
  

Energy Scales
Log E Explosion Thermonuclear

39 X-ray Bursts √

40 Long-Duration He Bursts √

41

42 X-ray Superbursts √

43

44

45 Classical Novae √

46

48 Faint SN (visible LC?)

49 SN (visible LC)

50 Bright SN (LC?)

51 SN (kinetic) SN Type Ia total

52 Hypernova? GRB? Pair-SN total (low-mass end)

53 SN (neutrinos – several 1053erg) Pair-SN total (upper limit)

54 (a lot of energy - 0.5 MꙨ c
2)

55 GR He SN GR He SN (upper limit)

56 GR H SN, Z > 0 (Fuller et al. 1986) √ 



  

Overview:

Varieties of 
Cosmic 

Explosions 
(of most kind)



(Nomoto 2002, priv. com.)

jet-driven SNe?
(JetSN)



Supernova Progenitor Masses

(Smartt 2009)

Presupernova 
stars for Type IIp 
and II-L

Solid Line: 
Salpeter IMF with 
16.5 M

Θ
 cutoff

Dotted Line: 
Salpeter IMF with 
35 M

Θ
 cutoff

► Exclude stars with 
M

initial
 > 20 M

Θ
 as 

Type IIP/IIL progenitors 
at 95% confidence 
level?



  

(Williams+ 2014)

Estimates 
of 
Supernova 
progenitor 
masses

Consistent with 
upper mass 
limit of 
20 M

Θ
 but also 

allows higher 
upper mass 
limit for 
supernovae



Things that blow up
supernovae

• CO white dwarf  Type Ia SN, E1Bethe

• MgNeO WD, accretion  AIC, faint SN

• “SAGB” star (AGB, then SN)  EC SN

• “He-core less” (Fe CC)  Type II SN (low-E)

• “normal” SN (Fe core collapse)  Type II SN

• WR star (Fe CC)  Type Ib/c

• “Collapsar”, GRB  broad line Ib/a SN, “hypernova”

• Pulsational pair SN  multiple, nested Type I/II SN

• Very massive stars  pair SN,≲100B (1B=1051 erg)

• Very massive collapsar  IMBH, SN, hard transient

• GR He instability  >100 B SN+SMBH, or 10,000 B

• Supermassive stars  ≳100000 B SN or SMBH

M
A

SS

1B=1051 erg



Things that blow up
Neutron star-powered supernovae

• CO white dwarf  Type Ia SN, E1Bethe

• MgNeO WD, accretion  AIC, faint SN

• “SAGB” star (AGB, then SN)  EC SN

• “He-core less” (Fe CC)  Type II SN (low-E)

• “normal” SN (Fe core collapse)  Type II SN

• WR star (Fe CC)  Type Ib/c

• “Collapsar”, GRB  broad line Ib/a SN, “hypernova”

• Pulsational pair SN  multiple, nested Type I/II SN

• Very massive stars  pair SN,≲100B (1B=1051 erg)

• Very massive collapsar  IMBH, SN, hard transient

• GR He instability  >100 B SN+SMBH, or 10,000 B

• Supermassive stars  ≳100000 B SN or SMBH



Things that blow up
Thermonuclear supernovae (no r-process)

• CO white dwarf  Type Ia SN, E1Bethe

• MgNeO WD, accretion  AIC, faint SN

• “SAGB” star (AGB, then SN)  EC SN

• “He-core less” (Fe CC)  Type II SN (low-E)

• “normal” SN (Fe core collapse)  Type II SN

• WR star (Fe CC)  Type Ib/c

• “Collapsar”, GRB  broad line Ib/a SN, “hypernova”

• Pulsational pair SN  multiple, nested Type I/II SN

• Very massive stars  pair SN,≲100B (1B=1051 erg)

• Very massive collapsar  IMBH, SN, hard transient

• GR He instability  >100 B SN+SMBH, or 10,000 B

• Supermassive stars  ≳100000 B SN or SMBH



Things that blow up
Black hole-powered supernovae (“Collapsars)

• CO white dwarf  Type Ia SN, E1Bethe

• MgNeO WD, accretion  AIC, faint SN

• “SAGB” star (AGB, then SN)  EC SN

• “He-core less” (Fe CC)  Type II SN (low-E)

• “normal” SN (Fe core collapse)  Type II SN

• WR star (Fe CC)  Type Ib/c

• “Collapsar”, GRB  broad line Ib/a SN, “hypernova”

• Pulsational pair SN  multiple, nested Type I/II SN

• Very massive stars  pair SN,≲100B (1B=1051 erg)

• Very massive collapsar  IMBH, SN, hard transient

• GR He instability  >100 B SN+SMBH, or 10,000 B

• Supermassive stars  ≳100000 B SN or SMBH



Massive Star Fates 
as Function of 

Initial Mass 
(solar metallicity)
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Fallback
in supernovae
can swallow the metals 
produced in the 
hydrostatic and explosive 
burning phases
and can lead to the 
delayed formation of a 
black hole
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The Most Massive Stars Today

R136
● young massive star 
cluster

● Age around 1.5 Myr 

● Star “a1”:
maybe 200 M

Ꙩ

initial mass

(Crother et al. 2010)





  

Sensitivity of Structure to Initial Mass

(Sukhbold+ 2013)

Small changes in initial mass 
can result in large changes in 
progenitor structure





(O'Conner & Ott 2011 )

Compactness Parameter

Signatures of Stellar Structure?

Mueller+ (2016)

SN outcomes due to 
Stellar structure

Explosion
Shock dies
Black Hole



Reconstruction of the IMF

Vo+ (2015 priv. com.)

Bi-modal distribution?

Pop III stars
matched to
UMP stars



Signatures of Stellar Structure?

Mueller+ (2016)

Explosion 
energy is 
function of 
pre-SN 
structure 
as well

Does this match 
observations?



(Nomoto 2002, priv. com.)

jet-driven SNe?
(JetSN)


