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Era of 3D simulations is coming 

for neutrino driven explosion  
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Two class of CC SNe 
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Basic setup 
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(1) Gravitational Collapse 

(2) Core-bounce by nuclear 

force 

(3) Shock propagation and 

stalling 



Key aspects of Neutrino Mechanism 

Shock 

Radius 

Radial Velocity 

Pressure 

RHS is determined by stellar 

structure(density profile). 

Ram Pressure 

When the shock is stalling, 

Pressure inside and ram 

pressure out side balances. 
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(2) Neutrino Heating 
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Problem 

Supernovae shock in simulation   

tend to stall and  

does NOT explode. 

 

Long-lasting Problem ~1980. 

At 2000-2005 state-of-the-art 

simulations with detailed 

neutrino transport confirm that!  
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(Liebendoerfer+2001, Rampp+2002, 

Thompson+2003 and Sumiyoshi+2005) 

Why does SN in real world explode?  

Why does SN in sim. fail to explode? 

Entropy 
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From 1D to 3D 

Most distinct development is shift from 1D to 3D(or 2D)!  

We succeed to make a few explosion model! 
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1D  

3D  

Takiwaki+2012,2014 

2 month times 16,000 cores are 

used in K computer 



Key aspects of Neutrino Mechanism 

Radius 

(Cold heavy matter is put  over 

Hot   light matter)  

Negative entropy gradient 

leads Rayleigh-Taylor 

instability  

Entropy~T^3/Ȏ 

Proto 

Neutron  

Star 

Fe=>n, p 

cooled by 

photodissociation  

Heated by 

neutrino  

convective 

Energy transport  

Rayleigh-Taylor convection 

transfer energy outward. 

Hotter than 

the initial 

state 

Cooler than 

the initial 

state but ȋ 

heat is active 
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Shape of the explosion  

Many hot 

bubble is 

observed. 

 

That is 

evidence of 

strong 

convection. 
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Explosive Nucleosynthesis 
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Si 

O 
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Heavy nuclei 

n,p He n,p n,p 

Finally Ni is produced 

behind the shock and 

that is the main fuel 

of supernovae optical 

light curve. 
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1D artificial Explosion 

Click white blank 

Heating rate is 5 times enhanced. 

Does r-process occur? 15 



Click white blank 

1D artificial Explosion 

Does r-process occur? No. Only weak-r(LEEP) 16 
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Rotation 

Rotational energy(T)/gravtational energy(W) 

reach some criteria => Spiral mode arises 

In the rigid ball: 14% 

In SNe case: ~ 6% (Called low-T/W instability) 18 
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Rotation  

Spiral wave transfer the energy to the outer regon. 

Finally explosion is found! 19 


