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The axis of the International Celestial Reference System (ICRS) are defined by positions of 
extragalactic sources. The International Celestial Reference Frame (ICRF) is the 
materialization of the ICRS. The ICRF catalog consists of VLBI radio positions of point-like
quasars of astro-geodetic observations over many years. At optical wavelengths the standard 
materialization of the ICRS is the Hipparcos stellar catalogue. In this project the aim is to 
build a dense, optical extagalactic reference frame on the ICRS, directly aligned by the 
ICRF, and bridging the magnitude gap to the Hipparcos frame.

Here we report on the addition of 62,021 quasars from the SDSS Fourth Release, most of 
which are not part of the original Veron & Veron 48,921 list of quasars. The added sources 
are not all-sky distributed, however they do present a much larger spatial density (over 
10/sq.deg). Stars within a radius of 10 arcmin around each of the selected SDSS 
extragalactic objects were also retrieved from SDSS data. Typically there are 2,000 stars in 
each such region. Using the UCAC2 as reference star catalog this enables an accurate 
astrometry independent of the USNO B1.0 catalog.

The preliminary B1.0 positions are locally corrected using UCAC2 stars. Now, the 
northernmost portion of the V&V list is also corrected using preliminary extracts of the 
UCAC2. With this project the sample of quasars with precise radio position was expanded 
to 4,400 objects (30% increase). Preliminary reductions using harmonic functions relate the 
VLBI obtained positions to the Hipparcos frame (through the UCAC2). The final positions 
are precise to better than 100mas, while the resulting frame adheres to the ICRF at the level 
of 1mas 
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• To obtain a high sky density, all sky extragalactic 
reference aligned to the ICRF.

• To obtain a materialization of the ICRS beyond 
the Hipparcos/Tycho2 range of magnitudes.

• Removal of systematics. 

• Direct comparison with accurate positions of radio-interferometric standard 
QSOs.

• To obtain a representation of the GAIA clean sample, for quasars of known 
colors and redshift.

• Method of astrometric solution applicable in local 
sky patches, in order to apply it towards the SDSS
data releases of accurate photometry.

� �� 
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• Véron & Véron list of 48,921 quasars of known redshift.

• USNO B1.0 catalog of 1,042,618,261 objects, and completeness down to     
V = 21. Astrometric precision estimated at 120mas.

• UCAC2 catalog of 48,330,571 objects, down to V = 16, covering the region    
-90° to +40° dec., going up to +52° in some areas (preliminary northernmost 
positions also used, with no proper motion). Mean astrometric formal error at 
30mas. 

• VLBI standard QSOs radio positions. Besides the 667 sources from the ICRF 
& Ext1, there are the 109 sources from Ext2, as well as 3,357 VLBA calibrators 
and 1,563 VLA calibrators (limiting to positional precision better than 10mas), 
from which a list of 3,800 radio positions of compact extragalactic sources can 
be compiled to represent the ICRF to 0.2mas.
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• Though the formal B1.0 astrometric accuracy is 200mas, its precision is quoted 
at 120mas. In small fields (~6’), the repeatability of the B1.0-UCAC2 position’
difference is 110mas (81 ICRF fields, 917 stars). 

• Relatively to the B1.0 one, a much improved position for a QSO can be obtained 
using a plate constants correction model, in small fields, centered on the quasar, 
and correcting towards an UCAC2 local frame.

• This can be done for each V&V quasar, plus each standard position radio quasar, 
that can be found in the B1.0 catalog. The matching conditions were � < � � , while 
� position < 1” (V&V) and � position < 0.5” (radio). 

• Finally, each B1.0/UCAC2 extragalactic source position can be compared to the 
radio counterpart position to directly tie the two frames. This was done through: 

(a) director cosines rotation on the equatorial coordinates;

(b) a constant equatorial correction;

(c) spherical harmonic functions on declination (Lagrange polynomials) and on 
right ascension (Fourier terms).

 	 � 	

• Total number of sources: 43,870 (2,216 with accurate radio positions) (660
within the galactic plane) (4,664 reduced with the preliminar UCAC2 north)

• Declination range: -85°.6 to 88°.2 (-83°.2 to 88°.2 with accurate radio positions)

• Mean distance: 0°.34 (� 1°.43) • Mean magnitude: 19.2 (� 1.2)

• Mean size of the UCAC2 box: 81.1 arcmin2 (� 55.8 arcmin2) (Nucac2=10, � 5)

• Mean accuracy of the B1.0 positions: 148mas (� 142mas) (spurious � 19%)

67” /mm
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• Plate Constants Model (B1.0 fields corrected by common UCAC2 stars)

• Pilot reduction for  496 Véron-Cetty &  Véron QSOs belonging to 2MASS. 
For 20,417 common stars � � cos� = +3mas (� 99mas) and � � = +11mas (�
95mas). For the QSOs � � cos� = +11mas (� 146mas) and � � = +4mas (�
145mas).

• Taking 29 QSOsscattered accross the sky, and boxes with no less than 35 stars 
(~10’). Complete polynomial solutions with degrees varying from 0 up to 3rd, 
and even straight averages (except when done at the UCAC2 epoch) perform 
alike – X and Y corrections and dispersions.

• 1st degree polynomial retained: smallest 
field required, slightly better  per formance. 
J2000 catalogs epoch adopted.

• From a comparison to 81 ICRF defining 
sources, the 4 constants form was chosen, 
again justified by the physical smallness of 
the plate region, since it enables to get 
solutions more precise by 7% .

! � �� � �� �

• To perform the global alignement along the ICRS
(3 rotations plus an equatorial displacement) a 300mas 
match between the B1.0/UCAC2 (“BU”) positions and the 
corresponding radio position counterparts is searched for. 
From a total of 2032 radio positions counterparts, 1,724 
satisfy the condition. 

• Residual zonal warps are considered using Brosche’s method. Orthogonal 
Fourier terms (on � ) and Legendre polynomials (on normalized � ) are used – but 
no magnitude term. The functions were tried up to the 50th degree and the ones 
more significant than 3� were retained.

• Both for � and � , declination 
dependent zonal terms are seen 
as more impor tant. Again the 
analysis is done using the 
comparison against the 1,724 
common radio positions.
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• The dispersion of the BU positions 
around their radio match is even 
accross the sky. The preliminary 
UCAC N positions perform well.

• The same appraisal done with the 
ICRF defining sources shows the 
dispersion smaller by about 10mas.
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• The rotation angles, however, 
show important differences.

• The same study regarding the 
B1.0 shows it better aligned to 
the UCAC2 in � than in � .

• The most important zonal terms are 

• in � Lp1= -19 � 4mas and Lp6= 10 � 3mas 

• in � Lp1= -15 � 4mas 

� � 
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• The standard error of the alignement 
to the ICRS is 3mas in both 
coordinates, to standard deviation of 
126mas. However, the repeatability is 
better, at 85mas (� ) and 97mas (� ) –
for 810 regions of radius 5° and at least 
3 sources within.

• For the 1,724 radio quasars, the BU-
Radio equatorial position differences.

• For the 43,621 quasars of the 
catalog, the original B1.0-UCAC2 
equatorial position differences.
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• An all sky catalog containing the optical positions of 43,621 quasars was 
generated. The equatorial positions are refered to the UCAC2 catalogue, and 
zonally and globally aligned to the ICRS through the direct tie to precise radio 
positions of 1,724 sources well distributed on the sky.

• B1.0 magnitudes and Veron&Veron redshifts are also provided. The average 
magnitude is 19.2 (� 1.1), and the average redshift is 1.5 (� 0.7).

• The dependence of the original B1.0 error with magnitude is 30mas/unit, and with 
redshift is 12mas/unit. But there is no significant dependence of optical minus radio 
residuals with magnitude, nor with redshift.

• Through the radio positions, the formal tie to the Extragalactic Radio Frame is at 
3mas, with standard deviation of 120mas. As repeatability of 90mas is verified, the 
standard error of the alignement to the ICRS can be as low as 0.5mas.

• Further improvement is planned by adding optically pointlike BLLacs and AGNs
from Veron&Veron, as well as other new compilations of quasars positions.

• The tie to the ICRF might be upgraded by including a larger number of accurate 
radio positions from other calibration lists.


