
o once the electrons in a white dwarf become 
relativistic, the star must collapse

o critical mass is the Chandrasekhar mass:
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Maximum White Dwarf Mass

independent of 𝑚:



o collapse ⟹ 𝑇 ↑⟹ 𝐶/𝑂 burning throughout

⟹ deflagration/explosion

⟹ supernova (Type Ia)

o energetics: ~ 10HH J total (~ 𝐿⊙ × 10OP yr)

o light curve: radioactive decay (Ni, Co, …)

peak luminosity ~ 5×10S 𝐿⊙

White Dwarf Collapse



Cadonau 1987

half life = 6 days
Nickel-56

half life = 77 days
Cobalt-56
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layered core structure



Faster and faster burning stages (~25 𝑀⊙ star)

𝐻 ~ 5×10Y yr
𝐻𝑒 ~ 5×10[ yr
𝐶 ~ 500 yr
𝑁𝑒 ~ 1 yr
𝑆𝑖 ~ 1 day

→ [Y𝐹𝑒

High-Mass Stars

Problem:

Iron won’t fuse!



fission

fusion



o Fe core grows in mass and shrinks in radius
o core is supported by electron degeneracy pressure

temperature 𝑇 > 10S 𝐾
density 𝜌 > 10O+ kg mf0

mass 𝑀 ~ 1.2 − 1.4 𝑀⊙ ~𝑀"#

radius 𝑅 ~ 10H km

o core is about to exceed 𝑀"# and become unstable, but 
things are worse than that…

Core of a High-Mass Star



1.		High	 𝑇 ⟹ photodisintegration	

𝛾 + [Y𝐹𝑒 → 13(H𝐻𝑒) + 4𝑛 – 124 MeV

𝛾 + H𝐻𝑒 → 2𝑝 + 2𝑛 − 28.3 MeV

removes	 ~ 10H[ J ≈ core	thermal	energy
destabilizes the	core

2.		High	 𝜌 ⟹ neutronization	

𝑒f + 𝑝 → 𝑛 + 𝜈:
𝑒f + [Y𝐹𝑒 → [Y𝑀𝑛 + 𝜈:
𝑒f + [Y𝑀𝑛 → [Y𝐶𝑟 + 𝜈:

Core of a High-Mass Star

removes electron
pressure

neutrinos carry 
off energy



o core cannot support itself, goes into free-fall
o collapses on time scale  𝑡|| ~ G𝜌 fO/+~ 0.1 s

o collapse halts at nuclear density:
𝜌 ~ 10O~ kg mf0

𝑇 ~ 10O+𝐾

o “bounce” and resulting shock wave destroy the star 

o result		is	a	(Type	II/core	collapse)	supernova

Collapse to a Neutron Star



SN 1987a





o total energy
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o 99% in form of neutrinos 

𝛾 + 𝛾 → 𝑒� + 𝑒f → 𝜈: + 𝜈̅:, 𝜈�+𝜈̅�, 𝜈�+𝜈̅�

o 1%	kinetic	energy

o 0.01%	radiation

Type II Supernova





o remnant	is	a	neutron	star:

𝑀 ~ 1.4 𝑀⊙, 𝑅 ~ 10 − 15 km

o almost	entirely	composed	of	neutrons

o supported	by	neutron	degeneracy	pressure
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Neutron Star































o mass	and	radius

𝑀 ~ 1.4 𝑀⊙, 𝑅 ~ 10 km

o rotation	rate	
Ω ~ 𝑅f+ → 1 − 1000 rad sfO
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~ 10fO0

o magnetic	field

𝐵 ~ 𝑅f+ → > 10O+ G (10� T)

Neutron Star Properties





o mass	and	radius

𝑀 ~ 1.4 𝑀⊙, 𝑅 ~ 10 km

o rotation	rate	
Ω ~ 𝑅f+ → 1 − 1000 rad sfO
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~ 10fO0

o magnetic	field

𝐵 ~ 𝑅f+ → > 10O+ G (10� T)

Neutron Star Properties
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