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known irregular variable and has been observed to exhibit
percent-level flux changes in the J band.

4.2. 2MASS J08350622+1953050

Decidedly less is known about our second transit candidate,
2MASS J08350622+1953050 (2MASS J0835+1953), likely
owing to its relative faintness (2MASS mJ= 16.1, 2nd per-
centile of J-band magnitudes in the PINES sample). 2MASS

J0835+1953 was identified in a search for L and T dwarfs in
Sloan Digital Sky Survey (SDSS) data with an i− z color of
2.26± 0.09 mag and classified with an NIR spectral type of
L4.5 with IRTF/SpeX spectroscopy (Chiu et al. 2006).
Kirkpatrick et al. (2010) revised its NIR spectral type slightly to
L5 and identified it as an NIR spectral standard. It has a
surface gravity that is consistent with that of a field object
(Martin et al. 2017) and is located at a distance of 36± 4 pc

Figure 1. An example of a transit recovery in a single night of synthetic data. Panel (a) shows a simulated light curve of a time-variable target. The gray points show
photometry with a 60 s exposure time and the black circles with error bars show the data binned over 12 minute intervals. We injected a transiting planet into the light
curve with the properties given in the lower-right of panel (a). The blue line shows the composite transit+variability model. In panel (b), the light curve is resampled to
mimic PINES observations, with 12 minute blocks of data obtained once per hour. The third block of data (colored in orange) is decremented by more than 2σ and
initiates the QP-GP model fit shown in panel (c). The blue curve in panel (c) shows the mean of the QP-GP model that was fit to the unbinned data excluding points in
the third block, and the shaded region indicates the 1σ uncertainty of the model. In panel (d), the flux has been corrected for the QP-GP model. The corrected S/N of
the third block is indicated with an black arrow that is offset for clarity.
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(Faherty et al. 2009). No time-series photometry has been
published for this object.

We show the full PINES light curve for 2MASS J0835
+1953 in the top row of Figure 4. We observed the target for
three nights, from UT 2021 February 4 to 2021 February 6,
using 60 s exposures in the J band. Observing conditions were
mostly clear, with some light cirrus clouds on the first and third
nights, and an average seeing FWHM of 2 8± 0 6. The tar-
get’s ALC was created using flux measurements from 23
reference stars. The reference stars bracket 2MASS J0835
+1953 in average brightness, ranging from 0.8 to 2.8 times its
average flux. The optimum light curve used time-variable
apertures with a radii set to 1× a smoothed profile of the see-
ing FWHM.

Our transit-detection algorithm identified a candidate event
during the first night with a depth of 8.5%± 1.2% and an S/N
of 6.4, which is shown in more detail in the bottom panel of
Figure 4. The QP-GP model finds no evidence for significant
variability in the light curve.

4.2.1. Diagnostic Checks

Unlike 2MASS J1821+1414, we are unable to rule out the
planetary nature of this candidate event on the basis of source
variability. Here, we perform a series of diagnostic checks to
see if 2MASS J0835+1953ʼs flux-dimming event can be
explained with systematic effects.

One potential source of systematic flux variation is changes
in the field positioning coupled with flat-fielding errors. PINES
observations are performed using a custom guiding procedure
that corrects image shifts with a fast Fourier transform between
science images and a predefined “guide field” image (Tamburo
et al. 2022). This guiding approach can apply inaccurate shifts
in images with poor guiding solutions (due to, for example,
clouds or a source detection FWHM that is not close to the true
seeing FWHM).

We plot the target’s measured x and y centroid positions on
the night of the candidate event in the top two panels of
Figure 5. While there was a general leftward drift in the target’s
x pixel position, we found no evidence for anomalously large
image shifts. The maximum distance between a measured field
position and the guide field position (indicated with red lines in
the top two panels of Figure 5) was 6.8 pixels, with a mean
distance of 3.2± 1.5 pixels. These values are consistent with
our typical guiding performance, leading us to conclude that
inaccurate field placement was not the cause of the candidate

event. We also visually inspected the measured centroids and
verified that each was centered on the target, meaning that the
transit candidate cannot be attributed to inaccurately placed
apertures.
As a second check on flat-fielding errors, we examined the

light curves of the targets observed just before and just after
2MASS J0835+1953 in the observing group. Our targets were
deliberately placed on the same detector position in order to
avoid bad pixels (Tamburo et al. 2022), so they roughly sam-
pled the same pixels over the course of the night. Signals
introduced by flat-fielding errors are therefore likely to manifest
themselves in the light curves of objects observed nearby in
time. We show the light curves of 2MASS J0831+1538,
2MASS J0835+1953, and 2MASS J0835+2224, which were
observed consecutively on the night of the candidate transit
event, in the left-hand column of Figure 6. The unbinned data
in these light curves are color-coded by their time stamp. In the
right-hand column, we show the measured centroid positions of
the targets, with the colors matching those in the left-hand
column. We also show the average aperture size that was used
to perform the variable aperture photometry as a red circle.
Of particular importance for this analysis is the relative

positions of the three targets during the seventh block, the
alleged in-transit point for 2MASS J0835+1953: a comparison
of this sort would not be valid if 2MASS J0835+1953 was
placed on substantially different pixels during than the other
two targets. During the seventh block, the difference between
the mean x and y centroid positions for 2MASS J0831+1538
and 2MASS J0835+1953 was 2.6± 1.7 and 0.6± 2.0 pixels,
respectively. For 2MASS J0385+1953 and 2MASS J0835
+2224, these values were 1.0± 1.6 and 0.5± 2.0 pixels. These
small differences imply that 2MASS J0831+1538 and 2MASS
J0835+2224 sampled roughly the same pixels as 2MASS
J0835+1953 during the candidate transit block, and therefore
their light curves should be suitable for testing for flat-fielding
errors.
The seventh block of 2MASS J0831+1538ʼs light curve

shows a slight decrement compared to the rest of its binned
data, with a significance of 2.2σ. The same block of the
2MASS J0835+2224 light curve is decremented by 0.4σ.
Because neither light curve shows a significant flux decrease
during the seventh block, and because both sample roughly the
same pixels as 2MASS J0835+1953, we conclude that the
candidate transit event cannot be attributed to flat-fielding
errors.
Another potential systematic source of a flux decrement in

PINES data is the nonlinearity of the Mimir detector. Through
testing, we have determined that the detector provides a linear
response to within uncertainties below ∼4000 ADU, but that
measured counts are systematically underestimated above this
threshold (consistent with linearity characterization tests of the
Mimir detector presented in Clemens et al. 2007). This effect
grows to about 10% by 6500 ADU. We examined the peak
source counts of 2MASS J0835+1953 and its 23 reference
stars within the photometric apertures in all images on the night
of the candidate event, and found a maximum single pixel
value of 3629 ADU. This is well below the level needed to
impart an 8.5% transit signal, and we therefore cannot attribute
the candidate event to nonlinearity effects.
An inaccurate modeling of bad pixel values could also lead

to a flux dimming in PINES data. The Mimir detector contains
a large number of dead, hot, and variable pixels (about 2.7% of

Figure 2. The distribution of S/N′ values for the 73 blocks of our light-curve
sample that are decremented to more than 2σ.
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the detector, on average), and if these pixels fall within a source
aperture, we model them with a 2D Gaussian replacement
procedure (Tamburo et al. 2022). If the target encounters a bad
pixel and its point-spread function (PSF) deviates significantly
from a 2D Gaussian, our approach could feasibly underestimate
the true target flux, leading to a flux decrease. However, our
pipeline records whether or not a bad pixel correction is needed
within a source aperture in every image, and we found that
2MASS J0835+1953 required no such corrections on the night
of the candidate event. We can thus rule out an inaccurate bad
pixel correction as a potential cause.

Alternatively, a flux dimming of several percent could be
introduced by the failure to flag a time-variable bad pixel near
the center of the target’s PSF. Specifically, with 2 8 FWHM
seeing and 0 579 pixels, a transient bad pixel at the center of
the PSF could cause a flux decrease as large as ∼5% if its
quantum efficiency dropped entirely to zero during the candi-
date event. However, we find this scenario to be an unlikely
explanation of the observed flux dimming. First, the target was
not held on precisely the same pixel position throughout the
candidate event, with a mean x centroid of 695.2± 1.0 and a

mean y centroid of 380.7± 1.4 (see Figures 5 and 6). An
unidentified transient bad pixel would therefore not coincide
with the peak of the target’s PSF throughout the candidate
event and could not impart a dimming effect on the order of
5%. Second, we inspected the images during the candidate
event, and found no evidence of a transient dark pixel that
developed within the target’s PSF.
The target flux is corrected with an ALC, which is a

weighted sum of normalized reference star fluxes (shown in the
bottom panel of Figure 5). These weights are calculated in an
iterative procedure which is designed to de-weight variable
reference stars (Murray et al. 2020; Tamburo et al. 2022). In
order to account for 2MASS J0835+1953ʼs light curve, the
weighting procedure would need to highly weight a reference
star (or set of reference stars) that underwent a sudden flux-
brightening event during the alleged in-transit block, and we
find that this is not the case. The ALC creation procedure
assigned a maximum reference star weight of 15.5% and a
minimum weight of 0.5%, and no simultaneous brightening
event was seen in the reference star fluxes during the candidate
transit event.

Figure 3. Top: The full PINES light curve for 2MASS J1821+1414. Gray points show the 30 s photometry and black points with error bars show the photometry
binned over the duration of each block. The alleged transit event (the third block on the first night) is colored in orange. The light curve was normalized ignoring this
block of data. Middle: The first night of the 2MASS J1821+1414 light curve. The blue line shows the mean of the QP-GP model fit using unbinned data, excluding
the block of the candidate transit. The blue shaded area indicates the 1σ uncertainty on the model. Bottom: The light curve corrected for the QP-GP model shown in
the middle panel. The S/N′ of the suspected transit block, calculated as described in Section 3, is indicated with an offset arrow.
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After correcting with the ALC, we perform a final linear
regression correction on our target light curves. We use the
pearsonr function as implemented in Scipy to calculate the
significance of correlation between the ALC-corrected target
flux and a variety of regressors, including air mass, centroid x
and y positions, seeing, sky background, and the target’s
intrapixel location. We show time series of these regressors on
the night of the candidate event in Figure 5. Any regressor that
has a two-tailed p-value less than 0.01 is retained in the
regression, otherwise it is discarded. No regressors were sig-
nificantly correlated with the ALC-corrected target flux on the
first night of 2MASS J0835+1953ʼs light curve, so this step
could not have caused the candidate transit event.

Time-variable PWV can introduce signatures that mimic
transit events through second-order extinction, in which stars
with different spectral energy distributions experience different
levels of wavelength-integrated extinction (e.g., Bailer-Jones &
Lamm 2003; Blake et al. 2008; Baker et al. 2017; Murray et al.
2020). Tamburo et al. (2022) modeled the expected magnitude
of this effect in MKO’s J band, finding that an L6 target will
undergo a 0.4% flux decrement when corrected with a G0
reference star over a PWV range of 10 mm. With this same
model, we estimate that a rapid and drastic increase of several
thousands of millimeters of PWV would be required to explain

an 8.5% flux dip in the MKO J band. The required increase is
roughly two to three orders of magnitude higher than typical
atmospheric PWV measurements at astronomical sites (e.g.,
Cortés et al. 2020; Li et al. 2020; Murray et al. 2020; Meier
Valdés et al. 2021). Thus, PWV changes are an exceedingly
unlikely explanation for the flux decrease in 2MASS J0835
+1953ʼs light curve.
Finally, we considered the possibility that effects from high

cirrus clouds on the night of the candidate event caused the flux
dimming. We note that if clouds introduced systematic flux
changes to the final target light curve, their signatures would
also likely be present in the light curves of the objects observed
just before and after 2MASS J0835+1953 (see Figure 6). No
such correlation is seen, but this does not rule out the possi-
bility of a rapid patch of cirrus clouds affecting the seventh
block of 2MASS J0835+1953ʼs light curve alone. This sce-
nario, however, can be ruled out by inspecting the ALC, shown
in the bottom panel of Figure 5. The ALC captures the average
flux of sources in the field (excluding the target) throughout the
night, and it shows that this average flux was near its highest
point of the night during the last three blocks. No significant
flux decrease was observed in the ALC during the seventh
block, so the flux decrement cannot be attributed to the sudden
appearance of clouds.

Figure 4. Top: The full PINES light curve for 2MASS J0835+1953. Middle: The first night of data, showing the candidate transit event in more detail. The plot
elements match those of Figure 3. The optimized QP-GP model fit no apparent variability and appears as a flat line with a narrow 1σ confidence region. Bottom: The
corrected light curve, which is largely unchanged due to the flat QP-GP model in the middle panel. The S/N′ of the suspected transit event is indicated with an offset
arrow.
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We also performed an empirical test for a correlation
between flux decrements in PINES data and the presence of
cirrus clouds. We created a sample of all nights in our light-
curve sample that had a block with an S/N′ value greater than
3, of which there were 15 (see Figure 2). We then looked for
evidence of clouds in the raw flux S/N on these nights, finding
that only one showed signs of clouds besides the night of
2MASS J0835+1953ʼs candidate event. There is, therefore, no
evidence that light cirrus clouds induce significant flux decre-
ments in PINES data, and we conclude that the candidate event

in 2MASS J0835+1953ʼs light curve is not attributable to the
presence of cirrus clouds.
As none of the sources of contamination we considered (flat-

fielding errors, detector nonlinearity, bad pixels, reference star
weights, regressors, PWV, and clouds) can account for the
observed transit event, we turn to astrophysical false-positive
scenarios as an explanation.

4.2.2. Astrophysical False Positives

A variety of astrophysical scenarios can mimic transit events,
generally involving unknown configurations of stellar eclipsing
binaries (EBs). For example, the chance alignment of a back-
ground EB with a target can dilute the depth of eclipses to a
level that resembles a planetary transit (e.g., Batalha et al.
2013). In a hierarchical triple EB system, a bright star coupled
with an EB can achieve the same effect, as was the case for
OGLE-TR-33 (Torres et al. 2004). The target itself could be an
unknown EB, with grazing eclipses producing transit-like
shapes and depths.
The background EB scenario can be investigated by taking

advantage of the target’s high proper motion of −158± 13 mas
yr−1 in R.A. and −108± 14 mas yr−1 in decl. (Faherty et al.
2009). We downloaded archival imagery of 2MASS J0835
+1953 from 2MASS (IPAC 2020) and Pan-STARRS9 (Kaiser
et al. 2002). The 2MASS image was taken in the J band in
1998 November, and the Pan-STARRS image consists of
stacked exposures in the y band taken from 2010 April to 2014
December. We show these images in Figure 7, along with a
PINES image taken in 2021 February. The motion of the target
reveals that no bright background sources were present in the
PINES epoch, which suggests that the candidate transit event
cannot be attributed to a background EB.

Figure 5. Diagnostic time series on the night of 2MASS J0835+1953ʼs can-
didate transit. From top to bottom: x centroid position, y centroid position, air
mass, seeing FWHM (″), sky background (ADU), intrapixel position, and
ALC. Unfilled circles with error bars show the mean of individual measure-
ments (filled circles) over each block. In the x and y centroid panels, red lines
indicate the intended guide field position of the target. None of the diagnostics
were found to correlate significantly with target flux.

Figure 6. The PINES light curves of 2MASS J0831+1538, 2MASS J0835
+1953, and 2MASS J0835+2224 on the night of 2MASS J0835+1953ʼs
candidate transit event. All three light curves have been normalized ignoring
the seventh block of data. Unbinned points are color-coded by time. The right-
hand column shows the measured centroid positions, and the red circles show
the average aperture size used for performing variable aperture photometry. For
ease of comparison, the plot limits are the same in each column.

9 http://ps1images.stsci.edu/cgi-bin/ps1cutouts
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To investigate the possibility of the source itself being an
EB, we obtained adaptive optics (AO) imaging of 2MASS
J0835+1953 using the Near-infraRed Camera 2 (NIRC2) and
laser guide star AO system (van Dam et al. 2006; Wizinowich
et al. 2006) on the Keck II 10 m Telescope on UT 2022 January
11. Three K-band images were taken with exposure times of 60
s in a box 3 pattern to avoid the noisy bottom-left quadrant.
Data were reduced using the Keck AO Imaging (Lu 2022) data-
reduction pipeline, including flat-fielding, bias subtraction, dark
correction, subpixel alignment, and weighting by Strehl. These
data have a S/N of 1513, a Strehl ratio of 0.295, and a FWHM
of 61.92 mas. The final reduced image is shown in the inset
plot of Figure 8, with the trefoil pattern clearly visible in
the PSF.

To create the 5σ contrast curve, we injected a simulated
planet as a Gaussian with a PSF similar to the host brown
dwarf, and gave it a random position angle between 0° and
360°, a random distance between 0″ and 2″, and a random
magnitude difference between 0 and 6. Source detections were
determined using the IRAF starfind method, requiring a 5σ
detection above the background. We repeated this injection test
100,000 times, and show the fraction of detected planets in the
contrast curve in Figure 8. There are no detectable companions
within the contrast limits of the observations.

We also searched 2MASS J0835+1953ʼs SpeX Prism
spectrum10 for evidence of binarity, following the spectral
template-fitting approach described in Burgasser et al. (2010)
and Bardalez Gagliuffi et al. (2014). We used 715 template
spectra from 622 sources (excluding known and candidate
binary systems, known and candidate variable objects, and
subdwarfs) to generate a sample of 110, 110 binary templates
by randomly adding two flux-normalized spectra together. We
compared 2MASS J0835+1953ʼs spectrum to each single
(715) and binary (110, 110) spectral template, calculated the χ2

statistic for each case, and ranked the single fits and binary fits
by χ2. We then did hypothesis testing with an F-test on the
reduced χ2 values for the best single and binary fits in order to
reject or accept the null hypothesis (i.e., that the candidate is
not a binary). As a result of the F-tests, we calculate a 75%

confidence that we can reject the null hypothesis, suggesting
that there is marginal evidence that 2MASS J0835+1953 is a
spectral binary. The best-fit single template was an L4. The
best-fit binary template was an L5.5 + T0.0, though the sec-
ondary spectral type is uncertain by 2.4 subtypes.
We show the best-fitting single and binary templates in

Figure 9. Of particular note is an absorption feature near
1.63 μm (shown in detail in the inset of each panel), which is
indicative of methane absorption (e.g., Burgasser 2007) and
hints at the presence of a T-dwarf companion hidden in the
spectrum. However, the low S/N of the spectrum prevents us
from determining at present whether this feature is truly due to
CH4 absorption or due to noise. In summary, while our results
suggest that 2MASS J0835+1953ʼs SpeX Prism spectrum is
most likely attributable to a single object, we cannot defini-
tively rule out the possibility that it is a binary system, and to
do so will require a higher S/N spectrum.

Figure 7. The positions of 2MASS J0835+1953 in 2MASS (1998 November), Pan-STARRS (2010 April–2014 December), and PINES (2021 Feburary) images. All
images are centered on the measured position during the PINES epoch. A red × with a surrounding circular aperture indicates the PINES position in all three panels.

Figure 8. Keck/NIRC2 AO Ks-band 5σ contrast curve from our injected planet
simulation (Section 4.2.2). The inset plot shows the 1″ × 1″ cutout of the
combined image. No companions are observed within the contrast limits of the
observations.

10 The spectrum was accessed from https://cass.ucsd.edu/~ajb/
browndwarfs/spexprism/html/published.html.
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4.2.3. Follow-up Observations

Unable to explain 2MASS J0835+1953ʼs candidate transit
event on the basis of source variability, a variety of diagnostic
checks, or with a background EB scenario, we began a dedi-
cated follow-up campaign to search for a repeat transit. The
observations are summarized in Table 3. We obtained 14
staring light curves, 13 with the PTO/Mimir in the MKO J
band and one with the Large Monolithic Imager (LMI) on the
4.3 m Lowell Discovery Telescope (LDT) in the SDSS z band.
In total, we have dedicated 116 hr to follow-up observations of
2MASS J0835+1953. Photometry was performed using time-
variable apertures with radii set to 1× a smoothed trend of the
measured seeing FWHM values in each image.

The follow-up light curves are shown in Figure 10. The
black points with error bars show the flux measurements bin-
ned over 30 minute intervals, which is about half the expected
duration of a transit around a typical L or T dwarf. These data
have the sensitivity to detect a repeat 8.9% transit event, with

an average 30 minute σ of 1.1%, but a repeat transit was not
observed.
However, these observations strongly diminish the possibi-

lity that the candidate event in Figure 4 is attributable to source
variability. A Lomb–Scargle periodogram of the data, shown in
Figure 11, revealed no significant periodicity over a frequency
range of 0.111–30 hr−1 (corresponding to periods between 2
minutes and 9 hr). This range was chosen to test for variability
on timescales from twice the median exposure time up to the
duration of the longest light curves. Since the light curves are
normalized on a nightly basis, we are unable to test for varia-
bility on longer timescales; however, long-timescale variability
is irrelevant for testing for periodicity that could explain a ∼1
hr transit event. The highest peak in the periodogram has a
false-alarm probability of 1.0, indicating that no significant
variability was detected. We also tested for variability on a
night-by-night basis, creating a Lomb–Scargle periodogram for
each night of data with period coverage ranging from 2 minutes

Figure 9. Left: 2MASS J0835+1953ʼs SpeX Prism spectrum (black) along with the best single spectral template fit (red). Gray boxes along the top axis denote the
wavelength ranges of the J, H, and KS bands. The shaded region along the lower axis shows the uncertainty on 2MASS J0835+1953ʼs spectrum as a function of
wavelength. The inset shows a zoom in on a region surrounding a potential absorption feature from CH4 at 1.63 μm, which may indicate the presence of a T-dwarf
companion in the spectrum. Right: The best-fitting binary template (magenta), which consists of a L5.5 primary (red) and a T0.0 secondary (blue).

Table 3
Follow-up Observations of 2MASS J0835+1953

Facility/ Duration Exp. Seeing
UT Date Instrument Filter (hr) Time (s) σ (″) Notes

2021 Dec. 12 PTO/Mimir MKO J 7.4 60 0.052 2.4
2021 Dec. 13 PTO/Mimir MKO J 7.6 60 0.052 2.4
2021 Jan. 13 PTO/Mimir MKO J 8.7 60 0.054 2.3
2022 Jan. 15 PTO/Mimir MKO J 8.8 60 0.066 3.0
2022 Jan. 20 PTO/Mimir MKO J 8.9 30, 60 0.075, 0.061 2.4
2022 Jan. 21 PTO/Mimir MKO J 8.9 60 0.042 2.3
2022 Feb. 10 LDT/LMI SDSS z 4.1 60 0.016 2.4 Second half lost to wind
2022 Feb. 11 PTO/Mimir MKO J 8.9 60 0.062 2.5 Clouds first two hours
2022 Feb. 12 PTO/Mimir MKO J 8.9 60 0.050 2.5
2022 Feb. 13 PTO/Mimir MKO J 8.9 60 0.052 2.5
2022 Feb. 14 PTO/Mimir MKO J 8.9 60 0.051 2.4
2022 Feb. 18 PTO/Mimir MKO J 8.7 30, 60 0.130, 0.060 2.6 High background first hour
2022 Feb. 19 PTO/Mimir MKO J 8.8 30, 60 0.123, 0.052 2.5 High background first hour
2022 Feb. 20 PTO/Mimir MKO J 8.5 30, 60 0.067, 0.041 2.3 High background first hour

Note. As in Table 1, a standard deviation is provided for data taken with each unique exposure time. The seeing column gives the average seeing FWHM measured
over the duration of the observations.
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Planets were injected into the data using measured M-dwarf
short-period planet occurrence rates. The results of this simu-
lation suggested a ∼1% chance of detecting a planet candidate
like 2MASS J0835+1953 b in our data set if M-dwarf short-
period planet occurrence rates hold for L and T dwarfs. If
2MASS J0835+1953 b is confirmed, it would therefore be
suggestive of an enhancement in the occurrence of such planets
around L and T dwarfs, and would challenge findings from
models of planet formation around substellar objects. However,
additional planet detections around these spectral types would
have to be made to confirm a true enhancement in the occur-
rence rates.

2MASS J0835+1953 b joins 2MASS J1119–1137 AB b
(Limbach et al. 2021) as the only reported planet candidates
around brown dwarfs, to date. We intend to continue our fol-
low-up campaign of 2MASS J0835+1953, but the effective-
ness of this effort will be limited by the typical constraints of
ground-based observing, namely weather losses and gaps
during the day. However, with the loss of Spitzer, there remain
limited suitable options for continuous space-based follow-up.

For example, while both 2MASS J1821+1414 and 2MASS
J0835+1953 have been observed with the Transiting Exoplanet
Survey Satellite (TESS; Ricker et al. 2015), the bandpass
(∼600–1100 nm) and small aperture (10.5 cm) of this facility

renders it unsuitable for confirming the planetary nature of their
light curves. We scaled BT-Settl model spectra (Allard et al.
2012) for each object using their measured 2MASS J-band
magnitudes, and calculated TESS magnitudes of 17.0 and 19.7,
respectively. In both cases, this equates to a 1 hr standard
deviation greater than 5% (estimated with ticgen; Barclay
2017). The prospects for space-based follow-up are unlikely to
improve in the near future. While photometry with the JWST
would undoubtedly have the sensitivity to confirm 2MASS
J0835+1953 b or 2MASS J1119–1137 AB b, searching for
planets with unconstrained orbital periods would be a mis-
allocation of that facility’s limited time budget. Similar argu-
ments could be made against an extended follow-up campaign
with the oversubscribed HST, which would additionally have
to contend with data discontinuities due to its low Earth orbit.
Other planet-detection techniques (radial velocity, direct ima-
ging, or astrometry) will not be practical for confirming
2MASS J0835+1953 b with current facilities.
Ground-based surveys like PINES and SPECULOOS are

demonstrating the ability to detect super-Earth-sized transiting
exoplanets around ultracool dwarfs. Regardless of whether or
not 2MASS J0835+1953 b is confirmed, these projects have
the sensitivity to extend our knowledge of short-period exo-
planet occurrence rates into the substellar regime, and will test

Figure 15. The results of our injection and recovery simulation. Grid cells are colored by their detection rate in percent, which is also listed in the center of each cell.
The occurrence rate of planets in each grid cell, as calculated in Dressing & Charbonneau (2015), is given in parentheses at the bottom of each cell (also in percent).
Cells in which no planets were recovered are colored in gray. Histograms along the top and right axes show the summed detection rates along the period and radius
dimensions, respectively.
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competing predictions from occurrence rate trends and planet
formation simulations.

The authors thank their anonymous referee for a thorough
review that improved the quality of this work.
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