
Lecture 17: 
Low Mass Stellar Evolution

Click me!
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How does a star’s mass affect 
nuclear fusion?

Insert TCP 6e Figure 15.11
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Stellar mass and fusion rate

• Mass of a main-sequence star 
determines its core pressure and 
temperature.

• High mass stars have higher core 
temperature, more rapid fusion, 
higher luminosity, shorter MS 
lifetime.

• Low mass stars have cooler 
cores and slower fusion rates, 
lower luminosities and longer 
MS lifetimes.

High-Mass Stars

Low-Mass Stars



Life stages of a low-mass star



• A star remains on 
the main sequence as 
long as it can fuse 
hydrogen into helium 
in its core.
• Energy produced 
balances energy lost
• A star’s lifetime on 
the MS depends 
greatly on its mass.

Main-Sequence Lifetimes and Stellar Masses

Main sequence lifetimes



• A star’s lifetime on the MS 
depends greatly on its mass.

• Lifetime ~ mass/luminosity

• tms = 1 / MSun 2.5 x Sun’s lifetime

Main sequence lifetimes

Example:
For 4 solar mass star:
tms = 1 / 4 2.5

= 1/32 lifetime of Sun (1010 yrs)  
= 310 million yrs



Think/Pair/Share

What happens when a star can no longer fuse 
hydrogen to helium in its core?

A.  Core cools off and expands
B.  Core shrinks and heats up
C.  Core expands and heats up
D.  Helium fusion immediately begins
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Life Track after Main Sequence

• A star becomes larger, 
cooler, and more 
luminous after its time 
on the main sequence 
is over – why?
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Changing to a red giant

1. Core and a shell around it 
contract (no core fusion), H 
begins fusing to He in a shell
around core.

2. As shell contracts, fusion rate in 
the shell increases dramatically

3. The high fusion rate generates 
enough energy to increase the 
overall luminosity

4. Higher luminosity pushes outer 
layers of star outward; star is a 
subgiant, (eventually a red 
giant)



Helium fusion begins!

1. Helium formed in shell H  
burning is added to core

2. Increasing core mass shrinks  
it further

3. Shell shrinks further, gets 
hotter still, adds even more 
more helium to core

4. Core and shell shrink and heat 
up until core helium fusion
ignites at 100 million K!



• Helium fusion requires much higher temperatures 
than hydrogen fusion

• Fusing two helium nuclei is endothermic (meaning it 
doesn’t release energy), so helium fusion must 
combine three He nuclei to make carbon.

Helium fusion



Helium flash, then fusion

1) Helium fusion heats core - temp rises rapidly (helium flash) when 
helium fusion begins

2) Helium fusion rate skyrockets, thermal pressure expands core and shell.
3) Total energy (luminosity) falls, outer layers contract and heat up.
4) Red giant becomes a helium-burning star – core is stable. 



Life Track After Helium Flash

• A red giant shrinks and 
become less luminous 
after helium fusion 
begins in the core.

• Shrinking causes modest 
surface temperature 
increase
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Life Track After Helium Flash

• Observations of star 
clusters agree with 
models.

• Helium-burning stars 
are found in a 
horizontal branch on 
the H-R diagram 
(same luminosity, 
differing temperatures)
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How does a low-mass star die?



Think/Pair/Share

What happens when the star’s core runs out of helium?

A.  The core collapses and the star explodes.
B.  Carbon fusion begins in core.
C.  The core expands and cools off.
D.  Helium fuses in a shell around the core.
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Double-Shell Burning

• After core helium fusion stops, He fuses into carbon in a 
shell around carbon core, and H fuses to He in a shell
around the helium layer. Star is a red giant again.

• This double-shell-burning stage never reaches equilibrium 
— the fusion rate periodically spikes in thermal pulses.



Planetary Nebulae
• Double-shell burning ends 

with a pulse that ejects the 
remaining outer layers of 
H and He  into space as a  
planetary nebula.

• The core left behind 
becomes a white dwarf.



Planetary Nebulae

• The very hot core gives off 
ultraviolet radiation which 
ionizes the gas, causing it 
to glow beautifully in 
visible light

• The ejected gas disperses 
quickly (< 100,000 years)



End of Fusion

• Fusion progresses no further because core 
temperature never gets hot enough for fusion 
of heavier elements (little helium fusion with 
carbon to make oxygen).

• Degeneracy pressure supports the white dwarf 
from contracting further due to gravity.



Life stages of a 
low-mass star 
like the Sun

The Death Sequence of the Sun

How does a low-mass star die?



Changes in Sun

• The Sun’s luminosity will rise to 1000 times its current level.



Changes in Sun

• The Sun’s radius increase dramatically!



* Life track of a low-mass star *
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What have we learned?

Begin 3 minute review



What have we learned?

What are the life stages of a low-mass star?
1.  H fusion in core (main sequence)
2.  Inert helium core, H fusion in shell (subgiant)
3.  H fusion in shell around contracting core (red giant)
4.  He fusion in core (horizontal branch/helium burning)
5.  Double-shell burning (red giant again)
6.  Planetary nebula phase
7.  White dwarf

How does a low-mass star die?
Ejection of H and He in a planetary nebula leaves 
behind an inert white dwarf.


