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Motivation

● Star formation
● Stellar evolution
● Stellar death

“We are all made out of stellar dust!”

    (chemical evolution of the elements)
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Motivation

Thermonuclear SN    
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Core collapse SN

SN 1987A in the large Magelanic CloudSN Ia SN2001el in NGC 1448

(SN Ia) (SN Ib, Ic, II)

M8M⊙
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Motivation

Thermonuclear SN    

E expl~1×1051 ergs
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1. neutrino signal

2. gravitational wave

3.

4. nuclear abundance    
   of the ejecta

Core collapse SN
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Introduction: stellar models
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● Nuclear burning
● Mass loss
          winds

          rotation

● Enclosed central mass ('Fe'-core)
➔ Progenitor models?
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Introduction: Progenitor models
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Initial models for 

core collapse! 

1. Photodisintigration

2. Density increase

3. Weak interactions
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Introduction: 
core collapse phenomenology
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SN1054, Crab-pulsar/nebula SN1572, Tycho'SN 
(NASA/CXC/Rutgers/J.Warren & 
J.Hughes et al.) 

SN1604, Kepler's SN (Chandra 
X-ray Observatory)

g ,T 
∇T

=∂T


 T  
 T =0

(conservation  equations )

G=8T  (Einstein  equation )
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Introduction: 
core collapse phenomenology
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Liebendörfer et al.(2004)
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Introduction: 
core collapse phenomenology
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Introduction: 
core collapse phenomenology
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Input physics: neutrinos
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Bruenn (1985), Horowitz et al. (2003)

Thompson et al.(2002)

Buras et al.(2003)
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Input physics: neutrinos
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Input physics: neutrinos
 Eurograd workshop 2007 

Matrinez-Pinedao, Liebendörfer & Frekers (2002)

=∫dr 1

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Input physics: neutrinos
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Input physics: neutrinos
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Input physics: nuclear reactions
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F-K. Thielemann, lecture notes
Motivation

Introduction

   stellar models

   progenitor models

   core collapse 
phenomenology

Input physics

   neutrino physics

    nuclear reactions

   The EoS

Possible fate

    explosion

    bh.-formation

Discussion

T0.45MeV



'Hadrons in Vacuum, in Nuclei and Stars' 

Input physics: the EoS
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1. Hot and dense nuclear matter

(2 (3) different regimes)

T∈[0.01 ,200]MeV
∈[104 ,1016 ]g /cm3

ye∈[0.01 ,0.65]

∇T
=0

G=8T 
u ∂ f∂ x ∂ f∂u  u= f 

{e , p , s ,n , p ,e , xn , x p , x , x A}
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Input physics: the EoS
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1. Hot and dense nuclear matter

2. Different eos (stiffness)
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The possible fate
 Eurograd workshop 2007 
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The possible fate: Explosions
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1. Explosion mechanism: artificially enhanced heating and cooling rates

en⇔e– p
e p⇔en

Motivation

Introduction

   stellar models

   progenitor models

   core collapse 
phenomenology

Input physics

   neutrino physics

    nuclear reactions

   The EoS

 Possible fate

    explosion

    bh.-formation

Discussion



'Hadrons in Vacuum, in Nuclei and Stars' 

The possible fate: Explosions
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1. Explosion mechanism

2. ONeMg-core

K. Nomoto (1996)
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The possible fate: Black hole formation
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Discussion
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1. Neutrino Wind
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1. Neutrino Wind
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Discussion
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y
ye
=
ye ye y y

ye

1. Neutrino Wind

2. Neutrino oscillations
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Discussion
 Eurograd workshop 2007 

1. Neutrino wind

2. Neutrino oscillations

3. Muldi-dimensional simulations
          deleptonization

          convection and asymetric neutrino heating/cooling

          SASI (standing accretion shock instability)

Review VOL.37 No. 2, ornl.

Liebendörfer (2005)
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Discussion
 Eurograd workshop 2007 

1. Neutrino wind

2. Neutrino oscillations

3. Muldi-dimensional simulations

4. Remnant properties/comparison with observations: Neutron star kicks
          hydrodynamically driven

          magnetic fields

          asymetric neutrino transport

u~1000km / s

Crab-nebula, X-ray
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Thank you very much
for your attention
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