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Summary. We present a comparison of VI.Bland Hipp arcos
astrom ct ric paramelers of several optically bright radio -
cmitting stars. The systematic discrep ancies foundin theme
preliminary data can beremoved by performing asingle global
rotation between the extragalac tic and Hipparcos reference
frames. Two esthimates of this rotation and its time derivalive
have beeninade by using seven and six link stars from the two
Hipparcos reduction consortia FAST and NDAC, respectively.
The threcangles and annual rates of rotation between t}, ¢ two
framces aye determined at better than the inilli-arcsec level. The
angles of rotation found arc relative to a VI.BI extrapalactic
reference frame that is defined by the 11XRS V1131 coordinates
of the extragalactic reference sources used for the diflerential
VIl measurcament of the link stars. The post-fit residuals of
the star coordinates and proper motion components after the
adjustinent of the p.lobs] rotationindicate that the consistency
between the Hipparcos and V1.Blastrometric techniques is
at the milli-arcsce level. This is the first cross- check between
these two artrometric techniques of comnparable precision. It
is rather satisfactory, especially in view of the fact that the
astroinetric parameters used arc from preliminary reductions
of the data for both techniques. The Hipparcosreference frame
has beenaligned with a guasi-FK& frame in the process of its
construction. ‘Theinagnitudes of the rotationangles found arc
consistent with the degree of alignment known between the
VinRland FK& frames. This VI.BI link of the Hipp arcos cata-
log is preliminary and we describe various improvements that
willbeimplemented before the release of the Hipparcos catalog
in 1996, Comparisonof the V] Blznd Hipparcos trigonometric
parallaxcs arc also discussed.

Key words: VI B - Hipparcos - astrometry - reference sys-
tems
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1. Introduction

The VIBY (Very Long Bascline Tuterferom etry) extragalact ic
frameis theprimary celestia reference frame clue ‘co its accu-
1acy ant] stability over time. For example, the internal precision
of the Jet Propulsionl.aboratory frame is 0.2 and 0.3 milli-
arcsee for the coordinate differencesoq X cos 6 and o5 and the
best agreciment between this frayne and the independant God-
dard Space Flight Center framne is 0.4 and 0.6 milli-arcsee for
the same coordinate diflerences(Jacobs 1994). This precision
is comparable to and even better than the expected internal
consistency of the Hipparcos optical reference framne, currently
materialised in a provisional form by the 30 months solutions
of the Hipparcos reduction consortia FAST and NDAC, The
new Hipparcos frame represents a 50- fold improvement in
precision Oover previous optical frames {e.g. FK5), The link
between the two reference framnes (VLRBI and Hipparcos) is
nnportant to unify the optical and radio coordinale systemns
for registration of images a both wavelengtlhs and to stop any
residual global rotation of the Hlipparcos frame for dynamical
studies. Note that the Hubble Space Telescope ancl radio in-
terferometers such asthe Very large Array and the Australian
Telescope produce optical and radio images of comparable an-
gular resolution (50 milli-arcsec) that could be registered at the
milli-arcsec level with the Hipparcos/VI.B1link. Since 1982,
we have been conducting a high-accuracy VIRlastrometric
program Of 11 optically bright radio- emitting stars which are
objects commmon to troth frames (vJ,1 31 and Hipparcos) and
whit}) can be used to link themn at the milli-arcsec level, Other
techniques will also beused to achieve this link as described
iu Lindegren (1995).

Thelink between the exiragalactic (VI.B1)and Hipparcos
frames has been studicd theoretically by ¥Froeschléand Kc,-
valev sky (1982) and can be writtenin atrix form as:

Owi = [R{to)loni, (1)
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C"v”r‘i = [}"_(to)]éhir - [j{](’hil' (Q)

where 0 wlbis O pip, Oyt and Onipare the direction and proper
motion vectors of the link stars measuyed by both techyjigques
(V1,] 31and Nipparcos)and referred to the sameepochlo. The
atrices [R(to)] and [K] represent the fixed global rotation
and residual angular velocity of the Hipparcos frame relative
tothe VI .Bl{raine, respectively. In principle, the directions
and proper motions of 2 link stars are suflicient to determine
the3angles and 3 rates of rotation of these two matrices
but the VI 1l proprammonitors 1 | link stars for redundancy.
These sty &, displayed on the celestial sphere in Figure 1, are
the most active of the radio- em itting stars initially selected
to achiceve hiph-accuracy V1.Bl astrometry by Testrade et al
(1082) afterthe first list of radio stars for astrometry of Walter
(1977). Theselinkstars arc mostly chromospherically active
close binaries (RS CVn) and 2 are optically bright X-ray close
binaries. Similar radio-cemitting stars at high declination in
the southern hemisphere are useful for the link but they are
not visible with the VLBl antennas we used in the northern
hemisphere. A VLBl astrometric program on 3 deep southern
stars is being conduc ted by a group from CSIRO in Australia
and USN O.
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Fig. 1. Sky distribution of the V1I.B1link stars for Hipparcos

2. V1,131 astroinetric parameters of the link stars

We used th e phase-referencing V1131 technique to achiceve both
high sensitivity with multi-hour integrations and high accuracy
through measurement of the diflerential interferometric phase
between the target star and an angularly nearby VI .,Bl1 ex-
tragalactic source as a function of time. The details of this
technique is described in 1 westradeet al (1990). Practically,
afte - difierencing the target star and reference source observed
phases, the VI.BI visibilities of the target star are Fourier-
inverted to produce ainap of a patch of the sky from; which
the relative coordinates of theradio star canbe directly mea-
sured. Inthis process, the optical po sitions and uncertainties of

the radio-emitiing stars provided by the Automatic Meridian
Gircle of Bordeaux Observatory in the FK5 frame (Réquidme
and Mazurier 1091) have been the most reliable source of a
priori parameters to restrict the sky area to map for the initial
search of the stellar radio source.

A total of 77 Marklll VI.BI observations (as of March
1094) have been con ducted since December 19, 1682, Fach
V131 obscrvation of a single pair, star and associated refer-
ence source, runs for about 8 hours with 4 to 7 radictelescopes
located in the continental US (Goldstone 70-1 0f the Deep
Space Network, VIBA antennas, Haystack, Green Bank 140-
foot, OVRO 130-foot, Phased-VI.A, hat Creek)and in Furope
(Bonu, Medicing, Noto). The observation frequency was either
5 GHzor 84 GHz. All the record ed data were cross- correlated
on the Mark I Processor at Haystack Observatory. The dis-
tribution Of the V1B ohscrvations ov er the years is shown
in Figure 2 and peaks during the Hipparcos mission (1090
January - 1993 March) to minimise the possible efiect of non-
linearity of the propermotions of link stars. Thiseflect could
be significant if someof the link stars were relatively short pe-
riod double stars unknown as such during the planning pha se,
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Fig. 2. Distribution of the V9IL.BI observations over the years. For
1904, black indicu tes observations conducted an d grey planned.

The result of each VIIIobservation is the differential co-
ordinates of the target Star relative toits asso ciated reference
extrag alactic source at the elate of ob servation, The an gular
scparations between the 11 VI1.BIlink stars and theirreference
sources arc between 0.5°and 5.0°. Theastrometric precision of
the differential incasurement depends on this separation, on the
gignal- to-noisc ratio (since these stars are weak variable radio
emitters), on the u-v coverage in the image plane of theinter-
ferometer, and on weather and ionospherie fluctuations during
the observations that current models cannot predict. For most
of the VI.131 observations, the theoretical uncertainty based
onSNR and angular resolution of the interferomneter ade, ne is
smaller than 0.1 milli-arc see. But some sources of systeimnatic
errors are larger, e.g. ionosphere (a & GHz), troposphere, or-
bital motion of the closc binarics and structure of t}, C stellar
and reference radio so urces. A more realistic errorestimmate




leadsto a typical measurement uncertainty foran individual
differential position of a2 link star of 0.1to 0.5 milliarsccond
(Lestrade el al 1990).

Star Nber of 1 ‘cried of “Angle
sheservation | observations | Star-Reference
UX AR 8 88/03 - 92/03 1,1°
HR1099 G 31/03 - 93/02 2.4°
111{5110 8 R7/05 - 92/06 45°
0 O3 12 R7/05 - 93/11 0.4°
Cyg X1 9 88/03 - 03/11 1.6°
AR Yac G 80/04 - 93/00 37
IM Yeg 4 91/12 - 83/09 0.7°

Table 1o VIBI obser  Jdonsof the 7 link stars.

Star Position | ’roper Motion | Tig. Parallax
Unecert. Uncert. Uncert.
(inas) {mmas/yr) (inas)
UX AR 0.55 0.20 0.30
HR1099 |1 030| opa: 0.24 0.35
g s 121 | 5 0 < 1.20
1RE110 0.90 0.25 0.70
o’ Crhy 0.20 0.04 0.08
Cyg X1 1.50 0.20 0.40
AR Lac | 0.60 0.20 0.40
IM Peg, 0.60 0.60 0.60

Table 1b @ Formal uncertaintics of the absolute positions,
proper anotlons and trigonemetric parallaxes of the 7 link
sturs determined by VIBIL

Yor cach star, the differential coordinates mneasured at ynyl-
tiple epochs (the nuimber of observationsfor cach sta ris in Ta-
ble 18) were used in a weighied least- squares-fit to determine
its positionrelative o, § to the associated reference extragalac-
tic source at the mid-epoch of the observing span, its proper
molion fta, pts relative to the extragalactic backgroundand its
triponometric parallax #. The individual differentialcoord -
nates measured and the resulting VIRI positions and proper
nmiotions Will be published in detail elsewhere. However, it is
relevaut licre 1o provide in Table 1b the formal uncertainties
of the resulting VI.13 1 astrometric paramncters for the 7 stars
which have been analysed to date. ]n the fitting procedure
Used, thea priors individual mneasurement uncertainties were
sliphtly adj usted to achieve a value of unity for the normalized

goodness of the tit (X? : IIN e )2, where 7i are the post-fit
residuals and o; are thea priord measnrement uncertainties),
For cach star, both VI.BI coordinates and both VI.BI annual
proper motion components have sub-milliarcsecond forinal un -
certainties, except for 3HR1099 whichis within 1° of th e equator

limiting the accuracy of its VI.BIdeclination determination.
‘] "he most precise VIBl measurement has been achieved for
0*Cr13 with the formal uncertainties of 80 micro-arcsec in
0,15 relative to theextragalacticreferencesource 1611+ 343; 40
Illicro-arcsec/year in jia,pg anti 80 micro-arcsceina, The star
02 Crli has the smallest angular separation with its reference
source (0. 4°) and has been observed the most (12 epochs of
o bscrvation).Notc tlmtt]acformalunccx_'tajntv of the absolute
position of 02 Crl is O-2 1nilli-n vesee in Table 1b Jarger thay
the relative uncertaiuty just quoted for the relative position
of this star.I'his is b ecause the wncertainty of the absolute
position of the reference source 161 14343 iz larger than the
relative position uncertainty of the star,

3. Hipparcos astrometric parameters of the link stars

The two Hipparcos reduction consortia have determined the
astrometric parameters of the link stars in their 30-month
solutions descrit ed in (Kovalev sky ef al 1995) and (Lindegren
el al 1995). The FAST paratneters arc {rom the FAST 30-
1 onth solution for double stars. The NDAC paremeters are
from the NDAC 30-mmonth solution for double stars for UX Arl
and HR 1099 andfromthe NIDAG 30-1tuonth solution for single
sta rs fo I the other link stars. Table 2 below lists the forinal
uncertainties of the astrometric parameters.

Star Position ro per Motion | Trig. Parallax
Uncert. Uncert. Uncert.
FAST/NDAC | FAST/NDAC | AST/NDAC
(1inas) (mas/y1) {mnas)
UX ARI| 0.87/1.60 1.37/2.00 1.01Y1.70
111 0es | 1.03/1.20 1.94/1 .80 1.25/1.50
1IR5110 0.63/0,70 0.76/0.80 0.096/1.10
0? CI1B3 0.94/- 1.73/- 1 .07/
CygX1 0.92/1.10 1.37/1 .60 1,19/1.30
AR Yiac | 0,59/0.70 0.98/1,10 0.78/1.00
IM Peg 0.93/1.1 1.10/1.40 1.26/1,40

Table 2 : Formn al uncertainties of th e Hipp arcos astroutetric

paramelers for the link stars from the 30-1nonth sclutions of
the two Mipparcos data reduction consortia.

4. Comparison of positions and proper motions: global
rotation between Hipparcos and a V9L.BI1 reference
{raine

The analytic exp ansion of equations (1) and (2) have been
cartied out ancl the 4 independent equations for each link star
derived. To first order withrespect to the smallrotationangles
Ay, Ao, Aginradiansand small rates /'11,)12,/‘3 in radians/yr,
they arc :

Az Ajcosatan d -} Agsinatand - A, ©)
A - Arjsitha- Ascosa 4
Ape = Ajcosatun - Apsinatané - Ag (5)
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Apg s - Aysina-l Ay cosa (&)
where Aa = Qylti - @hipy A6 = NI Snips
Afia® fa, vlbi Pa, hip and Aps . 1§ olbi M8, hiy-

Al, Ap, Azarethe 3 right-han ged rotation angles around the
x-axis (o 0" §: 0%), y-axis (@:G" 6= 00), z-axis (§:90°
direction) to bring the Hipparcos frame into coincidence with
the VI.BI reference frame and }13,/;1;;,/;13 are {he 8 asso ciated
rates of rotation. With these definitions, the matrices of egs
(1) and (2 to transforin the Hipparcos frame inte the VI

reference frame are .
1 A, - A
[B(t0)) - Az 1 Al
( Ao - A 1 )
. 0 . ‘;13 - .)l?‘
[}\)] : - i A3 O' Al
( Anp - A] (0] )

The V1.l and Hipparcos positions are heliocentric and
the 4 independent equations above (eqs 3-G) can be used
directly with no parallax correction at epoch to. At present, the
ast romelric parameters are available! for 7link stars cornmo n
to both the VLBl and FAST and for 6 link stars cornmon
to both the VI.Bl aud NDAC, These astrometric parameters
and eq. (3-6) have been used to detenmine the 3 angles of
rotation Al , Ao, Az and the 3 rates Al , .Ag,./lg of the two
matrices [R(to )] and [12) for FAST and N DAC by a wei ghted
least-squares-fit. The fitted parameters, the cor relation matrix
snd the post -fit residuals arein Tables 3 and 4 for FAST
and NDAC, respectively. The goodness of fit (defined earlier)
normalized with the number of deg rees of freedom 1S close to
unity forthese two solutjons, This was achieved by tweaking a
few of the a p riori measurement un certainties used as weigh ts
i the least-squares-fit, ‘1'able 5 shows themultiplicative factors
of the modified uncertainties. A'o adjustiment Was necessary for
thea priori mncasurement uncertainties of the proper motions.
The formal uncertainties of A; ,A,, A,and Ay, Ay, Agare
abo ut 0.5 milli-arcsec and 0.5 milli-arcsec per year for FAST
{Tables 3) and for NDAC (Table 4),

Name | FAST NDAC
UX Ari Joq = 4mas|oq: 41mas  o0g: 3 mas
ca = 400 Oa = 2.Bop o5 = 200
HR1089 [og = 3mas [0a = 2.4 1nas
05 : 200 Oa * 200
HIRE110 | eg = 3 mas |04, = 1.6 mas
05 30g Tu b = 200
e? Cri3 Oq = 2 1Inas
Oq ® 200

Table 5: Multiplicative factors to make the normalized good-
ness Of fit unity insolving for thelink parameters. og is the a
priord mcasurement uncertainty combined from Hipparcos and
VIBIinitial uvn certainties.

Therobusiness of t he solution has becn tested by spolit-
ting the 7 FAST link stars into two independant subsets, op ©

with 3 stars (1R1099, HR5110, AR Lac) aud one with 4 stars
(UX Ari, 0°CrB, CygX1, IM Peg). Ro tation angles and rates
have beensolved for with these 2 subsets and compared. The
differences are no more than the quadratically combined un -
certainties of the 2 solutions (see Table 6).

Difterences between solutions
FAST(3 stars) - FAST(4 stars)

Al 4053 ~0.5%0

A, 0.48-0.50

A3 -10.08 -0.10

Al -11.17-1.00

Ay -1 0.91 ~ 1.00

As 1 0.54 ~ 0.50

Table 6 : Diflerences between the augles and rates of rotation
determined after splitting the 7 FAST/VI B link stars into
2 independent subsets of 3 and 4 stars, The symbol o is the
quadratically combined uncertainties of the2 solutions.

The 3 angles of rotation are consistent with the expected
values since the I{ "A ST and NDAC solutions are align edupon
a quast-FK& reference frame. And the FKG5 itselfl is aligned
with the V1.Blreference frame within 70 milli-arcsec as es-
timated by early less precise VI positions and Bordeaux
I'K5 optical positions of 7 stars (Iestrade ef al 1088), and,
1ccently, by comparing tlie VI and ¥K& optical po sitions
of the supernova SN1993] (Fubanks 1004). This degree of
alignment ste s from the original method adopled to fix the
arbitrary origin of the VI, Bl right -uscensio ns with the lunar
occuliation position of the radie quasar 3C273 (Hazard ef ol
1971). In ¢l e original analysis, this position iS referred to the
lunar ephemeris reference frame whose dynanical equinox i's
by construction] closeto the mean equinox of the stellar catalog
¥X4, and subsequently FK&. Ancflort of directly linking the
V111 extragalactic referen ce fram ¢ t0 the I'KS haus also been
conducted by photographic plates of 28 radio quasi s (Ma ef
o 1990)

Th e rates Of rotation are barely signifi cant at the 0.6 milli-
arcsec/yr for NDAC and only the rate Ay is significant at the
level of 30 for FAST. This means that th e procedure used
in the Hipparcos data reductio nto stop the rotationof the
Hipparcos sphere is eftficient. In spite of thisresult,itis difficult
1o discuss tc, which depree the FX5 frame is inertial because
any possible residual rotation of the FK§ is combined with
an equally possible residua rotationinduced by the procedure
used to transform the Hipparcos frames to FK&.

The values found for A;, A,, Azand Ay, 42, As are dif-
fcrent whet her FAST or NDAC coordin ates are cotipared to
the V1I.B1 co ordinates of the link stars. Thisis expected be-
cause cacliconsortivin has aligned the Hipparcos coordinate
reference frame upon the FK5 by using its own independant
pro cedure. Various details of this procedure should account for
th e differences found but it was not studicd.

The post-fit residuals arc listed separately for o, 8, j1a, Hé
and nin Tables 3 and 4. Inthese tables, the a priosi measure-
mcut uncertainties used as w'ei.gilts in the fit are aso givenin
parentheses next to the corresponding posi-fit residuals, The
correlation cocflicient matrices in Tables 3 and 4 show that
all the rotation parameters arc well separated. The post- fit



residuals of the coordinates and proper motion co mponents
after the adjustment of the global rotation indicate that the
consistency between the Hipparcos and VL1 techniques is
at themilli-arcsec level. This is the first crems-check between
these two astrometric techniques of comparable precision. And
it is rath er patisfa ctory, especially ill view of the fact that the’
astroinctric paraineters used are from prelininary reductions
of the data for bothtechniques.
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“J'[ii,. 8. VLBL-FAST solution: the 3 zngles (A= Al, Ay A2,

As: A'*I) and the 8 rates of rotation (PAI: Ay, PA2: Ao, PAB: Ay )
between the Hipparcos and VLBI reference frames have been de-
termined with 7 link stars. The Hipparcos astrometric parameters
of these stars are from the 30 month sol ution for double stars of
thereduclion consortivin PAS']'. Flhie correlation matrix and post-
fit residuals are given. A priori measurement un certainties used as
weights fo r the least-squares-fit arc in parenthesis next to the cor -
responding post-fit residuals. The angles Of rot ationare determined
relative tothe VI.Blextragalactic framne defined by the 1M RS VLRI

coordinates Of the reference sources of Table 7.

5. The V1I.B1 extragalactic reference frame used in
the analysis

The effort to determine the VI.Bl coordinates of the reference
extragalactic sources associated with the link stars has been
conducted with the IDecp Space Network of J} °1, NAVNET
network of USNO and CHP/DOSE network of NASA. The
terminology and concep ts used hereafter, refercnce systein,
reference frame, rca]iqati(m, are borrowed from Kovalev sky
and Mueller (1081, 1989). Various VIBI groups are perlecting
realisations of the VLBl extra galactic reference syst exm(Sovers
1001, Ma ef of 1990, Fubanks el al 1991, John ston el al 1994},
The resulting VLB extragalactic reference franics are consis-
tent at the 0.5 milli-arcsec level after removing a global rotation
between the two independant reference frames deterinined by
the Jet Propulsion ] saboratory and Goddard Space Flight Cen-
ter as mentioned in the introduction (Jacobs 1994). The global
orientation of each realisation is usually different by 1- & mili-
arcscc beca use of arbitrary choice of orig insinthe modelling
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Tab. 4. VLBI-NDAG solution: the 8 angles (A; : Al, Ao = A2,
Az = A3) and the 3 rates of rotation (PAl: A}, PA2: Ao, }’AS:,A.;«)
between the Hipparcos and VIBI reference frames have been deter-
mined with the 6 link stars. The Hipparcos astrometric paraincters
of these stars are from the S0 month solution for douhle stars for
UX Ari and HR1099 and from the 30 mouth solution for single stars
for the other link stars of the reduction consortivin NDAC. The
correlation matrix and post-fit residuals are given. A4 priori mncasure-
ment uncertainties used as weights for the least-squares-fit are in
parenthesis next to the corresponding post-fit residuals. The angles
of rotation are determined relative to the VIBI extragalactic frame

defined by the ITHRS VLB coordinates of the reference sources of
Table 7.

of the data.The International Barth Rotation Service (11 RS)
hras maintained a fixed orientation for the I1IKRS VBT extra-
galactic reference frame over the last few yearsincombining
the realisations produced by the various V1.Blgroups (Arias,
Felasel and Lestrade 1991). The IKRS extragalatic reference
{ra me is likely t0 be the most stable and dense frame, In the
analysis presen ted here, the absolute V1131 position of each
link star is determined by adding the measured diflerential
coordinates to the 1WRS V1.BIcoordinates of its associated
exirag alactic reference source, Most of these coordinates are
adoported from the JERS Annual Report for 1901 (pnblishod in
1992 by the Obscrvatoire de Paris) and are listed in *J able 7,
However, oue source (1955- | 335) has only recently heen mea-
sured accurately by the USNO VIBI network NAVNET and
has been subsequently rotated to the IKRS celestial frame. The
angles of rotation Ay, Ao, Aain Tables 3 and 4 arc directly
rclated to the sct of ceordinates of Tab le 7 which define the
V1131 extragalactic reference frame to which Hipparcos mnight
belinked at this stage by using cqs (1) and (2). The rotation
angles and rates are also specific to th e 30-month solutions
provided by the two Hipparcos con sortia FAST an d NDAC.
These solution s will be superseded by other solutions including
the 37 month data set of the complet e Hipparcosmission for
t}, € release of the catalog.



Declination
0

,ll(ight Asc. (zloacosb)
h m s

Name (1 05)

(mas) (mas)

03261278 (03 29 57.669412 (0.42) | -12'75615.49912 (0.32)

0336 - 019 033930.937774 (0.18) | -01 4635.80336 (0.18)
1315-1346 |131736.494214 (0.18) | -13425 15.93266 (0.24)
1611.1343 |161341.064256 (0.18) | -1 34 12 47.90889 (0.19)

1955-] 335
2200-1420
22511158

19 57 40.54904 (1.20) | -133 3827.9458 (1.20)
?2. 0243.291377 (0.14)

2253 57,747{144 (0,18)

-142 1639.97995 (0.17)
- 160853,56114 (0.17)

l'able 7: 119RS VIBI coordinates 2000) and uncertainties
(:loacoséand :1os) of theextiragalacticreference sources used
in the analysis. Most of these coordinates are fromn the IKRS

Annual Report for 1091 (published in 1092 Ly the Obser vatory
of Paris).

6. Comparison of trigonometrie parallaxes determined
by VL.1BI and Hipparcos

A trigonometric parallax is invariant with respect to coordinate
syst g1ns und the Hipparcos and VI,BI values can be directly
compared. Table & shows the differences between v 11 and

FAST aswellas between V1B and NDAC.

Name n FAST - VLRI | n NDAC - VI.BI
(inas) (anas)

UX Ari -10.08:1 1,04 -0.50: 1.73

1111099 -12.47:1 1.30 -10.85:1 1.59

HR5110 - 034,1 1,20 -10.04:1 1.32

0% O3 -13.41 -1 1.07

Cyg X1 -11.30-11.25 -10.99:1 1,36

AR lac -0.01:0.90 - 015 1.08

IM Veg - 1.043 1.40 - 195 143

mean -10.75

s 1.01

mean (110 o Crh) {0.31 - 0.2

rins (110 0% CrI3) 0.89 0.68

Table 8 Comparison between the VIBI and Hipparcos
trigonometric parallaxes. The uncertainties quoted are the
square root of the quadratic sum of the Hipparcos and V111
uncertainties.

Thediflerences are close to 10, except for Il R1099 (20) and
o? Cr13 (30) of FAST.Note that 11R1099 and 0°Crl3 are dou-
ble starsinthe field of the Mipparcos telescope and notealso
that the VINI parallax Of IM Peg ha s been determined with
only 4 V113l epochs Of observations while 4}, ¢ other stars nave

G V1.Blepochs or more. Twoadditional VI Blobservations of
1M Yeg are planned in 1904,

7. Future improvements of the link:

Before the release of the final Hipparcos catalog in 1096, sev-
eral iimprovements of the preli minary V1131 link presented in
this paper will be made. ¥irst, there will be new solutions
from the Hipparcos reduction consortia with thecomplete 37
month data set of the mission. Second, VI.B] observation s and
analysis will be comnpleted.

There will be 4 additional link stars. VI1,Blobservations
of HD199178 and 11 1D283447 are bieing co mpleted in 1994,
the multiple systemn Algol needs special treatment to account
for its 1.8G-year orbit inthe link and VLI obscrvation s of
1 8161308 arc being reduced.

The positions of the extrag alactic reference sources
1055-1 355 (for Cyg X1), as wellas 0241-1 622 (for 1,S1 61303),
0405-1 305 (for 111 )?83447) and 21 00-} 468 (for ]‘]])]99]78),
might improve to the sub-mn illiarcsecond level, simmilarto the
other reference extrag alactic sources, with enough V1,131 ob-
scrvations of thel) SAT) NAVNE T and NASA networks.

Various improvements of the model of th € intarferom etric
phase in the software SPRINT used to determine the differ-
ential coordinates of the link stars will be implemented. This
willimprove the troposphere, ionosphere and sou rce structure
corrections. A global re-reduction of al the VLB data will be
carried out with this improved so ftware and full consistency
between the IIRSterrestrial, carth orientationand celestial
systems Will also be achieved.

Equations (1) and (2) an d their analytic form (eqs 3-6)
will be modified to include the more general case where the
epochs Of the VI.Blco ordinates of the different link stars are
not identical. Since VIL.BI observations for each star are un-
cvenly distributed between 1987 and 1994 (sce ‘J able 1a), the
optimnal epoch to minimise the covariance between the VI
astrometric parameters of each link star 1S the mid-date of
the observation span which does not usually coincide with
the ep ochof the Hipp arcos co ordinates a 1991.25. Projecting
the VI Bl coordinates to 1991.25 with proper metion as in
the present analysis increasesthe V1131 coordinate uncertain-
ties. For instance, there arc 2 years belween the mid-date of
the VI,BI observation span of 11R5310and 1991.25 aud this
increases the VI.Blcoordinate uncertainty of this star by 20%.

It is expected that all these iwmprovernents will not drasti-
cally modify the values of the rotation angles and rates but
that the consistency between the Hipp arcos and VI.BI astro-
metrie results will improve. An linportant issue however is
the adoption of a ”conventional” VLHI extragalactic reference
fiame to which the 3 rotation angles wre related. The IERS
V1 Bl extragalactic reference framne adopted in this an alysis
has the adva ntage of being con sistent with the MRS terres-
trial reference frame and the JERS earth orientation parameter
scries that must be used in the most demanding appl ications.
The JBRS VIBI fram ¢ of the Annual Report for 1991 (pub-
lished in 1992) used in the analysis is not expected to differ
significantly in global orientation from more recent realisatio ns
of the IKRSVI.Blexira gaactic. frame.Thechanges {romyear
to year are rather the densification of the INRS catalog and
improvements of coordinates of individual sources.



The present link between t h e Hipparcos optical refer-
ence {rame and the VIR frame is complementary to the
link between the dynamical reference frame of the planctary
ephemerides and the VLBI frame recently determined at 3
milli-arcsec level by Yolkner ef al (1894). The comnbination
of the two links yiclds straightfo rwardly a high -precision link
between the Hipparcos and planetary reference frames,

The Hipparcos Input Catalog consortivm INCA has drawn
Up alist of about 300 radio-emnitting stars of various types that
have been observed by the satellite. The selection criteria of
this list are sminmarised in Argue (1088). Walter, Hering and
de Vegt (1 990) have comnpiled optical and radio information on
186 radio- emitting stars observed by Hipparcos. In addition,
Wendker (1087) is keeping cuirent @ com pilation of radio-
cmitting stars with more than 8 0 0 entries now. Note that
the largeradio source sizes (().17) of afraction of these stars
(thermal) are not suitable for VLIL Nevertheless, the VIR
astrometric progr ain could be exterded to menitor 50 or more
link stars th at should iinprove the lin k between Hipparcos an d
the extragalactic back ground by a factor of ~ 3inprecision.
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