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1. The star shines by shell

hydrogen fusion: The inertl§ 3. Core helium

core shrinks and the fusion begins with
outer layers expand. the helium flash (*).
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2. Luminosity increases
and surface temperature
decreases, so the star
moves up and to the
right on the H-R
diagram (along the red-
giant branch).
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Before the helium flash: A red-giant star
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4. The star now shines by shell hydrogen
fusion and core helium fusion: The core
expands and the outer layers shrink.

6. Eventually all of the
core helium is used up.
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5. Luminosity decreases
and surface temperature
increases, so the star
moves down and to the
left on the H-R diagram
(into the horizontal
branch).
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After the helium flash: A horizontal-branch
star
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Planetary
Asymptotic nebula
giant
branch

7.The star now shines
by shell hydrogen fusion -

and shell helium fusion: 9. Eventually the

outer layers expand. layers to form a
planetary nebula.

8. Luminosity increases and
surface temperature decreases,
so the star moves up and to the
right on the H-R diagram (along
the asymptotic giant branch).
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After core helium fusion ends: An AGB star
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¢ Pleiades
Age: 70-1QC Myr
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Froesepe
Age: €QC Myr

llllllllllllll

C R+ 1
B-V

Can determine ages of stars from distribution in HR diagram
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M15 Mix Length = 1.7
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14, 16, 18 Gyr Iscchrones
(m-M) = 15.30

E(B-V) = 0.09

[Fe/H) = -2.1
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Nonburning hydrogen

Hydrogen fusion

Helium fusion

Carbon fusion

Oxygen fusion

Neon fusion

Magnesium __
fusion

Silicon fusion

iron ash

Final stages of life of massive star
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Supernova remnant
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Visual: ~ 5000 K Infrared: 10-100 K
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Embedded Outflow in HH 46/47 Spitzer Space Telescope * IRAC

Inset: visible light (DSS)
NASA / JPL-Caltech / A. Noriega-Crespo (SSC/Caltech) ssc2003-06f
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