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Abstract

We present the discovery of 2MASSJ13173072+4833343, a low-mass stellar companion to

the ~5.5Gyr old white dwarf SDSSJ131730.85+483332.8. This companion was discovered
through the Backyard Worlds: Planet 9 citizen science collaboration. We obtained a near-
infrared spectrum of the companion and determined a spectral type of M8.5. Using the

cooling age of the white dwarf, we determined that the stellar companion has a mass of

0.077°011 Mo, orsn.2'(3 My, near the substellar boundary.
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1. Introduction
The Backyard Worlds: Planet 9 (BYW; Kuchner et al. 2017) project investigates whether the

hypothetical Planet 9 (Batygin & Brown 2016), presumed to exist at the fringes of our solar
system, may be detectable in archival infrared data from a visual inspection of Wide-field
Infrared Survey Explorer (WISE; Wright et al. 2010) data by citizen scientists. The same
technique is also used to identify many previously unknown low-mass stars and brown
dwarfs in the Solar neighborhood. The project has been extremely successful in discovering
new brown dwarfs, and has generated the discovery of exotic objects such as extreme T-
type subdwarfs (Schneider et al. 2020) and common proper motion companions to other
stars (Rothermich et al. 2021).

2. Discovery of 2MASSJ13173072+4833343

We identified a candidate substellar companion co-moving with the previously known white
dwarf SDSS J131730.85+48332.8 (Kepler et al. 2015) through the BYW project. WISEA
J131730.63+483333.0 (2MASSJ13173072+4833343) was identified as having a similar
proper motion and Gaia parallax (Gaia Collaboration et al. 2016) to the white dwarf at a

separation of 2'' on the sky, indicating that they are likely associated.

We obtained a near-infrared spectrum for the low-mass star using the SpeX spectrograph
(Rayner et al. 2003) which was in PRISM mode with the 08 slit; the resolving power is about
R~100. at NASA's Infrared Telescope Facility (IRTF) on UT 2020 December 24. This target
was observed with 4 exposures of 90 s each, at an airmass ~1.22. The night was clear with a
05 seeing. The data were reduced with Spextoolv4.1 (Cushing et al. 2004) and telluric
corrected using the A0 star HD116405 with the method of Vacca et al. (2003).

Kilic et al. (2020) determined that the DA white dwarf SDSSJ131730.85+483332.8 has an
effective temperature of 5903+22K and a surface gravity log ¢ = 8.040 + 0.008. Using the
Bergeron et al. (2019) atmosphere models and the Kilic et al. (2020) parameters, we estimate

a mass of 0.611+0.005 M, and a total age of 5.5} Gyr by combining the Bédard et al.
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with the main-sequence lifetimes of the MIST evolutionary models (Choi et al. 2016). We
estimate that the progenitor of this white dwarf was an =F1-type star with a mass of 1.5+0.4
Mg.

3. Discussion

A visual comparison of our IRTF/SpeX spectrum to spectroscopic templates (Figure 1)
allowed us to estimate a spectral type of M8.5, whereas the H,O index-based classification
of Allers & Liu (2013) yields a consistent spectral type of M8.8+0.5. We estimate a mass of
0.077° 00" Mg for the low-mass star using the BT-Settl model tracks (Baraffe et al. 2002) at the
age of the white dwarf, using its 2MASS and AlIWISE photometry and the likelihood method
of Gagné et al. (2015). Our model-dependent mass estimation is only consistent with the
stellar regime, although it is located close to recent estimates of the substellar boundary

(e.g., 75.0+0.8M,,,; Dieterich et al. (2018), versus sn.2" |3 My, for our companion).
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Figure 1. IRTF/SpeX 0.8-2.4um spectrum of 2MASSJ13173072+4833343,
compared with M7, M8, and M9 spectral templates (Gagné et al. 2015). We
determine a near-infrared spectral type of M8.5. Built with the method described as

per (Cruz et al. 2018). The IRTF/SpeX FITS spectrum shown this figure is available as

the Data behind the Figure.(The data used to create this figure are available.)
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The GaiaEDR3 (Gaia Collaboration et al. 2020) proper motions of the white dwarf and
companion are, respectively, (i cosd, ts)=(—68.78+0.05, —113.21+0.06) masyr-! and (-65.2+
0.2, -111.9+0.2) masyr~', and their respective parallaxes are 25.63+0.06mas and 25.8+0.2
mas. These kinematics indicate that the two objects are likely gravitationally bound, but the
proper motion difference is significant at 3.8+0.2masyr-! and may be due to the orbital
motion of the secondary. We estimate the orbital period of the pair at ~900 yr assuming a

circular orbit.

4. Conclusion

We present the discovery of a low-mass stellar co-moving companion to the DA white dwarf
SDSSJ131730.85+48332.8. We obtained a near-infrared spectrum for the M8.5-type low-
mass star and we estimate its mass at 0.077''; M from the cooling age of the white dwarf.
This system has a wide projected orbital separation of ~79au. This system joins a growing

list of recent discoveries from the Backyard Worlds: Planet 9 Citizen Science community.
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