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RESUMEN

Presentamos la comparacién del Astrographical Catalog of Reference Stars
(ACRS) y el catélogo Positions and Proper Motions (PPM) con el FK5 en el hemis-
ferio sur. Las posiciones de las estrellas del FK5, distribuidas uniformemente en
la esfera celeste, fueron determinadas usando métodos de astrofotografia. Estas
posiciones fueron reducidas en los sistemas de ACRS y PPM para la época de las
observaciones y comparadas después con las posiciones del FK5. Aqui se presentan
las diferencias sistematicas (FK5 — ACRS) y (FK5 — PPM) asi obtenidas para
declinaciones entre —30° y el Polo Sur para la época 1994.50 .

ABSTRACT

A comparison of the Astrographical Catalog of Reference Stars (ACRS) and
the Positions and Proper Motions Catalog (PPM) with the FK5 in the southern
hemisphere, is presented. To this aim, the positions of FK5 stars uniformly spread
over the celestial sphere were astrographically taken. These positions were reduced
in the ACRS and PPM systems and then compared with those from the K5 for the
epoch of observation. The (FK5 — ACRS) and (FK5 — PPM) systematic differences
thus obtained, in the declination range from —30° down to the South Pole, for the

mean epoch of 1994.50, are shown.
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1. INTRODUCTION

Formally, all the recent reference catalogs were ob-
served or, for the compiled catalogs, were calculated
in the FK4 or FK5 system. Yet some systematic
errors of different origins remain, relatively to the
fundamental system. The component catalogs for
both the Astrographical Catalog of Reference Stars
‘ACRS’ (Corbin & Urban 1991) and the Positions
and Proper Motions Catalog ‘PPM’ (Roeser & Bas-
tian 1993) were based on the catalog of International
Reference Stars (Corbin 1991), which was compiled
on the FK4 system and then converted to the FKb.
The direct comparison of either the ACRS or the
PPM with the FK5 does not present reliable results
because of the small number of common stars.

At the same time, these catalogs are unique as
the present dense reference systems of choice em-

! Observatério Nacional/CNPq, Brazil.
2 Pulkovo Observatory, Russia.
3 Observatério do Valongo/UFRJ, Brazil.

ployed for investigations in the areas of astrometry
and celestial mechanics. Furthermore, modern as-
trometric observations can be carried out with CCD
detectors, which have small fields, generally of a few
arcminutes. So, CCD observations, for instance, of
minor planets and natural satellites of the planets
are reduced using positions of reference stars from
the Guide Star Catalog ‘GSC’ (Lasker et al. 1990),
updated to the PPM system (Roeser 1995). The sys-
tems of the ACRS and PPM are employed in more
dense catalogs (Lépez Garcia & Yagudin 1995), and
their quality in a systematic sense must be known.
This refers especially to the southern hemisphere,
since, as it is well known, the reference catalogs in
the south are worse both in the systematic and acci-
dental senses than in the north.

In 1994 we observed a program of FK5 (Part I)
stars from the South Pole to —30° of declination with
the Zeiss-Jena astrograph (F = 2 m, D = 40 c¢m)
of the Universidade Federal do Rio de Janeiro at
the Observatory of Campinas, Sao Paulo (—23° lat-
itude). The plate type used was Kodak IIa-O, 16 x
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16 cm, and the field size 3° x 3°. The measurements
of the plates have been made with the automated
microdensitometer PDS 1010A of the Observatério
Nacional with an internal positional precision of one
micron or 0.”1.

2. OBSERVATIONS AND REDUCTIONS

The goal of this work is to determine systematic
differences of the reference catalogs ACRS and PPM
relative to the FK5. The positions of the FK5 (main
catalog) stars on our photographic plates were re-
duced in the systems of the ACRS and PPM, that
is, the reference stars were taken from these cata-
logs. These positions were then compared with those
from the FKb, transferred to the epoch of our pho-
tographic observations, using FKb5 proper motions.
Thus the comparison between the FK5 (Fricke et al.
1988) star positions and their positions in the ACRS
and PPM system gives the systematical differences
between the ACRS and PPM, and the fundamental
system.

A total of 59 plates was measured with the mi-
crodensitometer PDS 1010A of the Observatdrio Na-
cional, and then reduced. Here we report the results
obtained; i.e., the systematic errors Aacosé and Aé
of the ACRS and PPM catalogs as function of right
ascension and declination in the zone of declination
from —30° to the South Pole.

The distribution of the chosen FKb stars places
one star per area of 2 hours of right ascension, and
10° of declination. For minimizing a possible mag-
nitude equation, the faintest FK5 stars were taken
in order to be closer to the mean magnitude of the
stars from the reference catalogs. Consequently, the
mean magnitude of the observed FK5 stars is 5™5 .
Since the measured region on the plates was 9 square
degrees, there was only one FK5 star per plate. All
the observations were made in 1994 and their mean
epoch 1s 1994.50

Two exposures with 1™ 30° and 40° of each FK5
star in the center of the field were made, thus pro-
ducing two sets of images on every plate. The plates
were measured in the direct and inverse directions.
Four sets of independent measurements were there-
fore obtained per plate: two directions of the scan
and two sets of images. Three consecutive scans were
made for the FK5 star images, so the reduction of
every plate produced twelve positions of the stars in
the systems of the ACRS and PPM catalogs. The
measured rectangular coordinates of the image cen-
ters were determined through two dimension ellipti-
cal Gaussian fits, with the r.m.s. adjustment error
smaller than 0.”05. To relate the measured and stan-
dard coordinates of the reference stars, we calculated
12 plate constants using a 2nd degree polynomial
model with a 3rd degree radial distortion term as the
best mathematical model in our case (Vieira, Assafin,

& Vieira Martins 1992). The reductions we
using an average of 40 reference ACRS stars
PPM stars per plate. The mean internal e
reductions, determined from the internal con
of the reduction process, are:

oqcosd =0.720, o5 =0.”20 for the PP

oqcosd = 0.722, o5 = 0”.22 for the AC

The final position of each FKb star in tt
and ACRS systems is the arithmetic mear
twelve reduced positions. Hereafter, we deno
as PPM and ACRS respectively. The catal
tions from the FK5 were transformed to the e
observations using the FK5 proper motions, 3
the differences Aacosé and Aé in the sense
PPM) and (FK5 — ACRS) were calculated.

The HIPPARCOS stars in each plate h
their rectangular coordinates measured. Tht
the HIPPARCOS catalog becomes available,
orientation relative to the extragalactic rad
ence frame is known, the steps similar to tt
lowed here will likewise give the orientatio
southern ACRS and PPM systems relative tc
tragalactic frame at the mean plate epoch.

3. RESULTS

We report here the results obtained from 5
in the southern zone, whose centers are betwe
and —90°. The main results are displayed in"
which presents the individual differences betv
position of each star updated from the FK5
position obtained in the ACRS and PPM ¢
Figure 1 represents the data from Table 1 in
mode. Filled circles refer to the (FK5 - AC]
open circles to the (FK5 — PPM) individual
nate differences.

The systematic differences Aaycosd are
in Fig. 1(a), for both the cases: (FK5 —
and (FK5 — PPM). Analogously, the system
ferences Ad, are shown in Fig. 1(c). The
also present smoothed curves binning the diff
through four points running averages, enabli
sualize large trends and to compare the AC
PPM features. Solid lines refer to the AC
dotted lines to PPM. The amplitudes of the
atic differences reach the level of 0.”2 for the
and 0.”3 — 0.4 for the PPM. Naturally, the
atic differences between the FK5 and the AC
PPM in the greatest part are due to the sys
errors of the last two. Actually, the FK5 h
systematic errors too, as indicated by differer
tigations and new meridian observations, b
do not exceed 0.”1 (Morrison et al. 1991), a
urally, the ACRS and the PPM are defined as
ing the FKb system.

In the figures, the curve Aaycosé (FK5 -
lies higher than the Aaycosé (FK5-PPM). "
dicates that the right ascensions in the PPM
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TABLE 1

DIFFERENCES BETWEEN THE FK5 POSITIONS OF
STARS AND THEIR POSITIONS OBTAINED IN THE
ACRS AND PPM SYSTEMS*

(FK5 - ACRS)  (FK5 - PPM)

FKb R.A. Decl. Aacosd Aéb Aacoséd  Ab
1017 0.75 - 427 170 3 — 44 — 144
0031 0.81 - 749 - 8 27 — 257 95
1027 1.03 - 57.0 — 188 — 90 — 407 - 90
0044 1.21 - 379 — 157 —122 - 166 — 77
1038 142 - 64.4 78 — 59 — 133 — 143
1076 268 — 545 — 44 211 110 — 40
1086 3.0 — 47.0 — 85 104 10 53
1090 324 - 356 — 385 — 198 — 437 - 218
1095 327 - 774 — 421 189 — 251 499
0141 3.74 - 648 - 30 —104 — 50 39
0163 4.36 - 63.4 — 104 284 — 161 372
1138 492 - 749 43 211 - 79 50
0917 498 - 825 230 372 30 308
1143 5.12 - 44.8 84 — 284 — 69 - 24
0239 6.17 — T74.8 143 125 — 242 83
1178 6.79 - 37.9 - 75 447 — 506 339
0272 7.07 - 56.7 62 — 150 — 18 —279
1184 7.07 - 423 88 338 — 77 309
0281 7.28 — 68.0 380 166 123 74
0918 8.94 - 857 85 204 141 352
0343 9.04 - 66.4 - 93 134 — 101 134
0345 9.13 - 434 208 331 130 368
0353 937 - 550 — 28 — 211 15 — 148
0362 953 - 731 129 79 — 160 0
0406 1072 - 644 39 — 219 8 — 438
1664 1099 - 84.6 138 285 — 245 531
1290 11.20 - 324 — 169 109 — 190 169
1294 11.41 - 427 - 113 180 — 373 365
0438 11.62 - 759 — 57 —134 —499 222
1331 12.84 - 34.0 51 — 23 14 — 158
0919 12.92 - 85.1 — 273 562 — 227 549
1340 13.13 - 53.5 121 - 141 - 8 40
1343 13.29 - 44.0 198 — 114 48 - 109
0503 13.60 - 75.7 - 67 — 313 — 303 — 361
0530 14.42 - 68.2 239 9 — 65 — 236
0546 14.78 - 524 94 118 130 147
1389 1493 - 33.9 452 — 140 358 056
0567 1553 - 734 94 — 115 — 140 176
0631 16.98 - 56.0 — 202 109 — 390 70
1443 17.02 - 76.2 243 65 — 199 — 18
0921 17.02 - 86.4 134 405 - 27 79
0638 17.20 — 43.2 125 129 55 164
0661 1776 - 64.7 181 83 207 264
1490 18.81 — 43.7 — 165 — 138 — 300 - 101
0704 18.87 - 62.2 - 180 - 6 — 188 — 142
0922 1891 - 876 - 128 80 — 202 48
1499 19.27 - 75.8 64 — 70 — 377 — 165
1501 19.33 - 354 257 68 63 59
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TABLE 1 (CONTINUED)

(FK5 - ACRS) (FK5 - PPM)
Aacosd Ab Aacosd Ab

FKb5 R.A. Decl.

1504 19.46 - 54.3 — 194 410 — 98 156
1540 20.67 - 334 - 97 - 28 -394 19
0775 20.75 - 66.2 286 132 208 116
0787 21.08 - 77.0 35 231 36 256
0796 21.26 - 53.3 - 73 —-19% —248 — 106
1670 22.53 - 86.0 416 355 200 261
0865 2291 - 70.1 — 353 59 — 386 — 27
1601 23.06 — 34.7 — 150 115 —-123 — 7
1605 2317 - 452 — 75 87 -39 —162
0876 23.28 - 62.0 —303 — 58 —416 33
0883 23.44 - 52.7 237 172 4 36

¢, In miliarcsec.

are systematically larger than the right ascensions in
ACRS in this zone of declinations. It follows that the
PPM zero point of right ascension is displaced to the
west relative to that of the ACRS by 0.”13 or 0.5009.
The same difference in zero poinis of right ascension
in Evdokimov et al. (1995) is 0.”07 and 0.”05 in As-
safin et al. (1996). The direct comparison between
the two catalogs, in the declination zone from —30°
to —90°, was performed including 60990 common
stars and revealed a systematic right ascension dif-
ference of 0.”127, confirming the offset indicated by
the observations. The difference between solid and
dotted lines on Fig. 1(a) must represent the system-
atic differences (ACRS — PPM) in our zone. We com-
pared the obtained (ACRS — PPM) with those calcu-
lated directly in Evdokimov et al. (1995) for all stars
common to both catalogs in the —70° to —90° dec-
lination range and found a good concordance. This
shows the reality of the (FK5 — ACRS) and (FK5 —
PPM) systematic differences obtained here.

As for the A, differences between the FK5 and
the reference catalogs, they have the same level
of amplitude as Aaqycoséd differences, but they are
slightly larger in scatter. This can be explained by
the existence of the considerable Ads; systematic er-
rors. This is the probable cause of the oscillation of
the fitted curves.

Fig. 1(b) and (d) show the systematic differences
Aagcosé and Ads. The amplitudes of the smoothed
curves are of the same order as those in (¢) and (¢)
for the dependences on right ascension. The dom-
inating feature refers to the declination systematic
errors of the ACRS and the PPM near the South
Pole, which reaches 0.”4.

The systematic differences between the FK5 and
the catalogs ACRS and PPM clearly exhibit com-

mon features. This is explained since both of them
were compiled mostly from the same common base
catalogs, as the Second Cape Photographic Catalog
‘CPC2’ (de Vegt et al. 1989) and the Yale photo-
graphic zones (Yale Transactions, Vols. 11-32). The
main differences between the ACRS and the PPM
in the southern hemisphere are that the ACRS em-
ploys more catalogs, especially meridian circle ones,
and the PPM includes FOKAT, whereas ACRS does
not.

4. CONCLUSIONS

The results obtained show the existence of sys-
tematic errors in the catalogs ACRS and PPM in
the southern hemisphere for the epoch 1994.50, with
maximum amplitudes of 0.”2 to 0.”4. The errors of
the PPM are found to be larger than those of ACRS.

The zero point of right ascension of the PPM was
found displaced 0.”13 to the west relatively to that
of the ACRS. The ACRS is found nearly coincident
with the FKb right ascension zero point, the displace-
ment being 0.”02 £ 0.”02, to the east. As for the
PPM, the found displacement is 0.”11 4 0.”02, to
the west. This result confirms the findings of previ-
ous investigations.

Many of the features displayed by the fitting
curves must be taken with caution, and the Aé, fit
in this sense is typical. They may represent small-
scale fluctuations or simply are due to the precision
of positions in the ACRS and in the PPM. However,
it is equally possible that they result from the dis-
crete number of stars used at each declination, and
the FK5 stars individual position and proper motion
errors can amount to 0.2 for some stars at 1995.
Nonetheless, there are features that stand above the
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Fig. 1. Systematic differences (FK5 — ACRS) and (FK5 — PPM), in right ascension (Aacosé) and declination (AS$),
plotted against right ascension and declination. The (FK5 — ACRS) differences are represented by the filled circies and
fitted by the continuous lines. The (FK5 — PPM) differences are represented by the open circles and fitted by the dotted

lines.

noise level, like the positive trend in the Acaycosd
plot between 5" and 10", and in the Aagcosé plot
close to the polar cap. The most important feature,
representing the largest error for both catalogs is
found in the Aés plot, in the declination range —80°
to —90°, where the warps exceed 0.”4.
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