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1. M I S S I O N G O A L S 

This paper describes a proposal for a new space radio astronomy mission 

for astrometry which uses very-long-baseline interferometry (VLBI) called 

Astrometry VLBI in Space (AVS). The ultimate goals of AVS are to im-

prove the accuracy of radio astrometry measurements to the microarcsec-
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ond level in one epoch of measurements and to improve the accuracy of the 

transformation between the inertial radio and optical coordinate reference 

frames. The scientific objectives of the mission cover a few categories of 

astrometry tasks such as astrometry of the solar system, reference frames 

ties, tests of general relativity and cosmology (for references see Lowe and 

Treuhaft,1994, Russell et al.,1992, Eubanks et al.,1994). 

2. M I S S I O N C O N C E P T 

Current ground-based VLBI radio astrometry angular accuracy is primarily 

limited by atmospheric propagation effects and by the length of the longest 

attainable Earth baselines ( ~ 10000 km). Efforts to tie the radio and optical 

frames with observations of radio stars will be limited to the few-tenths of 

a milliarcsecond level by the unmodeled angular difference between the 

optical and radio centers of emission. 

The above astrometric limitations can be circumvented if the radio in-

terferometer is placed in space. It is possible to establish a unified Celestial 

Reference Frame and to tie an inertial Radio Reference Frame, an Opti-

cal Reference Frame, and a Geocentric-Equatorial Reference Frame with 

unprecedented accuracy. 

A basic element of the proposed mission is a space-based radio inter-

ferometer composed of two free-flying antennas operating simultaneously 

with a 70m ground-based telescope at 8.4, 22.2, 32, 43 GHz. The space an-

tennas will be located in orbit such that they will be visible to each other 

most of the time. A microwave (or laser) link will be established between 

the Space Radio Telescopes (SRTs) to provide a direct measurement of 

the radio interferometer baseline length, and synchronization of the SRTs' 

local oscillators and clocks. Along with radio interferometry equipment, 

each spacecraft will carry an optical beacon and optical (CCD) astrometry 

camera. The camera will determine the position of the optical beacon (the 

spacecraft with the radio telescope) relative to the optical reference stars 

(Figure 1). 

The advantages of such a configuration are (see Alekseev, 1981,1993): 

i) Such system excludes the limitations of ground-based radio astrome-

try due to atmospheric turbulence and refraction, Earth's motions, impos-

sibility to view the entire sky with a single instrument; 

ii) The baseline of the space-based radio interferometer (and, accord-

ingly, its angular resolution) will not be limited by the Earth's diameter; 

iii) Optical astrometry devices will provide the orientation for the ra-

dio interferometer baseline relative to the optical reference frame, thus the 

coordinates of the radio sources will be determined directly in the optical 

reference frame; 
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Figure 1. AVS mission configuration 

iv) Direct determination of the baseline length and synchronization of 

the SRTs' local oscillators and clocks by a microwave link established be-

tween two spacecraft can, in principle, allow the use of a fringe phase for 

angular measurements, as in connected-element interferometry, instead of 

the group delay as used in Earth-based VLBI. 

Astrometric VLBI observations by this system can provide a relative 

time group delay Δ τ ΐ 2 (main value used in VLBI astrometry measurement) 

between two space radio telescopes, and, accordingly, the coordinates of the 

radio sources as determined from the equation ο Δ τ ΐ 2 = ( b ~ ? ) , which will 

not include an atmospheric impact ( T A T M ) and instrumental time delays 

in G R T equipment (TID): 

A T G S I - A T G S 2 = ( T S R ! ! - TGRT - T A T M - H D ) - (TSRT2 ~ TGRT ~ 

T A T M — VLO) = Δ Τ Ϊ 2 

At the same time, simultaneous observations of a space radio interfer-

ometer combined with relatively small antennas with diameter dsnr and a 

large ground-based radio telescope with diameter DGRT will increase the 

signal-to-noise ratio (SNR) and, accordingly, decrease the stochastic error 

of radio astrometry measurements with a space-based radio interferometer: 

σ(Ατ12) = \ A 7 2 ( A T G S I ) + a2{ArGS2) ~ V2(DGKT · C ISRT)" 1 
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An orbiting interferometer operated at λ ~ 1 cm with a baseline between 

two 4-m diameter space radio telescopes | b | ~ 50.000 km observing with 

a 70m ground-based telescope with system parameters of both space and 

ground telescope: Tsys= 50 K, T=300 sec, Δι/ =128 MHz can provide 

angular measurements with an accuracy better than 10 and 100 microarcsec 

for the sources with flux density U y and 0.1 Jy, respectively. 

3. M I S S I O N I M P L E M E N T A T I O N 

This proposal could be implemented under the NASA category of "Midex 

Missions" (cost ~$100 Mln). In order to meet this requirement, the mission 

design should be based on an existing (or feasible in near future) technol-

ogy and existing supporting infrastructure. In order to keep the cost of this 

mission low, the space-based antennas should be small, and non deploy-

able. If the SRTs will be launched in a geostationary orbit, the baseline 

for a space-based radio interferometer can be as long as 50,000-70,000 km. 

Two 4-m class non-deployable space antennas can be launched simultane-

ously by the Russian Proton or French Arian-5 boosters. The effectiveness 

(scientific return) of the proposed mission crucially depends on the sup-

port of large ground-based radio telescopes such as the 70m DSN antennas, 

the Effelsberg 100m radio telescope, the V L A phase array and the newly-

developed Green Bank 100m telescope. VLBI observations are now (or will 

be) routinely provided by these radio telescopes at frequencies as high as 

43 GHz. 

The research described in this paper was partially carried out by the Jet 

Propulsion Laboratory, California Institute of Technology, under a contract 

with the National Aeronautics and Space Administration. 

References 

Alekseev, V . A . (1981), Astrometry and Astrophysics (in Russian) Vo l . no. 4 5 , pp.74-77 
Alekseev, V . A . (1993), Proceedings of the Workshop, Leningrad, USSR ( published N AI C, 

Arecibo Observatory) pp.102-103 
Eubanks T . M . , Matsakis D.N., Josties F.J. et al. (1994), IAUSymp. S166, in press 
Lowe S.T., and Treuhaft R.N. (1994), in VLBI Technology, T. Sasao, S. Manabe, O. 

Kamea and M . , Inoue, eds., pp.319-322 
Russell, J.L., Jauncey, D.L., Harvey, B.R., et al. (1992), Astron. J.Vol. no. 1 0 3 , pp.2090-

2098 

https://doi.org/10.1017/S0074180900127974 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900127974

