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Using non-ideal magnetohydrodynamics simulations, we investigated the formation of a massive close binary system.
As the initial state, a gravitationally unstable cloud core is adopted, in which the core has a large rotational energy and a low
thermal energy. The large rotational energy promotes a large disk formation and subsequent fragmentation, while the large
thermal energy enhances the mass accretion rate onto the central region. In the collapsing cloud, fragmentation occurs and a
proto-binary system appears. The high-velocity jet is driven by each protostar in the proto-binary system, while the low-velocity
outflow is driven by the circum-binary disk. We could the calculate the evolution of the proto-binary system for about 400yr
after protostar formation, in which the protostellar radius is spatially resolved. Our results are well agreement with recent
ALMA observations of proto-binary systems. This study can unveil the early formation phase of the close binary system.

Keywords : Jet, Binary system, Magnetohydrodynamics, Circum-binary disk, Weakly ionized plasma

1. Introduction

Stars are born in binary systems. A half of solar type stars are
the member of binary systems. The binary frequency increases
as the stellar mass increases. In addition, the binary frequency is
about 100% for massive stars. When the separation of massive
binary system is small, such a system evolves into a binary
black hole system which can be detected as gravitational wave.
Recently, the planet formation around the binary system has
been investigated. The planet is considered to be formed in the
circum-binary system. Thus, it is important for investing the

y[AU]

formation process of the binary system. In this study, we
investigate the evolution of the close binary system using three-
dimensional resistive magnetohydrodynamics (MHD) nested
grid code.

2. Numerical settings and initial condition
The Bonnor-Ebert density profiled is adopted as the initial state.
We impose a uniform magnetic field of 120 micro-Gauss and a
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to the gravitational energy. The cloud has a mass of 3.7 solar mass
and radius of 5300 au.
We solved resistive magnetohydrodynamics equations, in

Fig. 1 Distribution of the azimuthal velocity
normalized by the Keplerian velocity on the

equatorial plane.

which the barotropic equation of state was used. We prepared 16

levels of nested grids. Each grid composed of (i, j, k) = (128, 128,
128). The size of the finest grid is Sau and the cell width is 0.039

au. Thus, we can spatially resolve the radius of protostars.

binary disk. In the black region, the gas falls onto the binary
system. We can see a non-axisymmetric structure around the
protostars.

Fig. 2 shows a three-dimensional view of the close binary

3. Results system. The high-velocity jets associated with the protostars are

In the gravitational collapsing cloud, fragmentation occurs and
proto-binary system appears. Fig. 1 shows the distribution of the
azimuthal velocity normalized by the Keplerian velocity. In the

figure, the red and purple regions correspond to the circum-

swung back by the orbital motion of the binary system. The
velocity of the jets exceeds 100km/s. The low-velocity outflow is
driven by the circum-binary system. Thus, the low-velocity
outflow encloses the high-velocity jets. Fig. 2 also shows that the
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Circumbinary outflow

4

Fig. 2 Three-dimensional view of protobinary
system. dJet, circum-binary outflow, circum-binary

disk and protostar are plotted. The box size is 40 au.

magnetic field lines are strongly twisted within the jet. The binary
orbital motion is very complicated which induce time-variable
mass ejection. The red clumps within in the jet region correspond
to the ejected mass from the surface of the protostar when a rapid
mass accretion occurs.

4. Summary and Discussion

Using three—dimensional non—ideal MHD nested grid
simulation, we could reproduce the binary jet,
circum—binary disk
In the

simulation, the binary separation is shorter than

circum-binary outflow and

confirmed in recent ALMA observations.
30au. The orbital angular momentum of the binary
system is efficiently transported by the magnetic
braking, jet and outflow. As a result, a close binary
system maintains. With this simulation, we could

unveil the early phase of the close binary formation.

We can directly compare our simulation with recent
ALMA observations of the early phase of the binary
system. However, a massive infalling envelope still
remains around the binary system and supplies the
gas to the binary system. Thus, we need a further
determine the binary

long—term simulation to

parameters such as mass, mass ratio and separation.
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