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Abstract. — In order to contribute to the alignment of the radio and optical reference frames, 50 stars with
confirmed radio emission and published radio positions were observed by astrographical means. Additionally, two
confirmed radio-stars of fainter magnitude were observed using a CCD direct camera with a long focus, large aperture
telescope. The reductions are made relative to four catalogues: the Carlsberg Meridian Catalogue #4, the International
Reference Stars Catalogue, the Positions and Proper Motion Catalogue and the Astrographical Catalogue of Reference
Stars. The best results were obtained with the CAMC catalogue. The plate error of a radio star position is 0”07 for
both right ascension and declination, rising to 0710 — 0”20 for bright stars. Ten of the program stars are not in the
HIPPARCOS Input Catalogue and 12 do not belong to any of the major reference catalogues used. As soon as the
HIPPARCOS results become available, its reference stars already measured in the plates will enable us to get positions

for those 10 radio stars in the HIPPARCOS system.
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1. Introduction

The comparison between the fundamental optical refer-
ence frame and the radio reference frame, referred to ex-
tragalactic point sources by means of radio stars, is dif-
ficult because of the small number of stars exhibiting ra-
dio emission at the level of a few milliJanskys. Additional
complications are brought about by variability and by the
imperfect coincidence of the optical and radio regions of
emission (Andrei et al. 1995). Positions of radio stars in
the reference frame of well studied catalogues are useful
to prevent future rotations of the HIPPARCOS system,
due to the limit on proper motion accuracy ( ~07002/yr).

In this work, we concentrate on the astrographical de-
termination of position for radio stars which have already
published astrometric radio positions. The observations
were made by the 0.40 m Zeiss Astrograph (focal dis-
tance = 2 m or 103 ”/mm plate scale) of the Universi-
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dade Federal do Rio de Janeiro, in Campinas, Sao Paulo,
(¢ = —22° 53’ 59"; X\ = 3B 7™ 19%). All measurements
have been performed by the automatized PDS 1010A of
the Observatério Nacional. Four catalogues were used for
the plate reductions: the Carlsberg Meridian Catalogue
- CAMC #4 (1990), the Positions and Proper Motions -
PPM (Réser & Bastian 1993), the International Reference
Stars Catalogue - IRS (Corbin 1991) and the Astrographi-
cal Catalogue of Reference Stars - ACRS (Corbin & Urban
1991). The average differences between catalogues match
well the different results from the plates, thus providing
a check on the reduction procedures. Furthermore, within
the limits of the sample, the catalogues can be compared
among each other. Out of the 50 stars included in the
astrographical program, 20% are not in the HIPPARCOS
Input Catalogue and 26% are absent from any optical cat-
alogues used for the plate reductions. A total of 26 sources
are VLA astrometric program stars and 10 of them are se-
lected for the planned link of the HIPPARCOS and VLBI
systems (Lestrade et al. 1994). Provisional proper motions
for the non-HIPPARCOS stars V826 Tau, GG Tau/N, HP
Tau/G2 and for the HIPPARCOS star LS 3299 are given.

All the HIPPARCOS stars in the plates have been
measured. This should provide a larger scope for analy-
sis of new reductions and also allow us to place the non-
HIPPARCOS radio stars in the catalogue system. The
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program is ongoing and we plan to present other results
in the near future.

2. Data and reduction

The range of declinations extends basically from +40° to
—30°. There are just two stars further south: AB Dor at
6 = —65°.5 and 1.S3299 at 6 = —54°.3. Figure 1 shows the
sky distribution of the sample. The limit brightness is 14th
magnitude. Two fainter stars were observed at the long
focus (16 m) 1.60 m telescope of the Laboratorio Nacional
de Astrofisica (LNA) (¢ = —22° 32/; A\ = 3" 2™) with
a CCD camera, in direct mode, and reduced through a
mosaic technique.

Fig. 1. Sky distribution of the observed radio stars

The main criterion for the selection of stars was the
existence of a previously published radio astrometric po-
sition. Most of them are RS CVn type, for which a good
coincidence of centroids and stable radio emission can be
expected (Argue et al. 1984). Detailed astrophysical data
have been compiled for each programme star (type, emis-
sion, etc.). This information will not be presented here; it
is beyond the scope of this paper and will be published
elsewhere.

The plates used were Kodak ITaO type, not hypersen-
sitized. Each plate covers a 4° x 4° region of the sky. Two
exposures per plate were taken, with different durations to
provide better overall imaging of catalogue stars and ra-
dio stars. All the plates were digitized with a PDS 1010A
microdensitometer. The plates were scanned in the direct
and reverse directions, to account for possible systematic
errors of the x and y glass encoders, if any. Three suc-
cessive scans were made for the radio stars, to minimize
accidental errors. We restricted the measurements of the
stars of the denser catalogues PPM and ACRS to the 3°
x 3° cores of the plate, to avoid excessive scanning time.
The (z, y) image centres were determined through two di-
mension elliptical Gaussian fits to the matrix of pixels of
the images. The matrices were previously smoothed with a
two dimensional, three channel binomial filter. The outer,
noisier pixels were trimmed if located beyond an ellipti-
cal area defined by the set of adjusted Gaussian param-
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eters, in an iterative process. Also, saturated pixels were
removed from the fits. More than 95% of the stars have
(z, y) errors smaller than 0705, derived from the Gaussian
adjustments.

At the end, four sets of measurements were obtained
per plate (2 exposures x 2 directions of measurement),
with three (z, y) radio star coordinates for each set. Each
set of measurements was reduced independently. A 2nd
degree polynomial model plus a 3rd degree radial distor-
tion term was used to relate the measured and standard
coordinates of the catalog reference stars (Vieira et al.
1992). Those stars for which the Gaussian adjustment er-
rors exceeded /08 were eliminated. A few stars were also
eliminated, because they presented spurious “observed mi-
nus calculated” residuals (i.e., greater than 076) in the 6
constant adjustment between the (x, y) direct and reverse
measured coordinates of the same star images. That prob-
ably happened due to accidental scanning errors of the
PDS. For each of the four sets of (z, y) measurements, an
independent reduction was performed for each of the cat-
alogues used. The reference stars with greatest “observed
minus calculated” residuals were eliminated in a step pro-
cess, till the radio star equatorial coordinates varied less
than 0701, which is approximately the average of the er-
rors of the catalogues used, divided by the square root of
the average number of catalogue stars. Therefore, each ra-
dio star had 12 positions: 3 x 4 reference catalogues. The
final right ascensions and declinations of the radio stars,
in the catalogue system, were the simple arithmetic mean
of these 12 positions.

Every HIPPARCOS Input Catalogue star has been
measured, so that the re-reduction of plates with the final
version of the satellite catalogue will be straightforward.
As a by-product, plate positions for each catalogue were
derived for all the FK5 and FK5 Extension stars on the
plates.

We checked the reduction as a whole by comparing
the results for the FK5 and FK5 Extension stars in the
plates. The conditions in which the FK5 and FK5Ext stars
are found in the plates differ in two ways from the condi-
tions for the radio stars. The FK5 and FK5Ext stars are
scattered randomly on the plates and the exposure times
were not suitable for their magnitudes. They were gen-
erally overexposed and placed far from the plate center.
Such conditions are obviously much worse than those for
the radio stars.

There are 177 FK5 and FK5Ext stars on the whole
batch of plates. The overall results are listed in Table 1.
They indicate that all but the PPM averages for the dif-
ference “plate minus FK5” are at least of the same order
as the FK5 system positional errors. This indicates that
the measurement of the plates and their reduction does
not introduce a bias in the observed positions as a whole,
for the catalogues used. The catalogues themselves appear
to be well aligned to the FK5 system. The tendency for
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the PPM, which is also observed for the High Precision
Subset (HPS), is found later, when the radio star results
are examined.

Table 1. Average plate minus FK5 system results, for the
different catalogues used in the reduction

Reference Right Ascension Declination
Catalogue Aacosd Error o A Error o
(G I G I 0 I O I O I )
CAMC 0.01 0.04 0.38 0.03 0.04 0.36
IRS -0.03 0.03 0.33 0.01 0.04 0.44
ACRS -0.04 0.04 0.44 -0.04 0.04 0.40
PPM -0.09 0.04 0.44 -0.03 0.04 0.43
HPS -0.07 0.04 0.40 -0.07 0.04 0.38

However, the scatter of the measured positions is found
to be larger than the combined errors of the FK5 system
and that of any of the catalogues used. Figure 2 illus-
trates the effect. From the standard deviation between
the results from different catalogues, it is shown that the
measuring error becomes larger at the outer regions of
the plate. Moreover, the error is larger for the FK5 stars
than for the FK5Ext stars, from the center of the plate
outwards. This suggests an effect due to both the magni-
tude and the distance from the center of the star in the
plate. After some empirical investigations, such an effect
was finally modeled through a least squares routine and a
corrective term was adjusted to the positional offsets. It
is given by the relations:

5
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Fig. 2. The increasing scatter of the “plate minus FK5 sys-
tem” equatorial coordinates offsets, as referred to at least four
catalogues, as a function of the distance from the plate centre.
The continuous lines refer to FK5 stars and the dotted lines to
FK5Ext stars
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Fig. 3. For right ascension and declination respectively, the
correlation between the average “plate minus FK system” off-
sets and the radial and magnitude correction defined by the
relations (1) and (2). Circles refer to FK5 stars and the X sign
to FK5Ext stars

Aacosé = [A X R x cos(© + B)|/M (1)

A6 =[Ax R x sin(© + B)|/M (2)

where Aacosé and Ad are the right ascension and declina-
tion offsets. A is the scaling factor; R the radial distance
from the centre in decimeters; O the orientation angle (in
radians) on the plate, measured in the direct sense from
the direction of increasing right ascensions; B an angle of
correction; M the magnitude of the star. The adjustment
produced A=3.715 and B=-0.086 rad.

The use of the correction so defined, halved the stan-
dard deviation of the “plate minus FK5” differences. Con-
sidering the FK5 error 0704 for 1990, it implies a value
near 0’20 for the standard deviation of scattered bright
stars measured in the plates. Figures 3a and 3b show that
the corrections given by relations (1) and (2) correlate
very well with the offsets between plate results and the
FK5 system coordinates. The plate results are given as
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Table 2. Positions obtained astrographically and their comparison against major optical catalogues. The columns in the table

present, (1): Name of the radio star; (2): Visual magnitude; (3):
to (7) Right ascension, at epoch, referred to CAMC#4 catalogue; (8) Right ascension standard error; (9) to

Spectral type; (4): Epoch of the astrographic observation; (5):
(11): Declination,

at epoch, referred to CAMC#4 catalogue; (12): Declination standard error; (13) and (14) respectively, the right ascension and
declination differences between the positions obtained from the plate reductions (referred to the CAMC#4 catalogue) and the
positions given in the CAMC#4 catalogue; (15) and (16) respectively, the right ascension and declination differences between

the plate positions as obtained referred to the CAMC#4 and ACRS catalogues; (17)

and (18) analogous to the previous, for

the PPM catalogue; (19) and (20) analogous to the previous, for the High Precision Subset of the PPM catalogue; (21) and

(22) analogous to the previous, for the IRS catalogue

Name Mag Sp Ep ®{J2000)  Er, ${J2000) Ery; CAMC,-CAMC,, CAMC,-ACRS, CAMC,-PFM,  CAMC,-HPS, CAMC,,-IRS,,
Adcosd 5 Adcosd  AS  Amccss AR Accosd A3 Adcesd  AB
1800+ h m sec sec N " " " " - * " " " " " "

Algol 2.60 B2 922.65 3 B8 10.135 0.005 +40 57 20.67 0.05 Q.15 .16 0.50 -0.11 -p.18 0.33 G.20 0.45
UX Ari 6.60 G5 92.65 3 26 35.360 0.006 +28 42 55.00 0.09 -0.21 0.0% -0.10 -C.11 0.09 0.14 0.37 0.19 0.12 0.18
HR 10399 5.71 G5 92.65 3 36 47.271 0.005 + 0 35 17.08 0.0 -0.38 g.20 ¢.05 -0.22 0.32 0.12 0.24 0.08 0.05 -0.19
EI Eri 7.10 G2 92.73 4 2 40.880 0.021 - 7 53 35.14 0.03 ¢.03 -0.01 0.28 ~0.23 0.08 -0.16 ~0.03 -0.06
HDE 283447 10.59 K3 93.87 4 14 12,8925 0.004 +28 12 12.41 0.03 0.00 0.10 -0.0% -0.03 -0.09 6.0 -0.20 -0.08
Vv 410 Tau 11.00 K7 93.80 4 18 31.127 0.006 +28 27 16.16 C¢.11 0.07 0.05 =-0.05 -0.06 -0.0% 0.30
HDE 283572 9.00 G5 93.87 4 21 58.817 0.020 +28 18 46,39 ¢.08 -0.3% -0.51 -0.32 -0.23 -0.34 -0.25 -0.45 -0.33
T Tau 10.00 F& 92.66 4 21 59.436 0.007 +19%9 32 6.36 0.12 0.19 =0.26 0,12 0,10 d.02 0.18 0.22 0.01 -0.05 0.32
DG Tau 12,00 MO 92.73 4 27 4.69%7 0.008 +26 6 15.83 0.14 -0.12 -0.25 -9.,09 -0.,30 -0.16¢ -9.23 -0.,30 -0.27
V 826 Tau 12,11 K7 93.87 4 32 15.837 0.009% +18 1 38.72 0.12 0.17 0.18 .42 }.18 0.07 0.08 -0.02 0.07
GG Tau/N 13.70 K5 92.73 4 32 30,309 0.005 +17 31 40.68 0.09 0.25 -0.10 0.32 0.21 0.05 0.0L 0.02 -0.24
HD 28867 6.25 B9 93.87 4 33 32.928 0.005 +18 1 0.41 0.09 0.290 -0.04 0.22 0.17 0.05% 0.01 0.02 0.01
HF Tau/G2 13.40 K3 92.66 4 35 54,133 0.010 +22 54 13.17 0.13 -0.17 -0.23 -0.17 -0.42 -0.43 0.0%
AR Dor 6.70 GB 92.66 5 28 44.830 0.004 -85 26 55.99 0.08 -0.02 0,05 0.01 -0.08 -0.15 0.00
Ross 614 11,40 M7 93.30 6 29 23.121 0.009% - 2 4B 46.02 0.10 0.58% -0.16 0.57 -0.15 d.46 -0.16
EZ CMa 6.71 B5 92.89 6 54 13.025 Q.004 -23 55 42.05 0.08 -0.31 04.18 0.31 0.19 0.16 0.17 0.21 0.34
Z CMa 10.00 B8 92.89 7 3 43.183 0.007 -11 33 5.96 0.08 0.19 0.04 -0.03 0.09 4.05 0.13
EQ Pup 5.40 B2 92.89 7 33 47.556 0.004 -14 31 26.09 (.08 -0.14 -0.06 -0.07 9.02 0.07 0.11 -0.07 0.0%
YZ CMi 10.80 M4 93.31 7 44 40.331 0.027 + 3 33 11.80 0.31 0.31 -0.08 0.28 -0.09 0.13 0.13 4.15 0.20
RZ Cnc 9.35 K1 93.30 B8 39 8.533 0.010 +31 47 44.66 0.10 -0.35 0.24 -0.48 0.36 -0.35 .45 -0.22 0.39
TY Pyx 7.20 G2 93.30 8 59 42.751 Q.012 -27 48 58.34 0.18 0.13 4.1z 0.27 0.25 0.18 0.32 0.18 0.23
R Leo 7.80 MB 924.92 § 47 33.499 0.007 +11 25 43.70 0.08 0.38 -0.22 -0.10 0.10 0.05 -0.11 0.00 0.068 ~0.20 0.01
AD Leoc C 9.60 M4 93.30 10 19 36.426 0.01% +19 52 12.24 0.13 0.15 -0.07 0.00 0.01 0.24 -0.01 0.00 0.10
Wolf 424 13.10 M5 ©93.30 12 33 18,032 0.010 + 9 1 14.92 0.12 -0.290 0.36 -0.235 0.54 =-0.20 D.22 -0.20 0.37
DT Vir 10.34 M2 93.30 13 0 46.850 0.014 +12 22 32.62 0.18 ~0.10 -0.29% 0.20 -0.14 9.0 -0.11 -0.85 -0.24
RS CVn 8.16 F5 93.30 13 10 36,935 0.007 +35 56 5.59 0.11 0.01 0.25 0.08 0.23 0.13 0.15 =-0.13 0.18 0.13 J.1%9
FK Com C 8.19 GO 93.30 13 30 46,829 0,007 +24 13 57.94 0.11 0.12 0.08 0.14 - 0.42 0.14 0.34 0.09 0.25 -0.05 0.27
BH CVn 4.94 F2 93.30 13 34 47.763 0.011 +37 10 56.74 0.22 0.45 "-0.15 0.41 -0.05 0.21 0.00 0.41 -0.11
Cy vir A 4.92 B? 23.30 14 12 15.838 0.013 + 2 24 34.19 0.16 0.21 4.07 0.00 0.26 -0.05 0.00 -9.,10 0.12 Q.00 .56
RX Boo 8.00 M7 93.30 14 24 11.607 0.006 +25 42 13.66 (.10 6.01 =-0.18 -0.14 =-0.02 -0.14 0.09 0.092 g.05 -0.19 0.32
LS 3299 10,40 B5 92.65 14 5% 53.487 0.005 -54 18 7.66 0.05 0.06 0.04 =-0.09 -0.07 0.30 -0.80
oph 1 11.65 K2 93.56 16 11 8.932 0.010¢ -12 4 46.83 C.1l6 0.00 0.11 0.10 -0.07 -0.10 0.04
aph 2 11.65 K1 §3.4% 16 11 59.267 0.014 -1%9 & 53.78 (.17 0,13 -0.18 0.29 -0.3¢ 0.29 -0.22
Oph 3 12.30 K0 $3.56 16 12 40.539 0.011 -18 5% 28.30 C.1% 0,19 0.04 0.19 -0.11 0.10 0.23
a Crhb 5.65% F8 9Z.65 16 14 40.850 0.006 +33 51 30.42 0.11 0.34 -0.25 0.0% ~0.2% -0.09 -0.10 0.51 -0.1%
o Sco A 1.3% B2 92.66 16 29 24.427 0.007 -26 25 55.02 0.15 0.00 0.09 -0.28 -0.03 0.00 0.14
Z Her 7.30 F7 82.65 17 58 7.003 0.00% +15 B8 21.63 0.14 G.15 0.07 0.20 0.21 0.40 0.19 0.20 0.16 0.00 0.11
9 Sgr 4.80 05 $2.73 18 3 52.444 0.005 -24 21 38.57 0.07 -0.07 a.07 0.00 -¢.07 0.09 0.18 -0.09 =-0.19
FR Sct 10.00 M3 $2.65 18 23 22.816 0.010 -12 40 51.84 0.12 0.18 -0.05 0.10 -0.01 -0.10 -0.10 0,00 -0.01
B Lyr 3.70 BB 52.65 18 50 4.772 0,007 +33 21 45.61 0.17 0.17 =-0.05 0.00 -0.22 -0.0% -0.08 0.09 0.26
R Agl A §.00 M7 82.73 19 6 22.271 0.009 + 8 13 48.26 0.08 3.30 =-0.23 0.10 0.05 0.10 0.01 =-0.10 -0.03 0.10 0.02
RR Aqgl 12.10 M& $2.66 19 57 36.074 0.005 - 1 53 11.11 0.0% -0.23 -0.44 -0.10 0.00 0.21 -0.28 0.31 -0.17 -0.51 0.10
Cyg-X1 8.90 BO %$2.65 19 58 21.670 0.005 +35 12 4,04 0.06 -0.31 0.12 -0.08 0.21 0.00 9.25 -0.08 0.03 0.08 .23
P Cvg 4.80 B9 92.65 20 17 47.1%2 0.0C5 +38 1 58,59 0.07 -0.21 -0.02 0.00 0.1s 4.00 0.05 0.00 0.15 -0.16 2.03
Cyg OBZ-5AB 9.30 06 34.6% 20 32 22.415 0.065 +41 18 19.00 0.07 -0.20 =0.13 -0.15 0.10 4.00 -0.05 a.00 0.04 -0.54 4.33
UX Cyg 10.20 M4 94.69 20 55 5.4%5 0.005 +30 24 51.54 0.05 -0.18 -0.03 0.18 a4.05 ag.09 -0.01 ~0.18 4.04
HN Peg 5.82 GO 92.85 21 44 31.243 0.022 +14 46 19.86 0.07 .38 0.08 .40 0.24 1.20 0.48 0.40 .30 2.79 9.63
5% Psc 7.18 K1 92.85 23 13 23.785 0.005 + 2 40 31.49 Q.08 0.05 0.02 ¢.00 0.07 0.31 0.14 0.10 0.00 0.00 0.14
EQ Pag A 10.20 M4 92.82 23 31 51.886 0.011 +15 56 14.41 0.13 0.29 -0.18 0.29 -0,10 g.40 -0.1% 0,19 -0.14
II Pegy 7.18 K1 92.465 23 55 3.732 0.008 +28 283 0.96 0.11 -0.02 -0.01 0.09 G0.05 0.36 0.42 0.27 9.25 -0.09 -0.08

averages for every star that was measured relative to at
least four of the reference catalogues. Although the nomi-
nal errors of the FK5Ext are larger, the magnitude effect
makes the correlation more evident for the FK5 stars.

The values of the corrections drop rapidly for radial
distances smaller than 2 ¢cm and for magnitudes fainter
than 6. Thus, most of the radio stars have been virtually
unaffected by the effect. The correction was defined by
FK5 and FK5Ext stars and it was applied only for the ra-
dio stars brighter than eighth magnitude. Its value is larger
than 0”05 for only four stars. UX Ari has corrections of
—0710 and —0”08 applied to the measured right ascension
and declination, respectively. AB Dor has correction of
-+07”08 in right ascension and 40707 in declination. These

two stars have been affected by measurements out of the
plate center. o Sco A , the brightest star of our sample,
has a correction of —0/09 in declination.

3. Results

The plate reductions have been made relative to the fol-
lowing optical catalogues: the CAMC #4, (declinations
above —40°, with an average of 15 stars per plate), the
ACRS (average of 44 stars per plate), the PPM (average
of 55 stars per plate) and the IRS. For the latter, the star
density is too small to enable a complete solution for the
plate constants. A previous reduction with the ACRS was
then done to solve for the plate constants, after which the
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IRS stars were used to solve for the position. The same
method was used for the HPS (average of 15 stars per
plate) and for a second solution with the CAMC. The
comparison between both methods for the CAMC showed
no introduction of systematic deviations, but the accu-
racy was degraded by about 0”05. The average rms errors
for CAMC plate reductions were 0720 and 0”17 for right
ascension and declination, respectively.

Table 2 displays the results. The positions (in Cols. 5
to 7 and 9 to 11) and standard errors (in Cols. 8 and 12)
are given in the CAMC system, except for AB Dor (§ =
—65°5) and LS3299 (6§ = —54°3), which are given in a hy-
brid system combining the ACRS and the PPM. The plate
positions for the other reference catalogues are presented
as differences from the CAMC plate positions (Cols. 15
to 22). The IRS reference positions are obtained through
the ACRS reduction explained above, while the HPS po-
sitions have no correction applied. The radius/magnitude
correction discussed in Sect. 2 is applied in the presented
values.

In Table 2 we present the differences between the
equatorial coordinates obtained in the reduction and the
catalogue coordinates, for the radio stars present in the
CAMC. The corresponding differences for each catalogue
are plotted in Figs. 4a to 4d. The average differences be-
tween plate solution and the catalogues are in Table 3. The
best match occurs with the CAMC, probably due to the
high quality of the coordinates and proximity of the cata-
logue mean epoch to the average epoch of observation of
the plates. This, together with the higher star density rel-
ative to the IRS, made us choose to present the results in
the CAMC system. The tendency for a systematic right
ascension displacement found between the FK5 and the
PPM systems is found again between the CAMC and the
PPM, in the same sense. For the HPS the right ascension
displacement vanishes in this case.

Table 3. Average plate minus catalogue results

Reference Right Ascension  Declination
Catalogue Aacosd o Adb o

(77) (77) (77) (77)
CAMC -0.02 021 -0.02 0.17
IRS 0.01 0.27 0.02 0.33
ACRS -0.07 0.26 0.02 0.25
PPM -0.13 0.31  -0.06 0.19
HPS 0.01 0.25  -0.08 0.18

As the main criterion for including stars in the program
is not tied to any specific survey, the resulting distribution
of stars (see Fig. 1) is close to isotropic in a wide equa-
torial belt. It is not, however dense enough to allow for a
systematic study of zonal errors of the catalogues, unless
direct measures of the extragalactic or the HIPPARCOS
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systems are employed, since these are much more precise
and very rigid. Nevertheless, the analysis of the dependen-
cies on right ascension and declination might offer some
indications, as well as corroborate the results obtained.

In Figs. 5a to 5d we plot the smoothed curves of the
Aacosd and Ad differences of the plate results as referred
to the CAMC and to the other catalogues. For compari-
son, the average values of the corresponding offsets, in the
region of the plates, are also plotted. The plate differences
and the average catalogue offsets are in overall agreement.
The maximum scatter is of the order of 0’30, which is con-
sistent with the combined error of the catalogues.

The smoothed lines corresponding to the different
plate results are very much alike, indicating that the
ACRS and PPM systems are well aligned. It is more dif-
ficult to discuss the IRS results, since for this catalogue a
previous plate reduction was made with ACRS stars. We
believe the IRS results to be reliable as a whole, as shown
by the averages in Table 3. In the same table, however,
the scatter of the IRS results appears to be larger than
expected from the catalogue nominal errors.

Local features are present in all figures. More notice-
ably, a positive slope of the differences in right ascen-
sion, between 12 and 20 hours. On the Aéds plot there
is a large bulge for negative declinations. For declinations
larger than +20°, there is a divergence of the discrete sym-
bols (i.e, the average catalogue offsets) and the smoothed
lines (the plate offsets) which is probably of an observa-
tional nature. At latitude —23°, the stars observed in that
zone are more affected by refraction effects.

From Table 3, the average offsets between the cata-
logue positions and those obtained through the plate re-
ductions was smaller than 0703 for both the equatorial
coordinates when the CAMC and the IRS were used. The
average CAMC right ascension and declination rms errors
of the radio stars are 0720 and 0”17 respectively. These
values are close to the corresponding standard deviations
of Table 3. Considering the average number of 15 CAMC
stars per plate and the 0705 error of the (z, y) Gaus-
sian adjustments, the average rms errors found lead to an
0”07 plate error for both right ascension and declination
of a star. Bright radio stars will probably display higher
plate errors due to measurement degradation and to the
radial /magnitude effect. In this case, a plate error of 0”10
up to 0720 might be expected, based in the analysis of the
FK5 plate positions in the preceding section.

Two stars, Lk Ha 101 and HBC 362, are too faint
to be conveniently observed with the Zeiss astrograph in
Campinas. They were observed at the 1.60 m telescope
of the LNA and had their positions obtained through a
mosaic of CCD frames. The method of reduction is fully
described elsewhere. The results for Lk Ha 101 and HBC
362 are in Table 4.

Nine stars in our sample have no proper motion in-
dicated in the literature. We were able to use previous



340

1 L L T 1T L L ]

L o ]

b N ° h

N s oo B

< L % [} i

Fiy L ° i

: o °° .

3 L ]

'.5 — . —]

-1 L | ‘ | ‘ I ‘ I ]

-1 -5 0 5 1
CAMC#4 — Aacosé (")

1 L L T 1T L L ]

5 ° -

S r () [ ) L] T

© [ [ 1Y @ 7

3 - o, 4

0 f L) ]

) L ° ]

S ]

N . -

-1 L | ‘ | ‘ I ‘ I ]

-1 -5 0 5 1

ACRS — Aacosé (")

M. Assafin et al.: Optical positions of radio emitting stars

[

L L T 1T T 1T

51— —

o - [ ] -

g L ° _

© L ° i
3

. o S —

L L) ° ]

g r % ° .

o L _

51— o ]

-1 L | ‘ I ‘ | ‘ | ]

-1 -5 0 5 1

HPS — Aacosd (")
1 L L T 1T T 1T

51— —

) B ®e ° B

© L o i

9 L _

S0 ® e oo % —

= . o ."‘ ]
a

a L ° ° .

L e ° . _

-5 —

-1 L | ‘ I ‘ | ‘ | ]

-1 -5 0 5 1

PPM — Aacosé (")

Fig. 4. The differences in equatorial coordinates for every radio star belonging to one of the catalogues used for the plate
reduction. The differences are in the sense “catalogue minus plate”

Table 4. Positions obtained by mosaicing of CCD images and their comparison against major optical catalogues. All radio
star positions referred to the CAMC#4 catalogue through CCD reductions with Guide Star Catalogue stars corrected to the

CAMCH#4. Layout as in Table 2

Name Mag Sp Ep «{J2000) Er, §{J2000} Ery

CAMC o ~ACRS cn, CAMCoop-PPMon  CAMC-HPS, CAMC, o~ IRScen

CAMC, o~ CANC, -
Avicoss  AB Ancosd A Attcosd  Ad Aacosd A0 Adcosd  Ad
1900+ h m sec sec = "
HBC 362 14,67 M2 94.87 4 0S5 30,870 0.003 +21 51 10.92 0.04 -3.37 -0.05 -0.27 -0.34 -0.28 +0.07 -0.17 -0.03
Lk Hoo 101 16.50 B1 95.04 4 30 14,433 0,007 +35 16 24.92 0.11 -0.12 -Q.0% -0.26 +0.00 +0.33 +0.21 +0,30 -0.04

position determinations for five of those to calculate pro-
visional proper motions. The positions were obtained from
the literature referred to in Wendker (1993) and found in
the SIMBAD database.

For these stars we used both radio and optical po-
sitions, the exception being GG Tau/N, for which there
is evidence that the radio and optical emissions are not
associated with the same object. Only one of the stars
belongs to the HIPPARCOS catalogue, 1.S3299, a super-

priority radio star. Its quoted radio position (Wright et
al. 1974), however, has a very large (~10") uncertainty.
The collected optical positions indicate that the radio po-
sition appears to be displaced about 0.5 s eastward and 7"
northward. Due to its large uncertainty, the radio position
contribution for the provisional proper motion is negligi-
ble. The optical position of V826 Tau, quoted by Kutner
et al. (1986) is also discrepant (~2" southward) and, due
to its large uncertainty, negligible to the calculated proper
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Fig. 5. The smoothed lines represent the differences between the plate results, as obtained from the reference catalogues. The
continuous line shows PPM minus CAMC; the dashed line ACRS minus CAMC; the dotted line IRS (with a previous ACRS
reduction) minus CAMC; X represent the PPM minus CAMC and open circles the ACRS minus CAMC systematic differences

between the catalogues themselves in the plate region

motion. Finally, the mosaic position for Lk Ha 101 in Ta-
ble 4 disagrees with the other collected positions by about
0”5 in declination and was discarded for the calculation
of the proper motion. Positions for these stars have been
found in White et al. (1992), Herbig & Rao (1972), for
GG Tau/N; Cohen & Bieging (1986), for HP Tau/G2;
Herring et al. (1986), Le Bertre et al. (1989) and Costa &
Loyola (1990), for LS3299; Spencer & Schwartz (1974) and
Clements & Argyle (1984), for Lk Ha 101.

The proper motions are presented in the FK5 system.
Corrections were made to account for the systematic dif-
ferences between the FK4 and FK5 systems, including
the presence of aberrational elliptic terms. Regarding our
purpose, we did not attempt to correct for zonal errors

between catalogue systems other than these referred to
above. The results are given in Table 5.

4. Conclusions

We observed optically fifty stars, for all of which there is
a radio astrometric determination of position.

FK5 and FK5Ext stars were used to check the pro-
cedures. Although they are found scattered over the
plates, contrary to the radio stars which are always the
central object, the position offsets obtained for the FK5
and FK5Ext stars validated the methods used and en-
abled us to establish a radial/magnitude correction for
the reduced positions of the radio stars. The average off-
set between the FK5 catalogue positions and the positions
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Table 5. Provisional proper motions. N indicates the number
of used positions and AEj, the largest difference of epochs

Star Name o  Error  us Error N AFE,

s/yr _s/yr "/yr "/yr yr
V3826 Tau 0.001 0.001 -0.05 0.01 4 10.9
GG Tau/N 0.000 0.004 -0.02 0.04 2 227
HP Tau/G2 -0.002 0.001 -0.06 0.01 3 10.6
L.S3299 0.002 0.001 -0.01 0.01 5 35.6
Lk He 101 0.001 0.001 0.00 0.02 5 30.1

obtained through the plate reduction was smaller than
0”703 for both the equatorial coordinates when the CAMC
and the IRS were used. The Gaussian (z, y) measurement
errors are 07’05. The rms plate errors of the CAMC ref-
erence stars are 0720 and 0717 for right ascension and
declination. The plate error of an individual star position
is estimated as 0”07. For brighter stars, it may rise from
0”10 up to 0”20 due to measurement degradation and to
the radial /magnitude effect.

The analysis of the results has shown the CAMC sys-
tem is better aligned to the FK5 system than any of the
other catalogues used and with smaller errors for individ-
ual reference stars. The results are thus presented in the
CAMC system and the corrections from this to the other
catalogues are indicated for each radio star.

For the stars V826 Tau, GG Tau/N, HP Tau/G2,
LS3299 and Lk Ha 101, we calculated provisional, raw
values for the proper motion, which were not found in
the literature, taking the first epoch positions from the
SIMBAD database and from Wendker (1993).

The comparison between the catalogues seems to indi-
cate that the ACRS and PPM are well aligned. The PPM
zero point of right ascension appears to be displaced some
0”05 to the east from the FK5 and CAMC origins. For
southern declinations, we found a significant bulge fea-
ture in the A¢ differences between the CAMC and the
other catalogues. Overall, the differences are not larger
than 0”'3.

Forty of the stars presented here belong to the
HIPPARCOS catalogue. The other 10 stars that do not
(mostly due to their faintness) can help to extend the
HIPPARCOS reference frame to fainter magnitudes. As
soon as the HIPPARCOS results are available, the
HIPPARCOS reference stars already measured in the
plates will allow us to reduce the 10 non-HIPPARCOS
radio stars in the catalogue system.
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