Bridging the Gap
Between Planets Stars
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In the mass continuum of stellar objects, the most massive O-type stars define one extreme; while rare, their masses can exceed 100 times that of our Sun. At the other extreme are the brown dwarfs, where the boundary between stars and planets
becomes fuzzy; here, masses are typically measured in multiples of Jupiter’s mass. In this latter realm, it’s not uncommon
for a brown dwarf to have a mass only a few percent that of the Sun. Like the study of exoplanets, whose masses are similar
to those of many brown dwarfs, examining these low-mass specimens requires extreme sensitivity at longer wavelengths, as
their temperatures and luminosities plummet when compared to those of more massive stars (brown dwarfs are typically
cooler than 2000 K). Gemini’s optimization in the infrared, spatial resolution, and 8-meter aperture, make it an obvious
choice for studying the dim, warm glow of these low-mass objects.
The study of low-mass objects has presented astronomers with a wide range of surprising results, where odd combinations
of partners are often the norm rather than the exception. This was true right from the start at Gemini when, in 2002, a
team led by Michael Liu (University of Hawai‘i) used the Hokupa‘a adaptive optics system on Gemini North and the
W.M. Keck Observatory to observe a nearby, almost middle-aged Sun-like star known as 15 Sagittae. To Liu’s surprise, his
team found a brown dwarf, with a mass between 55-78 times that of Jupiter, in a relatively close orbit (about 14 astronomical units (AU)) from the primary star. The processed Gemini image is shown in Figure 1.
Less than a year later, Laird Close (University of Arizona) announced the results of a Gemini survey in which his team
found a low-mass pair consisting of a L-type brown dwarf in a tight orbit with the M-type star LHS 2397a (see Figure 2).
Figure 1 (left): Processed image of brown
dwarf around 15 Sagittae that was
revealed for the first time by Gemini.

Figure 2 (right): Image of LHS 2397a
obtained on February 7, 2002, at
Gemini North.

Both images (Figures 1&2) used the University of Hawaii’s adaptive optics system
Hokupa‘a and the QUIRC
infrared imager.
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Figure 3: Artist’s conception of the Epsilon

In this case, the dwarf, with a mass about 38-70 times that of Jupiter, is only about three times the Earth - Sun distance

Indi system showing Epsilon Indi and its

from its primary. What really surprised the researchers, however, is how many low-mass pairs they found in the survey.

brown-dwarf binary companions. Due

Previously, most very low-mass stars and brown dwarfs were thought to be solo objects wandering though space after being

to the perspective of the brown dwarf

expelled from their gas-cloud nurseries during the formation process. Now Close believes that “nature does not discrimi-

companions, the relative sizes are not

nate against low-mass stars when it comes to making tight binary pairs.” Although rarer than higher-mass binaries, there

represented in this illustration. Gemini
artwork by Jon Lomberg

are still more low-mass binaries than can be accounted for by our current understanding of star formation and much work
needs to be done to explain this excess.
The pace of brown dwarf discovery at Gemini continued at a fever pitch in 2003, when a nearby neighbor, Epsilon Indi B,
was imaged by PHOENIX and GMOS (without adaptive optics) at Gemini South (see Figures 3 & 4). As a brown-dwarf
companion to the primary star Epsilon Indi (a fifth-magnitude star in the southern constellation Indus),
Epsilon Indi B was concealing an even lower mass companion of its own, now known as Epsilon Indi Bb.
Gordon Walker (University of British Columbia, Vancouver, Canada) led the research team (although former Gemini
astronomer Kevin Volk made the discovery) and commented, “In astronomy, the more we can study in detail, the more
enlightening the results. To find a fainter brown dwarf companion hiding beside the brighter one, Epsilon Bb, opened up
an important new direction in brown dwarf and exo-planet research.”
Following the rapid announcement of this discovery in IAU Circular 8188, the competitiveness, as well as the rapidity of
discovery in this field, became obvious when scientists using the Very Large Telescope (VLT) announced that they also
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Figure 4: (left), Original Gemini South
detection image of Epsilon Indi B/Bb
obtained on August 18, 2003 ,with
PHOENIX using a narrow-band filter
within the J-band.
(right), Gemini South Multi-Object
Spectrograph (GMOS-S) z-band image
obtained on September 2, 2003. Both images are 4 x 4 arcseconds across and were
obtained without adaptive optics.

observed this new object, but saw it five days earlier using adaptive optics. The history of science is rife with similar stories
which, almost without exception, happen in fields where research is vigorous and competitive.
Despite the intense competition, this was just the tip of a proverbial iceberg. The field of brown dwarf research, already
active at Gemini and other observatories, was about to accelerate to a new level. A new survey called the United Kingdom
Infrared Telescope (UKIRT) Infrared Deep Sky Survey (UKIDSS) propelled research by providing astronomers with a
plethora of new targets. In this field, records would continue to be broken almost as quickly as they could be set.
One such example was featured at the May 2007 meeting of the American Astronomical Society in Honolulu, Hawai‘i,
when a Gemini South GNIRS near-infrared spectrum of the ultra-low-mass object ULAS J0034-00 (discovered as part
of UKIDSS, S. Warren et al.) became public. The Gemini spectrum (see Figure 5) convincingly showed that the 15-30
Jupiter-mass body had a surface temperature of only 600-700 K, making it the coolest solitary brown dwarf known (at the
time) and further closing the temperature and mass difference between stars and planets.
Only a month prior to the ULAS J0034-00 announcement, Gemini science fellow Étienne Artigau (now at Université de
Montréal) spearheaded the discovery of a low-mass binary pair separated by the extraordinary distance of over 5,000 times
the Earth-Sun distance. The pair, believed to be less than 100 Jupiter masses each, would, if scaled to the size of baseballs,
be an unimaginable 200 miles apart, yet still gravitationally connected. How this pair maintains its extreme distance
relationship without being diverted apart remains a mystery. This pair, estimated to be about a billion years old and have
temperatures of about 2,200 degrees Celsius, has been followed up with GMOS observations confirming its age.
While much has been learned by the spectroscopic follow-up of low-mass-object surveys and finding the smallest and coolest specimens, a diverse multi-wavelength approach can tell us even more. This is exactly the path that Edo Berger (Princeton University, now at Harvard University) et al. followed in 2007-2008 by combining simultaneous GMOS optical spectroscopy data from Gemini (see Figure 6), radio data from the Very Large Array, X-ray data from Chandra, and ultraviolet
data from the Swift satellite. His team did this with several late-M and L dwarfs in order to sample the chromospheres and
coronae of ultra-cool dwarfs and better understand what influence, if any, magnetism has around these stars. Brown dwarfs
have long been thought to be relatively inactive magnetically. But there was some evidence that hinted at magnetic activity
in late M-type stars. So the question remained: is there magnetic activity in even cooler objects? To the surprise of the
team, the multi-wavelength observations showed that magnetism does indeed play a significant role in sub-stellar objects,
and that the magnetic field structures appear to be large-scale dipoles with an unexpected strength of several kilo-Gauss.
Most recently, in 2009, Ben Burningham (University of Hertfordshire) discovered an extremely cool companion to the red
dwarf Wolf 940. Follow-up spectroscopic observations with NIRI on Gemini North (see Figure 8) indicate that this newly
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Figure 5: (upper left), Gemini South
GNIRS spectrum of ULAS J0034-00.

Figure 6: (upper right), Sample Gemini
North GMOS optical spectra of
TVLM513-46546 in the high and low
Balmer emission-line states. The high-state
spectrum has been offset upward for clarity. This object was part of the work by
Berger et al. to look for magnetism around
low-mass objects.

Figure 7: (lower left), Artist’s rendition
of what the magnetic fields and surface
might look like on TVLM513-46546.
Note that the hot-spot that is estimated to
cover up to 50 percent of the surface area
of the object is oriented to the left and is
not entirely visible in this orientation.
Gemini Observatory artwork by Dana
Berry, SkyWorks Digital Animation.

Figure 8: (lower right), NIRI spectrum
(black line) compared to models of a cool
brown dwarf atmosphere with different
temperatures and effective gravities. In
addition to the JHK spectroscopy, L-band
photometry (with error bar) from NIRI of
Wolf 940b is shown as the dark blue line
between 3.4 – 4.2 microns

discovered companion (Wolf 940b) has a spectral type of T 8.5 and a temperature of only about 570 K, making it amongst
the coolest known objects beyond our solar system and (currently) the coolest brown dwarf stellar companion.
All of this leads to two conclusions: 1) There are plenty of discoveries yet to be made in the study of dwarf bodies; and, 2)
Gemini will continue to be at the forefront when it comes to analyzing the faint glow of these small, cool stellar
wannabes.
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