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Overview

* Presupernova Evolution
e \Varieties of Stellar Deaths

e Uncertianties
* Nucleosynthesis



log central temperature (K)

Once formed, the evolution of a star is governed by gravity:
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Nuclear burning stages

(20 Mg stars)

Fuel Main  Secondary T Time Main
Product Product (10° K) (yr) Reaction

H  He  “N 002 10" 43
He /O, C 180, 22Ne 0.2 106 3 He? > 12C

S-process 2C(a,y)*0

C Ne, Na 0.8 103 120 + 12C
Mg

Ne / O,Mg AlLP 1.5 3 *Ne(y,a)*0

“Ne(a,y)**Mg

O Sl, S Cl, Ar, 2.0 0.8 160 + 160

/ K, Ca
Si,S Fe Ti.v.cr, 35  0.02 *Si(y,a)..
Mn, Co, Ni
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Explosive Nucleosynthesis

In supernovae from massive stars

Fuel Main  secondary T Time Main
ue Product Product (1 0° K) (S) Reaction
Innermost >10 .
ejecta | Process lowY, 1 Ll
Si, O %Nj  irongroup >4 0.1 (oY)
o Cl, Ar, 16 16
O SI, S K, Ca 3 - 4 1 0 + 0
O’ Ne 0! Mg! Ne Na! AI! P 2 = 3 5 ('Yﬂa)! ((x,’Y)
p-process
ng,19F, = 2-3 5 S
133La,130Ta
v-process 5 -V, (v, €



Things that blow up

supernovae

 CO white dwarf = Type la SN, E= 1Bethe
* MgNeO WD, accretion = AIC, faint SN
e “SAGB” star (AGB, then SN) = EC SN
* “normal” SN (Fe core collapse) = Type Il SN
* WR star (Fe CC) = Type Ib/c

e “Collapsar”, GRB =» broad line Ib/a SN, “hypernova”
* Pulsational pair SN = multiple, nested Type I/l SN

* Very massive stars =» pair SN,<100B (1B=10°! erg)
* Very massive collapsar = IMBH, SN, hard transient

SSV

1B=10°" erg
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Energy Scales

Log E | Explosion Thermonuclear
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46 Classical Novae v

48 Faint SN (visible LC?)

49 SN (visible LC)

50 Bright SN (LC?)

51 SN (kinetic) SN Type la total

52 Hypernova? GRB? Pair-SN total (low-mass end)
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final mass, remnant mass (solar masses, baryonic)
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Mass Loss due to Giant Eruptions?

op

——» Type lIn SNe
and SN2006gy

How do the most massive
stars evolve?

* Reduced mass loss on the main sequence followed
by LBV & giant eruptions?

 What are these eruptions?
(physics, number, recurrence)

* When do they occur?
(internal evolution stage?)

« How do we model these eruptions?

 Pulsational Pair-Instability Supernovae (PPSN)?




Mass Loss due to Critical Rotation

ANGULAR MOMENTUM

mass
-

disk

« How important is mass loss due to critical (or fast) rotation?
« How do we quantify mass loss and angular momentum loss?
How does it effect our stellar models?

(Langer, Meynet, Maeder, Hirschi,...)
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Vinit/VK

Rotation

1.0

0.8

0.6

0.4

0.2

0.0

0.8

0.6

04— N =
- i
0.2— ! —
i SN 1I ;
i i BH (SN 1I)
1
L i i
1
OO0Lo v v v v v v v v v v v v v b
10 20 30 40
Minit [MO]

lllllllll

L

lllllllllllll

T T

IIIIIIIIIIIIIII

Beta
Gamma
Maxwell

(Yoon & Langer 2006;
data from Mokeim et al. 2006)

T

= \
“(SNIe ?)s

IR T T T T T T I T T T Y A N I IIIIIIIII | IIIIIIIII | IIIIIIIII
0 0.1 0.2 0.3 0.4
vsini/vg
Z=0.001
BIHl | R e e e e e | T ._I T T T Tl T T I T 1T 1T T 1T T T T | T T 17 1T 1T T 1T
] ¢ U |
= 1 Z=0.001
‘\
! i
GRB b ]
(SNIb ?) _ b BH (SN Ic) 4
i " GRB ¥ i

50

Black Holes
and GRBs from
Rotating Stars

A small fraction of single stars is
born rotating rapidly

The fastest rotators evolve
chemically homogeneously,
become WR stars on the MS, and
may lose less angular
momentum.

(Yoon & Langer 2006)
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Lo09 / Lo03 solar abundaces
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Lo09 / AG89 solar abundaces
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15 solar mass star
yields for different
initial abundances

eover-all pattern remains
remarkably consistent

*but details details in weak
s-process pattern do exists

esensitivity to nuclear reaction
rates and model physics can
be well established for
specific stellar models
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Light Isotope Yields - *C(a,y)*O
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25 solar mass star: central values

030 T I IIIIIIIII I IIIIIIIII [ IIIIIIIII '| lllllllll I T

: (Tur, Heger, Austin 2008) 7
0.28 = —
e [ i
= L 12 |
- X C, ¥Y=0 .
o 0.26— ( ) e
E E X(22Ne,Y=0) = 20 -
g B o6 -
E 0.24 — -rmrem T X( FE,Y:'O) * 500 ]
= i TQ'C(Y:D'DT) -
o 0.22_— ......................... —
e £ e )
2 020 e b
(o] Lt -
o - ' 7
O .
E L ___,.-" —
2 018~ —
0.16 F 29 M(E) — ( *,1.2000) — Lod03 7
[] I IIIIIIIII I IIIIIIIII | IIIIIIIII | 1 1 1 1 1 1 L 1 [ I 1 1 1

0.8 0.9 1.0 1.1 1.2

triple alpha rate multiplier



Central Carbon Mass Fraction
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remnant mass (in solar masses)

remnant mass (in solar masses)

Remnant Masses — NS or
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Mixing in 25 Mg Stars

[Z]=0 (solar) L= 0 (primordial)

Growth of
Rayleigh-Taylor
instabilities

Interaction of
instabilities (mixing) .
and fallback
determines
nucleosynthesis
yields - Si)

= Pop lll stars
show much less
mixing than modern |
Pop I stars due to
their compact
hydrogen envelope
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Supernovae, Nucleosynthesis, & Mixing
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Pop Ill Nucleosynthesis
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Explosion D Elemental Yields

: as a function of
initial mass
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Pop lll Star Core Masses
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Baryonic Remnant Mass
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Pop lll Star Remnant Masses
i

(from Zhang, Woosley, Heger 2007)
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Summary

* Uncertainties In stellar and supernova
physics (and variations of author's choices)
limit association of progenitor mass and
supernova and remnant.

 Outcome of stellar evolution is not “smooth” —
due to physics of shell burning — not even
with ideal numerical implementation & physics

* Degeneracy of unknown initial parameters —
rotation, composition, binarity.

e Stellar and supernova “weather’?
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