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1971: Neon Ignition

1983: Oxygen Ignition

1987: Silicon Ignition (13 Feb)
1987: Supernova (23 Feb)
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The Energy from Radioactivity in SN1987A
Early Light Curve Dominated by °Ni and 37Co Radioactivity
(Gamma-Ray Lines Detected by SMM and OSSE, respectively)

Late Light Curve Power Source Unknown:
~10“4M, of 44Ti? Pulsar?

Detection by INTEGRAL Possible, if 44Ti Source

Logio L (erg s7')

39

38

37

36

35

"\‘\._\*‘ . N ——

AT U T

[ I |

® Bouchet & Danziger {1993)

m Suntzeff et al (1992)

UVBRWHK Fransson & Kozma 1997:
0.068 Mo “Co
0.0033 Mg " Co
}E 0.0001 Me “Ti

lllllllllllllllllll

Ll

—— ..
——

1000

2000
Time (days)

3000




100

10

Kinetic Energy (1 051ergs)

0.01

Ejected *°Ni mass (M)

0.001 £

0.1 F

97D Faint SN Branch

10 15 20 25 30 35 40 45 50
Main Sequence Mass (Mg)
E T T T I T T T
: 03dh . -
() o
I -8 Odaw osbw 03w
3 —e—— 97ef Hypernova Branch
: 941 g7A  02ap
- \ % 97D
° :
99br J Faint SN Branch
15 20 25 30 35 40 45 50

10

Main Sequence Mass (My)

Tominaga et al. (2007)

normal SNe
M m~J 12—25 M@

HNe
M ~ 25-50 Mg,

faint SNe
unimportant for
nucleosynthesis




Periodic Table of Elements
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Stellar sources for early chemical evolution
massive stars M = 8 M, = 7 < 30 Myr
core-collapse SNe: neutron stars, black holes

low- and intermediate-mass stars

M ~1-8My, (M) ~2Mg =7 ~1 Gyr

AGB: s-process (A > 70), white dwarfs

WDs in binaries: SNe la (Fe group,A ~ 56)
CCSNe over 10 Gyr: ~1/3 of solar Fe

» early (first Gyr): [Fe/H] < —1.5
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Observations of Sr- & Ba-like elements
(Westin et al. 2000; Hill et al. 2002)
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Fe-like elements (A < 70)
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Evolution of Sr with Fe
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Summary of observations

® wide variations in the ratio of elements
between different groups

® Ba-like elements decoupled from Fe-like
elements

® there must be an Fe source producing
no Sr or Ba

# three distinct types of sources




Three types of core-collapse SNe for nucleosynthesis

O-Ne-Mg
C-O
He

H-He

M ~ 811 Mg

low-mass SNe: NS

M ~ 12-25 M, normal SNe: NS
M ~ 25-50 M, hypernovae (HNe): BH




Characteristics of stellar sources

sources nucleosynthesis remnants
low-mass SNe no Fe-like NS
elements
normal SNe Fe-like elements NS
HNe Fe-like elements BH




Supernovae

collapse
Stellar Core - @ as a neutrino
M ~ 1 Mgun
Ry ~ 10 km phenomenon
R core ~ 1000 km
et +e »v+v, N+ N—->N+N+v+pv
GM?
Rrce ~ 3 x 10°° erg = v,, e, Vy(r)s Vu(r)

production of Sr-like elements
in the neutrino-driven wind

(Woosley & Hoffman 1992)

Ve+p—>n+et

Ve+Nl —>p+e”

()




Stellar sources for elements

Fe-like Sr-like Ba-like
sources
elements elements elements
low-mass

No Yes Yes

SNe
normal SNe Yes Yes No
HNe Yes No No




3-component model (Qian & Wasserburg 2008)
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Interplay between supernova and neutrino Physics

explosion

heavy element synthesis

Vet+n—p+e
UVet+p—n+e

r < 100 km

v process
20:\'0(1/, Vp)lgF
2“Nc(z/, Vn)lch
2ONe(v,, e p)'*Ne

(

20Ne Ve, e_n)wF

12C(,,e™n)'B
2C(ve,ep)!'C
12C(v,vn)HC
?C(v,vp)"'B

r ~ 10* km

v signals




How to use neutrino signals to identify various CCSNe!

progenitor dependences of neutrino emission

e core size, accretion wmly-

Total Luminosity (10*' erg/s)
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final NS mass: low-mass & normal SNe
BH formation: HNe & faint SNe
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progenitor dependences of neutrino flavor evolution

e density profile =l

positions and adiabaticity of MSWV resonances

modulation by shock propagation
(Schirato & Fuller 2002)

comparison with neutrino density:
collective oscillations

(Pantaleone 1992;
Kostelecky & Samuel 1993;
Duan et al. 2006-09;
Raffelt & collaborators 2006-09)
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Example of 3-neutrino mixing including self-interaction

neutronization burst from an O-Ne-Mg core-collapse SN
Duan Fuller Carlson & Qian, PRL 100,021101 (2008)

2-neutrino solar scale

I ;.ff‘.",', _ \ 2-neutrino atmospheric

scale (normal hierarchy)

3-neutrino (matter effect
only, normal hierarchy)

|a”/0¢|2




Survival Probability at » = 225 km
dm? =m3 —mi — £3 x 1072 eV?, 6, — 0.1

neutrino antineutrino P,

A
/7
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Survival Probability at » = 250 km

PVeVe

10 20 30 0 10 20 30 40

E,, (MeV) By, (MeV)
normal mass hierarchy inverted mass hierarchy
A, = 0.01 0, =107

(Duan, Fuller, Carlson, & Qian 2006, 2007)




Other important issues

¥ convection, rotation, magnetic field m——lp-

asymmetry in explosion, neutrino emission
& flavor evolution

(Kneller, McLaughlin, & Brockman 2008)

¥ how to put it all together?

self-consistent model of stellar evolution,
core collapse, explosion, nucleosynthesis,
neutrino emission & flavor evolution




