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BRIEF SCIENCE JUSTIFICATION: We propose to use APO/NICFPS to characterize the
status of candidate ultra-cool Y dwarfs identified via the Backyard Worlds:Planet 9 citizen
science project. These candidate objects have WISE (W1-W2) colors consistent with the sources
being Y dwarfs; however, they are too dim to have near-IR (JHK) photometry from 2MASS,
Pan-STARRS, or other catalogs. We therefore will establish the status of these candidates with
APO’s NICFPS, and then plan to obtain follow-up IR spectroscopy on Keck/Gemini.
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(Arizona State University), Aaron Meisner (University of California, Berkeley)
Ultra-cool brown dwarfs represent the forefront of brown dwarf research. These rare objects
reveal the low-mass end of the substellar mass function (Allen et al. 2005; Lodieu et al. 2017)
informing theories of star and planet formation. They have become crucial proving grounds for
models of exoplanet atmospheres (Marley et al. 2012; Burrows et al. 2001; Tremblin et al. 2016;
Currie et al. 2011) since their atmospheres have the same temperatures as giant exoplanets.
Brown dwarfs occupy the M, L, T and Y spectral types, which form a low-temperature
extension of the OBFGKM sequence. The coldest of these, the Y type, include WISE 0855, the
coldest known brown dwarf, which has allowed us to study the onset of water clouds (Faherty et
al. 2014). Y dwarfs colder than WISE 0855 would likely be below the deuterium-burning limit
(Bodenheimer et al. 2013; Spiegel et al. 2011), making them planetary-mass worlds. Only 25 Y
dwarfs are presently known (compared to ~500 T dwarfs), and these examples show a striking
variety of inferred atmospheric properties. So each new one we find represents an opportunity to
break new ground: locating benchmark systems and exotic objects, and mapping the distributions
of their ages, temperatures, colors and chemistries.
However, discovering new Y dwarfs presents substantial challenges. The first is a big-data
analysis problem, often requiring visual inspection of images. For the most recent large midinfrared survey, Schneider et al. (2016) inspected images of over 1 million sources searching for
brown dwarfs. The second challenge arises because objects are typically not considered bona
fide brown dwarfs until their spectra have been compared to brown dwarf spectral standards. But
spectroscopic follow-up of Y dwarfs generally requires 10m class telescopes or the Hubble
Space Telescope, which in turn requires reasonably accurate near-infrared photometry to
determine observing parameters. Y dwarfs are often so red that they lack near-infrared
photometry in the Two-Micron All Sky Survey (2MASS) or any other near-infrared catalog.
To address these challenges and find new Y dwarfs, we propose to use APO to acquire
near-IR photometry of 10 new Y dwarf candidates found via the Backyard Worlds: Planet
9 citizen science project. The Backyard Worlds: Planet 9 citizen science project combs through
images from NASA’s Wide-field Infrared Survey Explorer (WISE) mission to search for new
brown dwarfs (Kuchner et al. 2017). More than 100,000 volunteers have been working online at
BackyardWorlds.org, visually inspecting 3.5 and 4.6 µm images to find moving objects. So far,
the project has identified more than 200 new brown dwarf candidates based on their colors and
high proper motions (>275 mas/yr) spanning a range of infrared colors and spectral types. Of
these, ~20 have WISE W1-W2 colors consistent with the Y spectral class (W1-W2 > 2.5).
However, most of these objects lack adequate near-infrared (JHK) photometry from 2MASS,
Pan-STARRS or any other catalog.
We propose to acquire near-infrared photometry for 10 Y dwarf candidates that will be
observable at APO in the proposed quarter to refine their spectral types and enable future
spectroscopy of these objects with large telescopes. We will model the data using a goodness-offit (Gk) statistical test (Cushing et al. 2008) comparing the photometry to a library of spectra
from Mace et al. (2013) and Filippazzo et al. (2015) to determine improved spectral type
estimates. Then—based on the results—we will apply for time on larger telescopes (IRTF, Keck,
and Gemini) proposals for medium resolution spectroscopy, estimating exposure times based on

the APO photometry. The new objects we find will lead to an improved understanding of the Y
dwarf spectral class and the boundary between brown dwarf and rogue planet. Four citizen
scientists were co-authors on the first publication from Backyard Worlds: Planet 9; we will
continue to involve citizen scientists in all stages of the follow-up process.
Our sources have RAs between 22hr – 4hr, so A-half time during Q4 will be acceptable.
Moreover, we note that our program could use a fraction of A or B-half time from Silverberg’s
partial ½-night request, should that program be awarded time. Our sources have WISE W1
magnitudes of 17-19, so we expect total exposure times of 15-30 minutes per source per filter
will yield the SNR we need to assess the status of these sources. Our main priority will be
obtaining quality J-band photometry for our 10 sources, followed by K-band photometry (if
weather conditions and sky background conditions allow).
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