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Late spectra

Y R e T e, P L .
o [Fe Iﬂ% [i:n !tl]] o .
— [Fe II] Fe I 1

L [F: 17 [Fe HI] e H][Fa 1] [[Fr-": ]1]11]] ;

10 — SN 1887L (Ia) —
i t ~ 5 months 2
e bm [Ca 1] .
- SN 1987A (1) 1
. T ~ 5 months |
16 |— |
- cam| By Bf _
20 — x|

[Fe I1]
SN 1987M (Ic), t ~ 5 months: [b similar i

| | 1 | | I | 1 I | I ] | 1 |
4000 6000 8000 10000

Rest Wavelength (4)

Type Ia: Strong Fe II-IIT lines

Ib/c:strong O I, CaIT, Mg1I



BLUE MAGNITUDE
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Shock break-out
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WR R~ 10" cm T ~ 5x10° K



The Ring




What makes the rings glow?
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Shock break-out in SN 1987 A

BSG R ~2x10" cm E ~15x10° ergs T __ ~4x10°K

T ~10°K 1~ 3-4min L~10%ergs’ E ~ 10" ergs

color
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Tonization and heating of rings of . | Lk |
SN 1987A 2 d

Observe N ITI-N V %Oﬁm e
Needs Tcolor- ~ 106 K | G \l 0.06 0.08 E.gayso.m 0.14
Break-out confirmed years later!




Diffusion phase
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M~10M, R, ~10"cm
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Up to Rpeak radiation is trapped = adiabatic expansion

from R to Rpeak



Diffusion phase

E,=(y=1)pV=3Kp" VR

Small R = most internal energy lost in adiabatic
expansion = faint SNI

RSG progenitors: Shock energy may power LC for
~ 100 days

BSG progenitors, WR stars: Shock energy lost
Need other energy source
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Plateau phase
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Radioactivity
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Gamma-ray thermalization

Gamma-rays -> nhon-thermal electrons (10 eV - 100 keV)
non-thermal electrons -> ionizations, excitations, heating
ionizations -> recombinations, excitations -> rad. decays,

heating -> coll. excit. -> rad. decays
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Radioactivity
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SN 1987A radioactivities
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Sobolev approximation
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= Sobolev approx
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Nucleosynthesis’™ H =~ l
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H 73“{: + 2 o HWaveIai{;?:{A} ;D: sl
LT e .
N 3.4x10° o, 19 +1 Miiria ~ 20 M,
Ne 6.0x102 Mg 2.2x102
4Ti (-4Ca) 1.0x104 56Ni( - 5’Fe) 0.07

7Ni (-5Fe) 3X103  %Ni+®Ni  6.0x10-s & KozmacF 2002



F. 21T_[ r)(l—e ")+e "I, |rdr

cont

(1—€)BW1

S - rm cont

(1—€)B+e

eB

A%

1 \/ 1 phot



