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After the Main Sequence

e Goals:

— How long can starsremain on the
Main Sequence?

— What happens as Hydr ogen depletes?
— How are Giants formed?

o Zero AgeMain Sequence (ZAMYS)

— Protostars become M S stars.

 When the starts core hydrogen burning
and reaches hydrostatic equilibrium it is
called a zero age main sequence star.

e Duringitslifeonthe MSH isconverted to
He and there are small changesin the
luminosity, radius and temperature.

* Hydrogen isused up and the core shrinks
(fewer particles) L temperature,
pressure and density rise.

e Increased pressure ] increase nuclear
reaction (more energy). Pressure from
photons pushes outer layers[] expands.

» For the Sun: Radiusincreased 6%,
Luminosity 40%, Temperature 300K.
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— Hydrogen burning and depletion

* Theincreased temperature heats material
surrounding the core and starts hydrogen
burning in outer layers.

« Moremassive stars (O, B) burn H rapidly
(~3x10° years).
 Low massstars (M) burn slowly (~2x10* yrs).

* Mass deter minesformation time, luminosity,
temperature and lifetime.

« MStimeislongest period of a starslife.

 When the Hydrogen isdepleted (converted to
“He) the core stops producing nuclear energy
(shells around the core have not depleted and
continue burning - shell hydrogen burning).

» Coredoesnot generate enough pressure,
temperatureto counter gravity and shrinks.

» Shrinking corereleases gravitational energy
(Kelvin-Helmholtz) [J reheatsthe core.

* Thisincreasesthe shell hydrogen burning
(energy released heatsthe outer shells).

e Coreof 1M star compresses by one-third, T
Increasesto 108K over 108 years.
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« Main Sequence Lifetimes
— Energy output (Einstein)

E=f Mc’
o E: Total energy released by star
f: Fraction of mass converted to energy
M: Mass of star
C. Speed of light

— Luminosity vslifetime

e Luminosity of a star over itsMSlife

E
L =—
t
e L: Luminosity

t: lifetime
o Substituting Massfor Energy
fMc?
[ =
L

— Luminosity vs mass

e MSmassreated to luminosity LocM 35
Substituting for mass

1
tDMZ.S

Larger massmmmm) shorter lifetime
1M O 10°years
25M o [0 3x10° years
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 Forming a Red Giant
Figure 21-4

— H depletion and cor e contraction

» Shell burning spreads outwards through
thelayersof the star.

» Heat from the contracting core and shell
burning increase the internal pressure of
the star causing it to expand (x100).

o Asthestar expandsit cools (astheair let
out of atireiscool to thetouch). When it
coolsto 3500 K it emits in thered
gpectral range (828 nm).

e Itisthen known asared giant.

 Thelarger thesize of the giant the less
gravitational pull on the outer material.
Mass lossincreases substantially (107 Mg
yr-1 compared to 1014 Mg yr-t for Sun).
e For the Sun:
Hydrogen depletion: 5x10% yrs
Red giant Radius. 1 AU
Temperature: 3500 K
Luminosity: 1300 L 4

* Red giantsare cool but very luminous
(largeradii).
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e Helium Burning

— Increased coretemperatureignitesHe

 Asared giant the coreissmall (30,000
km), compact and almost pure He.

 For Hetoigniterequireshigh T (2
protons per Heincreasesrepulsive forces).

» Hydrogen burning shell increasesthe
mass of He at the core.

 Heignitesat 108 K.

— Triplealpha process

e Helium “burns” releasing energy (in the
same way that Hydrogen reactions work).

‘He+ “He - °Be

e 8Beisvery unstable (breaksdown to “He)
A 3rd *He can collide befor e br eakdown.

"Be+ ‘He - “C+y

e Three“*He haveformed to produce °C
and a photon (Gammar ay).
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— Triple alpha process

* An additional reaction can occur and °C
can be converted to %O releasing energy.
12C+ 4He—> 160+y
* Helium burning produces mor e ener gy
and creates heavier elements (metals).

 Know as core helium burning and lasts
about 20% aslong asthe M Slifetime.

» These elements are essential for the
production of life.

— Helium Flash

e How the helium burning starts dependson
the mass of the star.

* In high mass stars (>2M ;) helium burning
startsgradually asT—»10%K.

e Inlow massstarsHeburningissudden (a
few minutes). Called the helium flash.

* Inideal gases pressure, temperature and
density arerelated smply
P=pkT
e P:pressure
p: density
T: temperature

 Pressureincreases ] Heats[1 Expands
[1 Cools (safety valve).
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— Hdium Flash

* Inred giant thecoreisvery compressed

 Atomsareionized and thefreeelectrons
cannot be compressed any mor e (Pauli
exclusion principle).

» Coreactsasa degenerate electron gas
(pressureisindependent of temperature).

 Helium ignites, temperature increases
(pressure doesnt increase to compensate)
and a runaway effect occurs.

o Eventually temperatureincreases so that
the electrons are no longer degenerate and
cor e expands.

* Energy generated isused in core heating
and expansion and absorbed by outer
layers of the star (we dont seetheflash).

* Heburning causes luminosity to decrease.

* The core expands, cools and doesnt heat
the surrounding H shells (energy
production drops). Outer shells contract.

 After Heflash star is hotter, smaller and
less luminous.
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