
Stellar Evolution – Starbirth to Stardeath 
black dwarf, black hole, brown dwarf, main sequence star, nebula/molecular cloud (ISM), neutron 
star, nova, planetary nebula, protostar, pulsar, red giant, (red) supergiant, supernova type Ia, 
supernova type II, white dwarf, X-ray burst 
The evolution of a star with time is determined almost entirely by its initial mass.  The major 
phases of stellar evolution are summed up in the following flowchart: 
 
 
 
 
 
100,000 yrs 
 
 
 
 
 
10

7
 yrs 

 

 

 

 

 

10
10

 yrs 

 

 

 

 

 

 

10
7
 yrs 

 

 

 

 

 

 

 

 

 

Nebula or Molecular Cloud (ISM) - 1 
Cloud of diffuse gas; mostly H; fragments into clumps from slight 

over-densities; nothing competing against gravity 

Protostar - 4 
No nuclear reactions (no fusion); star releases energy from 

contraction (converts gravitational energy to radiation/luminosity); 
mostly H; nothing competing against gravity 

M > 0.08 Msun 

Main-Sequence Star - 7 
Fuses H to HE in core (produces luminosity and competes against 

gravity); stable and longest stage of evol.); lifetime depends a lot on 
mass (more mass lives less); ends when no more H in core 

M < 0.08 Msun 

Brown Dwarf 
Small (almost planet-sized) gaseous body 

too small for nuclear fusion to begin; electron 
degeneracy pressure fights grav. 

Minitial < 8 Msun 

Red Giant – 9,10,11 
Fuses hydrogen to helium in shell 
around core; later begins fusing 

helium to carbon and oxygen; fusion 
fights grav.; ends when fusion stops 

White Dwarf - 13 
Small, dim star of degenerate 
matter (carbon & oxygen, the 
lowest mass stars are just He) 

shining due to leftover heat – no 
nuclear reactions; electron 
degeneracy pressure fights 

grav.; just cool forever, 
eventually becoming a black 

dwarf - 14; size of Earth 

Neutron Star 
Extremely small, dim, and 
ridiculously dense stellar 
remnant, composed of 

degenerate neutrons; neutron 
degeneracy pressure fights 
grav.; shines due to leftover 

heat; size of oakland 

(Red) Supergiant – 9,10,11 
Fuses successively heavier elements in the 

core (He,C,O,Mg,Si,Ne) and lighter elements 
in shells until iron core develops; fusion still 

fights grav.; ends when fusion stops 

Minitial > 8 Msun 

Ejects planetary 
nebula - 12 

SUPERNOVA 
(type II) 

Minitial > 20(?) Msun Minitial < 20(?) Msun 

Black Hole 
Most bizarre entities in the 
known cosmos; extremely 
dense; not even light can 

escape 

Close binaries (usually 
a WD and a RG): if 
mass transfer fast 

(and WD is gets more 
than 1.4Msun: Type IA 

supernova 
No remnant 

Close binaries (WD and a MS 
or RG): Nova if mass transfer 
is slow (and WD stays under 

1.4Msun) 
Remnant WD is left, can do it 

over and over again 

If there’s a strong magnetic 
field and it’s rotating quickly 
(which is often true) and it’s 
pointing the right direction: 

Pulsar 

Close binaries (NS and a MS 
or RG): X-ray burst if mass 

transfers 
Remnant NS is left, can do it 

over and over again 


