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ABSTRACT. Long baseline optical/infrared interferometers, such as
the Mark III Stellar Interferometer! on Mt. Wilson and the ASEPS-0
Testbed Interferometer? on Palomar Mountain, California, have good ca-
pabilities for narrow-angle and wide-angle astrometry with very high preci-
sion. Using the Mark III Interferometer many spectroscopic binaries became
“visual” for the first time. The measurement accuracy of angular separation
is 0.2 mas, the smallest separation measured between two components is
2 mas, the maximum magnitude difference is 4 mag, and the smallest semi-
major axis is 4 mas. Such high angular resolution and dynamic range have
been used to determine stellar masses with precision of 2% and differential
stellar luminosities to better than 0.05 mag for separations of less than 0.”2.
For some binary stars, not only have the systems been resolved, but also
the diameter of the primary component has been determined, yielding di-
rect measurements of stellar effective temperature with high accuracy. For
parallax determination, the precision is 1 mas or better and is unaffected by
interstellar extinction. For wide-angle astrometry with the Mark III inter-
ferometer, the observation results yielded average formal 1o errors for FK5
stars of about 10 mas. Presently a new infrared interferometer, the ASEPS -
0 Testbed Interferometer on Palomar Mountain is under construction, and
is being optimized to perform high accuracy narrow-angle astrometry using
long baseline observations at 2.2 um, with phase referencing for increased
sensitivity. The goal is to demonstrate differential astrometric accuracies of
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0.06-0.1 mas3 in order to allow for detection of extra-solar planets in the
near future.
Key words: astrometry - optical/IR interferometer

1. Introduction

Long baseline optical interferometers are the only instruments which are
capable of both narrow-angle and wide-angle astrometry with milliarcsec
precision. The Mark IIT Stellar Interferometer is a good example of such an
instrument with important features which include active fringe tracking,
two color astrometry, and full automation. This instrument has two fixed
baselines (12 m N-S and E-S) for wide-angle astrometry, and a variable
baseline (3 — 32 m N-S) for narrow-angle astrometry. Typical measurements
of fringe visibility are simultaneously made at 800 nm, 550 nm, and 500 nm
with a bandwidth of 22 nm, 25 nm and 25 nm respectively. The Mark III
Interferometer measures 160 — 220 stars per night and was in daily operation
for more than 7 years. Brief descriptions of results for narrow- and wide-
angle astrometry will be given in the following sections.

2. Parallax with Precision of < 5%

Parallax is one of the fundamental parameters for a star. Trigonometric
parallax achieves a typical precision of 10 mas with the classical photo-
graphic technique. New CCD parallax programs have reached a precision
at the 1 mas level. However it is limited to very faint stars (15 mag or
dimmer) because it is extremely difficult to find reference stars in the small
field of view. Another technique, the Multichannel Astrometric Photome-
ter, provides relative parallax to the 1 mas level for many interesting bright
stars. However, it is a difficult task to convert the relative parallax to the
absolute value. For binary stars, the Mark III has determined the angular
semi-major axis to 0.2 mas*%%, and has yielded parallaxes with a precision
of 1 mas after incorporating the linear semi-major axis from spectroscopy.
This absolute parallax is not affected by interstellar absorption, and can be
used as a calibrator and a check with HIPPARCOS’s results. The largest
distance obtained is 270 pc, corresponding to a parallax of 3.7 mas. Some
results of parallax determination are listed in Table 1, and are compared
with the corresponding values from the photographic techniques. It is in-
teresting to note that the brightest binary in the Hyades cluster, #2 Tau,
has its distance determined as 44.1 pc+2.2 pc. This star is about 1 pc in
front of the center of the cluster. The estimated distance of the center of
the Hyades is 45.5 pc, which is consistent with the latest results from other
techniques.
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Table 1. Parallax Determination using the Mark III Interferometer

Semimajor Parallax (mas)

Star Axis a"(mas)  Mark III  Phgr.
HR 15 24.15+0.13 296 =*1.0 24
HR 154 6.82 £ 0.16 3.7+0.1 0
HR 271 10.81 £0.20 143+ 0.6 9
HR 553 37.02+ 023 581x1.1 63
HR 622 9.02+0.19 306+1.3 12
HR 936 9461 £ 0.22 354=£1.1 31
HR 1412 1860 £0.18 224 +1.1 29
HR 5054 10.74 £ 0.13 44.1 £0.8 37
HR 5793 7.75£0.13 389+09 43
HR 6927 1225+ 0.20 118.7+ 1.0 120
HR 7478 23.7+ 040 129+ 0.2 7
HR 8131 1199 £0.08 18.1+0.8 13

3. Stellar Masses with 2% Accuracy

The mass of a star determines its fate and evolutionary course. Stellar
masses with an accuracy of 1-2% are very critical to check evolutionary
theory and modeling. There are fewer than 150 individual stars in binary
systems with masses determined to better than 15%, and only 45 stars
have masses with a precision of 2%. However, most of these stars are in
the main sequence, and the evolved stars are very rare. The Mark III has
determined inclinations™® to better than 1%, and provided stellar masses
to about 2%; most of these stars are giants and sub-giants which are lacking
among current measurements.

Table 2. Accurate Stellar Masses with the Mark III Interferometer

Star Spectrum a'' (mas) i° K (km/s) Kg(km/s) my(mg)

HR5793 B9.51V,G5 7.75 £ 0.13 8830 £ 0.07 35.35+0.50 99.00+0.50 2.58 +0.04 O
HR6927 F7V,K3V 122.5 + 0.20 74.76 £ 0.05 17.87 &£ 0.10  24.20 + 0.20 1.08 & 0.03 0
HR7478  GS8III,G8III 23.7 + 0.40 78.37 £ 0.40 26.79 £ 0.05 27.88 + 0.05 2.26 £ 0.05 2

4. Precise Photometry within a Separation of 0.”1

It has often been noted in the literature that there is a lack of precise
measurements of stellar luminosities and colors along with mass determi-
nation. Interferometer is the only technique, besides Lunar Occultation,
which can provide direct photometric measurements within small angular
separations. In the periodic changes of fringe visibility of a binary star as
measured with an interferometer, the peak-to-peak change is proportional

ma(mg)
.92 + 0.0
.78 £ 0.0
17 £ 0.0
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to the intensity ratio of the two components. Since the typical precision of
visibilities can reach 2% with the Mark III, the corresponding magnitude
differences are readily determined to a precision of better than 0.05 mag.
Another important characteristics of the Mark III is simultaneous measure-
ments at multiple wavelengths. It is easy to calculate the color index for
both components when combined with classical photometric results. It is
worth noting that the traditional spectrophotometric method of analyzing
spectral lines has had obvious biases as large as 1 mag. In contrast, lunar
occultations do provide accurate magnitude differences for some binary sys-
tems, which agree well with the results of the Mark III Interferometer’. The
comparisons between the Mark III and spectrophotometry are provided in
Table 3.

Table 3. Comparison of Magnitude Differences measured with
the Mark III Interferometer and Spectrophotometry

Star Mark III Spectrophotometry
at 800 nm at 550 nm at 550 nm
HR 15 1.m82 £ 0.™04 1.m99 £ 0.™04 1.m35
HR 154 0.m97 £ 0.™10 0.m92 £ 0.™10 3.m17
HR 271 0.m94 £ 0.™06 1.™01 + 0.™05 0.m29
HR 553 2.m63 £ 0.m22 3.™30 £ 0.™30 2.80
HR 622 0.52 £ 0.™04 0.™44 £ 0.™04 1.™19
HR 936 2.63 £ 0.m09 2.m92 + 0.™15 2.™60
HR 6927 2.02 £ 0.™06 2.™44 + 0.™17 1.m99
HR 8131 1.™23 + 0.™03 0.™47 + 0.™06 0.m60

5. Resolution of Radio Stars

Radio stars play important roles in connecting stars with the extragalac-
tic reference frame. VLBI observations have constructed a quasi-inertial
reference frame to an accuracy of about 0.”001. The only way to link the
optical reference frame to the radio reference frame is to observe these ra-
dio stars at both optical and radio wavelengths. The HIPPARCOS mission
emphasized necessity to observe radio stars. However, many radio stars are
binaries or in a triple system, and their orbital motion is not negligible if
astrometric precision at the milliarcsec level is necessary.

The Mark III Interferometer has successfully resolved two radio stars®,
Algol and A And. For the well-known triple system Algol, the AB-C system
has had its geometric and physical parameters determined with higher reso-
lution and accuracy than obtained with other techniques. Since the presence
of the third component seriously complicates the analysis of both the light
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curves and the spectra of the central eclipsing pair, the results from the
Mark III are very useful. The mass ratio (r = 2.63 £+ 0.20) indicates that
the central pair will have displacements as large as 52 mas, which must be
accounted for. For A And, the angular separations are about 3 mas, and
the magnitude difference is about 4.5 mag at 550 nm.

6. Wide-Angle Astrometry

Modern meridian circles are the main astrometric instruments for measur-
ing star positions at present, and have reached precisions of 0.”1 to 0.”2
for a single star transit. The analysis of observations from meridian circles
has disclosed systematic errors in R.A. and Decl. in the Fundamental Star
Catalogue (FK5) which reach about 0.”1. Astrometric observations with
the Mark III interferometer in 1988!° demonstrated average formal 1o er-
rors of 6 mas in Decl. and 0.6 ms (= 9 mas) in R.A. for a group of stars
covering a range of 90° in R.A. and 45° in Decl. Such high precision comes
from the good thermal control of the instrument, monitoring of variations
of the delay offset, and the two color data analysis technique. Repeated
observation were made in 1989 and had the same average formal 1o errors
as in 1988. Examination of the errors for the difference of the positions for
the two years (see Table 4 and the figures below) indicates that the formal
errors of each year are underestimated by a factor of 1.5, suggesting average
external errors of approximately 9 mas in Decl. and 13 mas in R.A. for each
year. As expected, observations with the Mark III Interferometer indicate
that most of the FK5 stars in this group have positions within their esti-
mated error ranges (about 50 mas in both coordinates in 1988 and 1989),
and some stars do have position errors as large as 100 mas at present.

Table 4. Wide-angle Measurements of FK5 Stars in 1988 & 1989
with the Mark III Interferometer

FK5 Offset in R.A.(ms) Offset in Decl.(mas)
1988 1989 Mean A 1988 1989 Mean A
19 -20x05 -07x05 -1.3  -13 25 -18%6 -10 16
33 -18+06 -1.7+06 -1.7  -0.1 155 13+6 14 2
52 -224+07 -27+08 -25 0.5 25+ 6 29+ 8 27 -4
66 70+ 05 6.7+0.6 68 0.3 3+6 14 +8 9 -11
79 -05x06 1.7x1.0 06 -22 -90+6 -124%£10 -107 34
835 2405 21+04 23 03 66+£5 80 + 4 73 -14
848 6.2+07 43+0.6 5.2 19 -46+6 -43+%5 -45 -3
862 -53+£0.5 -42+04 -47 -11 -35x5 -32+4 -34 -3
1534 2.5+ 0.6 0303 14 22 -10%5 T+ 4 -9 -3
1568 0.6 £ 0.7 -0.7+0.5 -0.0 1.3 25+ 5 34+4 30 -9
1619 -5.8 0.7 -6.4+ 0.7 -6.1 0.6 -T£5 27 -3 -9
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