Searching for Previously Unresolved Binaries in
DEBRIS Survey Target Stars
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1. Introduction
twenty five years ago, IRAS discovered
a dust disk around Vega–the first disk of its kind ever
known. Since then, around twenty dust disks have been
imaged, a meager number in a field so crucial to understanding the formation and evolution of stars and planets.
To settle this knowledge deficit, the Herschel DEBRIS Key
Project proposed to survey–without bias–446 nearby stars
in the spectral classes A - M for dust disks. It is the first
search of its kind since IRAS, i.e. an unbiased survey focused solely on detecting and imaging a large number of
debris disks around main sequence stars.
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( 1.25 micrometers) filters were used. The narrower band
filters were used when the primary start saturated the detector. The field of view of our final images is about 10 arcseconds on a size. With the adaptive optics and IRCAL, we can
achieve spatial resolutions of order 0.1” to 0.2”.
objects with a visible companion, multiple sets of images were taken in multiple band filters so that the target could be fitted to a blackbody curve and, based on derived spectral type, identified as a companion or not. A single band is not enough to determine if any other star in the
field of view is just an apparent binary or a true companion. To assess the properties of any visual companion, we
observe several different wavelengths when we find an apparent companion. Using relative brightnesses of the parent
and secondary star in at least three wavelength bands–as
well as the known spectral class of the parent star–we will
be able to fit the secondary star to a blackbody curve and
estimate its spectral class, and from this, its distance. If the
two stars are at the same distance, then they likely compose
a true stellar binary. Figure 3 shows observed several binary
star systems.
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Figure 3: Sample observed binary systems. Top left
to bottom right: HD 108007(heat), HD 140436(aipso),
HD 165908(bb-J band), HD 165908(aipso-K band), HD
206826(rainbow), and HD 141004(a). The colors are chosen to provide contrast only. The images are all taken in
K-band except for one J-band image of HD 165908 The target stars are surrounded by what is referred to as speckle,
which arises from the intense brightness of the target star
being scattered by the atmosphere.
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4. Future Work
data from the June and October 2009 observing runs
are currently in the process of being fully reduced. Once
all of the data for each of the 446 stars is reduced in each
filter (H, J, and K), those values will be fit to a blackbody
curve to determine the spectral type of the observed binary
system. Ultimately, the observations will determine whether
or not the observed companion star is an actual companion
to the target star or simply a background star. A followup
proposal has been submitted to UCO Lick to do most of the
remaining sources visible from UCO Lick.
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Figure 2: D. Simonson (undergraduate - JMU) and D. Rodriguez (graduate student-UCLA) monitor data coming in at
the Shane 3m in June 2009. The observations used the IRCAL instrument and adaptive optics. Since the primary stars
are bright, they can be used to run the adaptive optics.
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objects with no obvious companion, a series of integrations were taken in a filter appropriate for the particular target (usually Ks to provide the best chance of detecting
a lower luminosity companion), after which, the telescope
was moved to the next target.
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3. Results
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2. Data Collection
used the Lick Observatory Shane 3m adaptive optics with IRCAL. To measure the near-infrared colors,
Brackett Gamma ( 2.17 micrometers), FeII ( 1.64 micrometers) Ks ( 2.15 micrometers), H ( 1.63 micrometers), and J

F

T

F

F

reductions will be performed in IRAF or PYRAF
by undergraduates at James Madison University (Simonson, Trelawny, and Evans) as part of their undergraduate
research. Illumination flat fields and dark current flats will
be applied to all images, and the relative brightness of the
secondary star compared with the parent star will allow the
stellar class of the secondary star to be determined. Using
the absolute magnitude of the secondary star in conjunction
with its stellar class, the distance can be determined to the
secondary star. If the two stars are close enough, then they
compose a stellar binary.
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number of true stellar binaries may be less than the
total apparent stellar binaries shown here. The two stars
may be too far apart to compose a true binary. If the secondary star has a more luminous spectral type than the parent, but the parent has a much greater apparent magnitude,
then it would not be reasonable for the two to compose a
binary.

4 illustrates the number of objects observed of
each spectral type, and compares the number of objects
with binaries to those without. It does not show the spectral
types of the binaries themselves, which we have not determined yet.

Figure 1: Image of the binary star system HD 110315 observed through the K-band filter for 100ms. HD 110315 is a
K4.5 V star, located about 14.2 pc away from Earth.
the prototype dust disk, is a single star system.
Other star systems with imaged disks, such as Fomalhaut, are single star systems as well. A binary system would
alter the assumed basic disk properties of any debris disk
detected by Herschel. As preliminary work for the arrival of
Herschel data, we have undertaken a search for companions towards stars in the DEBRIS sample. Initial observations were done at UCO Lick in June and October 2009. This
search is intended to help modelers using the Herschel data
know whether or not to focus on constructing disk models of
binary systems or single stars. Figure 1 shows an example
of one of the target binary star systems that was observed.
The prominent star in Figure 1 is HD 110315 (a K4.5 V star).

they had not previously been resolved. We are in the process
of determining whether or not the eight newly discovered binaries are apparent or true binaries.
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results found a total of eighteen apparent
companions out of eighty eight stars. Out of these, ten
were previously detected by other surveys. In some cases,

P

AAS, 215th Meeting of the American Astronomical Society, 3-7January 2010, Washington, D.C., USA

RELIMINARY

T
Y P
C
R OJE

Figure 4: Graph of observed visual (apparent) binary systems where companions were both detected and undetected
as a function of spectral type.
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