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Supplementary Information
Supplementary Discussion 1. Reliability of continuum image fitting and astrometry mea-
surement

The deconvolved source morphologies from continuum image fitting are generally consis-
tent from 3 to 0.6 mm (Extended Data Fig. 4). However, the deconvolved ellipses at 7 and 13
mm deviate from those measured at higher frequencies, likely owing to the larger beam sizes
and increased source blending, particularly at 13 mm. In addition, the free–free continuum
becomes increasingly optically thick toward lower frequencies, enlarging the optically thick
region and causing departures from the Gaussian assumption. The deconvolved morphology at
0.3 mm also differs markedly from that at 3−0.6 mm despite a comparable beam size. This
difference is attributed to the increasing contribution of optically thick dust emission at 0.3
mm, which has a spatial distribution distinct from that of the ionized gas traced at longer wave-
lengths. Consistently, the peak brightness temperatures of Sources A and B at 0.3 mm are
133 K and 88 K, respectively, indicative of optically thick dust emission. Despite these effects,
the observed deviations at the higher-frequency bands exhibit largely isotropic residuals and
are therefore not expected to introduce significant systematic biases in the measured source
positions.

The positional uncertainties from Gaussian image fitting generally scale inversely with the
peak signal-to-noise ratio. However, such uncertainties can underestimate the true astrometric
errors when systematic effects such as source blending, calibration residuals, and departures
from the assumed source morphology are present1,2. In the present data, the astrometric accu-
racy can be affected by source blending, particularly at 1.3 cm, and by intrinsic shifts of the
emission peaks arising from wavelength-dependent optical-depth effects. To account for such
uncharacterized systematics in the proper-motion analysis, we introduced an isotropic intrinsic-
scatter term, σint, following the standard approach3. The inferred value, σint = 1.3+0.5

−0.3 mas
(Fig. 1e,f), therefore provides an empirical estimate of the residual astrometric uncertainty not
captured by the formal image-fitting errors.

To further assess the robustness of the astrometry, we performed visibility-domain fitting
in addition to image-domain Gaussian fitting (Supplementary Figs. 2 and 3). The positional
offsets between the two methods are approximately 2 mas at 1.3 cm and approximately 0.5
mas at the other wavelengths. These differences are comparable to the inferred intrinsic-scatter
term and therefore remain within the adopted astrometric uncertainty budget.

Supplementary Discussion 2. Robustness of the orbital proper-motion measurement
Several effects could potentially mimic or bias the measured relative motion between the

two sources. One possibility is wavelength-dependent centroid shifts caused by optical-depth
variations. If such effects dominated the measured positions, the relative offsets would be
expected to follow the ordering of observing wavelength. Instead, the measured positional
offsets of Source B relative to Source A follow the temporal sequence of the observing epochs
rather than the wavelength sequence, indicating that the observed shifts are primarily driven by
source proper motion.

Another possible origin of the observed position changes is variability associated with radio
jets, which has been reported in centimeter observations of forming stars4–6. However, the
measured relative motion of approximately 10 km s−1 is substantially lower than typical jet
velocities of 100−1000 km s−1 7. Moreover, the relative motion remains clearly detectable
at millimeter wavelengths, where contamination from free–free jet emission is expected to be
minimal. For example, a positional shift is evident between the 1.3-mm observations obtained
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in 2017 and the 0.3-mm observations obtained in 2024. Furthermore, although the measured
proper-motion direction is broadly aligned with the expected jet axis of Source B, no jet is
detected toward this source in the free–free continuum (Extended Data Fig. 5).

Taken together, these tests support that the measured relative motion is dominated by bi-
nary orbital motion. Residual contributions from jet variability, wavelength-dependent optical-
depth effects, and other systematic uncertainties are incorporated into the intrinsic-scatter term
adopted in the astrometric analysis.

Supplementary Discussion 3. Evidence for non-LTE effects in the hydrogen recombina-
tion lines

The observed hydrogen recombination line (HRL) fluxes exhibit a spectral index signifi-
cantly steeper than the value of 1 expected for optically thin LTE emission. At low frequen-
cies, such behavior can be partly attributed to increasing free-free continuum optical depth.
However, the steep trend persists toward higher frequencies, where optical-depth effects alone
cannot account for the observed fluxes. In addition, several high-frequency HRLs display non-
Gaussian spectral profiles, most notably the H26α line toward Source A (Extended Data Fig. 3).

These characteristics suggest that the HRL emission is affected by departures from LTE.
One possible explanation is maser amplification, which has been predicted and observed for
HRLs with principal quantum numbers n ∼ 7–398. Such non-LTE effects can modify both the
line strengths and spectral profiles, potentially contributing to the discrepancies between the
observed HRL fluxes and simple LTE expectations. Since our SED and HRL fitting adopts an
LTE treatment as a first-order approximation, only the lower-frequency HRL fluxes are fitted
(see Method and Fig. 4).

Supplementary Discussion 4. Influence of proper-motion measurements and prior as-
sumptions on orbital constraints

In previous work on this source9, only radial velocity and single-epoch astrometric data
were available to constrain the orbital properties. To assess the impact of the newly mea-
sured proper motions, we performed an additional orbital fit (Orbital Fitting 3) using only the
same single-epoch 1.3 mm data. Although the overall constraint on eccentricity is weak, as
expected (Supplementary Fig. 8), the observed relative proper-motion components (vR.A. and
vDec.) can be reproduced only by models with high eccentricities (Supplementary Fig. 9). This
comparison demonstrates that the multi-epoch astrometric measurements provide a critical new
constraint on the orbital architecture of the system.

In Orbital Fitting 1 and 2, even when the total system mass is constrained by independent
observations, the eccentricity remains imperfectly determined owing to the limited orbital cov-
erage. A pronounced tail toward lower eccentricities is present in the posterior distributions
obtained from Orbital Fitting 1 and 2 (Fig. 5a, Extended Data Fig. 6a). Part of this behavior
reflects the adopted prior assumptions. In Orbital Fitting 1, a log-uniform prior on eccentricity
places greater weight on low-eccentricity solutions, resulting in a broader posterior distribution
extending toward smaller eccentricities. In Orbital Fitting 2, adopting a uniform prior over
0 < e < 2 produces a posterior that is more sharply peaked and symmetric around e ≈ 1 (see
also Supplementary Fig. 7). Nevertheless, both fitting approaches consistently favor solutions
clustered around e ≈ 1 over the independently inferred mass range of the system. Lower-
eccentricity bound orbits remain viable, but near-parabolic solutions are statistically preferred
by the current data.
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Supplementary Figure 1 | 2D Gaussian fits to the continuum images. In each panel, the
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ellipses, respectively. Grey ellipses at lower-left corners show the synthesized beam sizes.
Scale bars indicate a physical length of 100 au. Residuals are generally below the 3σ level.
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Supplementary Figure 2 | Two-component Gaussian fits to the continuum visibility data.
Black points show the real part of the visibilities, binned into 40 points for clarity. Error bars
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Supplementary Figure 4 | Posterior distributions from the joint fit to continuum SED
and HRL fluxes for Source A. The corner plot illustrates the distributions and covariances of
the six free parameters in the physical model: the emission-measure normalization, EM0, at
the reference radius r0 = 10 au; the power-law index of the emission-measure distribution, p;
the outer truncation radius of the ionized disk, rout; the disk inclination, i; the dust-continuum
normalization at 0.3 mm, S0.3,mm,dust; and the distance to the system, d. The source distance
is treated as a free parameter to account for its uncertainty. In the marginal distributions, the
dashed lines indicate the 16th, 50th (median), and 84th percentiles.
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inclination i, argument of periapsis ω , longitude of ascending node Ω, time of periapsis tp,
and total mass Mtot, intrinsic scatter σint, and distance to this system d. The source distance
is treated as a free parameter to account for its uncertainty. In the marginal distributions, the
dashed lines indicate the 16th, 50th (median), and 84th percentiles.
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Supplementary Figure 7 | Posterior samples from the unified orbital fitting with a con-
strained mass range (Orbital Fitting 2). A truncated Gaussian prior for Mtot is adopted, with
mean 25.9 M⊙, standard deviation 4.0 M⊙, and hard bounds of 17.7–28.1 M⊙. The eccentricity
prior is set to be uniform between 0−2. Nine free parameters are shown: periapsis distance q,
eccentricity e, inclination i, argument of periapsis ω , longitude of ascending node Ω, time of
periapsis tp, and total mass Mtot, intrinsic scatter σint, and distance to this system d. The source
distance is treated as a free parameter to account for its uncertainty. In the marginal distribu-
tions, the dashed lines indicate the 16th, 50th (median), and 84th percentiles. The fitting has a
weighted reduced chi-square of χ2

reduced = 1.57+0.74
−0.54 over the full posterior.
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Supplementary Figure 8 | Posterior samples from the elliptical orbital fitting to the
1.3 mm data alone (Orbital Fitting 3). The prior of eccentricity is set to uniform between
0− 1 and a truncated Gaussian prior is adopted for Mtot, with mean 25.9 M⊙, standard devi-
ation 4.0 M⊙, and hard bounds of 17.7–28.1 M⊙. Eight free parameters are shown: periapsis
distance q, eccentricity e, inclination i, argument of periapsis ω , longitude of ascending node
Ω, time of periapsis tp, and total mass Mtot and distance to this system d. The source distance
is treated as a free parameter to account for its uncertainty. In the marginal distributions, the
dashed lines indicate the 16th, 50th (median), and 84th percentiles.
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Supplementary Figure 9 | Eccentricity constraints from single-epoch orbital fitting (Or-
bital Fitting 3). The eccentricity distribution is derived from the orbit solutions in Fitting 3 that
be able to reproduce the observed vR.A. and vDec.. The 16th, 50th (median), and 84th percentiles
are indicated with vertical red lines.
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Supplementary Figure 10 | Posterior samples from the fiducial parabolic orbital fitting
with constrained mass range (Orbital Fitting 4). A truncated Gaussian prior for Mtot is
adopted, with mean 25.9 M⊙, standard deviation 4.0 M⊙, and hard bounds of 17.7–28.1 M⊙.
Eight free parameters are shown: periapsis distance q, inclination i, argument of periapsis ω ,
longitude of ascending node Ω, time of periapsis tp, and total mass Mtot, intrinsic scatter σint,
and distance to this system d. The source distance is treated as a free parameter to account for
its uncertainty. In the marginal distributions, the dashed lines indicate the 16th, 50th (median),
and 84th percentiles. The fitting has a weighted reduced chi-square of χ2

reduced = 1.35+0.65
−0.46 over

the full posterior.
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