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Up to O (+ s-process)

. SN Observations in
IME (Si, Ca...) + Fe + r-process ielytinpy
“Expanding metal-
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Core-collapse SN — Standard Picture

Figure 9: SNe structure
* Core-collapse
[:::- v-Luminosity

DA — proto NS + bounce shock
— shock stalled
(ram pressure + Fe dissociation)
—>v from proto NS (~ 3 X 10°3 erg)
—>1% of v deposited, shock revival

= explosion w/ ~ 10°! erg.

e Caveat

 do NOT explode in (1D) sims.
* Multi-D effects favored.

Inside Fe core (typically decoupled from the envelope)
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~week ~ 100 days







Nomoto 1984

Kitaura+ 2006

* Explosion

* E, <100 erg.
* M(°®Ni) < 0.015M, Kitaura+ 2006
~0.002 — 0.004M, Wanajo+ 2009




Wanajo+ 2009
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e Neutron-rich

* Little IME
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“Observational”
E,and M(*®*Ni)vs.M_. =

Blondin+ 2003
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Why matter?

They may not be dramatic,
but should be numerous.




SN 2005cs, HST
(Wang & Filippenko)

Before Supernova
MNear Infrared
January 21, 2005
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Kawabata, KM, Nomoto+, 2010, Nature, 465, 326
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Valenti+09; Foley+ 09

SN2008ha @
13C0_2 ——
13CO 1 ——

1300 5 Moriya+2010
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0.037 020 032 0.14 0066 0.063 0.034 0.0065 0.0045 0.00051 0.0017 0.011

NOTE. — The mass fraction of each element is shown.
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+ 10-20(?)M,,
+ 20(?) -100M,,,
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KM, Kawabata, Mazzali+ 2008, Science, 319, 1220

[01]6300 @ 1 year for 18 SNe

W “«

,,,,»"200491{'\-

. r\’ H\\ s U9
AN v A
/7" 1997ef N
A\
S / \
/’l \\
g N\

/ \

. g '”-‘,'} l\’
"/ '2008F

s |
i
f L¥as
{ ¥
i

/

/2005nb -

ol 2005kz

/| 2003jd

14/ 2004fe

D ,-‘"\\ /’D “k

/ Vi

8D [

\

Y

D A
/ \

/

. 2005a]

2005kl -

\
LN
\

./ 2006T"

vic

Polar : on-axis

Observations:

/

¥ Near side
y §(iblueshift)

Far side
(=redshift)

Oxgen-rich material




Nucleosynthesis in “bipolar” CC-SNe

Zn, Co, Ti—Fe(Ni)>Mn, Cr=>0, C Heavier elm. Easier to be ejected.

AN /

E(isotropic) > - Tshock T &V T

Nagataki+97; KM+ 2002, ApJ, 565, 405; KM & Nomoto, 2003, ApJ, 598, 1163;
Tominaga, KM, Umeda+ 2007, Tominaga 2009
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From Supernovae to Hypernovae.

+ 20(?) -100M,
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Iwamoto+ 1998
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KM+, 2006ab : s amnar
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Theory... e.g., Fryer+ 1999

KM+, 2007, ApJ, 658, L5

“mass cut”
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Fe Collapse
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Pal r-band
P200 r-band phatometrny
4 Kack synthetic photometry 1
P:4E R-pand photmeatry
¥ CSS R-band data

Gal‘yam+ 2009 ‘: Y e _-__:ﬁmm(wmm:
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Not conclusive yet. ic
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- CSM by pulsational mass loss -
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Fe-Decomposition

Fe Collapse

Pair-Instability

Pair




Ohkubo+ 2006
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Type la SN = Distance ladder

e White Dwarf




e Consensus:




W7  Deflagration

Expansion Velocity (x10%km s™)

— Deflagration (subsonic).
— Detonation (supersonic).
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— Pure deflagration.
CS15DD2 Def. — Det.

Expansion Veloeity (xlﬂakms 1

W7 by Nomoto+ 1984
— Delayed det. (Def. > det.).

Mass Fraction

Khokhlow 1991; Iwamoto+ 99




KM, Taubenberger, Sollerman+ 2010, ApJ, 708, 1703

[Fe ll] 27155 ' [Ni ] 27378
-“"; L

* Doppler shifts in late-phases.

Normalized Flux + constant
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KM, Roepke, Fink+ 2010, ApJ, 712, 624 (cf. Kasen+ 2009)




Branch+ 1988; Benetti+ 2005
- Solves “unresolved” spectral diversity.
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Spectral evolution do not correlate with the “luminosity”.
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KM, Roepke, Fink+ 2010, ApJ, 712, 624 (cf. Kasen+ 2009)

M (56Ni)=0.54M,
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Similar to 1D delayed det. Model, indeed.
— Differences in details, though (e.g., Ni/Fe ratio © M(°°Ni)).




perhaps 0.001
probably ~0.1 ? NS

10-12 Yes 0.01 -1 ? NS

12-20(?) yes ~1 moderate, NS

likely bipolar

20(?)-100 yes - Extreme,
likely bipolar

100-300 maybe ?

One-sided

Key quantities in SN Nucleosynthesis




