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Main Sequence nuclear reactions

lH 1H
Proton-proton chain
Oﬁv
"H+1H - 2,He > 2H+e*+ v, ZHQ le
2H+1H - 3,He jf
Y

32He + 32He —> 42He + 2 (11H)

4 (1\H) —» 4He +2e* + 2v_+ 24 MeV

Y Gamma Ray

V  Neutrino




Proton-proton chain

4p — “*He + 2¢* + 2v, + 2v + KE

total energy released = 26.73 MeV

total local heating = 26.21 MeV

total mass of hydrogen = 4my = 6.68 x 10747 kg
total mass lost = 4.58 X 1072 kg (0.7%)
total local heating = 420 x 10712

energy/mass = 6.28 x 101* J/kg



Main Sequence nuclear reactions

CNO cycle

‘He

2C + LH - N +y "

P "
@3\%@
A

N R
3G+ TH > N+ w1
14N + 1.H — 15,0 +y @O o
“N
S g
'H

157N + 11H —> 126C + 42He

O Proton Y Gamma Ray
O Neutron V  Neutrino

4 (11H) —> 42He +2 e+ + 2Ve+ 24 |\/|eV (O Positron
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Hydrogen-burning Nonburning
shell envelope

Nonburning
helium “ash”



10 Gyr

1.5

1.5

1.0
R/R o

0.5

1.0

0.5

\

0.0

0.0

20

15 -

<
—

°
o
A

1 ; _
© <« o
o S 3

<
o

1.5

1.0
R/Ro

0.5

0.0

LA
— o
°©11© W/W

T
1
—

R/R o

1.5

R/R o



P=nkT

p oc
° O
»
O
O




rfRe), m(Myp)

100F :
107" 3 \\\_
T \
1072 = [fc ;
[ = T'He ;

mc

Mpye

10—3 ] ] ] ] 1 1
8000 8500 9000 9500 10000 10500 11000 11500

time (Myr)



luminosity L/Lg

E' L) L} L) I ] 1} I 1 ] 13
- 120M,,
L 85N,
100F Y/ fo o = 60M,
A7 -
L 40».49 /s
10°E  25uX/
- 15M3
104
- MK
1000
100
10
; Z = 0.02
¥ 3
0.8MY
l L 1 L l l L L 1 l A
60000 20000 10000 6000

effective temperature T, (K)



Post-Main-Sequence nuclear reactions

Triple-alpha process
4,He + 4,He — 8,Be — 94 keV

84Be + 42He —> 126C + 7.4 MeV

Alpha capture
12.C +4,He — 16,0+ 7.2 MeV
1660 + 4,He — 20,(Ne + 4.7 MeV

20,,Ne + 4,He — 24,,Mg + 9.3 MeV

Y Gamma Ray
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Eskimo Nebula - . Ring Nebula

Spirograph Nebula (IC 418) Cat’s Eye Nebula Hour Glass Nebula
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Stellar Evolution Outcomes

< 0.08 Mg brown dwarf (degenerate H)

—_

0.08-0.25 Mgy He white dwarf
0.25-8 Mg CO white dwarf t~ 1010 yr (M/Mg)”
8-12 Mg NeO white dwarf 3

12-20 Mg supernova/neutron star t~3-5 x 10 yr

>20 Mg supernova/black hole



Quantum gas

de Broglie wavelength of an electron:
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non-classical behavior when
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