitudes (Vrg.t)
of 6 bright stars with the Guide Star Photometric Catalogue
(GSPC) (Lasker et al. 1988). Lasker et al. have determined pho-
toelectric magnitudes of 1477 stars in B and V band during the
course of all sky survey. The comparison between the two mea-
surements is shown in Table 6. Our photographic magnitudes
and Lasker’s photoelectric magnitudes for stars fainter than 10
are in good agreement within the error bars. For stars brighter
than V=10 our calibration is not valid.

5.1.2. Astrometry—comparison with PPM stars

We have compared our results for high proper motion stars with
the PPM stars (Roser & Bastian 1991). Table 7 indicates the dif-
ferences in the two components of the relative proper motions.
The agreement is good for bright stars considering the mean
error bars in u, and ps on the PPM measurements (0.2 to 0.5
arcsec/century).
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Fig. 10. Comparison of V star counts with other data sets and Besangon
model prediction

5.2. Comparison with model predictions

Before comparison with Besangon model, it is important here
to recall briefly the characteristics of the model. The model is
described in detail by Robin & Crézé (1986), Bienaymé et al.
(1987) and Robin & Oblak (1987). Table 8 shows the kinemati-
cal parameters used for the disk, thick disk and halo population
for the model predictions. The disk is composed of 6 isother-
mal components in the model. The values of the solar motions
are: Uo=103kms™ !, Ve=6.3kms~ ! and We=5.9 km s~ ! in
the model. A radial gradient in oy (8ln02U /0r) has been intro-
duced in the model. This value is adopted from the estimation
by Oblak & Mayor (1987) for F, G and K~ type stars. The rota-
tional velocity for the thick disk has been set to 173 km s~ in
the model, as a result from the analysis of our survey. The age-
metallicity relation is adopted from Twarog (1980). The values
of metallicity gradient (vertical and radial) for the three popula-
tions shown in the model, have been determined by comparing
5 data sets in different directions (Robin in preparation).

5.2.1. Star counts

Comparison of the observed star counts with model predictions
is shown in Fig. 10 for 18.8 square degree field. The error bars
are ++/N, where N is the number of stars in each bin. In the same
diagram we have compared data from Friel & Cudworth (1986)
in the same direction but at opposite latitude (I = 175°,b =
—49°), from Yamagata & Yoshii (1992) and from Fenkart &
Esin-Yilmaz (1983) in SA54 direction (I = 200°, b = 59°). For
13<V<17, the observed and model predicted total counts for
our survey agree well, though in the model we find more stars
below V=13. For 11<V <15, there is a good agreement between
Friel & Cudworth and our star counts. After V=14, Yamagata
& Yoshii and Fenkart & Esin-Yilmaz star counts lie clearly

" below our counts, which can be explained by the difference in

longitude and latitude between the two fields.
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Table 6. Comparison of photographic magnitudes with GSPC photoelectric magnitudes

Stars Vaspc Vraut (B—V)gspc (B —V)raut
P166-A  9.47 +0.00 8.80 +0.05 0.62 + 0.00 0.44 4+ 0.06
P166-B  10.42 +£0.03 10.21 +£0.05 0.81 +0.00 0.88 +0.07
P166-D 13.11+4+0.02 13.24+0.06 0.49 4+ 0.00 0.41 +0.07
P166-E 14.44 +0.03 14.47 £ 0.06 0.63 +0.02 0.60 &+ 0.07
P166-F 14.89 +-0.04 15.01 £0.06 0.67 £ 0.03 0.66 4+ 0.07
P166-G 15.62 + % 15.63 £+ 0.05 0.72 & * 0.72 £ 0.07

Table 7. Comparison with PPM high proper motion stars

PPM  po Taut  pigerr Taut  ps Taut  pserr Taut  (appPM — paTaut) (H6PPM — MsTaut) Mag
Number  (”/cen) (’/cen) (”/cen) (”/cen) (”/cen) (”/cen)
32194 3.18 0.39 -2.51 0.23 0.18 0.01 10.5
32195 -0.63 0.29 -0.20 0.50 -0.71 -1.30 10.5
32242 -2.32 0.32 1.46 0.46 -0.91 -0.36 10.3
32248 -4.42 0.93 -1.98 0.53 0.58 0.18 8.6
32289 -2.94 0.60 0.91 0.59 -0.40 -0.71 8.5
32294 -0.16 0.23 0.40 0.24 -0.60 -0.30 11.0
32300 0.73 0.35 -1.48 0.31 -0.15 -0.62 10.5
51340 -6.41 0.89 1.28 0.92 1.24 1.52 7.5
51363 1.57 0.48 -6.38 0.95 -0.58 1.58 9.4
51364 -2.34 0.25 -3.43 0.39 -0.98 -0.17 10.0
51399 -2.09 0.17 -1.80 1.81 -1.15 0.80 10.6
51404 0.08 0.47 -0.24 0.37 -0.86 0.24 9.7
51471 -5.19 0.31 0.58 0.19 -0.68 0.42 10.2
Table 8. The characteristics of the Besangon model used for the comparison with real data
Disk Age ou ov ow  Viot [FeH] JE/HL 2F/H]
(nyrs) kms™! kms™! kms™! kms™! dexkpc™! dexkpc~!
.15E9 16.7 10.8 6.0 - 0.01 -0.5 -0.07
1E9 19.8 12.8 10.0 - 0.03 -0.5 -0.07
2E9 272 17.6 13.0 - 0.03 -0.5 -0.07
3E9 30.2 19.5 18.5 - 0.01 -0.5 -0.07
5SE9 345 222 20.0 - -0.07 -0.5 -0.07
TE9 34.5 22.2 20.0 - -0.14 -0.5 -0.07
10E9 34.5 22.2 20.0 - -0.37 -0.5 -0.07
Thick disk - 51.0 38.0 35.0 173 -0.7 0.0 -0.3
Halo - 131.0 106.0 85.0 0 -1.7 0.0 0.0

5.2.2. Color distribution

(B-V) distributions (Fig. 11a-d) in different magnitude intervals
have been compared with the model. Our (B-V) distribution
presents a good agreement with the model over all the magnitude
intervals. For 13<V <15, there is better agreement between Friel
& Cudworth field and ours. The SA54 data from Yamagata &
Yoshii and Fenkart & Esin-Yelmaz lie below our distribution as
was already mentioned with the V star counts. The bump of red
stars (1.0<B-V<1.5) which appears at the faintest magnitude
corresponds mainly to late type disk dwarfs.

Comparison of (U-B) distribution is shown in Fig. 12a-d.
The observed and model predicted counts agree well for all the
magnitude ranges.

At V>16 the red stars are lost in the histogram because
of B magnitude cut-offs. The observed starcount data are also
presented in a tabular form in Table 9 for N(V,B-V) and in Table
10 for N(V,U-B). The dark line indicates the limit of reliability
for starcount data.

5.2.3. Proper motion distribution

Figure 13a-d and 14a-d show the histograms of observed and
model predicted proper motions in y; and pp respectively in four
magnitude ranges. For doing model predictions, we assume that
the proper motion error is a quadratic form of the magnitude, as
measured in the real data. Due to the stellar drift, the asymmetric
shape of the distribution of longitude proper motion is clearly
visible in data and model. The observed proper motion distribu-
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Table 9. Starcounts over 18.8 square degrees as a function of V and B-V

O d
-0.2

d

B-V

B-V -04 -02 00 02 04 06 08 10 12 14 16 18 20 22 Total
\4

10.0-10.5 0 0 4 8 12 4 9 5 3 2 1 1 0 0 49
10.5-11.0 0 0 1 4 15 9 10 14 6 2 0 2 0 0 63
11.0-11.5 0 1 1 4 20 13 14 16 16 2 1 0 0 0 88
11.5-12.0 0 0 2 4 28 44 25 13 13 4 1 0 0 0 134
12.0-12.5 1 0 0 3 19 70 42 27 7 3 1 0 0 0 173
12.5-13.0 0 2 0 5 28 97 74 49 12 5 0 0 0 0 272
13.0-13.5 1 0 1 4 48 183 127 43 9 4 2 1 0 0 423
13.5-14.0 1 1 0 4 23 186 199 72 21 7 1 0 0 1 516
14.0-14.5 1 1 2 5 48 238 228 110 31 20 8 0 0 0 692
14.5-15.0 1 1 1 3 36 292 332 120 53 30 19 0 0 0 888
15.0-15.5 1 0 3 5 57 335 355 164 67 44 26 1 0 0 1058
15.5-16.0 3 1 4 8 93 382 367 182 100 74 30 O 0 0 1244
16.0-16.5 1 2 6 12 140 427 353 232 145 107 68 1 0 0 1494
16.5-17.0 6 5 10 32 208 399 313 250 163 152 92 12 2 1 1645
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Table 10. Starcounts over 18.8 square degrees as a function of V and U-B

U-B -10 -08 -06 -04 -02 00 02 04 06 08 10 12 14 16 18 20 22 Total
\Y

10.0-10.5 0 0 0 0 2 8 9 7 4 3 6 3 1 4 0 1 0 48
10.5-11.0 0 0 0 0 1 11 14 5 8 9 6 3 1 2 1 0 2 63
11.0-11.5 0 0 0 0 3 14 17 10 7 15 11 5 2 2 1 0 0 87
11.5-120 O 0 0 0 6 30 31 21 16 7 8 3 7 2 0 0 0 131
12.0-12.5 0 0 0 0 15 33 53 20 26 11 7 5 2 0 0 0 0 172
12.5-13.0 0 0 0 0 23 62 66 41 35 23 11 6 4 0 0 0 0 271
13.0-135 0 0 0 1 51 133 120 46 30 14 12 6 2 1 0 0 1 417
13.5-140 O 0 0 1 55 136 126 93 49 18 22 7 2 1 1 0 0 511
14.0-14.5 0 0 0 4 73 184 166 114 50 35 9 4 0 0 1 1 1 642
14.5-150 0 0 0 2 58 231 234 136 58 23 5 1 0 0 0 0 0 748
15.0-15.5 0 0 0 2 70 257 236 88 16 1 1 0 0 0 0 1 0 672
15.5-16.0 1 0 0 4 81 189 73 6 0 0 0 1 0 0 0 0 0 355
16.0-16.5 0 0 0 3 16 15 1 0 0 0 0 0 0 0 0 0 0 35
16.5-17.0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2
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Fig. 13a—d. y,; observed proper motion histograms for four magnitude intervals. Data (dash-dotted lines) and model prediction (solid lines)

tion (in y; and pp) agrees well for stars in the range 12<V<17
with the model.

5.3. Space motions
5.3.1. Distances

We have chosen a subsample of the stars in 0.3<(B-V)<0.9
color range (mainly F and G- type stars). The photometric dis-
tance of each star has been determined using a M, and B-V
relation. We assume as a conservative approach that the sam-
ple stars are all on the main sequence of the thin disk. But in
our sample there exists also a proportion of giants and subgiants
which is difficult to evaluate without spectra. When we compare
our data with Besangon model predictions, we find that 8% of
the stars in the sample are giants. Finally we decided to neglect
this small contamination.

Another correction on distance concerns the variation of
metallicity, which is partly due to the mixture of the thin disk,
thick disk and halo stars whose mean metallicity is different. The
local value of the vertical metallicity gradient (O[Fe/H1/0z)
is not well determined. Current estimates cover most values

from -0.2 kpc ™! to -1.0 kpc ~!. We assume a vertical metallicity
gradient as in Kuijken & Gilmore (1989) :

6[—%‘;@ =-0.3 kpc~!

which is a value found in recent determinations near the
plane. To neglect such a gradient would lead to a systematic
overestimate of the distances. However this approach does not
allow to account for the thick disk specific metallicity which
is probably a source of overestimation of the distance for these
stars.

UV excess 6y.¢ from the metallicity is calculated for each
star according to Carney (1979) and the correction AM,, as a
function of B-V and 6y ¢ (Laird et al. 1988) is applied on dis-
tance measurements. In practice, a new distance is calculated, a
revised A M, correction applied, and so on up to convergence.
The uncertainty on distance depends mainly on the photomet-
ric uncertainties and has been estimated to be ~ 20 % in our
case. However this uncertainty does not include the effects of
metallicity, giants and subgiants fraction.
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5.3.2. Stellar space velocities

The measured proper motions have been directly converted to
U+W and V velocities using the following relations:

U+W =474r.u, (kms™!)

V=474 (kms~1)

Where U,V & W denote the velocities in the galactic coordi-
nate system relative to the Sun (opposite to the galactic centre,
in the direction of galactic rotation and perpendicular to the
galactic plane respectively), r is the distance (line of sight) of
the star in pc and p; & pp are proper motions of the star (’/year)
in 1 and b coordinates. The velocity error limit of our sample
is ~ 10 km s~'kpc~!. Figure 15a and b show the distribution
of the computed stellar U+W and V velocities as a function
of the estimated distances. Within 1 kpc, most of the stars are
clustered between -50 and 50 km s~! in U+W and there is a

slow decrease in V velocity. This corresponds very well to the
kinematical characteristics of the thin disk. Beyond 1 kpc, an

N
o
o

300 ¢

200

100

My ("/cen)

asymmetric drift can be seen because of the growing contribu-
tion from higher velocity stars.

5.3.3. Radial gradient of the velocity dispersion

Bienaymé et al. (1992) have obtained similar data in a field to-
wards galactic centre at intermediate latitude. The same method
of determination of velocities has been applied to their data.
Comparing the velocity dispersion in the two fields (Fig. 16a),
we obtain a measure of the radial gradient of oy w (%};:’*—W)
. The value is found to be -0.2140.1 kpc™!, which is in good
agreement with the estimation (-0.2 kpc~!) by Oblak and Mayor
(1987) for F, G and K- type stars.

5.3.4. The nature of the old disk

By comparing the star count ratio between the two data sets in
the 0.3<(B-V)<0.9 color bin (Fig. 16b), we deduce the scale
length of the old disk which is found to be 2 to 2.5 kpc. This value
is in close agreement with Mohan et al. (1988) value (2.5 kpc)
obtained by Schmidt plate survey in the anticentre direction in
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the galactic plane and recently confirmed by Robin et al. (1992)
using much deeper CCD probes.

The algorithm SEM (Stochastic Estimation Maximization;
Celeux & Diebolt 1986) is used for the deconvolution of multi-
variate gaussian distributions using a maximum likelihood cri-
terion. Table 11 shows the kinematical parameters derived for
the thin disk up to a distance z = 1750 pc. A vertical gradient is
observed up to z = 1250 pc in the asymmetric drift and in oy,
and oy . In the four bins the parameters are in a good agreement,
except in the last bin, which differ quite significantly from oth-
ers. This effect is expected from the varying contribution of thin
disk, thick disk and halo stars. The thin disk is in minority in this
last bin. The mean velocities for this population are (U + W,V)
= (144,-14+2) km s~! with velocity dispersions (., ov)
=(434£2,34+£1) km s~ L.

5.3.5. The nature of the thick disk

Table 12 shows the kinematical parameters derived for the thick
disk population. It is found that the thick disk has an asymmetric
drift of 5744 km s~! with respect to LSR. This strengthens the
hypothesis of a rapidly rotating population (V. = 173+4 km
s~1). This value is in close agreement with the recent results
derived by Soubiran (1993) (179416 km s~!) for her NGP field.

The mean value of V velocity dispersion (o) is 6043 km
s~! for this population, which is similar to the value obtained
by Ratnatunga & Freeman (1989) (54 km s~!) and by Wyse &
Gilmore (1986) (60 km s~ 1).

The estimates of the halo parameters are less certain, be-
cause the error bars are larger and the halo population decon-
volved in the farthest distance bin (Z < 2000 pc) seems to be
contaminated by disk stars. This may be due to the fact that our
survey is not deep enough to contain much of this population.

In Fig. 17, the three gaussian populations representing the
thin disk, the thick disk and the halo are overplotted on the V
velocity histogram for the distance interval 1500<z<2500 pc.

6. Conclusions

We have described a new complete survey of absolute stellar
proper motions and multicolor photometry to V<17 in the an-
ticentre direction at intermediate galactic latitude. We charac-
terize the data set, and discuss the data reduction methods used
to produce accurate astrometry and photometry. The other data
sets as well as model predictions are compared with the present
survey in the overlapping magnitude ranges.

The result confirms that the disk has a relatively short scale
length of 2 to 2.5 kpc. A radial gradient of velocity dispersion in
U+W is found and we confirm an asymmetric drift of the order
of 57 kms~! and oy of 60 km s~! for the thick disk population.

This investigation will be used together with data sets in
several other directions in order to trace the velocity ellipsoid
of the thick disk and the overall galactic structure.
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Table 11. Results (km s~!) of the SEM algorithm for the gaussian
component corresponding to the thin disk in several bins of distance
above the plane (pc). The standard errorson < U + W >, < V >,
ou+w and oy are ﬂfﬁ!ﬁ ”—\/‘% ﬂ\/’—z*—Nﬂ and \;ZVW respectively

z(pc) 0-700  700-1000  1000-1500 1500-1750
Ntot 1091 611 414 258
p(%) 8043 86+3 76114 4519
Ndisk 873 525 315 116
<U+W > -7%1 -5+2 -7+£3 1345
<V> -11+£1 -16+t1 -1742 -10+3
TU+W 26+1 36+1 4442 48+3
oy 2141 3141 3741 3542
Table 12. Same as Table 11, for the thick disk
z(pc) 0-700  700-1500 1500-2500 2500-3500
Ntot 1091 1025 508 61
p(%) 2040.2 25+1 5248 70+0.4
Nthdisk 218 256 264 43
<U+W > -1744 -1+4 244 2+10
<V> -56t4 -60+4 -54+4 -44412
oUW 53+3 69+2 6813 64+7
ov 5343 6113 6843 8049
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