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Magnetar formation

30 Mo > M*> 20 Mo
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Jet powered Supernovae

60 Mo > M* > 30 Mo
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Central magnetarof B>1e16 G, P <1 ms




Magnetar-Powered Hypernovae and GRB
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Fallback BH formation from Hypernovae

120 '

!
100
E 30
(@)}
o
3 60
40
20
60
0 20 40 60 80 100 120
r (x10™9 ¢m)
p [g/cc]
- - 8 Mo CO Star>4.54 Mo BH
0.0010 0.46 2.2e+02 1.0e+05

Chen+ ApJ 2017



Pulsational Pair-Instability Supernovae
150 Mo > M* > 80 Mo

Chen+ ApJ 792 28 (2014)
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Central oxygen
depletion
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Based on Stan’s Model

Woosley+ 2007, Woosley 2017

Woosley Priv. Comm.

Pulsational instability
begins shortly after central
oxygen depletion when the
star has about one day left

to live (t=0 here s iron
core collapse).

Pulses occuron a
hydrodynamic time scale
for the helium and heavy

element core (~500 s).

For this mass, there are
no especially violent single
pulses before the star
collapses. Nevertheless,
there may be mass ejection.
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For still larger helium cores, the
pulses become more violent and
the intervals between them longer.
Multiple supernovae occur but
usually just one of them is very
bright.
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Stan’s PPISNe Models
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Eruption History

The star produces three violent outbursts.The first, P1, ejects most of the hydrogen
envelope, making a faint Type Il supernova and leaving a residual of 50.7 Msun, just a bit
more than the helium core itself. After 6.8 yr, the core again contracts and encounters the
pair instability, twice in rapid succession. The total mass of the second and third pulses (P2
and P3) is 5.1 Msun and their kinetic energy is 6e50 erg. P3 collides with P2 at large optical
depths that are not visible to an external observer. These combined shells then overtake P1
at 1e15 cm and speeds of a few 1000 km/s.
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Physical Properties of Colliding Shells
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Mixing of PPSNe
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Mixing of PPSNe
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Explosive Burning of 150 Mo Star
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DB: Header _ Core of 150 Mo Star
Cycle: 0 Time:0

Contour
Var: C
- 0.04545
- 0.04090
0.03636
0.0318)
— 0.02727
- 0.02272
—— 0.01818
0.01363
0.009069
0.004545
Max: 0.04599
Min: 1.394e-10
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Mixing of Elements
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The Death of Massive Stars and their black holes

Woosley, Heger, & Weaver (2002)

MS Mass He Core Supernova Mechanism

(solar mass 0)

10<M<80 2<M<32 Fe core collapse to a
neutron star or black hole

80<M<150 35<M<60 Pulsational pair instability
followed by core (PPSN)

1560<M<250 60<M<133 Pairinstability supernova
(PSN)

250 <M 133<M All BH or any Bang??
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Mulit-D Simulations of PPSNe

Chen+ ApJ 792 28 (2014)



Mixing of PSNe

log (p) [g/cm’]




Mass Core Ni
52
Model [10 IMo)

Instab. Mixing
(Mol [Mo] eral

B150 150 67 1.29 0.07 Burning weak
B200 200 95 4.14 6.57 Burning weak

B250 250 109 7.23 28.05 Burning weak
R150 150 59 1.19 0.1 Rev. Strong
R200 200 86 343 466 Rev. Strong
R250 250




