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ABSTRACT

We present the visual orbit of the chromospherically-active spectroscopic binary star HR 8170. The orbit was determined by fitting visibility
amplitude measurements made in the K (2.2 ym) photometric band using the Palomar Testbed Interferometer. Only a single instrument baseline
was used, but adequate coverage in the (u, v) plane was provided by a combination of the binary’s orbital motion and Earth rotation. The projected
separation of the binary is found to be only ~ 2 milliarcsec, so the system is only marginally resolved compared to the 4 milliarcsec fringe spacing
of the instrument. Nevertheless, the new data provide a useful and nearly-independent test of the previous spectroscopically-determined orbit.

1. Introduction

The chromospherically-active binary stars
are a broad class of objects which frequently
have orbital separations small enough that
the stars’ tidal interactions cause them to
spin-lock, forcing their rotational periods to
accelerate to match their orbital periods and
producing strong stellar dynamos. Among
these objects are the RS CVn and Algol bi-
naries.

The angular separations of such binaries
are typically of the order of milliarcseconds.
Observational studies of such close binaries
have largely been limited to spectroscopy
and photometry of the components’ com-
bined light. These studies have produced an
extensive literature of orbital parameters de-
rived from radial velocity curves and photo-
metric light curves. The Catalog of Chro-
mospherically Active Binary Stars (CABS2;
Strassmeier et al. 1993) summarizes the data
for some 206 active binary systems.

The advent of practical long-baseline opti-
cal interferometry has made it possible to ap-
proach these close binary systems in a funda-
mentally new way, by measuring their visual
orbits directly. Visibility data can serve as
a basic “sanity check” on spectroscopically-
and photometrically-derived models of these
binaries, and point the way toward studies
with future instruments capable of precisely
measuring the full set of basic system param-
eters.

We observed the chromospherically-active
binary HR 8170 (= CABS2 182) on 11 nights
in 1999 with the Palomar Testbed Interferom-
eter (PTI; Colavita 1999) as part of an ongo-
ing effort to make nearly-independent tests
of the orbital parameters of these systems.
Although clear evidence was found for vis-
ibility evolution on the timescales expected
from Earth rotation and from the 3.24 day
orbital period, the data were found to be sig-
nificantly inconsistent with a simple binary
model consisting of stars with astrophysically
plausible sizes. Below we discuss a possible
explanation for this result in terms of the in-
fluence of an unseen third star.

2. Observations

The observations were conducted using stan-
dard single-beam techniques (Colavita 1998)
between the nights of 21 August and 20 Octo-
ber 1999 (see Table 1). Briefly, the observa-
tions consisted of 35 “scans”, during each of
which the interferometric fringe was tracked
and measured for 125-130 sec. A comparable
number of scans on calibrator stars, which
were chosen to have predicted angular diam-
eters less than 1 mas, no known companions,
and angular distances from the science tar-
gets of typically less than 10 deg, were in-
terspersed with the science scans. The scans
were taken over a series of nights in order to
provide coverage of the orbital phase. The
baseline D of the instrument was 110 m and
the observing wavelength A was 2.2 ym, pro-
ducing a formal angular resolution A\/D = 4.1
mas.

3. Data Reduction and Model Fit
The raw visibility data were calibrated using
the standard PTI techniques (Colavita 1998).
For each scan, the measurements of the raw
squared fringe visibility V,%,, in 25-sec sam-
ples were averaged. The uncertainty in the
V.2, value for each scan was estimated from
the scatter between the 25-sec samples. A
phase jitter correction was applied to com-
pensate for the visibility loss caused by im-
perfect tracking of the fringe, and this was
found to improve the quality of the fit.

The system visibility nys, which is the
value of V,2,, that would be measured for
a pointlike source, was estimated by the
weighted average of the V;%,, in the calibra-
tor scans, after correcting for the effects of
the finite sizes of the calibrator stars. Divid-
ing the V;2,,, measured for a science scan by
the appropriate Vszys produced the final V?2
measurement for the each science scan.

The binary-star model was fit simultane-
ously to all 37 V2 measurements. The cho-
sen model treats the stars as uniform circular
disks of angular diameters 6; and 62, mov-
ing in a circular orbit with angular semima-
jor axis a and period P. The pole of the
orbit is inclined by angle ¢ with respect to
the line of sight, and the long axis of the pro-
jected orbit is oriented along position angle
PA, measured east from north. The ratio
of the brightness of the secondary to that of
the primary is R. The parameters were ad-
justed to minimize the overall chi-squared us-
ing the POWELL multi-parameter minimiza-
tion routine (Press et al. 1992). The sizes of
the stars were chosen to be consistent with
their brightness and spectral types; because
the stars are small compared to the instru-
mental resolution, the results are insensitive
to this choice. The best-fit model is plot-
ted for comparison with the data in Figure 1.
The value of x? per degree of freedom is 5.9,
indicating that the model does not fit the
data well.

A clue to this discrepancy lies in the Hip-
parcos catalog, in which HR 8170 is flagged
as having acceleration or higher-order terms
in its astrometric solution. This is presum-
ably the effect of a tertiary companion which
had previously gone undetected because its
orbital period is too long to have been seen
the spectroscopic radial-velocity data. A star
more than ~ 200 mas from the close binary
would be beyond the fringe envelope of the
interferometer, so that it would contribute in-
coherently to the flux and depress the mea-
sured fringe visibility from its nominal value
‘/I)Qinary to ‘/t?riple:

2 _ 1471 \27,2
V;friple - ( +r1+r2) binary

where r; and re are the fluxes of the sec-
ondary and tertiary stars, measured in units
of the flux of the primary.
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Fig. 1 Binary 4 Incoherent Light Model for HR 8170.
Each point on the plot represents the squared visibility
measured in one of the 37 scans of the fringe. Each of
the plots contains data taken during a range of orbital
phase, where the bins take into account the 180-deg am-
biguity intrinsic in the measurement. The various plot-
ting symbols indicate the nights on which the data were
taken. The solid curves trace the model visibility.

Incorporating the third star into the model
reduces the x? per degree of freedom to 1.9,
indicating that the modified model is doing
a significantly better, but still not quite sat-
isfactory, job of describing the data. This
residual misfit could result if the tertiary were
located within the outer regions of the fringe
envelope, so that it contributed a small (and
hour angle-dependent) term to the measured
visibility.

The uncertainties on the model parame-
ters were estimated by the range over which
the total squared residuals were within 3.0
of their minimum. This procedure cannot
be quite correct because the model is appar-
ently not quite right, but the results should
be good enough to allow comparison with the
spectroscopic and photometric results. This
comparison is presented in Table 1.

Table 1: Orbital Parameters for HR 8170

Source a Orb PA 1

(mas) (deg) (deg)
PTI 1.5 £ 0.4 167 £ 6 81 £ 8
CABS2 1.8 77
Source P 1 T9

(day)

PTI 3.2428 £ .0025 0.38 £ .22 0.35 £ .25
CABS2 3.243347

4. Conclusions

The new PTI observations have clearly de-
tected the orbital motion of the spectroscopic
binary HR 8170. However, they also provide
evidence for an additional source of light in
the system. We have shown that treating this
additional source as a star outside the fringe
envelope of the instrument gives an improved
fit to the data, and that the resulting or-
bital parameters are consistent with those ex-
pected from previous spectroscopic measure-
ments. However, the large residuals in the fit
suggest that even our two-plus-one model is
not adequate to fully describe the system.




