
Core-collapse supernovae are thermonuclear 
explosions  

Implications for nu-detection 
 

 

Doron Kushnir 

Collaborators: Boaz Katz (WIS), Kfir Blum (WIS), Roni Waldman 
(HUJI) 

 

9.1.2017 



The progenitors are massive stars 
SN2008bk - Red Super Giant, M=8.5±1 Msun 
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The explosion is triggered by core-collapse 
SN1987A: ~1053 erg ~ 0.1×GeV/mp×Msun released as neutrinos  
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The energy scale of the ejecta is thermonuclear 
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Basic parameters 
§  Kinetic energy of the ejecta : 1050 -1052 erg 

§  Ejected 56Ni mass:  10-3 -1 M¤ 



The main challenge - 

Why collapse leads to an explosion? 



§  if 1% of their energy is deposited in 
ejecta ⇒ 1051 erg 
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§  if 1% of their energy is deposited in 
ejecta ⇒ 1051 erg 

§  Bounce shock stalls and accretes mass, 
ν emission heats downstream and 
revives the shock. 

§  Problem: Fails in 1D calculations. 

§  Maybe multi-D effects? 

§  So far, in 3D simulations the neutrinos 
either failed to explode the star or 
produce weak (<1050 erg) explosions. 

Popular model - neutrinos  
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Thermonuclear explosion of B2FH 
§  The collapsing outer shells (He,C,O) are thermonuclear explosives. 

§  Collapsing rotating star launches an accretion shock that cam ignite 
the explosive.  

§  1742 citations. 

§  Only 3 follow-up works: (Colgate & White 66, Woosley & Weaver 
82, Bodenheimer & Woosley 83) conclude the scenario fails. 

§  But in fact… 
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§  He-O explosive shell with 
Ø  initial burning time ≈ 103 s 
Ø  5% of breakup rotation 

§  Simple physics: Hydrodynamics + gravity + nuclear burning 

§  FLASH 4.0, Δx≈30 km  

Some initial condition do explode! 
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Model 

§  Kinetic energy of the ejecta ~1.3⋅1051 erg 

§  Ejected 56Ni mass:  ~0.08 M¤ 

Possible! 
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For some CCSNe the massive star 
progenitors were observed 

SN2008bk - Red Super Giant, log10(L/L¤)=4.8±0.2 
pre-explosion explosion 

Mattila et al. (2008) 
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More massive progenitors lead to 
stronger explosions 

§  In agreement with thermonuclear explosions 

§  In a possible disagreement with the ν-mechanism 



The remnant mass 

§  NSs only for weak (<1051 erg) explosions. Strong (>1051 erg)  
explosions leave BH remnants.  

§  Predicts a BH for SN1987A. 
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The ν signal from SN 1987A 
§  A luminosity drop at ~2 sec? 

Blum & DK (2016) 
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The ν signal from SN 1987A 
Thermonuclear ν-mechanism
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BH forms 

§  PNS accretion for ~2 s until BH formation + rotation induced 
accretion shock at ~2.5 s favored by the data. 

§  A possible smoking gun for a thermonuclear explosion. 
Blum & DK (2016) 
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ν - detection implications  
§  Fraction of CCSNe with prompt BH may be as high as ~50%  

§  10 Mton detector should comfortably allow a few detections per year 
with Nν≥5  

§  Detection of BH formation will  

Ø  solve CCSNe problem 

Ø Allow access to near event horizon phenomena 

§  Unexpected discoveries (accretion induced collapse, etc.) 


