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Detour: Stellar Evolution, Supernovae (SNe), Supernova Remnants (SNRs)

Stellar evolution
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Thermonuclear Supernova (Type la)

Less luminous
[ SN fade fast

N Luminous SN
& fade slowly
\

A
\

X
P

1011
Fuvaiiy corloon &U\SIW\. /
V/
Accretion F
disk 1010
o .
White 5
dwarf )
10°
Planetary Red Growing Detonation é‘
Binary star system LS GEL CRDENE § 1o
B=|
g L
=
E. Chaisson, S. McMillan “Astronomy Today” )—) F
1010

ovr UV'UD vuurx-( ov '|aﬂ'|kl‘\ %M

L?"M" 5A0° Lo , E _,4_,5,4054”3 | shadord comdly &w cosw\o(.oa'|

corrected
luminosities
& durations

. .Ta/z-j?7d

Tyche ENASTL Magartment &'S«" carv:

(§o hichaced SO Ks)

l»[drbx.v\ (iveg T

Tl el

Optical light arrived in 1572

Supernova Earth

0 20 40 60
Time from peak (days)
S5 S6Co 56 Fe



Core-Collapse Supernova (type I, Ib, Ic) (st Grawmasillnr
CO((IABS&'IO weubron stav 0\6’\'}4 wucl, meuo -7,

Heavy elements
Hydrogen

Helium, carbon
N

\‘ Hydrogen

core ——— 4

Remnant ~ Shock
core e

Normal star fusion Massive star imploding Core rebound Explosion SN43 8? A
- S I
L g E. Chaisson, %Agc!\/hl\an ‘Astronomy Today” v S‘a"“l& .
9. [}
.Fuk ~ 4% Lo B~ Ao L5 (. 4%% V') ~ALs -
e 7 el [ Wamnin

(zs qua\h)

l Gain-checking blank

SNAMSTA: gIC (JSSO‘*fl-) ba&x'c-* L\\-I'lr

M. Koshiba. Phvs.Rept. 220 (1992) 229



SNR Evolution: Free Expansion
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8iz in M82 (d ~
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SNR Evolution: Sedov-Taylor & Snow-Plow Phase
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Standard Paradigm of Galactic Cosmic Rays
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Figure 30.9: The all-particle spectrum as a function of E (energy-per-nucleus) from air shower
measurements [106-119]
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Standard Paradigm of Galactic Cosmic Rays

Observation: Explanation:
® mass abundance ~ solar e stellar origin, ISM o spuchr
e Li-B, F, Sc-Mn overabundant e secondary fragments E(«)N'AJ’Z
® M(R)ox R, 6 ~1/3...1/2 ¢ diffusive propagation in turbulent B-field

® cosmic clockS: ¢ Tesc PISM > Aesc e diffusion in disk and halo
e energy density: ucg ~ 1 ¢V/cm? e SNRs, ~ 1 —10% of Lgn

e power law: J oc B9 ¢ stochastic acceleration and escape
e a=~v—-0=21...24 ¢ diffuse shock acceleration s
e spectral features (knees) ® Fax = ZeRnax, Peters Cycle’

e energies up to ~ 1017 eV Z = 26, nonlinear DSA, B-field amplification






