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Star Formation simulation requires many physical processes:

*Large dynamic range (5 orders of magnitude or more!)
*Magnetic fields (MHD) =Self-gravity
 Multidimensionality (¢&-Rotation, Magnetic fields)
 *Radiation Transfer*

= 3D nested-grid self-gravitational RMHD simulation!

Method and Model

Features of our simulation code:

*3D Nested-grids, synchronous timesteps

*MHD: 2"9-order Roe scheme with hyperbolic div B cleaning
*Self-gravity: Multigrid =Radiation Transfer: FLD (gray)

Simulation Setup:
*Resolution: 643 for each grid-level
32meshes / Jeans length (center of the cloud)
Ax ~ 0.01 AU (finest), ~ 0.1 AU @ core surface
*Opacity: Semenov et al. 2003 + Ferguson et al. 2005
*Gas EOS: ideal, y =1.4 (assuming diatomic molecule)
*End of simulation: T=2000K (second collapse)

Initial condition: super-critical Bonnor-Ebert sphere
T=10K, p,.=10gcm3, M_=6.1M_,, R.=0.18 pc
Rigid body rotation: w =t ./t = 0.1 (weak fields case)
Uniform magnetic fields: B, = 1.1 pG

Results

Typical 3D structure—
(left&bottom=p, right=T) W\
Two-component outflow
*Inner component (red)
*Fast, travel farther
*Well collimated
*Magnetic pressure
*Outer component (
*Slow, wide opening angle
*Magneto-centrifugal force
Significant mass/angular momentum flux
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MVertical slices of outflow scale (upper) core scale (lower)

*Complicated density distribution &<MHD process

*Nearly spherical temperature distribution in core scale
&radiation heating from the central hot region

*Shock heating at the edge of the outflow

= Considerably different picture from barotropic approx.

Comparison w/ Barotroplc case at the same central density
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*Mechanical properties of the outflow
are not so different
(2 components, driving region, velocity)
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Realistic thermal evolution affects...
*Significant difference in temperature
*First Core’s kinematic properties

Observational Visualization

Post-processing radiation transfer - “Observation”
SED with various inclinations and wavelengths

Flrst Core SED W|th varlous mcllnatmn
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compared with VeLLOs’ SED ¢ ™[ "% i« .
= Far fainter than VelLOs

Can we find FCs with ALMA?u '1
>Probably YES if they exist, [ . o el N
but its possibility is quite low 7 x5 \\
(1/100 or less!) since the g el @{
lifetime of the first core is very short.
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Therefore we require a sufficient number of targets and

highly efficient methods to identify good candidates.



