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Well-known Types of Supernovae : Observations

" Typel:no H line
- la: Si-ll line
- Ib: He-l line
- lc: weak or no He line

= Type Il : with H line
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Nuclear energy production is important for giant stars

(beyond main sequence)
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Initial Mass & Final Fate Relation

4 )
. M< 8 Me : White Dwarf - Type la SN

= 8 Me<M< 25Me:Neutron Star > Type Il SN
» 25Me <M <100 Me :Black Hole > Hypernova
= 100 Me <M <140 Me : Black Hole

= 140 Me < M < 260 Me : Pair-Instability SN

= 200 Me <M : Black Hole
\_ /

* Numbers above depend on the metallicity, etc
—> Consider them only as guidelines



White Dwarfs

Evolutionary Tracks off the Main Sequence
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M =0O(1Mg) and R = O(7000 km)

® composed of He/C/O core
at a degenerate electron gas phase
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Neutron Stars
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Matter at quantum densities

h
de Broglie wavelength : A = —
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degenerate electron gas : white dwarfs
degenerate nucleon gas : neutron stars
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Wanted [P(r), T(r
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Required input from nuclear physics
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P = P(p, T, composition),
kK = k(p, I', composition),

€ = €(p, T, composition).
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white dwarf: non-relativistic vs relativistic gas

pron—rel o 55/3 (low mass white dwarf)

P  p*/3 (high mass white dwarf)

r
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® as mass increases, the density increases

® from non-relativistic regime to relativistic regime
® the pressure support rises more and more slowly
® the radius shrinks even more sharply

® electron pressure cannot support gravitation
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mass-radius relation of white dwarfs
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p X — relativistic electron gas
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[ Maximum white dwarf mass should exist ! J
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Mcy, = 1.4Mj;

radius

[ similar for neutron stars with degenerate nucleon gas J
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Supernova Type la
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SN Type Ia is standard candle in cosmology

White dwarfs in close binaries

Reach Chandrasekhar mass due to accretion

lgnition of carbon core burning under degenerate
conditions

Structure is insensitive to the temperature

(because degenerate pressure dominates)

- no self-control mechanism as in classical gas
Nuclear reaction rate increases more and more
Thermonuclear runaway : SN Type la
Nothing left after SN explosion

12



Supernova Type la

Mg, : SN Type Ia is standard candle in cosmology
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(M >8Mg) Structure of massive star before collapse
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107 7, =10" km

What will happen when Mg, ~ Mqy”?
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What will happen when Mg, ~ Mcy”?

-~

Nuclear Photodisintegration
v +°°Fe — 13 “He + 4n (—124 MeV)

v+*He — 2p +2n (—28.3 MeV)

Neutronization Fp oty

e~ +°°Fe —°Mn + v,
e +°% Mn —°°Cr + v,

3¢ total loss of thermal pressure support
st core collapse on a free-fall timescale

3\’ . . .
TH = = ~ 0.1 s — a few seconds with neutrino scattering
32Gp
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final fate of evolving giant stars
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white dwarfs & neutron stars & black holes

black holes

\ neutron stars
\ white dwarfs

radius

Mass

nucleon
degeneracy
pressure

electron
degeneracy
pressure

[ Strong interaction ?J well-known
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Neutron Stars

general relativity for neutron star

dP(r) 4mr3 P(r) - 2GM

: |[-*

dr B

(r)}l

P(p;p,n,e,m, K, Hyperon,...)

beyond normal nuclear matter density 7

\_

Open Question:
How to calculate in strong interaction regime?
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Various R & M relation

gtuark—hybrid traditional neutron star
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Supernova Type |l

s¢ formation of neutron star at the core
st shock wave propagates outwards

s supernova explosion

% neutron star is left at the core after SN

-

Lgn ~ 3 X 109 L@

E, ~ 10°° erg

Eyin ~ 3 x 10°! erg
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Supernova Type |l
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New Types of Supernovae

* Hypernovae (Rotating Black Holes)
25 Me <M <100 Me
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Low-Metallicity Stars in the Early Universe

M > 100 Me

* High-metallicity galaxies (Our Galaxy, 0.02)
—> many stars with high metallicity
—> stable stars cannot exist beyond 100 Me
" Low-metallicity galaxy in the early Universe
- expected : existence of low-metallicity stars
-> but, none of them found, yet
= Stars in the early Universe are high in mass
- 100 Me <M < 300 Me
—> Pair-Instability Process
-> went into BH or pair-instability supernovae
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Pair—lnstability Process X -> MALGTA
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New Types of Supernovae :
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Pair-Instability

" Pair-Instability
M > 260 Me
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Initial Mass & Final Fate Relation

4 )
. M< 8 Me : White Dwarf - Type la SN

= 8 Me<M< 25Me:Neutron Star > Type Il SN
» 25Me <M <100 Me :Black Hole > Hypernova
= 100 Me <M <140 Me : Black Hole

= 140 Me < M < 260 Me : Pair-Instability SN

= 200 Me <M : Black Hole
\_ /

* Numbers above depend on the metallicity, etc
—> Consider them only as guidelines
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Prospects for KoRIA

" Nuclear Synthesis from various types of Supernovae

"= Symmetry Energy in Neutron Stars

" Leading role in Astrophysics

- gamma-ray bursts & gravitational wave radiation

from colliding NS binaries
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Neutron Number
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