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LINK BETWEEN HIPPARCOS AND VLBI
CELESTIAL REFERENCE FRAMES

E.F.Arias. (Facultad de Cs. Astronomicas y Geofisicas de La Plata, CONICET,
Central Bureau of IERS)
J.-F. Lestrade (Observatoire de Paris, Central Bureau of IERS)

ABSTRACT. The celestial frame of HIPPARCOS astrometric satellite will be materialized by the
positions and proper motions of about 120000 stars relative to arbitrary origins. As the
HIPPARCOS reference frame is not naturally related to fixed directions in space, it has to be
linked to an inertial frame of similar quality. The technique of VLBI determines the coordinates
of extragalactic radio sources precise at the milliarcsecond level in an equatorial frame. The
precision expected for HIPPARCOS nommal mission is 0.002" for the positions, yearly proper
motions and parallaxes.

1. Introduction

The link between the VLBI and HIPPARCOS reference frames will a) "stop” the rotation
of reference frame produced by the satellite, b) densify the extragalactic reference frame
in optical frequencies, ¢) unify the radio and optical coordinate systems and allow direct
comparison of the images of celestial objects obtained with radio and optical techniques
with the same angular resolution.

Radio stars provide a direct link since they can be observed with both techniques
without intermediate objects. To assure good observational conditions by the satellite,
they must be brighter than m = 11. Their flux densities must be at least of some mJy to
be adapted to the VLBI sensitivity. Besides that, their optical and radio images must be
coincident at 0.002". Following these criteria Lestrade et al. (1982) have established a
list of 22 radio stars candidate to the link. Most of the objects in this list are close
binaries RSCVn with angular separations < 0.004" and flux densities < 50 mJy.

2. The method

We have studied the link between HIPPARCOS and VLBI frames on the basis of
observations of radio stars.

In absence of regional deformations, the link between two frames with the same
origin can be mathematically expressed by a simple rotation. If the relative orientation of
the frames evolves linearly with time, the link is given by a global rotation at an arbitary

epoch, represented by a matrix [R] and by a matrix [R] which represents the angular
velocity of rotation of one frame relative to the other.

For each radio star i, the technique of VLBI provides a vector Oy; at an epoch ty;
of observation of the star, and an associated proper motion Gy;. On the other hand, the
observation of the satellite will provide vector Sy; at an epoch ty; of observation and an

associated proper motion gﬂi .
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At an arbitrary instant t, the link equations between both frames given by one
commonly observed radio star are:

Syi®) =R ®]. Om; (1) (1)

. *
LN —— —_—

oy =[R®LOu*[R] 050 @

The relative orientation between the two frames at an initial epoch t is represented
by three rotations A,, A,, and A; around the axes of one frame, and the angular velocity

of rotation is represented by the time - derivatives Ay, A, and A3. Expressions (1) and
(2) provide four independent equations in the coordinates. Two radio stars are enough to

" - evaluate the unknowns; however we will consider a greater number of objects to perform
a least squares adjustment.

We have adopted in this analysis the equatorial coordinate system because it is the
natural system of the extragalactic VLBI frame. The FAST consortium has adopted the
ecliptic coordinate system to reduce HIPPARCOS data. Equations (1) and (2) represent
the link between the ecliptic coordinate system of HIPPARCOS and the VLBI equatorial
coordinate system. It will be more expeditive to transform the ecliptic coordinates of
HIPPARCOS observation into equatorial coordinates system before realising the link. In
these conditions, the angles A;, A, and A3 will be small quantities at the level of 10”7
rad and the matrices, to the first order in the angles and in the velocity components, can

be written:
1 Az-A, 0 As-A;
R@]=]-A3 1 A, Rl =]-As 0 A;
Ar-Ay 1 A2-A1 0

3. The radio stars selected for the link

14 radio stars with mv < 11 have been used for the link. Their distribution in the sky is
shown in figure 1. Their VLBI coordinates at J2000.0, their proper motions and the
corresponding epochs of observation are in Table 1. Data of the eight stars indicated
with (1) had been obtained with the MarkIII data acquisition system and analysed in the
MASTERFIT by Lestrade et al. (1988). The four objects at negative declinations
indicated with (2) have been observed by White et al. (1990). The positions of the two
stars indicated with (3) in Table 1 were also provided by Lestrade and have been
determined with the VLA. All the positions are in J2000.0 by means of the standard
precession-nutation models IAU 1976/1980.

Figure 1.
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Table 1: VLBI positions

and proper motions of the radio stars

Right Asc. Declination Proper Motion
Star J2000.0 J 2000.0 Oy Op (1P9 M5 % Ous| Ep.
h ms e 104s 10" (sfy) C'ly)y (104 103} -1900
sly "ly

(1) LSI61°303] 02 40 31.686 61134556 |03 05 0.0000 0000102 037} 90.5
(1) ALGOL 03 08 10.1308 ] 405720.35910.7 1.0 |+0.0003 +0.002 | 0.5 0.7 | 88.5
(1) UXARI [0326353375 |284256.02610.3 0.5 |+0.0016 -0.106 | 0.2 0.3 ] 88.5
() HR 1099 }033647.3251 | 00351860 |03 5.0 }-0002 -0.161)0.2 03] 90.5
(2) HD 26337 | 04 09 40.864 07533564 |33 50 |+0.001 +40.13012.7 40| 925
(2) HD 32918 | 04 55 11.044 -745616.02 }3.3 5.0 |+0.0072 +0.058 12.7 4.0 | 925
) ABDor 05 28 44.53515 }-65 27 02.1914 3.3 5.0 |+0.0084 +0.133 | 2.7 40 | 925
(2) HD 77137 | 08 59 42.765 -274858.11 [3.3 5.0 |-0.0036 -0.049 [2.7 401 925
(1) HRS110 | 133447.6893 | 371056859 0.3 0.5 [+0.0069 -0.013 }0.2 03] 895
() SIGCrB | 1614 41.2011 | 33513247 |03 0.5 |-0.0221 -0080102 03] 875
() CygX-1 1958 21.6804 1351205887103 0.5 |-0.0016 -0.01810.2 03} 915
(3) ARLac 22 08 40.871 45443151 |03 0.5 |-0.0028 +0.035]102 03 ]| 89.5
(1) SZ Psc 2313237645 | 02403131 |03 50 [-0.0002 +0.041 |02 03| 925
(3 UPeg 235229.0891 )28 2117.74 03 0.5 ]+0.0437 +0.038 102 03 ) 925
4. The simulation of HIPPARCOS observations

We have simulated the positions and proper motions Oy; (tyy) , o n; for each radio

star "observed" with HIPPARCOS from the known VLBI vectors Oy; (tv), Oy; given by

Lestrade et al. (1988). The relative orientation between the two frames at the arbitrary
epoch ty = 1991.0 has been fixed by adopting the values

A; =+0.030", A = +0.025", A; = -0.045".

The time evolution of the frames from the epoch t; is given by
A, =+0.002"/year, A, = -0.003"/year, A; = +0.001"/year.

The equations (1) and (2) for t = ty; have been used to simulate HIPPARCOS
observations.

To make the simulation realistic, we have added gaussian noise to the VLBI and
HIPPARCOS positions and proper motions. The uncertainties are also realistic; for
HIPPARCOS data they are those expected for the mission, and for the VLBI
observations, they have been assigned according to the caracteristics of the networks.
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5. Results

We have analysed the quality of the link in two cases, considering either all the stars or
only objects in the Northern hemisphere.
First, we have simulated HIPPARCOS as described in the previous section. Then,

we have reevaluated A, Ax (k = 1, 3) from the vectors 3:,? C_S;i and the simulated

E;i, 6;5 . The results of the two cases of link analysed are shown in Table 2.
The relative orientation at the initial epoch (A;) is determined with a precision at the

level of 0.001". The precision of the components Ak of the angular velocity is in the
range 0.0007" - 0.0009".

Concerning the distribution of objects, the inclusion of radio stars at negative
declinations, with uncertainties several times greater than those in the North, does not
improve the link and introduces a bias in A;, A, and Aj.

Table 2: Results of the link between HIPPARCOS and VLBI reference
frames via radio stars. Units of Ay = 0.001", units of Ax :

0.001"/year. o are the post-fit residuals, in units of 0.001", R
is the goodness-of-fit parameter.

N 14 10

All stars Northern Stars
Al +31.09 £ 091 +31.45 + 0.87
A2 +23.23 +0.86 +2327 + 0.79
A3 -4493 + 0.73 -44.65 + 0.71
Al +1.49 $£0.82 +1.44 *+ 0.79
A2 -2.78 +0.77 298 + 0.72
A3 +1.08 +0.67 +1.55 + 0.66
c 1.92 1.55
R 1.55 1.25
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