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Abstract

The formation of a circumstellar disk in collapsing cloud cores is investigated with
3D MHD simulations. We prepare four types of initial cloud having different
density profiles and calculate their evolution with or without a sink. To
investigate effects of magnetic dissipation on disk formation, the Ohmic
dissipation is considered in some models.

Calculations show that disk formation is very sensitive to both the initial
cloud configuration and the sink treatment. The disk size considerably differs
in clouds with different density profiles even when the initial clouds have almost
the same mass-to-flux ratio. Only a very small disk (~10 AU in size) appears in
clouds with a uniform density profile, whereas a large disk (~100AU in size) forms
in clouds with a Bonnor-Ebert density profile.

In addition, a large sink accretion radius numerically impedes disk formation

during the main accretion phase and tends to foster the misleading notion that
disk formation is completely suppressed by magnetic braking. The protostellar
outflow is also greatly affected by the sink properties. A sink accretion radius
of <1AU and sink threshold density of >1013cm-2 are necessary for investigating
disk formation during the main accretion phase.




Purpose of This Study

[l It had been considered that disk formation is a natural consequence of
angular momentum conservation

[0 Recent studies showed that angular momentum is excessively
transferred by Magnetic Braking that strongly suppresses disk
formation

0 Now, disk formation is controversial topic:
When, Where and How is it formed?

O Various studies with different initial conditions and numerical settings
showed different (or conflicting) results

O In this study, we calculated the disk formation with different initial
conditions and sink treatments to discuss necessary numerical
conditions for disk formation




Initial Settings, Basic egs. & Numerical Method

COResistive MHD eqgs.
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‘ Models: Parameters and Results

US: Uniform Sphere

BE: Bonnor-Ebert Sphere
RJ: Steep density profile
RS: Massive Cloud

Model L M, re By Qo . ) . Tace Nihy h 1 9 3
[m=3 [Mg]  [AU] WG] o-is i @0 A0 70 Sk sy sy 9D RSDT Out
Us1 Y 1 \Y 04 Y N N
Us2 Y 34 Y 04 Y N N
USs3 Y 6.7 \Y% 04 Y N N
Us4 Y 134 \Y 04 Y N N
US5 10° 1.0 6.7 x10% 35.4 (U) 1 0.8 003 013 29 Y 1 1011 04 Y N  Y(?)
US6 Y 1 102 04 Y N Y(?)
US7 Y 1 0% 02 Y Y Y
USS Y 1 0% 01 Y Y Y
USL Y 6.7 \Y 1.6 Y N N
BE1 1.4x105 2.1 14.3 (U) 0.81 0.6 010 30 Y 3 \Y 05 Y Y Y
BE2 1.7x10° 26 17.2 (U) 0.87 0.5 010 30 Y 3 \Y 05 Y Y Y
BE3 2.1x10° 3.2 21.5 (U) 0.98 0.4 010 30 Y 3 \Y 05 Y Y Y
BE4 1.7x10° 26 1.5x10* 17.2 (U) 0.87 0.5 002 010 30 Y 1 102 05 Y Y Y
BE5 1.7x 105 26 37.8 0.87 0.5 014 30 Y 3 Y 05 Y Y Y
BE6 1.7x10° 26 23.2 (U) 0.87 0.5 030 1.7 Y 3 \Y 05 Y Y Y
BEH 1.7x10° 26 17.2 (U) 0.87 0.5 010 30 Y 02 104 006 Y Y Y
RJ1 N — 04 N N©® Y
RJ2 6 N Y 3 — 04 N Y Y
Ri3 8x10 1.0 3x10® 257 (U) 5 0.4 003 021 30 o % B o4 Y v v
RJ4 Y 1 1012 04 Y Y Y
RS1 Y 126 3x 10 47 N N  N(?)
RS2 6 1 U A | 0% 06 N Y N
Rgg 60X 10° 100 26x10 659 3.16 0.1 008 006 52 . 02 o6 Y v v
RS4 Y 1 0% 06 Y Y Y

1 whether or not Ohmic dissipation was included. 2 whether or not the rotation-supported disk formed. ® whether or not the

protostellar outflow appeared.



‘ Uniform Sphere Models

Same initial conditio

nasin Lietal 2011,

but different sink treatments

Disk forms with r,.. <1 AU and n, > 102 cm-3
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Uniform Sphere Models Same initial condition as in Li et al. 2011),

but different sink treatments

Outflow appears with r,.. <1 AU and n,, > 103 cm-3

With Ohmic Dissipation (O.D.)
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With O.D.

Machida et al. 2011),

| cond
but different sink treatments
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‘ Other Low-mass Cloud Model

Same initial settings as

in Joos et al. (2012)

y [AU]

Whether Sink is introduced or not / Whether O.D. is imposed or not
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lal settings as

d et al
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Resolution Dependence

®x = 1.6 AU ®x = 0.06 AU

Numerical reconnection or
Interchange instability?

Tiny disk formation
It evolves into a large-sized disk?
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Disk Formation Scenario

First Adiabatic Core Magnetically Inactive Region (Tdiss < Tayn)
| | Q
Gas etion

>

«

~1-3AU

Rotation Supported Region Rotation Supported Disk

| a (4]
rmally Supported Region - >

>> 10 AU




Summary

Sink can reproduce any results
O Larger sink accretion radius or lower threshold density

» can suppress disk formation

» can weaken or erase outflow

» can cause interchange instability or numerical reconnection

OFor Disk Formation
» .. <1AUand n, >10'3 cm= are at least necessary
»|deally, we should calculate disk formation WITHOUT SINK

» Detailed physical processes such as Magnetic dissipation process
and Radiation effects are also essential for disk formation



