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Stellar Collapse and Supernova Stages
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Neutrino Emission Phases
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Neutrino Emission Phases: Simulation
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Progenitor Stars: Density Profiles

Progenitor models at onset of stellar core collapse:  
Woosley, Heger & Weaver, RMP (2002)



Stellar Compactness and Explosion

(Ugliano et al., ApJ 757 (2012) 69; 
Ertl et al., ApJ 818 (2016) 124;

Sukhbold, Ertl et al., ApJ 821 (2016) 38)

Core compactness can be nonmonotonic function of 
ZAMS mass

Progenitor models: 
Woosley et al. (RMP 2002), Sukhbold & 
Woosley (2014), Woosley & Heger (2015)

O'Connor & Ott, ApJ 730:70 (2011)
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Janka et al., PTEP, Vol. 2012, id.01A309; L. Hüdepohl, PhD Thesis, TUM (2013)

Neutrino Signal Dependence on Progenitor and 
EOS

Neutrino Signal Dependence on Progenitor and EOS
Pre-explosion accretion phase



Neutrino Signal Dependence on Progenitor and EOS
Progenitor compactness can be used as ordering parameter

O�Connor & Ott, ApJ 762 (2013) 126



 27 Msun progenitor  (WHW 2002) F. Hanke et al., ApJ 770 (2013) 66 

SASI in the Postshock Accretion Layer



3D Core-Collapse Models: Neutrino Signals
 11.2, 20, 27 Msun progenitors (WHW 2002)

SASI produces modulations of neutrino emission and gravitational-wave signal.

at 10 kpc

Tamborra et al., PRL 111, 121104 (2013);                      
                    PRD 90, 045032 (2014)
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SASI Period Measures Shock Radius Evolution



3D Core-Collapse Models: Gravitational Waves
 27 Msun progenitor (WHW 2002)

Preliminary analysis by E. Müller of 
27 Msun 3D SN simulation by 

F. Hanke et al.,  ApJ 770 (2013) 66;
Andresen et al., arXiv 



A New Nonradial 3D Instability
   Dipole asymmetry of lepton-number emission (LESA)

Lepton number flux:    
νe minus  anti-νe 

T
am

bo
rr

a,
 H

an
ke

, T
H

J,
 e

t a
l.,

 A
pJ

 7
92

, 9
6 

(2
01

4)
;

T
H

J 
et

 a
l.,

 A
R

N
P

S
 6

6 
(2

01
6)

Total energy flux: 
νe plus anti-νe plus

heavy-lepton neutrinos

Anisotropic convection 
inside the 

proto-neutron star



Evolution of Dipole Strength and Direction
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LESA-SASI-Interference

Drifting of LESA direction during first SASI episode

Tamborra, Hanke, Janka, et al., ApJ 792 (2014) 96



A New Nonradial 
3D Instability

Dipole asymmetry of lepton-
number emission

electron neutrinos

electron antineutrinos

heavy-lepton neutrinos

  11.2 Msun progenitor  
(WHW 2002)

Tamborra, Hanke, Janka, et al., 
ApJ 792 (2014) 96
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LESA and SASI Effects in Neutrino Emission
Time evolution of dipole amplitudes of total neutrino 

luminosity and of lepton-number emission
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Black-Hole Formation



Stellar Compactness and Explosion

(Ugliano, THJ, Marek, Arcones, 
ApJ 757, 69 (2012))

Core compactness can be nonmonotonic 
function of ZAMS mass

Progenitor models: 
Woosley et al. (RMP 2002)

O'Connor & Ott, ApJ 730:70 (2011)



Supernova Percentage vs ZAMS Mass

(Sukhbold, Ertl et al., ApJ 821 (2016) 38)

Energy-Nickel Mass Correlation

Supernova Explosion Properties



Birth-Mass Distributions of NSs and BHs

(S
uk

h
bo

ld
, E

rt
l e

t 
al

., 
A

p
J 

82
1 

(2
01

6)
 3

8)



Sukhbold, Ertl, Woosley, Brown & Janka, ApJ, 821 (2016) 38

BH Formation for Different SN 1987A Engines

77% SN expl.

74% SN expl.

67% SN expl.

66% SN expl.

55% SN expl.



Theoretical Remnant Mass Distribution
Our model results reproduce possible gap

 in the observed distribution of NS and BH masses if 
H-shell stripping for BH formation without SN is included.



BH Formation for Different SN 1987A Engines
and Metallicities

Sukhbold, Ertl et al., ApJ 821 (2016) 38;     Th. Ertl, PhD Thesis (2016)



Model s40s7b2    (Woosley & Weaver 1997)

Hüdepohl, PhD Thesis (2013); Mirizzi, Tamborra, THJ, et al., La Rivista del Nuovo Cimento, 39, (2016) 1

Convection in Proto-NSs evolving to BHs



Model s40.0   (Woosley et al. (2002)

Convection in Proto-NSs evolving to BHs

Hüdepohl, PhD Thesis (2013); Mirizzi, Tamborra, THJ, et al., La Rivista del Nuovo Cimento, 39, (2016) 1



Model s40.0
(Woosley et al. (2002)

Convection in Proto-NSs evolving to BHs

Model s40s7b2
(Woosley & Weaver 1997)

Hüdepohl, PhD Thesis (2013); Mirizzi, Tamborra, THJ, et al., La Rivista del Nuovo Cimento, 39, (2016) 1





Garching CCSN Data Archive

www.mpa-garching.mpg.de/ccsnarchive/



Garching CCSN Data Archive
www.mpa-garching.mpg.de/ccsnarchive/



www.mpa-garching.mpg.de/ccsnarchive/
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