STELLAR EVOLUTION

ASTROPHYSICS



CLUSTERS IN HR DIAGRAM
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CLUSTERS IN COMPARISON

OPEN (GALACTIC) CLUSTERS GLOBULARCLUSTERS
Morphology Loose. imregular collections Dense, sphencally
of stars symmetnc distnbution of
stars
Membership ~ 10% stars, plus gas ~10° — 10° stars. no gas
Distnbution restricted to galactic plane roughly sphencal
distnnbution around Milky
Way
H-R Diagram | 1, 4 L 4
& &
T 7
— all show main sequence — all show short main
— wade vanety of tum-off séquence
points — all have very similar

tum-off points
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STARS ON HR DIAGRAM

Star brightness vs. temperature
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HR DIAGRAM - EVOLUTION
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TOWARDS MAIN SEQUENCE




PROTOSTARS

» Earliest phase of stellar
evolution

» Molecular clouds
Stellar nursery
» Molecular Hydrogen (H>)

» Infrared

» Pillars of Creation
@Eagle Nebulae

» Left: 4 Lightyears long




PROTOSTARS
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MAIN SEQUENCE
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[AMS

ZERO AGE MAIN SEQUENCE
» Energy Production 4

» Mass compress

» Fusion Rate4

» Energy Productiont
» Star expands

» Core pressure 4

HYDROSTATIC EQUILIBRIUM

Star is stable during Main Sequence



ENERGY PRODUCTION

» Nuclear reaction rates are very sensitive to core temperature!

T18

CNO Cycle

Triple o
PP Chain




MAIN SEQUENCE
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TAMS

TERMINAL AGE MAIN SEQUENCE
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THE EFFECT OF METALLICITY ON MS

Hydrogen mass fraction

X=0.7381 toogoo
10,000 |
Helium mass fraction T oo
Y = 0.2485 i
0.1
Metallicity
Z=0.0134




END OF MS

Luminosity (Lg)
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10% =
Zero-age
main sequence
| —
Stars reach this dashed
line when core hydrogen
fusion comes to an end.
i % = Helium flash (occurs for
107 relatively low-mass stars only)
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RED GIANT PHASE

1. The star shines bv shell

104 =~

hvdrogen fusion: 1 he inert B 3. Core helium
core shrinks and the fusion begins with
| outer layers expand. the helium flash (*).
,T_ 10° = |
' 143 Red-
*}:f' giant
& branch

Luminosity (L,

2. Luminosity increases

and surface temperature
decreases, so the star
moves up and to the
el right on the H-R
diagram (along the red-
giant branch).
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STELLAR INTERIOR

Hydrogen shell
Expanding e, o0MTCE

outer Inert helium

layers \ 5 core




HELIUM FLASH

4. The star now shines by shell hvdrogen
fusion and core helium fusion: The core
expands and the outer layers shrink.

6. Eventually all of the
core helium is used up.

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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FINAL STAGES - ASYMPTOTIC GIANT BRANCH

_ \ . = Planctary
Asymptotic nebula

glant
branch

7. The star now shines
by shell hydrogen fusion
and shell helium fusion: 9. Eventually the

['he core shrinks and the e ar b le o et
ourer layers expand. lavers 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

j I the asymptotic giant branch). —
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EJECTING OUTER LAYERS

Hydrogen shell

source Helium shell

source

Expanding
outer
layers
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Planetary nebula ejected

Horizontal
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LEFT OVER: WHITE DWARF




LEFT OVER: PLANETARY NEBULAE




WHITE DWARF TYPES

nearly pure nearly pure

hydrogen surface neutral helium surface
helium

carbon and
oxygen core

nearly pure exposed core of
ionized helium surface carbon and oxygen




NUCLEAR TIME SCALE

= feMc” /L

/= fraction of nuclear fuel available for fusion

HUC‘

e = efficiency of matter-energy conversion

M = mass of the star

= luminosity of the star



NUCLEAR TIME SCALE

{ M
lo Mg
M@= 1

to = 10 billion years



EXERCISE

» What is the main-sequence lifetime of a 15 Mo star?

» t=1x1010x(15)2>

» t=11.5x10¢years



SUMMARY - LOW MASS EVOLUTION




Helium Carbon Oxygen
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ONION SKIN

Hydrogen .
Helium fusion Nonburning

fusion envelope
(hydrogen)

Carbon
fusion

Oxygen
fusion

Neon
fusion

Magnesium
fusion

Silicon
fusion

lron ash



IRON: LAST STATION
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