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Bottom line

(Taken from 

a subtext for junior 

high school students.)

The supernova theory must address the following issues :

How are ñheavy elementsò formed?

How are compact objects like neutron stars and black holes 

formed ? (final frontier of stellar evolution theory)

Promising sources of neutrinos and gravitational waves.

The explosion mechanism is still a topic of debate over 50+ years.

The only means :  the direct information of the supernova engine,  

Ÿ the observations of neutrinos and gravitational waves (GWs).

To check ñCCSN theoryò with observations: Compare outcomes from 

first -principle simulations 

(multi -D hydrodynamics simulations with Boltzmann neutrino transport)

with multi -messengerobservationsŸ The final goal.



Outline 

ᾛ The Standard Supernova Theory                

- what is missing in it !?

ᾛCurrent Multi -D Supernova Paradigm          

- status of radiation-hydrodynamics simulations

Multi -messenger signatures 

- Gravitational Waves and Neutrino Signals

ᾛ Summary with some perspectives



Step0 Stellar evolution: order-of-magnitude estimate  (1/2)
Stellar evolution is primarily determined by the initial stellar mass !
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Phase Diagram
Degenerate pressure (electron)

Using the equilibrium

condition: P~GM2/ R4
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Step0 Stellar evolution: order-of-magnitude estimate  (2/2)
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Ÿ Core-Collapse Supernovae
Ye: electron fraction

(= 0.5 for Helium 4) 



Stellar evolution
Heger et al. (2002)

Typical evolution timescale (Woosley&Heger 2002)

Presupernova star

Star has an onion like structure.
Iron is the final product of the
different burning processes.
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Kippenharn Diagram


