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ABSTRACT 

We have discovered that the nearby double-lined spectroscopic binary BY Draconis has a proper motion 
companion 17 arcsec to the northeast. Photometric measurements indicate that the companion is an M5 
dwarf lying on the main sequence. Studies of this third component could prove valuable in determining the 
evolutionary state of the system. © 1997 American Astronomical Society. [50004-6256(97)01108-4] 

1. INTRODUCTION 

BY Draconis (HDE 234677=Gleise 719=PPM 36705) is 
the prototype of a class of late-type, flare stars characterized 
by periodic photometric variability due to star spots, rapid 
stellar rotation and emission lines of Ca il H and K. A large 
fraction (>85%) of BY Dra stars are in short period binary 
orbits (Bopp et al. 1980) including BY Dra itself which is 
one of only nine known M dwarf, double-lined, spectro- 
scopic binaries (Harlow 1996). We now show that the BY 
Dra system has a third component, an M5 V star (hereafter 
BY Dra C), located 17" to the northeast of the primary. This 
well-studied system at a distance of 14.1 pc (Gliese 1969) 
has over 300 references Usted in the simbad database, so it is 
unclear why BY Dra C has not been previously identified 
given its V magnitude of ~ 16. 

2. OBSERVATIONS 

BY Dra C was discovered in J, //, and K images ob- 
tained with the IRCAM camera (McLean 1987) on the 
UKIRT in 1988 May. In 1989 July, we measured the IR- 
CAM scale at K to be 0'.'624 per pixel. The scales at J and 
H differ by a few percent. Additional data were obtained in 
1988 July with an InSb photometer (RC2) on the IRTE. We 
used a focal plane aperture of 3.5 arcsec (full width at half 
maximum power). The secondary mirror was chopped at 7 
Hz between an infrared star and a reference position offset in 
declination by 20" while the telescope was nodded every 10 
s so that the star appeared first in one beam and then in the 
other. The J, H, K, and L magnitudes listed in Table 1 are 
from the IRTE. 

Although the chance that a background infrared source as 
bright as C would be found as close as 17" to BY Dra is tiny, 
to be sure that there is a physical association, we measured 
the relative positions of BY Dra and C in 1995 June with the 
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twin channel UCLA infrared “Gemini” camera (McLean 
et al. 1994) on the Lick Observatory 3 m telescope. So as not 
to badly saturate the detector, we used narrowband filters 
centered on an Fe II line at 1.64 ¡im and on an H2 line at 
2.122 ¡mi. The pixel scales in the Fe n and H2 images are 
about 0'.'69 and 0"67 per pixel, respectively (Casement 1996, 
private communication). 

/-band images were obtained in 1988 May on the Shane 3 
m telescope at Lick observatory with a (800)2 CCD at 0'.72 
per pixel resolution. /?, R, and 1 band images were also 
acquired in 1995 September on the Lick Nickel 1 m with a 
binned (2048)2 CCD detector yielding a resolution of 036 
per pixel. The filters are those of the Johnson-Cousins pho- 
tometric system as described in Bessel (1990) and the data 
were calibrated using standards of Landolt (1983). The B, 
R, and I photometry from the 1995 September run is given 
in Table 1. 

3. DISCUSSION 

3.1 Proper Motion 

The proper motion of BY Dra listed in the PPM Star 
Catalog (Röser & Bastian 1991) is 0'.T89 E & 0"324 S per 
year with an uncertainty of 0"004 per year in each direction. 
This large proper motion is easily discernable over relatively 
short time scales allowing confirmation of the common 
proper motion of BY Dra C. The best measurement of the 
proper motion of BY Dra C is provided by two / band CCD 
images taken in 1988 May and 1995 September. Though the 
primary (BY Dra A+B) is heavily saturated in these images 
thus preventing an accurate measure of the separation to BY 
Dra C, the proper motion of C can be accurately determined 
by comparison to field objects. The fit residuals for each of 
the six field objects used were small, indicating that these 
field stars have little if any measurable proper motion of their 
own. The derived annual proper motion for BY Dra C from 
the I band images is 0"15±0"02E and 0"33±0,.'02 S, in 
reasonable agreement with the proper motion of the primary. 

Proper motion can also be determined from the infrared 
images although the errors are larger. In 1995 June we mea- 
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Table 1. Triple star BY Draconis. 

Star ARA ADec B R I J H K L M/ 

BY Dra (A-j-B) _____ 5.68 5.10 4.94 4.87 - 4.20 

BYDraC +11"9 +11."8 17.32 14.29 12.34 10.50 9.89 9.57 9.25 11.61 8.83 

Note. — The separations in RA h Dec are epoch 1995.5; C is located to the northeast of AB. The B, 

R and I magnitudes are on the Johnson-Cousins system defined by Bessel (1990) and calibrated using the 

standards of Landolt (1983). The V filter measurement was lost due to an equipment problem; V « 15.75 

is extrapolated from the other colors. The J, H, K & L magnitudes are on the IRTF photometric system 

and the J magnitudes are based on a red standard (Gliese 811.1). If a blue standard (an A-type star) is 

used, then the J magnitudes are fainter by 0.08 magnitudes. The photometric uncertainties are dominated 

by systematic errors which are estimated to be ~ 0.05 magnitudes in both the optical and the infrared. M/ 

&; M/f are the absolute magnitudes in I & K respectively. 

sured an offset from the primary to C of 107 E and 103 
N with Gemini assuming the detector rows and columns lie 
EW-NS. This can be compared to the IRCAM images in 
1988 May where, assuming a scale of 0"624/pixel, we derive 
an offset of ll'.'3±0"2E and ir.'8±0"2N. Using the pub- 
lished proper motion for the primary, this corresponds to an 
annual proper motion of C of O'.'ll±0'.r03 E and 0732 
±0703 S. This value agrees within the errors with the proper 
motion determined in the I band, but disagrees with the pub- 
lished R.A. proper motion of the primary by 2.5o\ However, 
these errors are statistical only and do not include any esti- 
mates of potential systematic errors. Some fraction of the 
discrepancy in R.A. could be a real difference in the proper 
motion between the primary and C. Given a favorable pro- 
jection, the orbital motion of C could be more than 0703/ 
year. This would completely account for the discrepancy be- 
tween the PPM and our I images and would bring the 
infrared data to within 1.5cr. It will be interesting to see if 
this small proper motion difference plays out in the years to 
come. Together, all of our proper motion data leave little 
doubt that BY Dra C shares a common proper motion with 
the spectroscopic binary primary. 

3.2 Classification and Age of BY Dra 

Evolutionary state may play a key role in distinguishing 
the class of BY Dra stars from other types of active flare 
stars such as RS CVn’s and in understanding the physical 
mechanisms causing the BY Dra syndrome (Eker 1992). BY 
Dra stars arid in particular the proto-type show several indi- 
cators normally suggestive of youth: rapid rotation, photo- 
metric variability due to star spots, high x-ray luminosity 
(Johnson 1983), strong chromospheric activity and an eccen- 
tric, yet short-period orbit. However, the relationship be- 
tween these characteristics and age is confused by the 

mechanism causing the BY Dra syndrome, and attempts to 
estimate the age of BY Dra have been inconclusive. Models 
of Zahn & Bouchet (1989) show that binary orbits of ^8 
days should circularize very quickly and observational work 
of Duquennoy et al (1992) show that by the age of the Ple- 
iades (~108 yr), binaries with periods as long as 7 days 
have circularized. The highly eccentric orbit of BY Dra 
A+B {e ~ 0.3) with a period of only ~6 days suggests that 
BY Dra may be quite young, though the exact timescales for 
circularization remain an issue of debate. The third compo- 
nent is too far separated to have a significant effect on the 
circularization of the spectroscopic system (Mazeh 1990). 
The assumption of youth is further supported by Vogt & 
Fekel (1979) who derive a radius for the dMOe primary of 
1.4± 0.5 Rq and argue that it is a young star still contracting 
towards the main sequence. However, this measurement is 
dependent on an accurate determination of v sin ¿, which 
may be distorted by larger than normal macroturbulence 
which might be expected in this chromospherically active 
star. A large but not unreasonable increase in the macrotur- 
bulence could put the derived radius of the primary in agree- 
ment with the canonical main-sequence value of —0.7 Rq 
(Lucke & Mayor 1980). 

Our photometry of BY Dra C is given in Table 1. Based 
on Table 3 of Bessel (1991), BY Dra C appears in every 
respect to be a normal M5 dwarf star. Our discovery of com- 
ponent C, could prove valuable in sorting out the various 
theories relating to the age of BY Dra. The placement of BY 
Dra C on the theoretical isochrones of Stringfellow (1991) 
suggest a mass of —0.13 ^Mq at an age of — 3X 108 y or 
older since the isochrones converge to the main sequence at 
a few X 108 y. The tracks also preclude the possibility that 
BY Dra C is a brown dwarf; a very young brown dwarf 
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could match the luminosity of C but would be significantly 
redder in /—color. Future spectroscopic studies of BY Dra 
C should prove to be a more reliable indicator of the system 
age as C is not affected by tidal interaction and the ‘ ‘BY Dra 
syndrome” which may distort traditional indicators of youth 
in the primary system. 
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