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The stellar model

Needs to follow the basic equations of
stellar evolution

Inserting the known values for the sun yields

Tabelle 8.1. Innerer Aufbau der Sonne. Alter 4.5-10” a. Ur-
spriingliche Elementmischung X : Y : Z =0.73:0.25:0.015

r/Ro M)/ Mo L(r)/Lg P 0 T
Pal [ksm?]  [K]

0.0 0.00 0.00 251019 16-10° 15-107
0.1 0.08 0.45 1.4-101¢  92.104 1.3-107
0.15 0.20 0.79 84-105 58.104 1.1-107
0.2 0.35 0.94 45-10%. - 3.6.10° 9.3.10°
0.3 0.62 1.00 1110 1210t 6.6-10°
0.4 0.80 1.00 361014 39 1P 5.0-10°
0.5 0.89 1.00 70.102 - 14.10° 3.9.10°
0.8 0.99 1.00 1.9-1012  9.0.10! 1.7-10°

1.0 1.00 1.00 (1012 (3-107%2  (6-103)
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The solar model

T rrr[rrrr

1 S
0.8 1.0 m/M

r=R/10 r=R/2
Hmax =0.7340 IHemax = 4.621x1073

“Hemax = 0.6333 "Bemax =1.593x107"

0
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The pp-chain (T4 < 15)

’He (*He, 2p) “He ppl  26.23MeV
'H(p, e*v) 2D(p, y) *He < "Be(e,v)'Li(p, o) *He  ppIl  25.67 MeV
3He(a, v) 'Be < (8.18)

"Be(p,y)®B(e*v)®Be(2a) pp Il 19.28 MeV

first step very unusual due to thedecay. at
the time of the closest approach

pp Il andpp lll gain in importance with
INncreasing temperature
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The CNO-cycle (T4 < 50)

C, N and O act similar to catalysts
Maincycle dominates (1000 times)

19N acts as a ,bottleneck"

— Nearly all initially present C, N and O nuclel
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The CNO-cycle

With increasing
temperature the CNO-
cycle gains In
Importance

Other situation for
population Il stars
(no CNO cycle)
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Solar Neutrinos

pp-chain as well as the CNO-cycle produce
a characteristic neutrino spectrum

neutrinos can easily escape and.carry away
their energy

good test for solar models
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Steps In-nucleosynthesis

after Hydrogen Is exhausted, there are
several burning stages that.can be ignited at
higher and higher temperatures

(depending on the initial mass and
composition of the star)

different burning stages can occur parallel
In different regions of the star
(shell burning, onion skin structure)
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Steps In-nucleosynthesis

during carbon burning and the later stages
many neutrinos are produced

— high energy loss by neutrino emission
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Helium Burning (T4 > 1)
‘Het+*Hel °Be Decays after 101°s
"Bet'He® “C +g
“C+"He® O +g

%O+'He® “Ne+g

Following processes possible but in‘typical
stellar-environment very rare

14N( ’g)18|: (e*u)lSO(a,g)ZzNe(a, n)ZSMg
Produces frea that can form heavy
Elements (A 60)
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Carbon Burning (T4 = 5..10)

ZC+2C® *Na+ p il *Na( p,a °Ne
12C+12C® ZONe_l_a

pand find themselfes at extremely high
temperatures (too high for H and He burning)

New reactions with other particles in the mixtur

12C( 0, g)13N (e+ U)BC ( a n)160
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Photodisintegration
(Neon Burning)
For T, > 1 photodisintegration occurs

Several following reactions are possible

“Al(a, p)°Sill*si(p, g)*'P

Main energy production via
220Ne+g@) 160+24Mg +g

25Mg( p,g)26AI
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Oxygen Burning (T, > 1)

same problem witp and as during the carbon
burning

Produces many nuclel e. g.

28Si 32,33,345 35,37C| 36,387 39.41K 40,42Ca

16.05.07 Markus Wadepuhl




Photodisintegration
(Silicon Burning)

at even higher temperatures, £I3) 25Si can also
be decomposed

%3i(g,a **Mg(g,a)°Ne(g, a )°*0(g,a )*C(g,2a)a

%si(a, gf*s(g, pf*P(g, p)*°Si(g, n)*°Si(g, n)*Si

n,pand react with?®Si and build gradually
heavier nuclei untit®Fe is reached
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Chronological Development

Hydrogen burning
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Chronological Develop

Neon burning
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Uncertainties

Convection

— Diffusion coefficient is modeled with a typical
mixing length

— Nuclear burning is carried out first
— Afterwards mixing is applied

Nuclear reaction rates

“cla.gro
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Convection

6.0 5.5
log( time til core collopse / yr)

Woosley et. al., 2002, RvMP, 74, 1016
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Convection

Woosley et. al., 2002, RvMP, 74, 1016
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Convection

Woosley et. al., 2002, RvMP, 74, 1016
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Convection

Woosley et. al., 2002, RvMP, 74, 1016
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Uncertainties

rotation
— centrifugal effects
— transfer of angular momentum may cause wind

magnetic fields

— cause magnetic torqgues between differencially
rotating shells

binaries

— Mass transfer between the two components if Roc
lobe is crossed

winds
— depends crucially on the inital mass and metaflicit
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Mass loss
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Mass loss
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The influence of metallicity
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Chemical composition

Woosley et. al., 2002, RvMP, 74, 1016
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Chemical composition

Woosley et. al., 2002, RvMP, 74, 1016

16.05.07 Markus Wadepuhl




The ISM yield

Winds
— Not well understood

SNe

— mass cut

— explosion mechanism

— consider fallback

— very complicated explosive processes

Plot the production factor
— X/ X

| sol
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Chemical composition
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Special Issues

especially metal-poor population Il stars
possibly were very massiv

— maybe different SNe mechanism
unknown mass cut

rather simple explosion modeling
— Piston model

only very few detailed SN observations
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