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Introduction
� History of supernova
� Types of Supernova
� SN1987A

� Life of a Star
� Ejecta Chemistry

� Supernova Cosmology
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Slakan saying:
A good friend is someone who visits you while you
are in prison. Areally good friend is someone who
comes to hear your lectures.

“Rates of Exchange”
Malcolm Bradbury
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Night Sky
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Multiwavelength Milky Way
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Historic Supernova
Date Mag Comments
185 -2 Chinese
393 -3 Chinese

1006 -9 Arabs, Chinese, Europeans, Japanese
1054 -6 North Americans, Chinese, Japanese
1181 -1 Chinese, Japanese
1572 -4 Tycho
1604 -3 Kepler
1987 3 Shelton
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Types of Supernova
� Type Ia

� Accreting white dwarf
� Type Ib, Ic, Type II

� Core Collapse
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Supernova 1054

Exploding Stars – p. 8/43



Supernova 1572
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Supernova 386

� Chandra Image
� Chinese observe

386AD
� Pulsar Discovered

2001
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The IAU Circular 4316
SUPERNOVA 1987A IN THE LARGE
MAGELLANIC CLOUD
W. Kunkel and B. Madore, Las Campanas Observatory, report
the discovery by Ian Shelton, University of Toronto Las
Campanas Station, of a mag 5 object, ostensibly a supernova,in
the Large Magellanic Cloud at R.A. = 5h35m.4, Decl. = -69 16'
(equinox 1987.2), 18' west and 10' south of 30 Dor and possibly
involved with the association NGC 2044. The discovery was
made around Feb. 24.23 UT on a 3-hr exposure with a 0.25-m
astrograph beginning on Feb. 24.06, and the object had evidently
brightened by at least about 8 mag since the previous night. An
independent suspected sighting was made visually by Oscar
Duhalde, also at Las Campanas, around Feb. 24.2. The object
had brightened to about mag 4.5 by Feb. 24.33. ...
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SN1987A Firsts
Supernova 1987A was:

� The �rst supernova visible to the naked eye since
the invention of the telescope.

� The �rst supernova visible in all wavelengths.
� The �rst supernova in which molecules have been

observed.
� The �rst supernova in which we know the

progenitor star.
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Stellar Nursery

� HST Picture
� Eagle Nebula
� Forming New Stars
� Stars Burn Off Gas
� Stimulates Formation

of More New Stars
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Molecules
H2 Hydrogen CH Methylidyne

CH+ Methylidyne Ion OH Hydroxyl

C2 Carbon CN Cyanogen

CO Carbon Monoxide CO+ Carbon Monoxide Ion

NH Amidogen NO Nitric Oxide

CS Carbon Monosulphide SiO Silicon Monoxide

SO Sulphur Monoxide SO+ Sulphur Monoxide Ion

NS Nitrogen Sulphide SiS Silicon Sulphide

PN Phosphorus Nitride HCl Hydrogen Chloride

SiN Silicon Nitride
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Molecules
NH2 Amino Radical H2O Water

C2H Ethynyl HCN Hydrogen Cyanide

HNC Hydrogen Isocyanide HCO Formyl

HCO+ Formyl Ion N2H+ Protonated Nitrogen

H2S Hydrogen Sulphide HNO Nitroxyl

OCS Carbonyl Sulphide SO2 Sulphur Dioxide

HCS+ Thioformyl Ion C2O Carbon Suboxide

C2S Dicarbon Sulphide N2O Nitrous Oxide
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Molecules
H2CO Formaldehyde H2CN Methylene Amidogen

NH3 Ammonia H2CS Thioformaldehyde

HNCO Isocyanic Acid HCNS Isothiocyanic Acid

C3H Propynylidyne HOCO+ Protonated Carbon Dioxide

C3N Cyanoethynyl C3S Tricarbon Sulphide

C2H2 Acetylene C3O Tricarbon Monoxide

H3O+ Hydronium Ion HCNH+ Protonated Hydrogen Cyanide
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Molecules
CH4 Methane C3H2 Cyclopropenylidene

HCOOH Formic Acid H2CCC Propadienylidene

CH2CO Ketene HNCCC Cyanoacetylene Isomer

HC3N Cyanoacetylene HCCNC Ethynyl Isocyanide

C4H Butadinyl CH2CN Cyanomethyl Radical

NH2CH Cyanamide CH2NH Methanimine
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Molecules
CH3CH Methyl Cyanide H2CCCC Butatrienylidene

C5H Pentynylidyne CH3SH Methyl Mercaptan

HCC2HO Propynal HC3NH+ Protonated Cyanoacetylene

NH2CHO Formamide CH3OH Methyl Alcohol

CH2CHCN Vinyl Cyanide CH3C2H Methyl Acetylene

C6H Hexatrinyl HC5N Cyanodiacetylene

CH3NH2 Methylamine CH3CHO Acetaldehyde

HCOOCH3 Methyl Formate CH3C3N Methyl Cyanoacetylene
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Molecules
CH3C4H Methyl Diacetylene

(CH3)2O Dimethyl Ether

CH3CH2CN Ethyl Cyanide

HC7N Cyanohexatriyne

CH3CH2OH Ethyl Alcohol

HC9N Cyano-octatetra-yne

HC11N Cyano-decapenta-yne
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Main Sequence Star

~tH ! He

H
� Hydrogen plasma
� Core burning

hydrogen to helium
� Ends when hydrogen

in core is exhausted
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Supernova 1987A
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SN 1987A

Feb 24 1987

Ian Shelton

Discovery
Photograph
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Supernova 1987A
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Supernova 1987A
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Supernova 1987A at 20
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Supernova 1987A Neutrino IMB
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CO Observations
Day T(K) V(km=s) M(M � )
192 3000 2000 1:7 � 10� 5

255 1800 1200 4:7 � 10� 5

284 1600 1200 1:2 � 10� 4

349 1300 1200 8:0 � 10� 5
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Ejecta Environment
Heated and Ionized by Radioactive Decay

56Co ! 56 Fe + e+ + 


Rich in Heavy Elements
– He, O, C, Si, S ...
Homologous Expansion

R(t) = vt

D � 1011
�

100days
t

� 3

cm� 3
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Models of SN1987A
Formation

C + O ! CO + h�

C+ + O ! CO+ + h�

CO+ + e ! C + O
CO+ + O ! CO + O +

Destruction

He+ + CO ! He + C+ + O
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CO spectra

Exploding Stars – p. 30/43



HeH+

– Formation

He+ + H ! HeH+ + h�

– Destruction

HeH+ + H ! H+
2 + He

HeH+ + e ! He + H
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HeH+
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H+
3

Exploding Stars – p. 33/43



H+
3
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Supernova 1997ff
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Supernova 1997ff
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High-Z SN Search Team
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High-Z SN Search Team
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Type 1a Supernova
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Type 1a Supernova
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WMAP
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WMAP
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WMAP
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