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ABSTRACT

The proper motions of a source obtained at different epochs or in different
spectral regions should in principle be consistent. However, in the case of a binary
source or a source with associated ejecta, they could be different depending on the
epochs when the observations were made and on what emission is traced in each
spectral region. In this paper we determine the radio proper motions of the ultra-
cool dwarf binary VHS 1256−1257AB from Very Large Array (VLA) observations,
that we find are consistent within error (≃ 2 − 3%) with those reported by Gaia
DR3. The comparison of the proper motions and the analysis of the VLA data
imply that, as in the optical, the radio emission is coming in comparable amounts
from both components of the unresolved binary.

RESUMEN

Los movimientos propios de una fuente obtenidos en diferentes épocas o en
distintas regiones espectrales deben, en principio, ser consistentes. Sin embargo,
en el caso de una fuente binaria o una fuente con eyecciones asociadas, pueden
ser diferentes dependiendo de en qué época se hicieron las observaciones o qué
emisión es trazada en cada región espectral. En este art́ıculo determinamos los
movimientos propios en radio de la binaria enana ultrafŕıa VHS 1256−1257AB a
partir de observaciones hechas con el Very Large Array (VLA), y encontramos que,
dentro del error (≃ 2 − 3%), son consistentes con los valores reportados por Gaia
DR3. La comparación de los movimientos propios y el análisis de los datos del
VLA implican que, como en el óptico, la emisión en radio proviene en cantidades
comparables de ambas componentes de la binaria no resuelta.

Key Words: astrometry — binaries: general — radio continuum: stars — stars:
individual: VHS 1256−1257AB

1. INTRODUCTION

Highly accurate optical proper motions have been
provided by the HIPPARCOS (≈ 1.2×105 stars; Per-
ryman et al. 1997; van Leeuwen 2007) and the Gaia
third data release (DR3; ≈ 1.5× 109 stars; Gaia
collaboration et al. 2022) catalogs. As pointed out
by Kervella et al. (2019), discrepancies in the proper
motions of a source obtained at different epochs (re-
ferred to as a proper motion anomaly) could point to
the presence of a perturbing secondary object. It is
of historical relevance to remember that this was the

1Instituto de Radioastronomı́a y Astrof́ısica, UNAM,
México.

2Mesoamerican Center for Theoretical Physics, UNACH,
México.

3Max-Planck-Institut fur Radioastronomie, Germany.

technique used by Bessel (1844) to infer the existence
of a companion to Sirius (the white dwarf Sirius B).

Besides searching for proper motion anomalies
in time at the same spectral window, as done by
Kervella et al. (2019), a different approach is to
search for them between different spectral windows.
For example, the luminosity ratio of the components
of a binary system could be very different in different
spectral windows. Also, the presence of ejecta with
different brightnesses at different frequencies could
produce a proper motion anomaly. An example is
the energetic pulsar PSR J1813−1749 for which the
X-ray (Chandra) proper motions (Ho et al. 2020) are
much larger than the radio (VLA) proper motions
(Dzib & Rodŕıguez 2021). Most likely, this anomaly
is due to the presence of ejecta moving with respect
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14 RODRÍGUEZ ET AL.

to the host star and detectable in X-rays but not at
radio wavelengths. Then, one can search for proper
motion anomalies either between different epochs of
time at the same wavelength or between different
spectral windows at the same epoch.

In this paper we present VLA proper mo-
tions for the nearby ultra-cool dwarf binary
VHS 1256−1257AB and compare them with the ac-
curate proper motions reported in the Gaia DR3
(Gaia collaboration et al. 2022). Our search for
proper motion anomalies is restricted to different
spectral regions.

2. VHS 1256−1257

VHS 1256−1257AB is a nearby (21.14±0.22 pc,
Gaia collaboration et al. 2022) ultracool dwarf bi-
nary composed of two equal-magnitude stars with a
spectral type M7.5±0.5 (Gauza et al. 2015; Stone et
al. 2016). This binary system has an orbital period
of 7.31±0.02 yr and a total mass of 0.141±0.008 M⊙
(Dupuy et al. 2023). This mass is consistent with the
system being a pair of brown dwarfs or of very low-
mass stars. Its orbit is highly eccentric (e = 0.88)
with the components reaching a maximum separa-
tion of ≈ 0.′′14 on the plane of the sky (Dupuy et
al. 2023). Accurate astrometry of the radio emission
could help to better diagnose the spectral and stellar
types of the binary dwarfs, although radio emission
alone is not a good indicator of spectral type. It
will be more relevant to determine the location and
nature of the radio emission. The radio emission
could be coming from one or both stars and even
from the space between them, as has been found in
the case of massive binaries (i.e. Ortiz-León et al.
2011). Highly sensitive observations of the spectral
index, time variability and polarization of the ra-
dio emission could discriminate between thermal (i.
e. free-free) or non thermal (i.e. gyrosynchrotron)
mechanisms.

In addition, VHS 1256−1257AB hosts a
wide-separation planetary-mass companion, VHS
1256−1257b, located at ≈ 8′′ (≈170 au) to the
southwest of the ultracool binary. This companion
has a spectral type L7.0±1.5 (Gauza et al. 2015)
and a mass of 19±5 MJup (Petrus et al. 2023).
VHS 1256−1257b is then at the threshold between
brown dwarfs and planets and its potentially plane-
tary mass makes it a target of recent and future stud-
ies. Indeed, VHS1256-1257b is the primary spec-
troscopy target for the Exoplanet Early Release Sci-
ence program of the JWST (Hinkley et al. 2022).

3. VLA OBSERVATIONS

Ideally, the search for proper motion anomalies
should be made by comparing HIPPARCOS with
Gaia data. Unfortunately, VHS 1256−1257AB is not
included in the much smaller HIPPARCOS catalog.
We then determined the proper motions from less
accurate VLA observations. These observations are
relevant because this source is not detected at cen-
timeter wavelengths with the European Very-Long-
Baseline Interferometry (VLBI) Network, or in the
millimeter range with the NOrthern Extended Mil-
limeter Array (NOEMA) or the Atacama Large Mil-
limetre Array (ALMA; Climent et al. 2022). We
searched in the archives of the Karl G. Jansky VLA
of NRAO4 for observation of VHS 1256−1257 of
good quality and angular resolution, made using the
same gain calibrator (in this case J1305−1033). This
last criterion allows us to obtain positions that can
be compared reliably among different epochs.

In Table 1 we list the three projects found, in-
dicating the epoch of observation, the configuration
of the VLA in that epoch, the frequency and band-
width observed and the synthesized beam. In this
table we also give the radio flux density and position
of the unresolved binary VHS 1256−1257AB. In no
epoch was VHS 1256−1257AB detected in circular
polarization. Also, in no epoch was the planetary-
mass companion VHS 1256−1257b detected, either
in the I or V Stokes parameters. These radio data
have been analyzed previously by Guirado et al.
(2018) and Climent et al. (2022). Here we present
a combined analysis of the observations that allows
a determination of the radio proper motions of the
source.

The data were calibrated in the standard manner
using the CASA (Common Astronomy Software Ap-
plications; McMullin et al. 2007) package of NRAO
and the pipeline provided for VLA5 observations.
The images were made using a robust weighting of
0 (Briggs 1995), seeking to optimize the compromise
between angular resolution and sensitivity. The po-
sitions of VHS 1256−1257AB are given in Table 1
and plotted in Figure 1. These positions have been
corrected for the effect of parallax (e.g., Launhardt
et al. 2022). The resulting proper motions are given
in Table 2.

4The National Radio Astronomy Observatory is a facility
of the National Science Foundation operated under coopera-
tive agreement by Associated Universities, Inc.

5https://science.nrao.edu/facilities/vla/data-
processing/pipeline
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RADIO PROPER MOTIONS OF VHS 1256−1257AB 15

TABLE 1

PARAMETERS OF THE VLA OBSERVATIONS OF VHS 1256−1257AB

VLA Frequency Bandwidth Synthesized Peak Flux Positionb

Project Epoch Configuration (GHz) (GHz) Beam Densitya RA(J2000)c DEC(J2000)d

15A-487 2015 May 15 B⇒BnA 10.0 3.9 0.′′53×0.′′28; +74.◦3 69.9±4.8 01.s8478±0.s0016 24.′′8723±0.′′0064

18A-430 2018 Apr 13 A 6.0 3.9 0.′′39×0.′′22; −24.◦5 69.6±2.6 01.s7947±0.s0003 25.′′4349±0.′′0082

18B-143 2018 Nov 17+26 C 33.1 7.8 0.′′72×0.′′46; +6.◦4 65.7±9.2 01.s7824±0.s0022 25.′′5549±0.′′0394

a
In µJy.

b
Corrected for parallax.

c
Offset from RA(J2000) = 12h56m00s.

d
Offset from DEC(J2000) = −12◦57′00′′.

Fig. 1. Left panel: right ascension; right panel: declination of VHS 1256−1257AB as a function of time for the three epochs analyzed.
The dashed lines indicate the least squares fit for each parameter. The resulting proper motions are given in Table 2. The positions are
given as offsets from RA(J2000) = 12h56m00s and DEC(J2000) = −12◦57′00′′

TABLE 2

POSITION AND PROPER MOTIONS OF VHS 1256−1257AB

Epoch Positiona Proper Motionsd

Telescope Interval RA(J2000)b DEC(J2000)c cos(DEC) µRA µDEC

Red Digital Sky Survey 1956-1997 02.s035±0.s075 21.′′828±1.′′113 -265.0±47.2 -195.0±48.1

Gaia DR3 2014-2019 02.s133705±0.s000029 21.′′92431±0.′′00033 -272.46±0.57 -190.24±0.50

Very Large Array 2015-2018 02.s1292±0.s0100 21.′′900±0.′′058 -267.6±8.1 -193.4±3.5

a
For epoch 2000.0.

b
Offset from RA(J2000) = 12h56m00s.

c
Offset from DEC(J2000) = −12◦57′00′′.

d
In mas yr−1.

4. COMPARISON BETWEEN VLA AND GAIA
DR3 POSITIONS AND PROPER MOTIONS

In Table 2 we show the J2000 epoch positions
and the proper motions of VHS 1256−1257AB from
Gaia DR3 (Gaia collaboration et al. 2022) and the
VLA (this paper). For completeness, we also include
these parameters as determined from two images of
the Red Digital Sky Survey taken on 1956 April 07

and 1997 June 02 (Minkowski & Abell 1968; Djor-
govski et al. 1998). The parameters from the three
observations are all consistent at the ≈ 1σ level and
we can rule out the existence of large proper motion
anomalies.

Although the proper motions determined with
the VLA have a good precision of ≈2-3%, they are
not accurate enough to apply criteria similar to those
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12 56 01.90 01.85 01.80 01.75 01.70 01.65
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Fig. 2. Very Large Array contour image of VHS 1256−1257AB at 6.0 GHz for epoch 2018.28 corrected for parallax. Contours are -4, -3,

3, 4, 6, 10, 15 and 20 times 2.6 µJy beam−1, the rms noise in this region of the image. The synthesized beam (0.′′39 × 0.′′22;−24.◦6) is
shown in the bottom left corner of the image. The cross marks the Gaia DR3 position of VHS 1256−1257AB corrected for proper motion
and parallax to epoch 2018.28.

used by Kervella et al. (2019) in their comparison
of HIPPARCOS and Gaia proper motions. We then
analyze in more detail the optical and radio data
with the purpose of comparing the origin of both
emissions.

VHS 1256−1257AB is composed of two equal-
magnitude stars with spectral type M7.5±0.5
(Gauza et al. 2015; Stone et al. 2016; Dupuy
et al. 2023). We then expect the barycenter and
the photocenter of this binary to practically coincide
and this explains the lack of obvious proper motion
anomalies in the optical observations. However, if
the radio emission is coming preferentially from one
of the stars we expect different positions and differ-
ent proper motions in the optical and in the radio.
The fact that the optical and radio proper motions
are consistent suggests that, as in the optical, the ra-
dio emission is coming from both stars in comparable
amounts.

We now compare the radio and optical posi-
tions of VHS 1256−1257AB for the epoch 2018 April
13 (=2018.28). We used this epoch because it is
when the radio data have the highest angular res-
olution (see Table 1). The radio position is given
in Table 1 and the optical Gaia DR3 position af-
ter correcting for proper motions and parallax for

the same epoch is RA(J2000) = 12h 56m 01.s7927±
00.s0007;DEC(J2000) = −12◦ 57′ 25.′′4148 ±
00.′′0094. Most of the error in this position comes
from the propagation of the error in the proper mo-
tions. In Figure 2 we show the contour image of
the radio emission and the Gaia DR3 position for
this epoch. The differences in the optical and ra-
dio positions are ∆RA(radio − optical) = 0.s0020 ±
0.s0008; ∆DEC(radio − optical) = −0.′′0201 ±
0.′′0125.

At epoch 2018.28 the components of VHS
1256−1257AB were separated by ≈ 0.′′13 at a po-
sition angle of ≈ 156◦; Dupuy et al. 2022). If
the radio emission was coming only from one of the
components we expected a difference in the radio
and optical declinations of one half of the separa-
tion, ∆DEC(radio − optical) = ±0.′′065, with the
sign of the uncertainty depending on which of the
two stellar components was the radio source. The
small difference we found (∆DEC(radio−optical) =
−0.′′0201±0.′′0125) suggests that both stars are emit-
ting radio waves in similar amounts, perhaps with
the southern component VHS 1256−1257 B being a
slightly brighter radio source. This is an interesting
result because there is no a priori reason to expect
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RADIO PROPER MOTIONS OF VHS 1256−1257AB 17

that stars that are similar in the optical are also sim-
ilar in the radio.

We now discuss the deconvolved angular size
of the 6.0 GHz source associated with VHS
1256−1257AB. In the image plane we used the
CASA task IMFIT to find that the emission can be
modeled with a deconvolved Gaussian ellipsoid with
dimensions of 0.′′16±0.′′07×0.′′05±0.′′04 at a position
angle of 178◦±35◦. A direct fit to the (u,v) data with
the CASA task UVMODELFIT gives a Gaussian el-
lipsoid with dimensions of 0.′′15±0.′′02×0.′′05±0.′′03
at a position angle of 178◦ ± 9◦. As expected, the
fits are consistent, and again support the conclusion
that the radio emission is coming from both stel-
lar components of VHS 1256−1257AB. New VLA
observations with very high angular resolution and
sensitivity will be needed to confirm or refute that
the radio emission is coming from both stars and to
investigate the spectral index, variability and polar-
ization of this radio source. Eventually, the Next
Generation VLA will be the ideal instrument for the
study of compact radio emission from stars, either
single or multiple.

Finally, we note that there is also evidence of bi-
narity from the RUWE (Renormalized Unit Weight
Error) value for VHS 1256−1257AB in the Gaia DR3
data. The RUWE is a quality metric provided by
the Gaia mission that measures the goodness of fit
between the astrometric observations and the astro-
metric model. The RUWE is expected to be around
1.0 for sources where the single-star model provides
a good fit to the astrometric observations. A value
significantly larger than 1.0 could indicate that the
source is non-single or otherwise problematic for the
astrometric solution. For VHS 1256−1257AB we
have RUWE = 7.3, consistent with the binary na-
ture of the source.

5. CONCLUSIONS

1) We analyzed VLA observations of the ultra-
cool dwarf binary VHS 1256−1257AB to obtain its
radio proper motions and position. These parame-
ters are consistent within the noise with the ultra-
accurate values of Gaia DR3.

2) In combination with the proper motions, the
position and angular size of the radio emission from
VHS 1256−1257AB are consistent with both stars
of the binary emitting comparable amounts of ra-
dio waves, but with the southern component VHS
1256−1257 B being somewhat more important. The
radio emission alone is not a good discriminator of
spectral type but future sensitive radio observations
of the spectral index, time variability and polariza-
tion will help to better understand this dwarf binary.

3) Future very high angular resolution, high sen-
sitivity observations with the VLA can be used to
test these conclusions and improve our understand-
ing of stellar radio binaries. Eventually, the Next
Generation VLA will be the ideal instrument for the
study of compact radio emission from stars, either
single or multiple.
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18 RODRÍGUEZ ET AL.
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