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Post main sequence
Low-mass star
When fusion ceases, a star’s core collapses and its outer 
parts are ejected to form a planetary nebula. With a 
mass less than around 1.4MSun, the central core shrinks to 
become a white dwarf, a very dense, hot plasma of nuclei 
and electrons. 

The planetary nebula NGC5307 surrounds a white dwarf 
star in the constellation Centaurus. Over a few thousand 
years, the expanding shell of warm gas will cool and 
dissipate, and may eventually become part of a cloud 
where new stars form.

Main sequence
When the core of a protostar becomes hot and dense enough for nuclear 
fusion, a sequence of reactions fuses hydrogen to produce helium. 
The overall result is:

41 
1H + 2e− → 4 

2He + 2νe + 4γ
The energy released heats the star and halts its gravitational collapse. 

Hydrogen fusion in the core marks the main sequence of a star’s life. The 
greater a star’s mass, the hotter and denser its core, the more rapid its 
nuclear reactions and the shorter its main sequence lifetime, τ. During 
this time, its luminosity, L, and surface temperature, T, change little. 
For a main sequence star, the dependence on mass, M, is approximately:

L ∝ M3.5   T ∝ M0.7   τ ∝ M−2.5

For our Sun:

MSun = 1.99 × 1030kg   LSun = 3.83 × 1026W

TSun = 5778K    τSun ≈ 1010years

When its main sequence phase ends, a star’s core starts to collapse, 
while its outer layers are thrown outwards and cool. The star is now a 
red giant. 

In the constellation Orion, the star Betelgeuse (upper left) is a red 
giant. Most of the others are main-sequence stars.

Star formation
Stars form in cold molecular clouds composed mainly 
of hydrogen, with some helium and traces of other 
elements. In this image of molecular cloud W51, blue 
indicates X-rays emitted by hot young stars, while red 
and orange show infrared emission from cool gas.

Lives of the stars

Post main sequence
High-mass star
When a star’s core collapses after its main-sequence phase, 
the in-falling material accelerates and heats up. The increased 
temperature and density mean that helium in the core can 
fuse to make carbon. Outside the core, hydrogen fuses to 
make helium. 

Further collapse and heating may lead to fusion of heavier 
nuclei. Stars with M ≥ 8MSun can produce elements up to 
and including iron. Any further fusion beyond iron does not 
release energy, so the core continues to collapse. 

Compact remnant
With no further heating due to nuclear reactions, gravity 
shrinks the remaining central parts of the star, forcing 
electrons and nucleons together and reaching the density of 
an atomic nucleus. During collapse, the remnant’s rotation rate 
increases and its magnetic field is amplified. 

If its mass is less than around 2.25MSun, the compact remnant 
becomes a neutron star with a radius of a few km. Its strong 
magnetic field and rapid rotation produce a narrow beam of 
radiation that can be detected as a rapid series of pulses — a 
pulsar — as it sweeps past a distant observer. 

If the remnant’s mass
is over around
2.25MSun, its
collapse continues
beyond nuclear
densities, becoming
so compact and
dense that even
light cannot escape
from its surface —
a black hole. 

Supernova
The rapid collapse of a star’s iron core disrupts the entire 
star in a violent explosion — a supernova. Its luminosity 
suddenly increases, equivalent to 1010 stars, and the 
extreme high temperatures and shockwaves lead to 
reactions that produce nuclei of the heaviest elements. 

The Crab Nebula is the remnant of a supernova observed 
in 1054 in the constellation Taurus. The expanding hot 
cloud radiates over the entire electromagnetic spectrum. 
Over thousands of years it will cool, and may in future 
become part of a new star. 
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