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ABSTRACT

We present a new catalog of absolute proper motions and updated positions derived from the same Space
Telescope Science Institute digitized Schmidt survey plates utilized for the construction of Guide Star Catalog II.
As special attention was devoted to the absolutization process and the removal of position, magnitude, and color
dependent systematic errors through the use of both stars and galaxies, this release is solely based on plate data
outside the galactic plane, i.e.,b 27� � �. �n. The resulting global zero point error is less than 0.6 mas yr� 1, and the
precision is better than 4.0 mas yr� 1 for objects brighter thanRF = 18.5, rising to 9.0 mas yr� 1 for objects with
magnitudes in the range 18.5< RF < 20.0. The catalog covers 22,525 square degrees and lists 100,774,153 objects
to the limiting magnitude ofRF � 20.8. Alignment with the International Celestial Reference System was made
using 1288 objects common to the second realization of the International Celestial Reference Frame(ICRF2) at
radio wavelengths. As a result, the coordinate axes realized by our astrometric data are believed to be aligned with
the extragalactic radio frame to within± 0.2 mas at the reference epoch J2000.0. This makes our compilation one of
the deepest and densest ICRF-registered astrometric catalogs outside the galactic plane. Although the Gaia mission
is poised to set the new standard in catalog astronomy and will in many ways supersede this catalog, the methods
and procedures reported here will prove useful to remove astrometric magnitude- and color-dependent systematic
errors from the next generation of ground-based surveys reaching signi� cantly deeper than the Gaia catalog.
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1. INTRODUCTION

The Second Generation Guide Star Catalog, or GSC-II, is an
all-sky catalog of objects built from the Digitized Sky Surveys
that the Space Telescope Science Institute(STScI) created from
the Palomar and UK Schmidt survey plates(GSC2.3, Lasker
et al. 2008). The GSC-II was primarily created to continue
providing guide star information6 and observation planning
support, including protection from nearby bright objects to the
new generation ultra-sensitive cameras installed on theHubble
Space Telescope(HST) since the� rst GSC. Thanks to its
relatively faint magnitude limit and multi-band photometry,
GSC-II is also employed at some of the largest ground-based
facilities such as GEMINI, the Very Large Telescope, and
LAMOST. In the most recent version(GSC2.3.4 inHST
operations), it was found that the derived proper motions,
although compliant with the Hubble operations, suffered from
signi� cant systematic errors, especially in the southern hemi-
sphere, and for this reason they were not included in the
version released to the astronomical community. This limited
the scienti� c and also technical(e.g., accurate operation of
multi-� ber spectrographs) usefulness of the public GSC2.3;
various experiments were then initiated to investigate the
sources of such systematic errors and to explore alternative
methods for improving the proper motion accuracy(Spagna
et al.2004; Tang et al.2008). Astrophysically, large samples of
accurate absolute proper motions to faint magnitudes are

fundamental observables in Milky Way studies to gain, e.g.,
further insight into the recently discovered evidence of
unexpected chemo-kinematical features(Spagna et al.2010).
These new� ndings bear the potential to shed new light on the
origin and evolution of our Galaxy(Curir et al.2012, 2014),
and ultimately on its role in cosmology(Lattanzi2012).

In this paper we concentrate on the recalibration of the GSC-
II proper motions; however, we also discuss the catalog release
(which includes a recalibration of the positions); the catalog, in
the form presented here, will be made available at the
Strasbourg astronomical Data Center(CDS) with the publica-
tion of this article.

Assuming we can consider the proper motions of galaxies to
be zero, there are two ways to exploit this in the determination
of absolute proper motions.

1. One is thedirect way; here, all the observations obtained
at different epochs are directly transformed into one
system using galaxies as reference objects; therefore,
absolute proper motions are a natural derivation within
this approach.

2. The other possibility is to bring all the observations into a
common system using stars(instead of galaxies) as
reference objects from which to calculate relative proper
motions of all of the measured objects. Then, render those
proper motions absolute by subtracting the pseudo proper
motions of the galaxies.

The GSC-II object classi� cation is based on star/ non-star
criteria rather than star/ galaxy. This was done for operational
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6 In this respect, GSC-II includes the� rst generation GSC, or GSC-I(Lasker
et al.1990).
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reasons in order to prioritize the reliability of the star
classi� cation at the cost of a less accurate, more generic,
non-star classi� cation. Therefore, non-stars will be a mix of
blended objects, faint stars, and galaxies, providing a
heterogeneous reference system. This mixing is not easy to
disentangle, leading to imprecise astrometric transformations;
furthermore, the individual accuracy of the measured positions
for the non-stars is generally worse than that for stars.
Therefore, after a number of dedicated evaluation tests, we
decided to adopt the second procedure.

Due to increasing interstellar extinction as we approach the
galactic plane, the number of observable(genuine) galaxies
drops to zero. In the end, our reductions only addressed the
parts of the celestial sphere with galactic latitudesb 27� � �. �n;
see Figure1. This is only an operational de� nition of off-the-
galactic-plane regions, and clearly depends on the lack of non-
stars for our reductions below that latitude.

The next section describes the plate data used to derive the
proper motions in our catalog, which we decided to call
“Absolute Proper motions Outside the Plane,” or APOP, for
brevity.

In the 3rd section we present the calibration pipeline and the
details of the detection and removal of systematic errors that are
dependent on plate position, magnitude, and color(hereafter
PdE, MdE, and CdE, respectively).

In Section 4, the anticipated precision is estimated
theoretically, and both internal and external precisions are
assessed. This section also describes the APOP available to the
community through the CDS center in Strasbourg. Finally, the
last section presents some conclusions and brie� y discusses
future plans.

2. PLATE DATA

The observational data come from the STScI Catalog of
Objects and Measured Parameters from All-Sky Surveys
(COMPASS) archive of the GSC-II project(see Lasker
et al.1998). This object-oriented database is the repository of
the original(raw) measurements(astrometric and photometric)
of all of the objects detected on any of the 9000+ survey plates
digitized at STScI; it also contains the entire set of parameters
resulting from all of the plate-based calibrations(object
detection and inventorying, astrometry, photometry, and image
classi� cation). Below we summarize the properties of the data
in the COMPASS repository that are useful for better
understanding the next sections(precise references to the
relevant parts of the 2008 work of Lasker et al., or other
published papers, are provided whenever appropriate):

1. Sky coverage and epochs. The different photographic
plate collections inventoried in COMPASS cover all
directions of the celestial sphere at least a few times over
the timespan they comprise. The Northern declinations
were observed with time differences that span from a
minimum of � 25 years to as much as 50 years. For the
Southern sky the situation is distinctively less homo-
geneous: for the declinations in common with those
reached by the Palomar Observatory Schmidt telescope
� rst epoch campaigns(� � � 30°), epoch differences can
extend to 50 years; however, intervals as short as a few
years can occur further South. The details of the decl.
ranges reached by each individual Schmidt plate survey
and the corresponding epoch intervals are in Table 1 of
Lasker et al.(2008);

2. Photometric bands. Table 1 of Lasker et al.(2008), along
with their Figure 1, provides information on the
photometric data in COMPASS. In particular, the relation
of the photographic passbandsRF, BJ, IN with the
Johnson–Kron-CousinsB V R Ic photometric system is
clearly illustrated, withBJ signi� cantly extending into the
wavelength range of the photometricV. Although onlyBJ
and RF magnitudes are explicitly utilized in this article,
all of the GSC-II based photographic magnitudes are
listed with the APOP entries(see Table 1 in Section4.4);

3. Cross-identi� cation of the same objects detected on
different plates was made using a matching radius of
4 arcsec;

4. The digitized resolution of most plates is 15� m/ pixel
(1 arcsec/ pixel), while some plates were scanned at
25� m/ pixel (1.7 arcsec/ pixel; details in Table 1 of
Lasker et al.2008);

5. Errors. The average error of the measured plate
coordinates is about 0.12–0.13 pixel at intermediate
magnitudes, i.e., brighter than 18.5(Spagna et al.1996);
also, the average photometric error is within 0.13–0.22
mag(16 mag< RF < 20 mag);

6. GSC2.3 Classi� cation. The reliability of star classi� ca-
tion remains above 90% toRF = 19.5, and better than
95% to RF = 18.5, while that of non-stars classi� ed as
galaxies is signi� cantly less(Right panel of Figure 29 in
Lasker et al.2008), with numbers always below 85% and
to a low of 70% at the faint limit.

The success of the procedures we have adopted for the
APOP construction relies heavily on the accuracy of the
classi� cation of both stars and galaxies. Besides, as already






















