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Abstract

Well-characterized binary systems will provide valuable opportunities to study the conditions that are necessary for
the onset of both auroral and nonauroral magnetospheric radio emission in the ultracool dwarf regime. We present
new detections of nonauroral “quiescent” radio emission at 4–8 GHz of the three ultracool dwarf binary systems
GJ 564 BC, LP 415-20, and 2MASS J21402931+1625183. We also tentatively detect a highly circularly polarized
pulse at 4–6 GHz that may indicate aurorae from GJ 564 BC. Finally, we show that the brightest binary ultracool
dwarf systems may be more luminous than predictions from single-object systems.

Unified Astronomy Thesaurus concepts: Brown dwarfs (185); Binary stars (154); Magnetic fields (994); Radio
continuum emission (1340)

1. Introduction

Since the first discovery of radio emission (Berger et al.
2001) from ultracool dwarfs with M7 and later spectral types,
GHz radio observations of such objects have revolutionized our
understanding of how magnetic activity evolves over the star-
planet transition regime. Surveys of X-ray emission in the
lowest-mass stars showed a sharp drop-off in coronal emissions
at a spectral type M9.5 (Williams et al. 2014), with chromo-
spheric Hα emission declining continuously across the L-dwarf
regime (Schmidt et al. 2015; Pineda et al. 2016). Despite these
declining diagnostics of magnetic activity, radio observations
demonstrated persistently strong GHz emissions across the
entire ultracool dwarf regime, revealing the emergence of radio
aurorae (Hallinan et al. 2015; Kao et al. 2016; Pineda et al.
2017).

The radio component of ultracool dwarf aurorae manifests as
periodically flaring and highly circularly polarized coherent
electron cyclotron maser emission (Hallinan et al. 2007, 2008).
This emission traces the fundamental cyclotron frequency of
the local magnetosphere (Treumann 2006). Detections of GHz
radio aurorae confirm that ultracool dwarfs at least as late as
T6.5 can host strong kiloGauss magnetic fields (Route &
Wolszczan 2012, 2016a; Williams & Berger 2015; Kao et al.
2016, 2018; Richey-Yowell et al. 2020).

Ultracool dwarfs also exhibit nonthermal and incoherent
radio emission that is quasi-steady and weakly circularly
polarized (e.g., Williams et al. 2015a; Kao et al. 2016, 2018).
This “quiescent” radio emission is attributed to optically thin
gyrosynchrotron emission (e.g., Berger et al. 2005; Osten et al.
2006; Williams et al. 2015b; Lynch et al. 2016) and can persist
for years (e.g., Berger et al. 2008a; Kao et al. 2016, 2018).
Furthermore, quiescent radio luminosities correlate with Hα
luminosities in aurorae-emitting ultracool dwarfs, suggesting
that the physical conditions underpinning ultracool dwarf radio

aurorae may also be related to their quiescent radio emission
(Pineda et al. 2017). Kao et al. (2019) argue that one plausible
explanation is radiation belts analogous to the extended
circumplanetary regions of high-energy electrons trapped in
the magnetospheres of solar system planets (Sault et al. 1997;
Bolton et al. 2004; Clarke et al. 2004; Horne et al. 2008). While
the source of this magnetospheric plasma is unknown, flares are
one possibility (e.g., Gizis et al. 2013; Paudel et al. 2018;
Jackman et al. 2019; Paudel et al. 2020) and Kao et al.
(2018, 2019) speculate that volcanic activity from planets could
be another.
In this work, we examine radio emission in three ultracool

dwarf binary systems. Such systems will provide valuable tests
of ultracool dwarf magnetic activity. Unlike the field popula-
tion, binaries can have precise observational constraints on
individual masses and therefore ages (e.g., Konopacky et al.
2010; Dupuy & Liu 2017; Dupuy et al. 2019). Precisely known
properties enable robust comparisons between individual
objects and the conditions which power their radio emission.
For instance, in two radio ultracool dwarf binary systems, only
one component exhibits detectable GHz radio emission
(Konopacky et al. 2012; Harding et al. 2013; Williams et al.
2015a; Forbrich et al. 2016). Why is one component radio
bright but the other is not? Additional observations of well-
characterized systems, such as those presented in this work,
will help elucidate this question.

2. Targets

We present new observations of three binary systems using
the NSF’s Karl G. Jansky Very Large Array (VLA; Perley et al.
2011) from program VLA 18B-283 (PI—Pineda). We selected
these binary systems for their fast rotation. Pineda et al. (2017)
showed that the fraction of ultracool dwarfs detected at radio
frequencies rises as a function of projected rotational velocity
v isin for speeds 35 km s−1, which corresponds to a ∼3.5 hr
period when viewed at an inclination of 90°. This strong
dependence on rotation is consistent with existing theories for
driving the electrodynamic engines of aurorae (e.g., Nichols
et al. 2012; Turnpenney et al. 2017) and may be a requirement
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for generating the strong dipolar magnetic field topologies
(Shulyak et al. 2017) that are a critical ingredient to powering
ultracool dwarf auroral processes (Pineda et al. 2017).

Table 1 summarizes the properties of our targets and we
discuss them in further detail below.

GJ 564 BC is also known as HD 130948BC, a benchmark
brown dwarf system orbiting a solar analog (Dupuy et al.
2009). It was discovered through adaptive optics imaging
(Potter et al. 2002) and is the nearest binary in our observation
sample. This 0.44± 0.04 Gyr system consists of two nearly
equal-mass L4 dwarfs on a ∼10 yr orbit with masses of

-
+59.8 2.1

2.0 and -
+55.6 1.9

2.0 MJ for the B and C components,
respectively (Dupuy & Liu 2017). This system is unresolved
from GJ 564 A except in adaptive optics imaging. Hα emission
for this system is unknown because the binary is unresolved in
spectroscopic observations from the solar type primary.

2MASS J21402931+1625183 was first identified as a binary
system by Close et al. (2002, 2003). Earlier attempts to
determine masses for this system suggested a large primary to
secondary mass ratio (∼4; Konopacky et al. 2010). Most
recently, Dupuy & Liu (2017) reported that the primary has a
mass of -

+114 12
10 MJ and the secondary has a mass of -

+69 9
8 MJ.

These updated values confirm the suggestion by Konopacky
et al. (2010) that their estimated mass ratio was likely too high.
Dupuy & Liu (2017) did not provide an age estimate for this
system, but Martin et al. (2017) reported that gravity-sensitive
indices in the near-IR spectrum of this system indicate that it is
not young (FLD-G classification, 200 Myr). Gizis et al.
(2000) report an Hα EW of 0Å. This low-eccentricity system
(e= 0.196± 0.007) has a ∼24.4 yr orbit.

LP 415-20 was first identified as a binary by Siegler et al.
(2003). It is another unequal-mass binary system with masses
of -

+156 18
17 MJ and -

+92 18
16 MJ for the primary and secondary,

respectively (Dupuy & Liu 2017). However, Dupuy & Liu
(2017) note that the mass of the primary component is much
higher than expected for its luminosity and speculate that the
primary may be an unresolved unequal-mass binary. If so, the
primary would likely be comprised of clearly ultracool dwarf
∼100 MJ and ∼50 MJ components, whose combined light is
estimated as an M6 object, although spectral decomposition
suggests spectra are consistent with templates of types M5-M7.
This high eccentricity ( = -

+e 0.706 0.012
0.011) system has a ∼14.8 yr

orbit. The model-derived age of the secondary component is
-
+5.0 4.7

1.9 Gyr, and an unresolved binary system for the primary
component points to a model-derived age of at least several
hundred Myr. Using BANYAN Σ (Gagné et al. 2018), we find
that LP 415-20 is a likely member of the Hyades Cluster

with �99% probability (750± 100; Brandt & Huang 2015)
when using the Gaia parallax and proper motion data along
with a mean system radial velocity of 40.8± 1.4 km s−1

(Konopacky et al. 2010). Miles-Páez et al. (2017) report
significant photometric variability in the combined light of the
system with a periodicity of ∼4.36 hr. The system also shows
Hα in emission, with an EW measurement of 4.4Å (Gizis et al.
2000).

3. Observations and Calibrations

We summarize the target observations in Table 2. For
GJ 564 BC, we obtained two 2 hr observing blocks with the
VLA for four total hours on sky. For 2MASS J21402931
+1625183 and LP 415-20, we obtained one 5 hr observing
block each.
We calibrated our measurement sets using nearby phase

calibrators and the standard VLA flux calibrators 3C147 and
3C286. Typical full-bandwidth sensitivities at C configuration
for 2 and 5 hr integration blocks with 3.5 GHz bandwidth (to
account for RFI excision) centered at 6.0 GHz are 2.1 μJy and
1.4 μJy, respectively, and reach absolute flux calibration
accuracy of ∼5%.
To account for phase errors that can systematically reduce

flux densities, the National Radio Astronomy Observatory
(NRAO) recommended phase calibration cycle times of ∼25
minutes for observations at 4–8 GHz in C configuration when
these observations took place. We adhered to these guidelines
for our observations. For GJ 564 BC, we alternated between a
nearby phase calibrator and the target with integration times of
2 and 23.75 minutes, respectively, for a total cycle time of
25.75 minutes. For 2MASS J21402931+1625183, these
integration times were 2 and 20.6 minutes, for a total cycle
time of 22.6 minutes. For LP 415-20, the integration times were
2 and 23.5 minutes, for a total cycle time of 25.5 minutes.
Sidelobes from a bright ∼31.3 mJy object located

∼3.3 arcmin to the northeast lead to poor initial image quality
for 2MASS J21402931+1625183. We self-calibrate its target
field using this bright object to improve our image rms noise by
a factor of 12, from 43.4 μJy to 3.6 μJy.
We did not observe polarization calibrators, but the absence

of polarization calibration is not a limiting factor for our
analysis. Polarization leakage at typical levels of 2%–3%
results in spurious Stokes V (circularly polarized) flux densities
of ∼1.2 μJy for our brightest source, which is less than the
noise floor.

Table 1
Targets

Object SpTc v isin c a π d m da cos μδ Ref
(km s−1) (au) (mas) (pc) (mas yr−1) (mas yr−1)

GJ 564 BCa L4.0 ± 1.0 ; L4.0 ± 1.0 62 ± 4; 86 ± 6 2.226-
+

0.013
0.014 54.9068 ± 0.0684 18.2127 ± 0.0227 −144.7 ± 0.8 −32.4 ± 0.7 1 4 3 2

J2140+16b M8.0 ± 0.5 ; L0.5 ± 1.0 13 ± 2; 37 ± 3 4.71 ± 0.14 30.1972 ± 0.434 33.1 ± 0.5 −77.9 ± 0.776 −85.637 ± 0.707 1 4 3
LP 415−20 M6.0 ± 1.0 ; M8.0 ± 0.5 40 ± 5; 37 ± 4 3.73 ± 0.12 25.1963 ± 0.5117 39.6884 ± 0.8060 −134.716 ± 0.912 −38.416 ± 0.619 1 4 3

Notes.
a Also known as HD 130948B.
b 2MASS J21402931+1625183.
c Listed values are for the primary and secondary, respectively.
References— (1) (Dupuy & Liu 2017); (2) (Faherty et al. 2009); (3) (Gaia Collaboration 2018); (4) (Konopacky et al. 2012).
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We initially processed each measurement set with the VLA
CASA 5.6.2 Calibration Pipeline, after which we flagged all
remaining radio frequency interference (RFI) and checked all
calibrations. As a rule, all data between 4.0–4.4 GHz was
discarded due to extremely bright and persistent RFI. We
obtained absolute flux by bootstrapping flux densities with the
observed flux calibrators.

4. Imaging

We produced Stokes I and Stokes V (total and circularly
polarized intensities, respectively) images for the entire
observing block of each object with the CASA tclean
routine. For GJ 564 BC and LP 415-20, we model the
frequency dependence of sources with three terms to account
for curvature in the spectrum. We also use natural weighting
for best point-source sensitivity, multiscale cleaning with a bias
of 0.5 to more heavily weighted point sources, and set the cell
size to 0 3× 0 3.

For 2MASS J21402931+1625183, dynamic range limits its
imaging. To suppress sidelobes from bright sources in the field
of view, we use Briggs weighting and set robust=0.5.
Bright sources outside of the primary beam cause image
artifacts due to noncoplanar baselines. We mitigate these
artifacts with w-projection and reduce some computational
overhead by slightly increasing the cell size to 0 4× 0 4.
Finally, we model the frequency dependence of sources with

four terms to account for artifacts that cannot be satisfactorily
modeled with three terms.
We searched for a point source at the proper motion-

corrected coordinates of each target by eye and detect radio
emission from all three of our targets, including for both epochs
of GJ 564 BC.
For each object, we fit the flux density of the source using

two methods. Prior to flux fitting, we added phase delays to our
visibility data to transform the phase center of our data to the
measured locations of our targets using the CASA task
fixvis. Shifting to the phase center allows for flux density
measurements with the CASA task uvmodelfit, which
requires that the target be at or very near the phase center.
After cleaning the target field, we subtracted models for all

sources except for the target using the CASA task uvsub.
Then, we fit the calibrated visibilities with a point-source model
using the CASA task uvmodelfit. We also fit an elliptical
Gaussian point source to the cleaned image of each object
using the CASA task imfit. Table 3 gives measured flux
densities and percent circular polarizations for detected objects
and 3σ upper limits on the flux densities for undetected objects.
Figure 1 shows Stokes I and V images for all targets.

5. Time Series

We also generated time series for each object’s right- and
left-circularly polarized (rr- and ll-correlations) emission. To
do this, we time-averaged and frequency-averaged the

Table 2
Summary of Observations

Time on Synthesized Phase Flux
Object Obs. Date Source Beam Calib. Calib.

(hh:mm:ss) (″ × ″)

GJ 564 BC 2019 Jan 21 01:34:10 4.17 × 3.59 J1443+2501 3C286
2019 Feb 05 01:33:59 3.15 × 2.55 J1443+2501 3C286

J2140+16 2019 Feb 03 04:15:16 4.10 × 3.65 J2139+1423 3C286
LP 415−20 2018 Dec 28 04:15:30 4.09 × 3.71 J0431+2037 3C147

Note. All observations were at 4–8 GHz and taken during C configuration at the VLA.

Table 3
Flux Density Measurements

Stokes I Stokes V

Peak Brightness
Peak

Brightness Integrated Fν [Lν]
a Fν [Lν]

a % Circ. Notes
Object uvmodelfit imfit imfit Poln.a

(μJy beam−1) (μJy beam−1) (μJy) log[(erg s−1 Hz−1)] (μJy) log[(erg s−1 Hz−1)]

GJ 564 BC 22.7 ± 2.7 19.4 ± 4.5 21.6 ± 8.7 12.9 <12.0 <12.7 �58.8-
+

19.6
24.0 Epoch: 2019 Jan 21

31.3 ± 2.2 30.1 ± 3.7 38.7 ± 7.6 13.1 <9.3 <12.6 �30.4-
+

9.8
12.7 Epoch: 2019 Feb 05

J2140+1625 15.6 ± 1.7 20.1 ± 3.3 16.0 ± 5.0 13.4 <9.0 <13.4 �43.6-
+

13.8
20.8

LP 415−20 24.1 ± 1.4 22.9 ± 2.5 24.9 ± 4.6 13.6 <6.5 <13.1 �28.0-
+

9.1
11.2

Notes. We measured Stokes I flux densities in two ways: (1) fitting the cleaned image with the CASA task imfit and (2) fitting the UV visibilities with the task
uvmodelfit after subtracting other sources in the primary beam. imfit returns both peak brightness and integrated flux density. For point sources, the peak flux

density should be consistent with the integrated flux density. uvmodelfit returns formal errors that are underestimated by at least a factor cR
2 , which we have

corrected for in the reported errors. No Stokes V sources were detected, so we report the 3σrms upper limit.
a Calculated using the peak Fν fitted with imfit. Uncertainties in log-luminosity are <0.1 and do not affect the presented analysis.
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phase-centered data into 10 s, 30 s, and 60 s time resolutions
each for 4–8 GHz, 4–6 GHz, and 6–8 GHz sub-bands using the
averaging functions available with CASA’s plotting tool
plotms, and we exported the averaged time series of the real
component of the phase-centered visibilities. Using these
different time resolutions, we check for possible substructures
in identified candidate pulses (see below) and also check that
such candidate pulses are present for all time resolutions.

We then searched these time series for candidates of highly
circularly polarized pulses indicative of auroral emission using
the following revision of the procedure described in Kao et al.
(2018):

1. Calculate a time series tq for slowly varying quiescent
emission by smoothing the raw time series with a
Gaussian kernel that has a width of 10% of the total time
on source.

2. Construct a time series tp for pulse searching by
smoothing the raw time series with a Gaussian kernel
that has a width of 1% of the total time on source. This
mitigates residual noise spikes that may not have been
identified for excision by both the CASA data reduction
pipeline and our own manual examination of the data,
which are much narrower than observed radio aurorae
pulses that have durations at least as long as several
minutes (e.g., Berger et al. 2001; Burgasser & Put-
man 2005; Hallinan et al. 2007, 2008; Berger 2006;
Berger et al. 2009; Route & Wolszczan 2012, 2016b;
Williams et al. 2015a; Gizis et al. 2016; Kao et al.
2016, 2018; Zhang et al. 2020).

3. Subtract tq from tp to obtain a residual time series tr
without the quiescent component.

4. Identify peaks with at least 2σrms, where σrms is the rms of
tr. This lower significance accounts for the possibility that
tr may have pulses that could elevate σrms and prevent the
identification of weaker pulses. Thus, we remove the
strongest peaks in the first iteration of this procedure and

then repeat it with an updated σrms that excludes any
initially identified peaks.

5. Calculate the FWHM of identified peaks.
6. Remove the full width of each identified peak from tr,

where we define the full width of each peak as three times
the FWHM. This gives the updated residual time series
tr,u.

7. Repeat steps 4–6, using tr,u for calculating σrms and tr for
peak searching. For this iteration, we also require a peak
significance threshold of 3σrms. Returned peaks are
candidate pulses. Note that by using tr for the peak
search, this procedure does not inherit identified peaks
using the lower significance from the first iteration.
Instead, all candidate pulses identified by the full
procedure must meet a 3σrms significance.

We emphasize that the sole function of the procedure outlined
above is to aid in identifying candidate pulses in a repeatable
manner. Final confirmation of identified candidate pulses relies
on human judgment. Figure 2 shows the 4–8 GHz time series
for each object.
We detect one candidate pulse from GJ 564 BC during its

first epoch which is present for all time series resolutions.
Comparing the 4–6 GHz and 6–8 GHz time series shows that
the pulse appears only in the lower subband (Figure 3). To
confirm this pulse, we image over the time interval of its
FWHM at 4–6 GHz and measure its Stokes I (95± 27 μJy) and
Stokes V (125± 24 μJy) flux densities. While Stokes V flux
densities cannot physically exceed Stokes I flux densities, the
measured Stokes I and V flux densities are consistent within
3σrms and correspond to a lower bound percent circular
polarization of �38% with 99.7% confidence. For comparison,
imaging outside of the full width of the identified pulse using
the full bandwidth yields a Stokes I quiescent emission flux
density of 19.2± 4.9 μJy, and no Stokes V source is detected
to a 3σrms significance of �15.0 μJy.

Figure 1. 4–8 GHz Stokes I and V images averaged over the full observing block for each target. Crosshairs indicate detected flux at the expected locations of our
targets. No Stokes V emission was detected from our targets.
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However, the target is difficult to distinguish from noise
peaks in the image (Figure 4), so we bootstrap the significance
of the measured Stokes I and Stokes V flux densities by fitting
a point source in 10,000 randomly drawn fitting regions of size
50× 50 pixels. We find that the Stokes I flux density has a
significance of 98.5% and the Stokes V flux density has a
significance of 99.9%. We therefore classify this candidate
pulse as only a tentative detection. Similarly, the Stokes I flux
density of the quiescent emission is also tentative, corresp-
onding to a 99.8% significance.

We did not identify any candidate pulses from 2MASS
J21402931+1625183 and LP 415-20 despite covering their
likely full rotation periods. However, we note that our chosen
time-averaging is only sensitive to pulses that are at least as
bright as a peak flux of ∼100–200 μJy, or ∼5–10× brighter
than their measured quiescent emission. Fainter pulses may
exist to which our observations are not sensitive.

6. Discussion

We have detected radio emission from each of our three
targets. In comparison, volume-limited radio surveys yield
detection rates between ∼5% and 10% for M, L, and T
ultracool dwarfs (Antonova et al. 2013; Lynch et al. 2016;
Route & Wolszczan 2016b). The high success rate of our small
sample suggests that binary ultracool dwarf systems with at
least one rapidly rotating component ( v isin 35 km s−1) may
be promising candidates for radio studies.

Our high detection rate is subject to small number statistics,
and detection rates in general do not account for systematics
like observational sensitivity or objects’ intrinsic magneto-
spheric luminosity. In a forthcoming paper, we modify the
occurrence rate framework developed by M. M. Kao & E.
Shkolnik (2022, in preparation) for single-object systems to
allow for direct comparisons of radio occurrence rates between
binary and single-object systems.
Another possible contributing factor to our high detection

rate is that binaries may be intrinsically brighter at radio
frequencies than single-object systems. This is because binaries
have twice as many components that can produce magneto-
spheric radio emission as single-object systems do. Indeed, we
compiled all available measurements of detected quiescent
radio emission from binary ultracool dwarfs in the literature in
Table 4 and show in Figure 5 that their mean quiescent radio
luminosities are brighter than detected single objects.
Intriguingly, the brightest binary systems may exceed the

luminosities predicted from single objects. We expect that
binary luminosities will not exceed two times the maximum
luminosity of single objects if binarity does not affect the
luminosities of individual binary components. In Figure 5, we
show that the brightest detected single systems cannot account
for the high luminosities of the brightest detected binaries. This
figure accounts for an individual object’s intrinsic variability by
including measurements from repeated observations of detected
objects.

Figure 2. 4–8 GHz right- and left-circularly polarized (RR and LL, respectively) time series for detected objects with 10 s averaging. Gaps in time series correspond to
phase calibration scans and rms values shown in gray correspond to the rms of the raw time-averaged data. A left-circularly polarized candidate pulse was detected in
the 2019 January 21 epoch for GJ 564 BC, and shaded regions around that pulse show the calculated FWHM and full-width regions.
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One immediate implication is that binary systems at farther
distances than single objects may be detectable, increasing the
number of observationally accessible systems. For instance, our
targets 2MASS J21402931+1625183 and LP 415-20 are the
most distant radio-bright ultracool dwarfs that have been
detected at GHz frequencies to date, with distances of
33.1± 0.5 and 39.6884± 0.8060 pc, respectively. Before this
work, the most distant radio-bright ultracool dwarf system was
the binary 2MASS J09522188-1924319 (29.0± 0.13 pc)
(McLean et al. 2012; Gaia Collaboration 2018). For compar-
ison, the most distant detected single object is the L8.5
dwarf 2MASS J10430758+2225236 (Kao et al. 2016, 2018) at
16.4± 0.2 pc (Schmidt et al. 2010).

In Figure 6, we also compare the quiescent radio
luminosities of our targets to their Hα luminosities, which
Pineda et al. (2017) showed correlation in aurorae-emitting
ultracool dwarfs. We convert Hα equivalent widths to LHα/
Lbol using the χ values from Schmidt et al. (2014). For systems
without measured Lbol by Dupuy & Liu (2017), we use the
Filippazzo et al. (2015) relations between spectral type and
Lbol.

For LP 415-20, we do not detect any circularly polarized
radio pulses that could indicate the presence of aurorae. While
its Hα and quiescent radio luminosities cannot conclusively
rule in or rule out the possibility that this system may exhibit
radio aurorae in follow-up observations, we note that its strong
Hα emission is slightly rightward of the proposed auroral
correlation and is similar to other late M dwarf systems that do
not show periodic radio pulses.

For 2MASS J21402931+1625183, we do not observe radio
pulses in our data. If this system later proves to be auroral, its
quiescent radio luminosity predicts an Hα luminosity of
[LHα]≈ 24.8 [erg s−1] though scatter likely exists along the
proposed auroral radio-Hα correlation. This translates to an
EW of 0.7Å if the emission originates from the M8 dwarf or an
EW of 3Å for the L0.5 dwarf. Gizis et al. (2000) reported an
Hα EW of 0Å, but they note that their Hα measurements
should be taken with caution due to observing challenges. In
particular, their data suggests that they may have had difficulty
detecting Hα emission at the 0.7Å level. In particular, they
measure a nonzero EW< 1Å for only one target in their
sample of 60 late M and early L dwarfs, yet most objects in this
spectral type range exhibit Hα emission. Additionally, because
their observations do not resolve individual binary components,
Hα emission on the faster rotating L dwarf may be obscured by
the continuum of the brighter M8 dwarf. If this is the case and it
exhibited weak radio pulses below our detection threshold, then
resolved spectroscopy of the binary may yield a confident Hα
detection.

Figure 3. 4–6 GHz and 6–8 GHz right- and left-circularly polarized (RR and
LL, respectively) time series for GJ 564 BC. Shaded regions around that pulse
show the calculated FWHM and full-width regions. The candidate pulse
appears to drop out at 6–8 GHz.

Figure 4. Image of GJ 564 BC over the FWHM of its identified candidate
pulse. The target is visually indistinguishable from noise peaks in Stokes I and
marginally distinguishable in Stokes V. Bootstrapping yields a significance of
98.5% for the Stokes I flux density and 99.9% for the Stokes V flux density.
We classify this pulse as tentative rather than confirmed.
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Finally, GJ 564 BC does not have an available Hα
measurement in the literature though we detect a tentative
radio burst that may indicate aurorae. If its tentative radio burst
is indeed auroral in nature, its averaged quiescent radio flux
predicts an Hα luminosity of [LHα]≈ 24.0 [erg s−1], which
translates to an EW of 2.6Å.

The radio observations presented here and the growing
population of known radio-bright ultracool dwarf binaries will
also be valuable benchmarks for calibrating magnetic models in
the substellar mass regime. For instance, Mullan & MacDonald
(2010) found that nonmagnetic models cannot replicate both
the observed luminosity and Teff of GJ 564 BC. The addition of
a strong internal magnetic field corresponding to a 400 G
surface field strength impedes the onset of convection and
helps resolve this issue. If follow-up observations confirm that
the tentative pulse that we observe from GJ 564 BC is indeed
auroral in nature, its surface-averaged magnetic field may be at
least as strong as �1.3 kG (Kao et al. 2016).

Additional detections and confirmations of the circularly
polarized auroral pulses that usually coexist with ultracool
dwarf quiescent radio emission (e.g., Berger et al. 2001;

Hallinan et al. 2007, 2008; Williams & Berger 2015; Kao et al.
2016, 2018) will yield more direct tests to calibrate such
magnetism-dependent models.

7. Conclusions

Binary ultracool dwarf systems are promising targets for
radio studies of their magnetic activity due to the relative ease
of constraining the masses and ages of their individual
components compared to single objects. Here, we show that
they may also be promising targets because the quiescent radio
emission of the brightest binaries may be overly luminous
compared to naively pairing single-object systems.
We present new radio observations and detections of

quiescent radio emission from three binary systems that were
previously not known to be radio emitters. Our detections of
2MASS J21402931+1625183 and LP 415-20 represent the
farthest known radio-bright ultracool dwarfs sans coherent
radio emission. We also tentatively detect possible 4–6 GHz
aurorae from GJ 564 BC. If follow-up monitoring shows that
our targets are auroral in nature, we predict their Hα
luminosities based on the proposed radio-Hα correlation by

Table 4
Specific Luminosities for Detected Quiescent Radio Emission in Binary Ultracool Dwarf Systems

Object Name Other Name SpT π d Ref Fν [Lν]
a Ref

(mas) (pc) (μJy) log[(erg s−1 Hz−1)]

2MASS J00043484
−4044058

GJ 1001 B L5+L5 82.0946 ± 0.3768 12.1811 ± 0.0559 30 100.0 ± 8.3 13.2 20

2MASS J00275592
+2219328

LP349−25 M7+M8 69.2 ± 0.9 14.5 ± 0.2 13 262 ± 40 13.8 23

320 ± 21 13.9 23
338 ± 54 13.9 23
365 ± 16 14.0 24
383 ± 27 14.0 23

2MASS J04234858
−0414035

SDSS J042348.57
−041403.5

L6.5+T2 67.8584 ± 1.5052 14.7366 ± 0.3269 30 15.4 ± 1.2 12.6 19

26.7 ± 3.1 12.8 18
WISE J072003.20

−084651.2AB
M9+T5 142 ± 38 7 ± 2 26 15 ± 3 11.9 10

2MASS J12560183
−1257276a

VHS J125601.92
−125723.9a

M7.5
+M7.5

78.8 ± 6.4 12.7 ± 1.0 15 60 ± 3 13.1 16

2MASS J13153094
−2649513AB

L3.5+T7 53.8729 ± 1.1265 18.5622 ± 0.3881 30 370 ± 50 14.2 9

2MASS J13142039
+1320011

NLTT 33370 M7.0
+M7.0

57.9750 ± 0.0450 17.2488 ± 0.0134 12 1099 ± 18 14.6 21

1032 ± 16 14.6 21
GJ 564 BC HD 130948B L4+L4 54.9068 ± 0.0684 18.2127 ± 0.0227 30 19.4 ± 4.5 12.9 1

30.1 ± 3.7 13.1 1
2MASS J21402931

+1625183
M8+L0.5 30.1972 ± 0.4340 33.1157 ± 0.4759 30 20.1 ± 3.3 13.4 1

Notes. This table does not include the M7+M7 binary 2MASS J09522188-1924319 due to the possibility that the radio emission detected from this object may be
flaring rather than quiescent emission. McLean et al. (2012) detected 233 ± 15 muJy emission from this object, which corresponds to [Lν] = 14.4. However, they
reported that follow-up observations at 4.96 and 8.46 GHz after the initial detection did not yield a detection to a limit of 69 μJy, or a factor of 2.4 below the original
detection. They concluded that the initial detection was likely a flare or that 2MASS J09522188-1924319 exhibits long-term variability. We also exclude LP 415-20
because of compelling evidence that the primary component of this system may in fact be unresolved ultracool dwarf binaries (Dupuy & Liu 2017).
a Uncertainties in log-luminosity are <0.1 and do not affect the presented analysis.
b McLean et al. (2012); Forbrich et al. (2016), and Williams et al. (2015a) also observe 2MASS J13142039+1320011 at radio frequencies but do not separately report
quiescent emission.
References—(1) This paper; (2) Berger et al. (2001); (3) Berger (2002); (4) Berger et al. (2005); (5) Berger (2006); (6) Berger et al. (2008b); (7) Berger et al. (2008a);
(8) Berger et al. (2009); (9) Burgasser et al. (2013); (10) Burgasser et al. (2015); (11) Burgasser & Putman (2005); (12) Dupuy et al. (2016); (13) Dupuy & Liu (2017);
(14) Faherty et al. (2012); (15) Gauza et al. (2015); (16) Guirado et al. (2018); (17) Hallinan et al. (2006); (18) Kao et al. (2016); (19) Kao et al. (2018); (20) Lynch
et al. (2016); (21) McLean et al. (2011); (22) Osten et al. (2006); (23) Osten et al. (2009); (24) Phan-Bao et al. (2007); (25) Richey-Yowell et al. (2020); (26) Scholz
(2014); (27) Schmidt et al. (2010); (28) Williams et al. (2013); (29) Williams & Berger (2015); (30) Gaia Collaboration (2018).
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Pineda et al. (2017). The three new detections that we present
increase the number of known radio ultracool dwarf systems to
25. Existing radio detections of ultracool dwarf systems
suggest that rapidly rotating objects with v isin 35 km s−1

may be promising targets for radio studies. Our observations
support this picture.
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