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High precision astrometry through phase-referencing

VLBl at 22 GHz
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Feasibility of the high-precision astrometry of Galactic water maser sources
was studied on the basis of fast-switching phase~refefencing VLBI observations at
992GHz held with VLBA (Very Long Baseline Array) of NRAO (National Radio Astronomy
Observatory) as the first step towards investigatith of the structure and
dynamics of the Galaxy.

Phase-referencing VLBI is a technique of observation which provides us relative
position of two closely spaced astronomical radio sources with high accuracy. The
technique can be applied to high-precision astrometry of Galactic maser sources
using extragalactic continuum sources as reference points, vielding trigonometric
parallax distances and proper motions of the maser sources throughout the Galaxy.
The information obtained will be widely used’ih many fields of modern astronomy
including, in particular, the study of the dynamiqs,and structure of the Galaxy.

In the present observations, all ten antennas of VLBA were switched between a
Galactic water maser source and an adjacent extragalactic source with a duty
cycle of 40 seconds for efficient compensation of degrading effects of the
atmospheric phase fluctuations. The observations of the same pair of sources were
repeated twice with a month interval for detection’of proper motions of the maser
sources with respect to the extragalactic refereﬁce sources. Two pairs of maser
and extragalactic sources were observed in this way. The observed data were
reduced using the NRAO AIPS(Astronomical Image Processing System) package

Results of observations of strong maser sources in the Galactic star forming
region W3(OH) and an adjacent fairly strong extragalactic continuum source,
ICRF0241+622, clearly showed that the atmospheric phase fluctuation is really
well compensated though the two sources afél separated by a finite angular
distance of 2.17 degree. In fact, the large atmospheric phase fluctuations of
several hundreds degrees observed in the fringe phases of the two sources were
mostly compensated in the phase-referencing calibration with the AIPS. After the
calibration, residual error due to the atmospheric fluctuation in the resultant
difference of the fringe phases averaged for a switching cycle (40 second) was
about 10 degrees. The 10 degrees phase error corresponds to the positional
accuracy of about 30 micro—arcseconds for a projected baseline of 2000 km, which
is much better than HIPPARCOS' s accuracy.

On the other hand, results of observations of another pair of Galactic and
extragalactic sources : masers in Galactic star forming region IRAS21008+4700 and
an adjacent extragalactic continuum source
ICRF2100+468, with angular separation of only 0.18 degree, showed about 400
micro-arcsecond displacement of the masers relative to ICRF2100+468 during a

month. The displacement was almost parallel to the Galactic plane. The distance
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of IRAS21008+4700 is estimated to be 7.3 kpc based on the simple flat rotation
model of the Galaxy. The amount and direction of the observed displacement 1is
just consistent with the predicted proper motion of the object due mainly to the
Galactic rotation and, to much lesser extent, to the Solar motion and annual
parallax. Thus we conclude that we detected for the first time the proper motion
due to the Galactic rotation of a distant object of several kilo-parsecs apart
during only a month interval.

The proper motion was detected also for the W3(OH) and ICRF0241+622 pair. In
this case, the direction of the proper motion was not parallel to the Galactic
plane as expected from the proximity of W3(OH) to the Sun compared with
IRAS21008+4700. In fact, at the estimated distance of W3(OH), 2.3 -- 3.3 kpc ,
the most dominating systematic displacement comes from the annual trigonometric
parallax. The predicted proper motion due to the combined effects of the annual
parallax, Solar motion and Galactic rotation 1is fairly consistent with the
observed motion. In other words, the phase-referencing VLBI observations are well
capable of detecting the annual trigonometric parallaxes of Galactic sources a
few kpc away.

The above results firmly show a feasibility of the phase-referencing VLBI in
astrometry with high accuracy of the order of 10 micro-arcseconds. This implies
that directly measured distances and proper motions of the maser sources will be

available throughout the Galaxy with the phase-referencing VLBI.
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