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ᾛ Short Introduction

- Standard Core-Collapse Supernova (CCSN) theory

ᾛRecent Status of  CCSN Modeling

- Neutrino-Radiation Hydrodynamics Simulations 

- Fostering weak explosions (strangeness, rotation, GR)

Multi -Messenger Signatures

- How can we learn the central engine from neutrinos 

and gravitational-waves ?

- Strategiestoward the final goal ? 
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~350 years, Type IIb

http://www.nasa.gov/jpl/nustar/supernova-explosion-20140219/

Explosion Mechanism

DeLaneyet al. (2010)

Bottom-line 

Origin of explosion asymmetry     
Origin of heavy elements
Origin of explosion energy ( 1051 erg = 1 Bethe)        

H. Bethe



Ö3 minutes× to overview Core-Collapse Supernova physics  
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м5 ˄-rad-hydsimulation of 15 Msunstar                                                                               visualization : T. Wada (Riken)



Typical scales after bounce and Density-Temperature relation 

Rstalled_shock~ 200km
(Rcore 1500 km)

ˊ ғ мл9 g/cc, T < 1 MeV

RPNS , R ~ 50km

Rg ~ 80km

R > Rs

ć ~ 1014 g/cc, Tc ~ 10 MeV

From Janka2001

Gain Radius

Gain region Gain radius

Travel time ( g̱ainύ ƛƴ ǘƘŜ άƎŀƛƴ ǊŜƎƛƻƴέ longer
Gain mass (MgainΥƳŀǎǎ ƛƴ ǘƘŜ άƎŀƛƴ ǊŜƎƛƻƴέύ bigger,
more favorable for explosions ! 



(pioneered by Colgate & White (1966), see Janka (2012), Burrrows (2013) ,Kotake et al. (2012) for review)

Color scale: entropy15 Msun model (WW95)
from Suwa+ (2013)òFour stepsó from collapse to explosion

(see, e.g., Suwaet al. 2010,2011,2013, ApJ) 

1st : After bounce, bounce shock stalls.

2nd: Neutrino-driven convection and the SASI.

3rd: In the heating region, dwell-time of material 

gets longer due to non-radial motions.

(turbulent pressure helps explosion).

4th: At around O(100)s ms after bounce, 

neutrino-driven explosions set in.

1D

Heating region: neutrino 

heating dominates over 

neutrino cooling

2D Numericsboth in our 2D and 3D models
IDSA spectral transport  (Liebendoerfer+09) + Newtonian hydro

ᾛLattimer-Swesty (1991) EOS (K=220 MeV): consis. with 2 Msun NS.
ᾛ2D results between our code, Valencia, Garchingcode similar !

(e.g., Obergaulingeret al. (2014), Hankeet al. (PhD)) Detailed comparison in progress.

1D failsҜCurrent paradigm ñMulti-Dò neutrino mechanism 
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Status of Neutrino-Radiation Hydrodynamics Supernova Simulations
(KK+ (2012) PTEP, Mezzacappa+(2015))
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From 10.8 to 75 Msun star
101 models
(Woosley, Heger, Weaver
RMP (2002))

Big breakthrough :

Success of the neutrino  

mechanism: (shock-revival)

for 8.8 to 27 M sun stars 

in 2D self- consistent 

simulations !

Systematic study needed:
Self-consistent (in 2D, firstly) sim. 

ǘƻ Ǝŀƛƴ ŀ άLandscape viewέ of 

explosion dynamics ! 

~40 successful models

But still, 

The neutrino mechanism:

Unexplored >90 % 



Nakamura et al. (2014)

2D-IDSA simulations for 101 progenitors with solar metallicity


