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Abstract. In this paper we provide a major upgrade of the work presented in Camargo et al. (2001), aiming at the extension of
the ICRF at optical wavelengths in regions of special astronomical interest, using observations from the Bordeaux and Valinhos
meridian circles. Along with the new fields, the mairfdiences, when compared to the first release, are: a much larger sky
coverage, the replacement of the AC2000 by its upgraded version AC2000.2 as one of the first epoch astrometrical sources,
inclusion of Tycho-2 and 2MASS$* photometry when available, and the correction for a magnitude equation on the Valinhos
right ascension system as well. The resulting catalogue contains 678 828 entries with positional external precisions, on both
coordinates, ranging from 50-60 maé £ 135) to 70-140 mas (18 < V < 16.0). For the proper motions, precisions range

from 3 magyear to about 15 magear, depending on magnitude and declination.

Key words. astrometry — reference systems

1. Introduction coordinate axes materialised by any subset of the reference
frame, andaccessibilityis achieved by the appropriate avail-

doot ¢ ¢ and th terialisati ¢ lest ility of reference points in the sky, so that the user can use
a fop lon o at concf:ep anh_ h € ma ene:jls:_a |ort]ho a (':t('a ESU3s itable number of such points in a sky region. This work is
reference system, from which one can derive the positions of | .. .4 mainly with this last topic.

heavenly bodies as well as study their variations as a function . . .
y y A major breakthrough in astronomical reference systems

of time. : ) .
. : N was achieved with the adoption by 1AU, as from 1st of January
The corresponding celestial reference frame is given by1398 of the ICRS (International Celestial Reference System)
catalogue containing the coordinates of reference points along. ' : ] i y
. - . issel & Mignard 1998; Ma et al. 1998; Johnston & de Vegt
with other parameters, so that it is possible for the user to mg- ;
. . 99), as the celestial reference system to replace the FK5
terialise the reference system at any given epoch. X : o
e . Fricke et al. 1988). The ICRS is materialised by a set of
Three characteristics are important for such a refere . . . .
frame. They arénertiality, rigidity and accessibility Briefl 2 extragalactic compact radio sources listed in the ICRF
: y y, ngicity y y gnternatlonal Celestial Reference Frame) (Ma et al. 1998). The

speak_lngmertlall_ty_ can be understood as non-rotation of th ositions of these sources have been precisely determined by
coordinate axegsjgidity relates to the agreement between t . .
LBI techniques to accuracies better than 0.5 mas.

Send gprint requests toJ. |. B. Camargo, In optical wavelengths, the ICRS is realised by the
e-mail: camargo@obs.u-bordeaux1. fr HIPPARCOS catalogue (ESA 1997) with astrometrical param-
* Based on observations made with the CCD meridian circle at tetéers for about 118 000 objects, typically brighter than=
Bordeaux Observatory, Floirac — France. Based on observations ma0® (completeness up t¥¢ = 8.0), distributed all over the
with the CCD meridian circle at the Abrabde Moraes Observatory, sky. This gives a star density of about 3 objects per square de-
Valinhos — Brazil. Based on measurements made with the MAMgyee  which is insfiicient to provide a desirable accessibility
automatic measuring machine. _ “to the ICRS. The improvement given by the Tycho-2 catalogue
Table 2 is only available in electronic form at the CDS V'?’lotwithstanding{SO stars per square degree and limiting mag-

anonymous ftp t(tdsarc.u—strasbg.fr.‘ (130.79.128.5) or via nitudeV = 125 — completeness up % = 11.0), small field
http://cdsweb.u-strasbg.fr/cgi-bin/qcat?]/A+A/409/361, t trv h till its d it d fulfilled
and Tables 1 and 3 are only available in electronic form at astrometry has stll 1ts density needs untuiniied.

One of the most important tasks of astrometry rests upon

http://www.edpsciences.org . A worldwide dfort is in progress to extend thg ICRF in op-
*** This paper was prepared before the release of the all-sky 2MABGal wavelengths from ground-based observations, supported
survey. by the IAU Commission 8 new working-group The “Future

Atrticle published by EDP Sciences and available at http://www.aanda.org or http://dx.doi.org/10.1051/0004-6361:20031063
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Fig. 1. Internal precisions of the mean positions of the Bordeaux and Valinhos meridian observations.

Development of Ground-Based Astrometry”. Examples of suéominici et al. 1999; Camargo et al. 2001; Rapaport et al.
an dfort are the USNO-A2.0 catalogue (Monet et al. 1998001), and details about both of them can be found in Viateau
UCAC project (Zacharias et al. 2000), A Catalogue of Faiet al. (1999).
Reference Stars in 398 Fields of Extragalactic Radio ReferenceTheir locations are, respectively, Floiracd ( =
Frame Sources — ERLcat (de Vegt et al. 2001), Valinh@§°31'39(east),¢ = +44°5007”’) in France, and Valinhos
Meridian Circle Catalogue — VMCC (Camargo et al. 2001j4 = 46°5803”(west),¢ = —-23°0006") in Brazil. Both
and M2000 (Rapaport et al. 2001) among others. instruments use CCDs operating in drift scan mode, and the
The present work is part of thisfert and upgrades its pre-bandpass, 5200 A to 6800 A, makes the resulting photometric
vious version, the VMCC. The mainftierences are: a) obser-band close to the Johnsor\sband system (Dominici et al.
vational data now provides 511 525 objects from the Bordeali299).
CCD meridian circle (hereinafter BMC) and 167 303 objects The limiting magnitude is aboi = 17.0 for the BMC and
from the Valinhos CCD meridian circle (hereinafter VMCpne magnitude brighter for the VMC, due to the larger CCD
— only BMC data was retained whenever common objeat§the BMC. The internal precision of the mean positions, as a
between both instruments were detected. VMC data frdomction of magnitude, is shown in Fig. 1. From those panels,
Camargo et al. (2001), as will be discussed in Sect. 3.2, wasitds possible to notice the better performance (about 20 mas)
analysed for this present work; b) TychoB2ndV photometry of the BMC compared to that of the VMC. This is explained
have been included in the catalogue, as well ak E) K pho- by the diferent size of the CCDs, allowing a longer integra-
tometry from 2MASS; d) correction for a magnitude equatiotion time for the BMC, as well as slight fierences in the re-
present in the Valinhos right ascension system, and e) repladection parameters used in each one (ponderation of observa-
ment of AC2000 by its upgraded version AC2000.2 (Urbations, eliminations). It is also possible to notice dfelience
et al. 2001) as one of the first epoch sources for proper moti@bout 10 mas) between the precisions of the right ascension
measurements. and declination systems presented by the VMC, the origin of
Also, in our catalogue (hereinafter BVMCcat) we providewhich is under investigation. Left and right panels of Fig. 1 are
mean J2000 positions and respective epochs, proper motigigen within the optimal range of magnitude for the instrumen-
V! magnitude from the meridian observations, internal pre¢al measurements (Viateau et al. 1999).
sions for the astrometric parameters, time interval for proper
motlon_determmatlon, numb(_ar of meridian observations as W§!|Astrometric data
as the involved current and first epoch sources.
3.1. Current epoch observations and reduction

o _ Our observational data comprises 242 meridian strips (see
2. The meridian circles Table 1 and Fig. 2), whose declination heights ar¢ 28

The main characteristics of the BMC and VMC have aﬁordeaux and 13for Valinhos, most of them centered on ex-

ready been described by various papers (Viateau et al. 19§§g.alactic_radio Sources, to. su.p_port programs devoted t_o de-
tecting their photometric variability as well as the determina-

L In this work, no check for variability was performed. tion of their optical position from larger telescopes. Also, strips
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Fig. 2. Distribution of the observations in the sky as given by Bordeaux (left) and Valinhos (right). All overlapping zones were previously
treated, in order to eliminate redundant entries from the BVMCcat. The adopted procedure was to retain only the BMC observation whenever
an object was observed by both BMC and VMC.

containing pre-main sequence stars observed in the great [ o o e )
southern star-forming regions (Chamaeleon, Lupus and Upper | .

Scorpius — Ophiuchus) (Teixeira et al. 2000) and other stripg | .

containing regions of young stars, open clusters and Pluto welfe oo .

also included in this data set. All meridian images have beeé
reduced (Viateau et al. 1999), for astrometry and photometry,
with the Tycho-2 catalogue. 50

1 L L L 1 L L L 1 L L L N
10 12 14 16
V magnitude

3.2. Magnitude equation

The presence of a magnitude equation was found on the right so

ascension system of the Valinhos observations, and corrected

according to the curve depicted in Fig. 3, upper panel, beforg | .

the determinations of the results presented here, that is, befage o . . s

the necessary treatment to build the BVMCcat. s |
This feature should be compared to the colour dependence

found in Bordeaux (Rapaport et al. 2001), the cause of both ef- -s0

fects probably being the same. Itis a parallax error arising from  —(g % " "

out-of-focus images caused by the axial spread of the focal V magnitude

plane as a function of the wavelength. The consequent errpyg 3. Positional diferences in the sense Valinhos minus Bordeaux as

are essentially colour dependent. Magnitude dependence arisction of magnitude.

through the centering algorithms, which include the maximum

possible number of pixels, so that bright objects will reflect tr\?MC observations) with the aid of almost the same ancient
influence of the out-of-focus chromatic halo, which is not d"é’poch astrometric catalogues presented in Camargo et al.
tected in the case of faint objects (Benevides-Soares 2003).(2001)' and following the same procedures. The maitedi
Further colour dependencéfects on the meridian posi-ences are the use of the AC2000.2 instead of its previous ver-
tions were not corrected since colour indexes were not av@jon, the AC2000 (Urban et al. 1998), and the elimination of
able for all stars. No magnitude equation was found in thgose observational data with standard deviations larger than
BMC observations. 250 mas in either coordinates. When a given object observed
by either the BMC or the VMC had its set of counterparts iden-
tified from the first epoch material, no elimination was done
on this set. This is also flerent from the adopted procedure in
Positions and proper motions presented here were derigamargo et al. (2001). In this work, AC2000.2 precisions were
from the combination of the present epoch data (BMC anaken from the individual plate solutions (Urban et al. 1998).

3.3. First and intermediate epoch material
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Fig. 4. Object distribution per visual magnitude in the BVMCcat. ) . o )
Fig. 5. Internal astrometric precisions of the BVMCcat as a function

of magnitude.

For referencing, the other employed catalogues are pre-
sented as follows: SERC-J plates measured with the MAM]A0
measuring machine (Guibert et al. 1983), PPM South (BaStigSochs will be close to their meridian counterparts
& Roser 1993), PPM North @er & Bastian 1998), USNO- )

A2.0 (Monet et al. 1998), TAC—2 (Zacharias & Zacharias The lower panel of Fig. 5 depicts aftéirent behaviour of
: ) i, proper motion accuracies, given by a declination threshold of
1999), and CPC-2 (Zacharias et al. 1999).

6 = —17°. As explained in Camargo et al. (2001), this is due
to the USNO-A2.0, which is the only source of first epoch po-
4. The BVMCecat sitions for objects fainter thax ~ 13.0. In USNO-A2.0 the

. . mean epoch for objects with < —-17° is 1980, and 1955 for
The BVMCcat contains 678 828 stars brighter than 16.0, wli?chd > 17 Jects wier = 'S
observed at least 3 times with either the BMC or the VMé, Table 3 explain§ the role of each column of the BVMCecat
whose distribution as a function of magnitude can be seend'Rlen in Table 2 '
Fig. 4. '
A weighted least squares procedure was used to derive po- o
sitions and proper motions. The adopted weights were takenExternal verifications of the BVMCcat

from the precisions given by the employed material. On averp | | heck th )
BVM :th
age, these values are: 250 mas for the USNO-A2.0, 100 [ee catalogues were employed to check the ceat: the

PPARCOS and TYCHO-2 catalogues, for the BVMCcat

E’;I\tﬂhf\lmtf‘i’lgoo mas fo{hthep’;fﬂzgoo'tﬁ’ 25700 mas ]f‘” ttrr‘]&ars withV < 120, and UCAC1 (Zacharias et al. 2000), when
CPC-zor d 300 masforth eSERC- Joul t Fmatsh or s ailable, for the fainter ones. Allfierences were obtained af-

—< an mas for the —J plates. or the mey r transferring these reference positions, through their respec-

lan positions, 5(.) mas was used (Rapaport et al. 2001; Teixﬂ proper motions, to the epoch of the BVMCcat ones. Data
et al. 2000), which is a good compromise between the Irlterl&%rived from both meridian instruments are homogeneous after

precisions of the mean positions for the Bordeaux and Valinh«cjgrrection for the magnitude equation on the VMC right ascen-

mstrgments. . : - sion system, so that no separate treatment will be provided.
Figure 5 depicts average internal precisions of the

BVMCcat for mean positions (upper panel) and proper motions
(lower panel) as a function of magnitude. 5.1. Comparison with HIPPARCOS

The profi.le presented by the_ upper panel of Fig. 5 reflecﬁ]e BVMCcat contains 2119 HIPPARCOS objects, out of
thg decreasing qumber of part|.0|pant catalogues for t_he Rthich 1167 were selected by the criterion that eliminated those
sitioryproper motion determination and the larger (5 times ith V < 8.0 (in order to avoid saturated observations from

weight given to the meridian positions as compared to the e . 5
one given to those from USNO-A2.0 and the SERC-J plat%%(i (T"I eéﬂ:pt:)n;g:irgg?ri}' vl\jlrtT rélgpggn?gﬁal;fvlealllgasﬂ:gme
Theoretically, they should be in accordance with external veri- nuitiple sy '

fications (presented later in the text) at least within the optimat HIPPARCOS’ DoublgMultiple Systems flag. For detailed infor-
magnitude range for the BMC and VMC astrometry (Fig. ljnation, please refer to ESA (1997).

the faintest magnitudes, mean positions and their respective
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Table 4. Statistical characteristics of thefifirences BVMCcat minus
HIPPARCOS.

Objects 1167
< AaCo® > 4
<A > -4
< Auy,co8 > -04
< Aps > -0.1
O Aacow 50
OAs 50
T Apgcoss 3
O-A[.l(‘) 3

All units are in [mas] or [mgyear]. Comparisons were done at the
epoch of the BVMCcat.

The quantities presented in the aforementioned table show
an overall good agreement between the BVMCcat data and that
of the HIPPARCOS catalogue.

The propagated errotf HIPPARCOS at the epoch of
the BVMCcat positions, about 10 mas, were considered neg-
igible, so that we conclude that the BVMCcat external posi-
tional precision is about 50 mas within the magnitude interval
8.0 <V < 120. The comparison of the BVMCcat proper mo-
tions with those from HIPPARCOS shows that, for objects with
the AC2000.2 as the first epoch, the external error for the mea-
surements in the BVMCecat is 3 nygear.

5.2. Comparison with Tycho-2

The BVMCcat contains 45394 objects in common with
Tycho-2, whose dierences in positions (at the epoch of the
BVMCcat) and proper motions are depicted by Figs. 8 and 9 as
a function of magnitude, after asFilter in position.

Poor positional history within the employed catalogues and
possible cross-identificationficulties contribute to the largest
differences depicted in Fig. 9.

In Table 5, a more detailed comparison of position is
shown, where a @ filter within each magnitude bin was ap-
plied. For the same objects presented in the aforementioned
table, related quantities for the rms of thé&@iences in proper
motions are given in Table 6.

As in the comparison with HIPPARCOS, an overall good
agreement between the positions is shown by Table 5, which

F|g7 Proper motion dferences in the sense BVMCcat m|nu§0rroborates the Value Of 50 mas fOI’ the BVMCcat eXtel’na|
HIPPARCOS as a function of magnitude. Upper panel: right ascgpositional precision (lines 6 and 7 of Table 5) whe@ 8 V <

sion. Lower panel: declination.

few remaining idiosyncratic points that failed to pasediger
in position, that is, whose modulus of the positiondfetience

were greater than 3 times the root mean square (rms) of EWé:

differences in either coordinates.
Figures 6 and 7 depict the ftBrences in the sense

115. External precision was obtained by subtracting from the
O (accossas) Values, as evaluated by the rms of thfeatiences,
the formal positional error of the Tycho—2 positions at the com-
parison epoch, as calculated from Hgg et al. (2000).

ForV > 115, one can notice a degradation of the exter-
nal precision of the BVMCcat, which may result partly from
ho—2 underestimated errors in its faintest branch, as pointed
out in Rapaport et al. (2001) and supported later in the text
(Sect. 5.3), by the comparison BVMCcat and UCACL1.

BVMCcat minus HIPPARCOS as a function of magnitude ats according to relations 1.5.23, from Sect. 1.5 — “Transformation
the epoch of the BVMCcat, and Table 4 shows related quargi-Astrometric Data and Associated Error Propagation”. For detailed

ties obtained from the rms of thesdfdrences.

information, please refer to ESA (1997).
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Table 5. Statistical properties of the positionakigirences BVMCcat minus Tycho—2.

V magnitude
8.0-85 85-9.0 9.0-95 95-10.0 10.0-10.5 10.5-11.0 11.0-11.5 11.5-12.0

Objects 571 963 1534 2456 3875 6113 9466 10491

O Aacoss 65 56 47 47 48 60 89 125

Oas 65 53 48 47 49 61 81 112

< Aacos) > 1 6 2 0 -1 -2 -3 -2

< A6 > 1 -1 -1 -3 1 2 1 2

External precision imcoss 64 54 44 44 37 52 56 103
External precision i 64 51 45 44 38 52 43 87

All astrometric units are in [mas]. External precisions are calculated by subtracting fromthesas values the respective propagated
Tycho-2 error at the BVMCcat epoch.

Table 6. Statistical properties of the proper motiorfdiences BVMCcat minus Tycho—2.

V magnitude
8.0-85 8590 9095 95-100 10.0-105 10.5-11.0 11.0-11.5 11.5-12.0
O Aigcoss 3 3 2 2 2 2 2 3
T pus 3 3 2 2 2 2 2 2
< Au,co8 > -0.2 -0.3 -0.4 -0.2 -0.1 -0.1 -0.2 -0.2
< Ay > 0.3 0.1 0.2 0.0 0.1 0.1 0.1 0.1

All astrometric units are in [m@gear]. The same objects from Table 5 are used.

500 40 - ]
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Fig. 8. Positional diferences in the sense BVMCcat minus Tycho—:;;iglg_ Proper motion dferences in the sense BVMCcat minus

as a function of magnitude, at the epoch of the BVMCcat. Upp§{,cho—2 as a function of magnitude. Upper panel: right ascension.
panel: right ascension. Lower panel: declination. Lower panel: declination.

From Table 6, we evaluate the BVMCcat external e = 12.0. We should stress that, in this verification, only the
rors on proper motions as2 magyear within the interval data derived from the VMC was employed, that is, the predom-

8.0<V<120. inantly southern declinations, since UCACL1 is only available
in that hemisphere.
5.3. Comparison with UCAC1 Table 7 provides a detailed view of this comparison. Init, as

in Table 5, all diterences in position were binned in intervals
The UCACL1 catalogue was employed to probe the BVMCcaf 0.5 mag, and those above a 3$lter in the respective bin
results on fainter magnitudes, aiming at the objects fainter thagre eliminated.



J. I. B. Camargo et al.: Extension of the ICRF for selected areas p-td6.0 367

Table 7. Statistical properties of the positionaligirences BVMCcat minus UCACL1.

V magnitude
11.0-11.5 11.5-12.0 12.0-12.5 12.5-13.0 13.0-13.5 13.5-14.0 14.0-14.5 14.5-15.0 15.0-15.5 15.5-16.0

Objects 1963 3043 4436 6143 8767 12200 16847 21224 20154 6878

O Aacoss 49 52 55 58 65 71 81 100 129 141

Oas 53 58 62 68 73 80 92 112 145 154

< Aacoss > -4 -6 -3 2 3 -6 -4 -2 1 2

<A > -11 -11 -11 -9 -7 -6 -6 -6 -5 -9

External precision imcoss 46 49 52 54 61 67 76 95 108 133

External precision id 51 55 59 65 70 77 89 108 141 147

All astrometric units are in [mas]. External precisions are calculated by subtracting frerpth; a5 values the respective propagated UCAC1
error at the BVMCcat epoch.

Table 8. Statistical properties of the proper motiorffdrences BVMCcat minus UCACL.

V magnitude
11.0-11.5 11.5-12.0 12.0-12.5 12.5-13.0 13.0-13.5 13.5-14.0 14.0-14.5 14.5-15.0 15.0-15.5 15.5-16.0
O Aigcoss 5 7 7 6 7 5 5 6 8 8
O aus 6 8 6 7 8 6 6 7 8 9
< Apgco8 > -0.2 0.0 -0.1 0.0 0.1 -0.4 -0.2 -0.1 0.1 0.1
< Aus > 0.5 0.6 0.1 -0.2 -0.3 -0.3 -0.4 -0.4 -0.4 -0.6

All astrometric units are in [m@gear]. The same objects from Table 7 are used.

External precision is evaluated to 50-60 mas up/te=  positions on both coordinates when< 135 and 70-140 mas
135, well within the BMC and VMC optimal magnitude in-for fainter magnitudes (13 < V < 16.0). For proper mo-
terval for astrometry (Fig. 1). This external precision reachéens, external errors are 3 migsar when an AC2000.2 po-
140 mas for the fainter object¥ ¢ 15.0). sition is present as first epocl ($ 13.0) reaching probably

The external precisions presented for the magnitude itb magyear for the faintest objects at southern declinations,
terval 115 < V < 120, when compared to those in theas suggested by the internal error degradation (Fig. 5, lower

same interval of Table 5, support a possible underestimationpsinel).
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Table 1. List of strips observed by the meridian circles.

Target #Objects e T Tl g 7 Nobs
Valinhos zones

NGC 7772 292 075084 0000 05.0+16 16 01 14
C 0001302 220 081105 000156.5-3006 38 05

ICRF J001031.8105829 261 113117 001031.0+105830 15.4 10
ICRF J004959.4573827 209 094101 004959.5-573827 18.5 13
VV96 J005334.9124136 447 080114 005334.9+124136 15.7 10
ICRF J011205.8224438 660 070091 011205.8+224439 20.0 13
ICRF J013305.#520003 176 065088 01 3305.8-52 0004 06
UV Cet 137 113118 013627.0-1757 30 05
ICRF J015002.6072548 156 122118 015002.7-072548 15.6 06
ICRF J023951.2041621 273 110127 023951.3+041621 185 08
ICRF J024008.2230915 552 098104 024008.2-230916 16.6 10
ICRF J024104.7081520 382 075092 024104.8-081521 123 06

J032021.2192631 85 117143 032021.2-192631 04
HD 23158 289 081126 0347 15.4+241557 04
NGC 1778 104 137157 0500 48.1+3659 28 05
ICRF J053850.3440508 467 076094 053850.4-440509 16.5 08
NGC 2323 214 110118 0703 51.6-08 1558 04
ICRF J073807.8174218 1002 074099 073807.4+174219 16.2 09
NGC 2506 1062 076 100 0803 54.6-1047 08 07
YZ Cnc 292 101117 0809 39.8 +28 08 20 06
ICRF J081108.8492943 1580 076 097 0811 08.8-49 29 43 06
XY Pup 1454 093097 081153.5-115905 05
C 0816-277 5534 082094 081229.0-281235 04
RX Pup 819 068 098 08 1337.8-414228 06
AC Cnc 197 110127 0843 59.5 +12 50 40 10
NGC 2682 938 082094 085156.7+11 5940 07
WY Cnc 308 073096 0859 28.6 +26 41 01 07

ICRF J091552.4293324 222 075091 091552.4+293324 16.4 05
ICRF J092129.3261843 948 082097 092129.4-261834 18.4 08

C 0939-536 6004 086 094 094518.7-535144 08
Chamaeleon 1094 090095 094935.8 -764912 14
C 0948-529 3789 078101 095542.5-531337 09
AL Leo 95 105128 095659.4 +1817 30 04

ICRF J100159.9443800 1196 094099 100159.9-443801 17.0 04
ICRF J101353.4244916 264 094115 101353.4+244916 16.6 10
IC 2581 4211 034041 102451.3-573933 10
ICRF J103502.2201134 535 065076 103502.2-201134 19.0 09
ICRF J103716.6293402 1010 070091 103716.1-293403 16.5 11
TW Hya 1041 041048 105525.1-344326 20
ICRF J110331.5325116 253 073087 110331.5-325117 16.3 08
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Table 1. continued.

Target #Objects %ﬁsl"“ 2500 [Jz%] '["Talg Nobs
ICRF J110427.8381231 95 106139 110427.3+381232 12.9 08
PMN J1109-3732 559 074089 110948.0-37 3037 06
Chamaeleon 805 056 067 111348.9 -76 3227 06
PMN J11176156 3972 070090 111650.4-615447 05
NGC 3680 1410 035051 112434.9-431509 10
ICRF J113143.2581853 2437 088100 113143.3-581853 10
SY Mus 2481 106 110 113545.1-652641 05
TW Vir 209 077110 114307.3 -042431 05

ICRF J114701.3381211 911 087085 114701.4-381211 16.2 12
ICRF J115931.8291443 228 091100 115931.8+291444 144 08

TXS 1217322 711 089090 122002.6-323414 08
ICRF J122906.6020308 407 096095 122906.7+020309 12.9 09
FL Vir 119 116124 1232 45.0 +09 01 00 04
V850 Cen 1889 098109 130043.1-613734 08
Chamaeleon 482 046044 1301354 -763933 08
DT Vir 136 120131 130405.8 +122159 07
ICRF J130533.0103319 261 087098 130533.0-103319 15.2 09
V803 Cen 1187 109110 132200.2-414415 05
ICRF J132304.2445233 1833 066 080 132304.2-445234 10
ICRF J133237.5664650 5041 080095 1332 37.5-66 46 50 09
C 1333-619 5533 088089 133539.9-621038 11
ICRF J133752.4650924 3474 084 104 1337 52.4-6509 25 10
RW Hya 329 118124 134400.2-252234 05
BH Vir 211 115125 135407.6 -014004 05

ICRF J135704.4191907 436 077094 135704.4+191907 16.0 11
ICRF J135900.4415252 1478 065080 135900.2-415253 15.9 07
ICRF J140700.8282714 325 098105 140700.4+282715 154 12
ICRF J142700.8234800 233 089092 142700.4+234800 15.0 10

NGC 5606 4014 091093 143013.6-59 39 33 06
ICRF J143809.4220454 960 080086 143809.5-220455 17.9 12
Lupus 3674 063077 143837.0 -392428 23
ICRF J144516.4095836 221 076 092 144516.5+095836 17.8 05
ICRF J144553.3162901 117 072082 144553.4-162901 08
V822 Cen 668 081101 145745.6-314011 04
NGC 5823 1783 047056 1502 46.0-55 34 49 09

ICRF J151344.8101200 454 110114 151344.8-101200 185 06
ICRF J151656.#193212 305 074094 151656.8+193213 18.7 14
C 1511-588 2175 084 111 1517 22.8-59 06 54 11
ICRF J151741.8242219 1640 075094 151741.8-242219 14.8 10
ICRF J153452.4013104 345 074090 1534545+013104 18.0 04
Lupus 4683 073086 154246.6 -3918 47 17
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Table 1.continued.

Target #Objects "“‘[:fﬁs]"" Tv0] [32%] ’FTa]g’ Nobs
HT Lup 799 088111 154458.0 -34 1654 04
HD 143329 219 105116 1554 22.7+26 38 53 08
HD 143006 537 112116 1556 32.7-22 56 20 08
GQ Lup 1743 082105 155643.0-353953 22
RU Lup 271 103149 1556 49.4 -37 4500 06
PLUTO-97 2040 073093 155903.0-08 24 05 12
PLUTO-96 1677 075076 1602 33.3-0719 37 27
HBC 630 706 089098 1609 03.8-1904 49 07
VV96 J161033.4111531 766 101097 161033.5+111531 12
PLUTO-98 1234 121126 162917.9-09 16 52 11
Oph+ UpperSco 1419 053069 1634459 -241034 18
PLUTO-99 364 106 123 164012.3-1004 10 06
AK Sco 3197 089109 164848.3-365400 12
HBC 652 274 114116 164904.8-141110 04
Oph+ UpperSco 1707 098 107 165336.4 -27 26 13 04
HD 326823 602 111126 1706 03.4-42 37 31 08
V455 Sco 271 124139 170652.1-3404 44 04
Ross 868 138 124126 17 18 32.3+26 29 41 06
ICRF J172341.9650036 1898 057067 172341.0-650037 15.5 10
RV Oph 369 113123 17 34 05.0 +07 15 49 07
IC 4665 1803 092110 173954.6+054816 05
LE — bulge 6008 088106 174841.7-392543 08
LF —bulge 6386 094109 1754 08.6-37 33 36 08
BA — bulge 8890 080097 175751.4-284541 08
BB — bulge 9124 098 107 180024.6-291321 06
YY Her 235 126 138 1814 42.6 +2058 58 03
BD-11 4586 465 100107 181812.2-111813 06
BH — bulge 6333 093113 182251.5-333016 07
LS — bulge 5769 088 101 1827 25.7-24 3341 07
Bl — bulge 6061 089 104 1827 30.8-335653 09
VCLS 121 555 120124 184545.1-0347 05 05
S CrA 1669 079087 185756.4 -3657 24 15
CD- 35 13069 1840 085098 185928.1-353954 04
Gliese 748 2637 089107 191326.1+025319 08
BF Cyg 3781 096 107 191925.7+2946 17 11
AS 353A 7 1854 083112 191957.1+110227 08
V1370 Aql 1437 109115 192006.0 +14 5257 08

ICRF J192451.0291430 2755 064089 192451.1-291430 18.2 12
ICRF J193006.2605609 838 094097 193006.2-605609 21.5 11
OO0 Adgl 3872 110105 194704.2 +09 18 25 09
NGC 6834 1962 059066 1952 31.8+29 24 44 09
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Table 1. continued.

Target #Objects %ﬁsl"“ 2500 [Jz%] '["Talg Nobs
C 1950+182 3875 070086 195550.5+18 1949 14
ICRF J200925.3484953 1485 070100 200925.4-484954 134 10
V794 Aql 132 116 132 201549.0 -03 39 25 04
HD 340611 2144 079097 2034 05.4+25 03 50 13
W Del 959 105117 203527.0 +18 1553 04
ER Del 1852 080090 203827.0+0841 39 11
ICRF J205616.3471447 715 088096 205616.4-471448 19.1 11
NGC 6994 730 027035 210124.4-123835 09
J210933.:411020 417 055072 210933.2-411021 21.0 12
GJ 821 687 070082 211200.5-131802 15
W Equ 843 124123 211610.1+122210 06

ICRF J213135.2120704 592 095094 213135.3-120705 16.1 09
ICRF J215705.9694123 652 095139 215706.6-694124 13.8 06
ICRF J215852.0301332 806 066091 215852.1-301332 13.1 11
ICRF J220314.9314538 1793 106 112 2203 15.0+314538 15.6 06
ICRF J220743.4534633 456 089094 220743.7-534634 18.0 10
ICRF J221852.0033536 829 092101 221852.0-033536 16.4 09
ICRF J225357.¥160853 387 069109 225357.7+160854 16.1 13
VV96 J225405.9173455 684 089087 225405.9-17 3455 10
ICRF J225717.8074312 494 108 117 225717.3+074312 164 07
ICRF J225805.9275821 249 099113 225806.0-275821 16.8 08
ICRF J232917.7473019 206 097099 232917.7-473019 16.8 09
ICRF J233040.8110018 395 062084 233040.9+110019 18.1 12
EQ Peg 102 121111 233121.6+195531 03
ICRF J234636.8093045 557 077116 234636.8+093046 16.0 12
Bordeaux zones

V633 Cas 3095 097 077 0012 46.2+58 49 43 06
ICRF J001031.9105829 1111 060072 002133.3+105610 154 10
ICRF J005041.3092905 1210 060076 011426.9-093007 17.4 09
ICRF J011205.8224438 2345 053062 011909.1+224229 15.7 25
ICRF J011935.8321050 2819 061067 014917.5+321027 16.0 16
ICRF J015002.6072548 1015 044 053 015849.3-072718 15.6 33

RNO 6 6707 087076 022148.3+552149 07
ICRF J023838.9163659 4492 063070 023727.5+162800 155 23
0129+428 5385 081070 023748.4+430201 22
LkHA262 1253 074084 0256 06.6 +20 05 00 05
ICRF J031948.1413042 9457 067 062 031848.6+412952 125 19
RNO 13 493 082091 032344.4+303837 06
LzK 4 719 078081 032728.7 +311129 03
XY Per 1138 086091 034700.0+3856 26 06

IP Per 2088 075081 034818.8+322301 09
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Table 1.continued.

H TeC08 T, a
Target #Objects “*2o% 29001 29001 T Nobs
0310+0122 225 107 123 035305.9+0134 16 04

ICRF J040748.4121136 1101 059064 040529.1-121341 14.9 18
ICRF J033930.9014635 1385 074087 040739.3-013336 184 04

PP 13 460 096 105 0408 31.4+38 07 05 06
BP Tau 1728 077083 042250.0+29 06 42 06
DI Tau 290 085093 043007.4 +26 3216 06
ICRF J043311.86052115 5626 061069 044546.7+052124 151 25
DS Tau 1125 083087 045034.1+29 2449 06
V836 Tau 2070 076 082 0505 28.7+2522 33 07
LkHA 333 1983 068083 0505425 -031948 04
UX Ori 1791 061071 052227.4 -034744 06
PQ Ori 2761 059071 054356.5-022111 12
V523 Ori 1638 081100 054525.2-012235 03
V350 Ori 2279 056 066 0549 33.9-094335 09
ICRF JO60752.6672055 592 107088 060915.4+672029 20.6 04
RNO 66 1822 063074 0609 18.0-06 5553 07
V625 Ori 3298 074080 061252.7 +08 56 43 03
w84 9249 071081 0630 19.7 +09 40 26 06
06474250 19993 058 057 063050.3+2504 18 23
MO Mon 4684 073083 0635 18.4 +09 21 06 06
Z CMa 2420 068079 070024.6-1128 26 06
ICRF J073807.8174218 6928 045049 073724.9+174055 16.2 38
1ES0806-524 1006 073066 07 5006.6 +52 20 04 18

ICRF J075706.6095634 3775 057060 075641.3+095548 15.0 16
ICRF J082057.4125859 3376 074086 082341.5-130030 15.0 04

03287 7473 043047 0827 18.7+20 03 59 53
ICRF J091552.4293324 1633 065069 093153.0+293321 16.4 16
1011+496 1565 064 056 0957 10.8+4927 44 23

ICRF J095820.9322402 957 077067 095925.1+322416 15.8 09
ICRF J110427.8381231 1728 058 053 111344.5+381250 12.9 54
1ES1113432 233 084081 113040.7 +4258 18 08
ICRF J115019.2241753 609 059065 115916.2+241756 15.7 14
ICRF J115931.8291443 459 064070 115931.6+291512 144 21
ICRF J123049.4122328 2485 071072 123003.2+122808 12.9 13

ON231 404 094098 123724.1+281329 03
ICRF J130533.9103319 779 090096 125907.1-102651 15.2 06
1ES1255-244 362 074092 130048.0+241217 03

ICRF J125614.2565225 353 084 067 130706.7+565239 13.8 13
ICRF J131028.6322043 1631 057060 131929.6+322103 15.2 19
ICRF J135704.4191907 1712 060065 134524.4+191853 16.0 38
1400+162 2653 059 063 135957.3+1602 11 12
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Table 1. continued.

Target #Objects 72C8% 2500 2000 *r  Nobs
ICRF J140700.8282714 926 072081 140552.7+282637 15.4 09
RXJ1412.2 1327 070085 141120.8-163012 06
RXJ1419.3 552 091107 141549.4-232244 04

ICRF J141946.5542314 1211 069 058 142514.9+542253 157 25
ICRF J142700.8234800 1242 059 068 143331.1+234740 15.0 06

1517+656 1664 075054 1517 23.3+652440 59
1553+113 5335 042050 155459.1+110815 49
ICRF J164258.8394836 2855 055053 165200.8+394705 16.0 39
1722+119 15521 047054 173003.1+115221 66
LkHA 122 8607 082092 1800 50.8 —22 53 58 07
BD-10 4662 5012 076088 182031.5-101119 06
VV Ser 5535 067080 182525.8 +0002 39 07
Coku Ser G6 5257 061072 1827 41.0+00 29 29 07
LkHA 118 29348 080092 184246.3-241840 08
AS 310 13588 061072 1850 32.8-04 58 25 16
FH Aql 28283 056 067 1901 02.8 —05 36 50 15
WW WVul 15200 059066 190703.4 +211145 15
Par 21 31525 061071 192141.1+09 37 48 13
LHA 483-41 14181 080086 192250.6+23 52 36 07
V536 Ad| 27734 068 080 194114.6+102934 08
1548C27 15796 064 071 1957 22.8+23 2315 11
1ES1959-650 5259 078060 195842.6 +65 08 33 72
V1685 Cyg 10044 059058 2027 39.9+41 20 37 20
2032+107 7621 055066 203225.9+105153 18
LkHA 168 7222 069068 204532.3 +443111 09
LkHA 191 9099 067065 205535.1 +43 50 05 14
LkHA 321 4004 081076 205559.7 +49 50 50 06
BD+41 3731 10758 069 063 2102 44.0+42 14 28 16
LkHA 324 9583 078075 211526.9 +5018 31 08
V1082 Cyg 13809 071076 213036.5+43 2050 06
LkHA 349 5889 083068 213522.6 +57 3148 10
BD+46 3471 15319 066 064 2146 04.2+47 2150 08

ICRF J220314.9314538 7586 052 057 215920.6+314608 15.6 21
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Table 1.continued.

Target #Objects 72027 2600 2000 w7 Nobs
ICRF J220243.2421639 10808 060061 220550.5+421632 14.7 33
LKkHA 233 11130 057057 224304.4 +4041 46 18
DI Cep 9224 077059 224556.6 +58 44 28 17
J22531615 4501 047051 225954.4+16 11 27 41
1ES2344514 21692 062054 233024.7+514348 61
BM And 10472 077074 233936.3 +48 23 39 06

Target= ICRF name or other identifier of the target object; Objecfotal number of selected objects in the region: 3 or more observations in
each coordinate ang, coss, 5) €SS than or equal 250 maet®® % — Mean, in units of milliarc seconds to both coordinates, for the positional

’ [mas]
precision of the objects computed in the 2nd colurﬁf[)b—o] ey = Approximate central coordinates of the strips= V mag as given in

)
h J2000]
the ICRF; Nobs= Number of observations of the target region.
Zones dimensions are typically 2® declination and 80 in right ascension to the BMC and‘1i® declination and 40 in right ascension to

the VMC.

Table 3. Explanation of the columns in Table 2.

Field Unit Explanation

RA [hour min sec] right ascension, ICRS, for Epoch RA
DE [deg * 7] declination, ICRS, for Epoch DE

1o COSS [magyear] proper maotion in right ascension, ICRS
Us [magyear] proper maotion in declination, ICRS
Mag: meridian I\ meridian circle V magnitude

Mag: B Tycho-2 B] Tycho-2 B magnitude

Mag: V Tycho-2 Y Tycho-2 V magnitude

Mag: J 2MASS [J1 2MASS J magnitude

Mag: H 2MASS H] 2MASS H magnitude

Mag: K 2MASS K] 2MASS K magnitude

Epoch RA [year1900] epoch of right ascension, minus 1900
Epoch DE [year1900] epoch of declination, minus 1900

AT [year] largest time interval for proper motion calculation
0,C0S [mas] precision in RA

o [mas] precision in DE

07, COSH [magyear] precision in,coss

O [magyear] precision inus

Nobs number of observations in RA and DE
HIP HIPPARCOS number

Tycho-2 Tycho—2 number

AC AC2000.2 number

Sourcé [B/V,A,U,P, T,C,E] employed astrometric catalogues for mean

position and proper motion derivation

1 An * present right after the Tycho—2 number indicates that the object is not contained in the Tycho-1.
2 Bto BMC orV to VMC; A = AC2000.2; U= USNO-A2.0; P= PPM; T= TAC-2; C= CPC-2; E= ESO plates.



