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In September 2008 we announced the discovery of a young planet likely in orbit around the star 1RXS J160929.1-210524, a roughly
solar-mass member of the 5 Myr-old Upper Scorpius association. The evidence for the youth, temperature (~1800 K), and mass (~8
M,,,) of the object from near-infrared imaging and spectroscopy was very clear, but its projected separation, 330 AU, was rather
surprising for such a low mass object. We have now obtained two years of follow-up astrometric measurements and the data clearly
confirm that the companion is co-moving with the primary star, which we interpret as evidence that it is a truly bound companion.
We also obtained new J-band spectroscopy and 3.0-3.8 um photometry of the companion; these new measurements support the
previous estimates of the companion effective temperature and mass. Finally, we obtained deep angular differential imaging
observations of the system to search for additional fainter and/or closer-in planets in the system. 1RXS J1609b is the least massive
companion known to date at such a large orbital distance; it shows that objects in the planetary mass range exist at orbital
separations of several hundred AU, posing some challenge for current formation models.
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1 ™ 1 Composite of J-, H- and K-band image of 1RXS J160929.1-210524
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made in April 2008 with the NIRI
camera and the Altair adaptive optics
system at the Gemini North
telescope. Follow-up observations
were obtained at 5 additional epochs
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The NIFS J-band and NIRI H- and K-band spectra of 1RXS 11609b are shown in black. On the top J — K, (mag) 0830£0.084  L73:4022
row, the spectrum is compared with that of a young, slightly warmer, more massive free- H — K (mag) 0205£0031 0.70£0.19
floating L1 brown dwarf (USco J163919-253409) that is also a member of the Upper Scorpius Ko L/ (mag) 0196005 1574035
association (red, from Lodieu et al. 2008). On the bottom row, the spectrum is compared with Spectral type KVl
model spectra from the Drift-Phoenix (Witte et al. 2009, Helling et al. 2008) atmosphere models ZLer (K) 4060 00"
having T,=1800 K and log(g)=4.0 (red) and log(g)=6.0 (blue). The good agreement with other log (L/Lo) =0. £0.
brown dwarfs in Upper Scorpius and the comparison with model spectra clearly indicates that Mass (Mo) sl 0008550
the companion has low surface gravity. In particular, the slope of the continuum through the H Projected separation (AU) ~330
and K bands are much better fit by the low gravity spectra. The steepness of the slope on either
side of the H band provides a good constraint on the effective temperature, indicating
1700-1800 K according to models. The shape of the K-band spectrum is also best fit with a
temperature of 1800 K.
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The fully processed residual Angular Differential Imaging image
obtained with NIRI+Altair at Gemini North is shown on the right.
In addition to the companion, the image shows 5 other point
sources. These sources are all further away from the primary and
fainter than the companion. All of these sources were detected
at least twice in our multiple epoch normal imaging and the
astrometric measurements were sufficient to determine that
they are background stars.
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We estimated the i inosity of the jon by using its observed
photometry in combination with model spectra. We first computed synthetic fluxes in
the JHKL bands using the model spectra, then adjusted those synthetic fluxes to the
measured values, and finally integrated the scaled model spectra over all wavelengths to
obtain the total irradiance, which was then converted to bolometric luminosity using the
primary star distance. We repeated the procedure using both the Drift-Phoenix and
DUSTY (Allard et al. 2001) atmosphere model spectra for T,=1600-2000 K and
log(g)=3.5-5.0 to account for uncertainties. The resulting bolometric luminosity was then
compared to the predictions of the Chabrier et al. (2000, red curves) and Burrows et al.
(1997, blue curves) evolution models. The results indicate a mass of 0.007-0.011 Mg,

Detection limits as a function angular separation are shown on
the far right. The evolution models of the Lyon group were used
to translate these detection limits into planetary masses,
assuming an age of 5 Myr. Our results allow us to rule out the
presence of planets more massive than 1, 2 and 8 at projected 7 DR T
separations larger than 3(440 AU), 0.7” (100 AU) and 0.35” (50 Araarsapraon ()
AU), respectively. These limits indicate that if the companion

migrated outward (or was ejected) to its current location through

planet-planet scattering, then the perturbing body, likely more

massive, would have to be located within 50 AU.

DEC offset (arcsec)

Another new substellar companion in Upper Scorpius
A wide, low-mass substellar companion to the massive star HIP 78530

We have discovered a new substellar companion on a wide orbit around the 2.5 Mg, star HIP 78530, which is a member of the 5 Myr-old Upper
Scorpius association. We have obtained follow-up imaging over two years and show that the companion and primary share common proper
motion. We have also obtained JHK spectroscopy of the companion and confirm its low surface gravity, in accordance with the young age of the
system. A comparison with Drift-Phoenix synthetic spectra indicates an effective temperature of 28001200 K and comparison with template
spectra indicate a spectral type of M8+1. The mass of the companion is estimated to be 0.018-0.025 Mg, based on its bolometric luminosity and
the predictions of evolutionary models. The angular separation of the companion is 4.5”, which at the distance of the primary star, 156.7 pc,
corresponds to a projected separation of 710 AU. Its mass ratio, ~0.009, is similar to that of 1RXS J1609b, a possible indication that both
companions were formed by the same process, which would imply that some brown dwarfs and planets can be produced through the same
channel.
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Composite of J-, H-and K-band image of HIP 78530
and its 20-25 M, companion (lower left)
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[ ot B Bolometric luminosity of HIP 78530b, calculated as
Mo (1 EERNCTRCERE NIFS JHK spectrum of HIP 78530 (black) compared with the spectrum of Usco mentioned above, compared to the predictions of the the
Projected separation (AU) T0+50 NIRI+Altair astrometric measurements of HIP 1155419.99-213543.1 (top), which is an M8 free-floating brown dwarf member of Chabrier et al. (2000, red curves) and Burrows et al. (1997,
78530 b showing its common proper motion Upper Scorpius (Lodieu et al. 2008), and with a synthetic spectrum from the Drift- blue curves) evolution models.

with the primary. Phoenix atmosphere models with T=2800 K, log(g)=4.5 (bottom).
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