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Gas flow and accretion via spiral streamers and
circumstellar disks in a young binary protostar
F. O. Alves1*, P. Caselli1, J. M. Girart2,3, D. Segura-Cox1, G. A. P. Franco4, A. Schmiedeke1, B. Zhao1
The majority of stars are part of gravitationally bound stellar systems, such as binaries. Observations
of protobinary systems constrain the conditions that lead to stellar multiplicity and subsequent
orbital evolution. We report high–angular resolution observations of the circumbinary disk around
[BHB2007] 11, a young binary protostar system. The two protostars are embedded in circumstellar
disks that have radii of 2 to 3 astronomical units and probably contain a few Jupiter masses. These
systems are surrounded by a complex structure of filaments connecting to the larger circumbinary disk.
We also observe accretion and radio jets associated with the protobinary system. The accretion is
preferentially onto the lower-mass protostar, consistent with theoretical predictions.
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We observed [BHB2007] 11 at 225.3 GHz
(wavelength ~1.3 mm) with the Atacama Large
Millimeter/submillimeter Array (ALMA) (9).
The observations were centered on the circumbinary disk of [BHB2007] 11 and reveal its
internal structure. Figure 1 shows a multiscale
view of the dust distribution, extending from
the B59 core scale (~20,600 AU) to the subdisk scale (~6 AU); the latter is the maximum
spatial resolution of our map, given the B59
distance of 163 pc (1 pc = 206,264.8 AU) (10).
The dust map reveals two compact sources that
we interpret as circumstellar disks around both
components of a protobinary system, which
has a projected separation of ~28 AU. The
components were also seen in previous observations (11, 12) with the Karl G. Jansky Very
Large Array (VLA). We designate the individual components as [BHB2007] 11A (northern
source) and [BHB2007] 11B (southern source).
The dust emission seen in the ALMA data
arises from circumstellar disks with radii 3.1 ±
0.6 AU ([BHB2007] 11A) and 2.1 ± 0.5 AU
([BHB2007] 11B), similar to the radius of the
asteroid belt in the Solar System. Their inclinations are ~40° between the disk normals and
the line of sight. From the continuum emission,
the masses of the circumstellar disks are estimated to be within an order of magnitude of a
Jupiter mass (MJup), with the [BHB2007] 11A disk
slightly more massive than the [BHB2007] 11B
disk (9). The dust content in the disks is a few
Earth masses (MEarth) (9). The larger circumbinary disk has a total mass of 0.08 ± 0.03
solar masses ðM⊙ ; where 1M⊙ e 1000 MJup e
330;000 MEarth Þ. Because this represents ~260
MEarth in dust, we speculate that the circumstellar disks may later form rocky terrestrial
planets (13).
The protobinary is in the center of a complex network of dust structures distributed in
spiral shapes. Spirals in protostellar systems
such as LDN 1448NB have been interpreted
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bout half of the stars in the solar neighborhood are in gravitationally bound
stellar systems, such as binaries (1). The
mean separation between components,
a few tens of astronomical units (AU;
1 AU = 149,597,870.7 km), is a consequence of
their formation process, thought to be fragmentation of the protostellar disk due to gravitational instabilities (2, 3). Observations of
young binary systems rarely probe such small
scales. We seek to investigate the dynamical
evolution of a binary system still embedded
in its natal cloud, where gas from a circumbinary disk is expected to accrete onto each
binary component. In the protobinary accretion phase, theoretical models indicate that
high–angular momentum material accretes
preferentially onto the less massive companion, which has a higher orbital angular momentum than the primary, causing ultimately
an equal share of mass among the individual
components (4–6).
[BHB2007] 11 (right ascension 17h11m23.18s,
declination −27°24′31.5″, J2000 equinox) is
the youngest member [age 0.1 to 0.2 million
years (7)] of the small cluster of young stellar
objects in the Barnard 59 (B59) core (part of
the Pipe Nebula molecular cloud), which is
still growing mass through dust and gas accretion (a class 0/I young stellar object). Previous observations of this object show an
envelope surrounding a circumbinary disk
of radius 90 AU, with prominent bipolar outflows launched near the disk edge (8).

as the outcome of disk fragmentation (14).
The Toomre parameter, which quantifies the
dynamical state of the disk (15), shows that
the [BHB2007] 11 circumbinary disk is stable
against gravitational collapse (9), so the observed spirals are unlikely to be the result of
disk fragmentation. The total length of the
filaments is ~392 AU, their mean width is
~12 AU, and the mean brightness temperature is 14 K, from which we estimate a mean
total mass of ~19 MJup (9). This corresponds to
a mean mass per unit length of e10 M⊙ pc1 ,
which is below the critical value required to
produce fragmentation in the filaments. The
spiral shape centered on the protobinary system indicates dynamical interaction with the
protostars. Figure 1B shows that the geometrical center of the circumbinary disk is located
near [BHB2007] 11A, within the angular resolution, suggesting that this source is the
primary, higher-mass object of the system. We
suggest that the filaments are inflow streamers
from the extended circumbinary disk onto the
circumstellar disks of the protobinary system. We estimate a mass accretion rate from
the circumbinary disk into the circumstellar
disk of e1:1  105 M⊙ year1 (9), which is
consistent with other protostellar sources (16).
The rotationally supported disk may be redistributing its angular momentum (through processes such as viscosity, magnetic braking, or
gravitational torques), causing material to fall
into the gravitational potential wells of the
individual protostars. Although other factors
such as envelope accretion into the circumbinary disk, misaligned disks, or eccentric binary orbit could also produce substructure
such as filaments in the circumbinary disk
(6, 17, 18), accretion streamers feeding the
circumstellar disks can still occur in those
scenarios (6, 17).
We measured kinematics by reanalyzing (9)
previous observations (8) of the CO (angular
momentum quantum number J = 2→1) molecular emission line in [BHB2007] 11. The
relative positions of the molecular gas in each
velocity channel of the emission spectra were
determined with positional accuracies better than 0.05″ (9). The systemic velocity of
[BHB2007] 11 with respect to the local standard of rest is vlsr ~ 3.6 km s−1. The CO line
traces primarily outflow emission, but velocity components faster than the outflows are
detected within the circumbinary disk (8).
These high-velocity components reach up to
15 km s−1. The blue- and redshifted velocities
(vlsr < −1.5 km s−1 and vlsr > 9 km s−1, respectively) are centered on [BHB2007] 11B, with
the higher velocities closest to the position of
the protostar (Fig. 2A). No high-velocity components are detected near [BHB2007] 11A.
The increasing velocity toward [BHB2007] 11B
indicates acceleration of infalling gas from
the circumbinary disk onto [BHB2007] 11B.
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Fig. 1. Dust distribution in [BHB2007] 11 on scales from the core to the circumstellar disks. (A) The core of Barnard 59 observed at 250 mm with the
Herschel space telescope (20). (B) The [BHB2007] 11 disk and envelope observed
at 1.3 mm with ALMA (8). The contours indicate intensity levels of 30, 60, 70, and
450 times the map noise of 62 mJy per beam (1 Jy = 10−26 W m−2 Hz−1). Intensity

The observed velocities are consistent with
the filament accretion rate estimated above.
Figure 2B shows the CO spectrum with the
high-velocity channels used to compute the
CO emission peaks.
We used the VLA to observe the protobinary in continuum emission at 34.5 GHz (11)
and at lower frequencies (10, 15, and 22 GHz)
(9). The centimeter-wavelength data are consistent with thermal free-free emission from
partially ionized collimated jets produced by
angular momentum redistribution in the diskstar system. This type of emission correlates
Alves et al., Science 366, 90–93 (2019)
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levels are scaled logarithmically in (A) and (B). (C) Zoomed-in view of the circumbinary disk, revealing the dust filaments surrounding the protobinary system,
where [BHB2007] 11A is the northern component and [BHB2007] 11B is the southern
and brighter component. The dashed lines are the intensity contours from (B). In (B)
and (C), the ALMA synthesized beam is shown in the bottom left corner.

with the momentum rate, so the radio flux is
also correlated with the disk-star accretion rate
(19). The radio jet–like emission along the eastwest direction associated with [BHB2007] 11A
(Fig. 3) suggests that this source has a higher
(circumstellar) disk-star accretion rate than
[BHB2007] 11B. In addition, [BHB2007] 11A
has an ionized mass loss rate that is a factor of
~2 higher than that of [BHB2007] 11B [e6:4 
1010 M⊙ year1 and e3:7  1010 M⊙ year1,
respectively (9)]. The stronger radio jet and
higher ionized mass loss rate support the
proposition that [BHB2007] 11A is the primary

object in the binary system. The infalling gas
onto [BHB2007] 11B suggests a hgher accretion from the circumbinary disk onto this
object than onto [BHB2007] 11A. This preferential accretion onto the lower-mass stellar
object in a binary system matches theoretical
predictions (4–6).
In summary, the small-scale structure seen
in our observations includes streamers of gas
and dust accreting from a circumbinary disk
onto small circumstellar disks around the individual components of a protobinary system.
Their disks have a dust mass equivalent to a few
2 of 4
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areas indicate the CO velocity components that exceed the reference
H2CO spectrum associated with the rotation of the circumbinary disk (9). The
faint dashed lines show the strong filtering of the CO line near the systemic
velocity of the source.

Fig. 3. Centimetric emission associated
with the binary system. Continuum
emission at 0.94 cm (32.5 GHz) associated
with the [BHB2007] 11 binary system,
observed with the VLA. Contours are at
3, 5, 10, 15, 20, and 25 times the map
noise of 12 mJy per beam; the background
image is the ALMA map from Fig. 1C.
The extended emission to the east of
[BHB2007] 11A suggests a radio jet associated with this source. The VLA synthesized beam is shown in the bottom
left corner.

Earth masses. The gas accretion is more prominent in the secondary, less massive object of
the system, whereas the disk-star accretion inferred by the ionized free-free emission is higher
in the primary object instead. We expect that
this two-level accretion process, circumbinary
disk to circumstellar disks, then circumstellar
disks to stars, drives the dynamics of the binary
system during its mass accretion phase.
Alves et al., Science 366, 90–93 (2019)
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Fig. 2. Small-scale kinematics in [BHB2007] 11
measured from CO
molecular line emission.
(A) High-velocity components of the CO emission
(with respect to the ambient local standard of rest
velocity of [BHB2007] 11,
vlsr ~ 3.6 km s−1) overlaid
on the continuum map
(gray scale). Circles indicate the position of CO
emission peaks in each
velocity channel (see the
color bar). CO data
between −2 and 9 km s−1
(indicated as a shaded
area in the color bar) are
not shown because most
gas close to the ambient velocity is filtered out by the interferometer and/or
arises from extended emission from outflows or the envelope. Circle sizes denote
the uncertainty on the absolute position (9). (B) CO mean spectrum extracted
from the disk area showing the CO velocity channels used in (A). The shaded
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Gas flows and disks in a young binary
Many stars are in binary systems, pairs of stars gravitationally bound to each other, often with the two
components having similar masses. It remains unclear how these systems assemble and accrete material. Alves et al.
made high-resolution observations of a young binary star that is still in the process of forming. A large disk surrounds
both stars, and each component also has its own smaller circumstellar disk. Spiral filaments of dust and gas connect the
small disks to the larger one. Material is accreting preferentially onto the star that currently has a lower mass, driving the
masses toward similar values.
Science, this issue p. 90

