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form planetary systems similar to normal stars. While ther
around BDs (2MASS 1207-3932 and 2MASS 0441-23(
and projected separations, suggesting that they formed ir
discovery of a planetary-mass object orbiting a eld BD vi
The system is a low secondary/primary mass ratio (0.080
composed of a planetary-mass object with 1.9 — 0.2 Juj

. The
relatively small mass ratio and separation suggest that the companion may have formed in a protoplanetary disk
around the BD host in a manner analogous to planets.
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Table 2
Lensing Parameters
Parameters Model
Standard Parallaxug > 0) Parallax ¢p < 0) Orbit + Parallax XallarapR = 1 yr)
2/ dof 2347.811592 1598.221590 1596.241590 1595.171588 1601.581588
to (HID) 6040.24+ 0.01 6040.3% 0.01 6040.3% 0.01 6057.4% 0.10 6040.3% 0.01
Up 0.108+ 0.001 0.098 0.001 $0.098+ 0.001 $0.832+ 0.002 0.098& 0.001
te (days) 24.3& 0.07 26.47% 0.11 26.46+ 0.11 25.64+ 0.08 26.46+ 0.12
st 1.687+ 0.002 1.696: 0.003 1.696 0.003 1.70@: 0.002 1.696: 0.003
q (10°2) 9.810+ 0.071 12.53% 0.154 12.486 0.159 12.28% 0.118 12.48% 0.179
} 5.544+ 0.001 $0.721+ 0.001 0.722: 0.001 §5.427+ 0.002 5.562 0.001
(10°3) 2.64+ 0.01 2.36+ 0.01 2.37+ 0.01 2.38t 0.01 2.36+ 0.01
EN S1.42+ 0.06 1.49+ 0.07 1.45+ 0.03
EE . $0.34+ 0.04 $0.19+ 0.06 $0.38+ 0.02
ds/dt (yr°1) 0.05+ 0.01
d/dt (yrob) $0.04+ 0.01
EN $2.18+ 0.03
EE 0.19+ 0.11
(deg) 247.8+ 2.0
(deg) 10.3+ 1.9

Notes.HJD = HJDS2,450,000. We note that the lensing parametgendug are measured with respect to the center of the caustic
located on the planet side.

in Figure 1. We nd that the improvement is 2 752
compared to the standard binary-lens model. Second, when
we additionally consider the lens orbital effect, on the other
hand, the improvement of the t 2 1 is meager. Finally,

we nd that considering the xallarap effect yields solutions

as good as the parallax solution for source orbital periods
P > 0.6 yr. This is expected because it is known that xallarap ™
effects can mimic parallax effects (Smith et 2003 Dong

et al.2009. However, the xallarap solutions result in masses of
the source companion bigger thamM3. This contradicts the
upper limit set by the observed blended light unless the source
companion is a black hole and thus we exclude the xallarap
interpretation. Therefore, we conclude that the dominant effect
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for the long-term deviation is the parallax effect. Finally, since %

the source lies very near the ecliptic, it is subject to the “ecliptic F
degeneracy,” which has almost identical parameters eXceptcurves represent the caustic and the line with an arrow is the source trajectory.

0.00

igure 2. Geometry of the lens system. The closed gures composed of concave

(Uo, » EN) S (Uo, , En)(Skowron etal2017). M; andM, represent the binary lens components, where M1 is the heavier one.
In Figurel, we present the best- t model (parallax model in  Grayscale represents the lensing magni cation where the brighter tone denotes
Table2) curve which is overplotted on the observed light curve. higher magni cation. Alllengths are scaled by the Einstein radius corresponding
In Figure2, we also present the geometry of the lens system for ©© 11 t0al mass of the binary lens.
the best- t solution. It is found that the lens consists of binary
components with a projected separation bigger than the Einsteirparallax g is related to the mass and the distance to the lens by
radius corresponding to the total mass of the binary. For suchM,,; = ¢/( g)andD, = AU/( g g+ s), respectively. Here
a binary lens, there exist two sets of four-cusp caustics, where = 4G/ (c°AU), s= AU/D sis the parallax of the source star,
one small set is located close to the heavier lens componentandDs is the distance to the source star. The source is in the
(primary) and the other bigger set is located toward the lower- Galactic bulge and thus its distance is known. Considering the
mass lens component (companion). The event was produced bynass distribution of the Galactic bulge and the projected source
the source trajectory passing the tips of the caustic located onlocation, we estimate thdds = 7.60 kpc, corresponding to
the companion side. The strong peaks at HIJ[2,456,537.5 s = 0.132 mas.
and 2,456,542.5 were produced at the moments of the source For the full characterization of the physical parameters, it is
crossings over the caustic tips, while the extended weak bumpnecessary to additionally determine the Einstein radius, which
centered atHJD 2,456,065 was produced as the source passedis given by ¢ = / . The normalized source radius is
through the magni cation zone of the primary lens. Despite the measured by analyzing the caustic-crossing parts of the light
relatively short time scale=  26.5 days of the event, a clear curve that are affected by nite-source effects. The angular
detection of the parallax effect was possible due to acombinationsource radius is estimated from the source type that is
of the large value of the lens parallax and the good coverage ofdetermined based on its de-reddened color and brightness.
the extgnded bump that continued for almost two months after For this we rst calibrate the color and brightness by using
the main peaks. o the centroid of bulge giant clump as a reference (Yoo et al.
Detecting the parallax effect is important for the deter- 2004, for which the de-reddened brightnekg. = 14.45
minations of the physical lens parameters because the lensit the Galactocentric distance (Nataf et 2013 and color
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Table 3
Physical Parameters
Parameters Parallax Orbit+Parallax
(up > 0) (Uo< 0)

Total massiyl ) 0.024+ 0.002 0.024t 0.002 0.024t 0.002

Primary massN! ) 0.023+ 0.002 0.022: 0.002 0.022: 0.002

Companion mas\y) 1.89+ 0.19 1.85 0.19 1.82+ 0.16

Projected separation (AU) 0.890.03 0.87+ 0.03 0.86+ 0.02

Distance (kpc) 1.7¢ 0.12 1.76+ 0.13 1.73¢ 0.12

Height above plane (pc) . 166 7 106+ 7

Velocity, rotation direction (km's!) §2+ 8 $59+ 8

Velocity, vertical direction (km %) 17+ 6 316+ 6

| L L B L B IR o latter two, we measure the source proper motjo,{te)s =

L giant clump - o (S0.20+ 0.65,0.02+ 0.65) mas yP! relative to the Galactic
| source R bar, and correct for the bar proper-motion gradient (Gould &

Yee 2013. These kinematic variables are the only ones that
differ signi cantly between the two solutions resulting from the

16 = B ecliptic degeneracy witlig > 0 andug < 0. However, both
i ) sets of ¥}, vp) as well asz are consistent with a lens age in the
r 7 range 1-10 Gyr, i.e., much older than BDs of this mass found
~ - : in imaging studies.
18 — —
r b 5. DISCUSSION
: : The properties of the OGLE-2012-BLG-0358L system are
- B relatively extreme compared to other binaries with BD hosts. In

AL particular, the separation is a factof5 and 40 times smaller
i ' 7 than those of 2MASS 1207-3932 and 2MASS 0441-2301,
Cobec b e Lo Lo o respectively, and the mass ratio of is a fact@& and 3 times
1.5 2 2.5 3 3.5 smaller than the mass ratios of these systems. Systems with such
V- extreme properties may be dif cult to form via conventional
o e s oo e o s o) o magad o Iy BD formation mechanisms (e 9. BABL) suggesiing
color are the instrumental scale of the OGLEIII%ata photometry. ’ an alternative S(.:enano where the companion fo.rmed in the
. . . . . o protoplanetary disk of the host BD. Surveys for disks around
(A color version of this gure is available in the online journal.) L .
young BD have found some systems with inferred disk masses
B up to and even slightly exceedingM; (Harvey et al.2012),
(V S 1)oc = 1.06 (Bensby et al.2011) are known. We although these are relatively rare and the inferred masses are
then translate/S | into VS K color by using the color—color  subject to considerable uncertainty. Such massive disks are
relations (Bessell & Brettl98§ and then nd  using the likely to be near the limit of stability (e.g., Lodato et 2005,
relation between th& S K and the angular radius (Kervella arguing for a gravitational instability formation scenario rather
et al. 2009). Figure 3 shows the location of the source star in than core accretion. On the other hand, the relatively close
the color-magnitude diagram of stars in the same eld obtained separation may pose a challenge for gravitational instability.
by the OGLE Il experiment. It is found that the source is a Clearly, additional theoretical work is needed to explore the
K-type giant with an angular radius = 6.89+ 0.60pas. The viability of planet formation in BD protoplanetary disks, either
estimated Einstein radius ig = 0.29% 0.03 mas. Combined by the gravitational instability or core accretion mechanism. For
with the measured Einstein timeschlgthe relative lens—source  this it is essential to nd more binaries with BD hosts in wide

proper motion igt = g/tg = 4.02+ 0.37 mas per year. ranges of mass ratios and separations.
In Table3, we present the determined physical parameters of Microlensing surveys for exoplanets are well-suited to detect
the lens. Since the parallax solutions with > 0 andug < 0 planetary companions to very faint, low-mass stars and old

are degenerate, we present the physical parameters resultingDs, systems which are dif cult to discover via other methods.
from both solutions. Similarly, we also present the parameters The last two decades have witnessed tremendous progress in
resulting from the orbit+parallax solution. The mass of the microlensing experiments, which have enabled a nearly 10 fold
companion is twice that of the Jupiter. According to the best-t increase in the observational cadence, resulting in an almost 100
parallax model, the mass of the primary i922+ 0.002M . fold increase in the event detection rate. With this observational
This is rmly below the hydrogen-burning limit of 08M progress, the number of BD events with precisely measured
and thus the primary is a BD. The lens is located at a distancephysical parameters is rapidly increasing (Shin &3 Choi
D, = 1.76+ 0.13 kpc from the Earth toward the Galactic center. et al. 2013. Furthermore, a new survey based on a network
Then the projected separation between the lens components isf multiple telescopes equipped with large format cameras is
=sD, g= 0.87+ 0.03 AU. planned to achieve an even higher cadence of more than 100
We also show the height above the Galactic planend per day. Hence, starting from the system reported in this work,
the transverse velocityv, vp) in the directions of Galactic = many additional BD hosts will be surveyed via microlensing.
rotation and Galactic north pole, respectively. To nd the The discovery of additional close separation/Blanet systems
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