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Using non-ideal magnetohydrodynamics simulations, we investigated the star formation process in magnetically subcritical cloud cores.
Unlike the star formation in magnetically super critical cores, neither outflow or circumstellar disk appears in magnetically subcritical
cores. Before the gravitational collapse is induced, the angular momentum of the molecular cloud core is effectively transferred by the
magnetic braking. After the magnetic flux is significantly removed by ambipolar diffusion, the gravitational collapse begins and a
protostar forms in the gravitationally collapsing cloud core. After protostar formation, a very weak outflow appears because the magnetic
field lines are twisted by the rotation of the protostar. However, no rotationally disk appears during the main accretion phase. These
features correspond to recent ALMA observations, in which neither clear outflow nor and disk has been detected.
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1. Introduction

Stars form in molecular cloud cores. Recent polarization |
observations indicate that magnetic fields are well ordered in the "
molecular cloud core and the magnetic field in prestellar clouds »
is very strong. Thus, we need to consider the effect of magnetic
field on the star formation. When the magnetic energy is larger
than the gravitational energy in the cloud core, the magnetic field
suppress the gravitational contraction or the star formation. In
such a case, the gravitational collapse is induced after the
magnetic flux is significantly removed by the ambipolar
diffusion. However, until now, the star formation in magnetically

dominated core has not been investigated. This study focuses on
the star formation in very strongly magnetized cores.

2. Initial Condition and Numerical settings Fig.l Density (color) and velocity (arrows)

As the initial state, we adopted a Bonnor-Ebert sphere which distributions on the z=0 (top) and y=0 (bottom) planes

mimics the prestellar clouds. A rigid rotation and uniform for the models with weak (left), moderate (middle)
magnetic field are added to the prestellar cloud, in which the

and strong (right) magnetic field.

magnetic field strength is the parameter. We calculate the cloud

evolution with our non-ideal MHD nested grid code which circumstellar disk and outflow appear after protostar formation.

spatially covers both the prestellar cloud and protostar. Before the Thus, this model shows typical features of the star formation
Jeans condition is violated, a new finer grid is generated. Each
grid compose of (i, j , k) = (64, 64, 32) cells.

Magnetohydrodynamic equations including self-gravity are

confirmed in past observations. The model shown in the middle
panels of Fig. 1 has a moderate magnetic field strength. For this

model, no disk appears, while a very weak outflow appears above

solved in the nested grid cord. The cloud evolution is calculated

about 500 years after protostar formation.

3. Results

We prepared thee prestellar core with different magnetic field
strengths. Fig. 1 shows the structures around the protostar for
different models. The magnetic field is relatively weak in the
model shown in the left panels of Fig. 1. For this model, both the

and blow the protostar. Fig. 2 shows the three-dimensional
structure for this model. The figure indicates that the magnetic
field lines are strongly twisted by the rotation of the protostar and
the magnetic pressure gradient force drives a weak outflow. This
model corresponds to the objects recently observed by ALMA,
in which neither disk nor outflow has not been confirmed.

The strongly magnetized model is shown in the right panels of

Fig.1. For this model, although both rotationally supported disk
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Fig. 2 Three-dimensional view for the strongly
magnetized model. Red line are the magnetic

field lines.

and outflow appear, their rotation vectors are not agreement with
the ration of the envelope and initial cloud core. The envelope has
an anti-clockwise rotation, while both the disk and outflow have
a clockwise rotation. The counterrotation is due to the magnetic
braking. The initial angular momentum of the cloud is effectively
transferred by the magnetic braking and the counterrotation is
introduced into the central region caused by the magnetic tension
force before the cloud collapse begins.

4. Summary

In this study, we investigated the star formation process in the
cloud cores with very strong magnetic fields. When the Lorentz
force is stronger than the gravity in the prestellar core, the cloud
collapse does not occur until the magnetic field is removed by the
ambipolar diffusion. In such a case, the angular momentum of the
cloud is largely removed by the magnetic braking. Thus, the
prestellar cloud has a very small amount of the angular
momentum when the magnetic field is very strong. The star
formation process in magnetically subcritical cloud is
considerably different from that in magnetically supercritical
clouds. In such a cloud, neither rotationally supported disk nor
outflow appears. Thus, we found a different mode of the star
formation which can explain very recent ALMA observations of
protostars not associated with disk and outflow.
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