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Outline

Å Dynamics of Multi-Phase ISM
ï Magnetic Field Amplification & CRs

Å Expanding HII Region

Å Formation & Evolution of Protostars

ï Outflows and Jets

ï Hybrid Scenario for Planet Formation



Radiative Equilibrium

WNM

CNM

Solid: N H=10 19cm -2,   Dashed: 10 20cm -2



Shock Propagation into WNM

Koyama & SI (2002) ApJ 564,  L97





Summary of TI-driven Turbulence
Å2D/3D Calculation of The Propagation of 

Shock Wave into WNM 

via Thermal Instability 

Č fragmentation of the cold layer into cold 

clumps with long-sustained supersonic 

velocity dispersion (~ km/s)

1D:          Shock Ҝ EthҜ Erad

2D&3D:  Shock Ҝ EthҜ Erad + Ekin

dv  ~ a few km/s < CS,WNM
Koyama & SI (2002) ApJ 564,  L97
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Property of 

"Turbulence"

dv < CS,WNMċČ

Kolmogorov-like 

Spectrum

Hennebelle & Audit 2007

Armstrong, 

Rickett, & 

Spangler 1995





M51 Synchrotron 

Polarization Map
(Fletcher & Beck 2005)



Energy Density of Magnetic Field

NGC6946

This cannot be  

explained 

simply by MRI!
R. Beck (2004)



Dynamics of ISM

Major Components: 

ÅHot Gas + Warm Gas + Cold Gas

ÅMagnetic Field

ÅCRs

Timescales: Spiral Wave (108yr)

> SNe (106yr)

> Expanding HII Region



Supernova Shock in Multi-Phase ISM

Ҽr Ҽp Í 0Shock Shell 
sv ~ cs 

Number Density  : n Magnetic Field Strength : |B|

B = 6 mG

Warm gas (n ~ 1 cm-3)

HI cloud (n ~ 30 cm-3)

Ҽr Ҽp Í 0 Ÿ Vorticity Creation (dv ~ cs)

Magnetic Field Amplification via Turbulent Dynamo

Bmax ~ 1mG  (b~ 1 @post shock)
Inoue, Yamazaki, & SI (2009) ApJ 695, 825



Result

X-ray Observations of Supernova@age~103yr

B ~ 1mG  (Bamba+2002, Uchiyama+ 2008, etc.)



1st Order Fermi Acceleration 

Muranushi& SI (2009)ApJL 691, L24

Kolmogorov

Background Turbulence



Explosions in Multi-Phase ISM



Deharveng et al. (2003) A&A, 408, L25

embedded young 
cluster in one clump

Sh104  classical HII region, Rº4pc

Expanding HII Region

Direct Evidence of Collect and Collapse Scenario? Possible?


