The future sun- March 18 Giants are dying stars; white dwarfs are dead stars

« New policy: if you turnin + Why does the sun die? « Evidence on giants from star
more than 2 clicker paper * What will the sun become clusters
answers, they will count 2 when it dies? « All starsin acluster are born at
pts/question. once.
¢ Public viewing sessions at « 100,000 fraternal twins, some
MSU campus observatory. weighing 30 times me, the G
o Fri & Sat, 9-11pm, ifitis star, some 1/10 me.
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Star cluster Pleiades HR Diagram of Clusters

« Not al fainter stars
were observed

¢ Inwhat waysare
HR diagrams of
H+c Perseus,
Pleiades, Hyades, &
NGC188 different?
¢ Perseusis hotter
than Pleiades
* Notall starsare
onMS
¢ Perseus has small
range of
luminosity
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HR Diagram of Clusters

¢ Inwhat waysare
HR diagrams of
H+c Perseus,
Pleiades,
Hyades, &
NGC188
different?
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Stars with high mass live a short life
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H-R Diagrams of star clusters

1. Thereareno A starsin
M80 because

they never formed.
they died and disappeared

all stars became redder as
they get older.

they aretoo faint to see.

H-R Diagrams of star clusters

The hottest dwarfsin . : (3
Pleiadesare A stars. The B .
hottest dwarfsin M15 are [ESEe
F stars. Pleiadesis___
than M 15.

a older

b. younger




Life of the sun

Life of the sun

N | » Heat source moves closer to surface.
Tt |on i lydrogen
N corcentration o | ayers below surface swell up.
E /\\ « Star becomes larger
[=1]
3 oo Temperature o Gurface becomes cooler
o ™~
\“1..‘_ -
2 Red giant.
— Radius —»

B | » Heat source moves closer to surface.
Tet  |n Vi lydrogen
- cercentiation ¢ | ayers below surface swell up.
E / X « Star becomes larger
=1}
g o Temperature o Qurface becomes cooler
@ ™.
\_‘_‘_ .
2 Red giant.
—— Radius —»
10,
: Present sun
104
0 H=>He burning
Eges core
3
£ | Radius :
5 phqtqsphere,,_i,,_m, Inert H
i .o
vmmdm .. g
€ Temperature
Life of the sun
N .« Heat source movescloser to surface.
Teit_ B ' Hydragen
- concontration o | ayers below surface swell up.
E /7 AN * Star becomes larger
= i
g . Temperature o Gurface becomes cooler
& -
L“\_ .
> Red giant.
—— Radius —»

Luminosity =

Few 100 Myr later

Inert He core

Radius  ° H=>He burning
photosphere,, shell

N ) Inert H

Vlhib.d\-t;s- M

€ Temperature

K 5 Byr from now
Py o Inert He core
2l
g _ H=>He burning
= ,|Radius s shell
§ '[photosphere s pmm
O - Inert H
ot ¥ -
vmmdm c . &
10t 1 1 L L L i
€ Temperature
Life of the sun
T~ .« Heat source movescloser to surface.
Feit [ v Hydrogen
- cencontation o | ayers below surface swell up.
€ / AN * Star becomes larger
g i
z . Temperature o Surface becomes cooler
& -
= .
> Red giant.
—— Radius —»
@ Later
Ol
= Inert He core
g ;
g |Radius ~ * )
5 '[photosphere,, =>He burning
Y shell
[ Inert H
O i

€ Temperature




After helium is used up

Reaction Min. Temp.
41H =>» ‘He 107°K
34He=> 12C 2x108
12C + 4He =» 150, Ne, Na, Mg 8x108
Ne=» O, Mg 1.5x10°
O= Mg, S 2x10°
Si > Fe peak 3x10°

H
Contraction heats
center

Helium starts to burn.

‘ Triple-alpha process

~ He(core)

Inert He

He = C({shell)

Inert C
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InenH
H- He(sneu)

H- He (shell)
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He € (core)

Reaction Min. Temp.
41H D He 107°K
34He = 12C 2x108
12C + 4He =>» 160, Ne, Na, Mg 8x108
Ne=» O, Mg 1.5x10°

0= Mg, S

S| > Fe peak

Starswith<2 Mg

«EndisHe > C, O burning.

« Core never gets hot enough
for further reactions.

double shell
burning core

' __—helium burning
~— hydrogen-burning shell

helium-burning
star core

' _—~inert helium

~ hydrogen-burning shell

subgiant/
red giant core

Solar-mass star



