Direct Imaging of a Cold Jovian Planet Orbiting the Sun-like Star GJ 504

KUZUHARA, M.!, TAMURA, M.23, KUDO, T.4, JANSON, M.5, KANDORI, R.2, BRANDT, T. D.57
THALMANN, C.8, SPIEGEL, D.7, BILLER, B.?!%, CARSON, J.!!, HORI, Y.'2, SUZUKI, R.2, BURROWS, A.6
HENNING, T.'°, TURNER, E. L.6, MCELWAIN, M. W.13, MORO-MARTIN, A."4, SUENAGA, T.'5
TAKAHASHI, Y. H.3, KWON, J.23, LUCAS, P.'S, ABE, L.7, BRANDNER, W.!®, EGNER, S.4, FELDT, M.!°
FUJIWARA, H#, GOTO, M.'§, GRADY, C. A.'¥', GUYON, 0.4, HASHIMOTO, J.2°, HAYANO, Y:#!S, HAYASHI, M.25
HAYASHI, S. S.#'5, HODAPP, K. W.2!, ISHIL, M.2, IYE, M.215, KNAPP, G. R.5, MATSUO, T.22, MAYAMA, S.!5
MIYAMA, S.2, MORINO, J.-1.2, NISHIKAWA, J.2!5, NISHIMURA, T.4, KOTANI, T.2, KUSAKABE, N.2
PYO, T.-S.#!5, SERABYN, E.24, SUTO, H.2, TAKAMI, M.25, TAKATO, N.#!5, TERADA, H.4, TOMONO, D.*
WATANABE, M.26, WISNIEWSKI, J. P.2%, YAMADA, T.27, TAKAMI, H.2'5, USUDA, T.'5

1: Tokyo Institute of Technology, 2: National Astronomical Observatory of Japan, 3: The University of Tokyo, 4: Subaru Telescope, 5: Queen's
University Belfast, 6: Princeton University, 7: Institute for Advanced Study, 8: ETH Ziirich, University of Amsterdam, 9: University of
Edinburgh, 10: Max Planck Institute for Astronomy, 11: College of Charleston, 12: University of California, Santa Cruz, 13: Goddard Space
Flight Center, 14: CAB-CSIC/INTA, 15: The Graduate University for Advanced Studies, 16: University of Hertfordshire, 17: Université de
Nice-Sophia Antipolis, 18: Universitits-Sternwarte Miinchen, 19: Eureka Scientific, 20: University of Oklahoma, 21: University of Hawaii,
22: Kyoto University, 23: Hiroshima University, 24: Jet Propulsion Laboratory, California Institute of Technology, 25: Academia Sinica, 26:
Hokkaido University, 27: Tohoku University

Among the techniques to observe extrasolar planets
(exoplanets), direct imaging plays a crucial role in its GJ 504 b
ability to probe for wide-orbit giant planets. Indeed, this (planet) .
technique is responsible for the majority of detections and
characterizations of wide-orbit (» > ~10 AU) exoplanets.

The Strategic Exploration of Exoplanets and Disks
with Subaru (SEEDS) campaign has surveyed exoplanets
via the direct imaging technique since 2009. As part of
this survey, a nearby GO-type star, GJ 504, was observed,
resulting in the discovery of a wide-orbit (» ~ 43.5AU)
exoplanet (GJ 504b) orbiting the star [1] (see Fig. 1). The
GJ 504 system has an age of 1603’ Myr, inferred through
gyrochronology and chromospheric activity techniques
(e.g., [2]). A comparison of GJ 504b’s age and measured
infrared luminosities with luminosity evolution models for
giant planets [3] yields an estimated mass of 413 Jupiter
masses, placing GJ 504b among the lowest of exoplanets
ever directly imaged. Furthermore, since GJ 504b has
a relatively old age, the mass estimation is only weakly
influenced by uncertainties related to choices of initial
conditions in the evolutionary models for giant planets [4].

Figure 1: High-contrast images of the GJ 504 system. The J-(~1.2
um) and H-band (~1.6 um) images were overlaid to

Using th? aforementioned lumiHOSitY'eVOIUFion models, create this false color-composite image, where blue and
an effective temperature of GJ 504b was estimated to be orange represent J and H band, respectively. In order to
~510K, making it significantly cooler than any previous compensate for the planet’s observed orbital motion, the

thermally imaged exoplanet. Compared with other directly J-band image was rotated by 0.9°. The fluxes from the
host star were suppressed in the images, through data

imaged exoplanets (e.g., HR 8799s planets [3]), the J=H processing. The planet GJ 504b is seen as a white spot at
color (~—0.2) of GJ 504b is relatively blue, which may a projected separation of ~43.5 AU from GJ 504 [1].
suggest a less cloudy atmosphere.

According to core accretion theory, it is extremely
difficult to explain an in situ formation for a wide-orbit
giant planet like GJ 504b [6]. The true origin of GJ 504b References
remains poorly constrained, as does its atmospheric [1] Kuzuhara, M., et al.: 2013, ApJ, 774, 11.
properties. However, its further characterization will help [2] Mamajek, E. E., Hillenbrand, L. A.: 2008, ApJ, 687, 1264.
scientists better understand the origins and properties of E& gslrggi {) Ztaguzr?g;’s‘qf’ng?; ’A72}' 245, 174
GJ 504b, and thereby help uncover the more general origin [5] ’ ’ P 1 1348

(6]

: i s Marois, C., et al.: 2008, Science, 322, 1348.
and evolution of wide-orbit exoplanets. Dodson-Robinson, S. E., et al.: 2009, 4pJ, 707, 79.
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