Rare? types of massive star explosions
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/0% of supernovae: Fe-core collapse

nonburning hydrogen
hydrogen fusion

helium fusion

carbon fusion

oxygen fusion

neon fusion

i i magnesium fusion

silicon fusion

inert iron core



30% of supernovae: expl. WDs
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Why mass matters
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“long” Gamma-ray Bursts




GRB energy & distance
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GRB model: Collapsars




Collapsars

massive core = black hole
compact size =

rapid rotation = centrifugal barrier
= 5~ 10%cm?s™!



Galactic stars: slowly rotating cores

initial

Suijs et al. 2008



Need stars without envelope

Stellar cores spin down due to core-envelope
coupling

= need stars without envelope

also required by collapsar picture:
R,

Y 0
c Tengine

but: loss of envelope induces spin-down
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Fast rotator: chem. homogeneous
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Models at Z=10""

Z=0.00001
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Models at Z=10""

Z=0.001
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GRB metallicity bias!
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Metallicity bias
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GRB Metalicity bias

locally: 1 GRB /1000 SNe

assume GRBs come from Z < Z. /10

#SNe(Z<Z5/10) 1
#SNe — 100

. #SNe—BH _, 1
also: #SNe — 20




GRB Metalicity bias — frequent

locally: 1 GRB /1000 SNe

assume GRBs come from Z < Z. /10

#SNe(Z<Z5/10) 1
ZSNe — 100

. #SNe—BH _, 1
also: #SNe — 20




Pair instability supernovae

Zur Supernova
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Do PISN occur only in Pop 1117

= needs very massive star



Do PISN occur only in Pop 1117

= needs very massive star

NQO:



Langer et al. 2007
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|_ocal PCSNe possible?
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_ocal PISN rate

best mass loss rate
PISNe from 7 < Z. /3

SNe(Z<Z~/3
w ~ L (Langer & Norman 2006)
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Was SN 2006gy a PCSN?
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Pair-instability

supernova
SN 2007bi

Iron-core-collapse
supernova
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Are PISN bright?

= needs very massive star



Are PISN bright?

= needs very massive star

mostly NO:
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PISN light curves (H-poor)
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Pop 111 PCSN light curves

PPSN(250-1) PPSN(250-S)
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PCSN nucleosynthesis!

measured chemical yields in SN 2007bi:

O: > 10 Mg
Ne: 44+ 0.2 Mg
Si: 22 £ 3 M,

S: 10+ 1 Mg
Ar: 1.3 +£0.2 Mg
NIi: 6 £1.2M,




PCSN nucleosynthesis!

locally: 1 PCSN/1000 SNe

= at Z < Z,/3: 1 PCSN/100 SNe

most metals (O...Ni): solar ratios

(Heger & Woosley 2002)




e-capture supernovae

Zur Supernova
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e-capture supernovae

WD/SN transition "difficult": 8...12 M,? (50% of all SNe?)

super-AGB stars:
core carbon burning + th. pulses (= electron-deg. core)
two possible outcomes:

ONe WD (M high, 3rd dredge-up efficient)
ECSN (M low, 3rd dredge-up inefficient)
necessary: 2nd dredge-up down to M¢y,

difficult to make complete models, parameters studies:
10°..10* thermal pulses

— synthetic TP-SAGB models
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ECSN mass range (Z = Z)

A = parameterized

Miow/ Mg Mpign/ Mo % EC | Miow/ Me  Myign/ M % EC

Reimers 9.25 9.25 19.7
VW93 9.25 9.25 6.2
van Loon 9.25 9.25 7.1

Poelarends et al. 2008
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WD-SN transition regime as f(2)




Conclusions

ecSN: may be most frequent type of SN
long GRBs: rule rather than exception in BH formation
PCSNe: could dominate metal production
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