Nuclear burning stages

(20 Mg stars)

Fuel Main  Secondary T Time Main

Product ' roduet (10°K)  (yr) Reaction

H He 14N 0.02 107 A 334'_'9
He /O, C 180, 22Ne 0.2 106 3 Het » 12C

s-process 2C(a,y)"*O

C Ne, Na 0.8 103  12C + 12C
Mg

Ne O,Mg AlLP 1.5 3  *Ne(y,a)ro

*Ne(a,y)*Mg

O Si, S Cl, Ar, 2.0 0.8 160 + 160

/ K, Ca

Si,S Fe T.V.cr. 35  0.02 *Siya)..
Mn, Co, Ni




log central temperature (K)

Once formed, the evolution of a star is governed by gravity:
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Hydrogen-Burning: pp Chains

Hydrogen burning
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. Energy release:

7Bo Q(pp1) = 26.20MeV

) y Q(pp2) = 25.67MeV

sBe N Reaction rate: (ov) < T*



Hydrogen Burning: CNO Bi-Cycle
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Energy release:
Q(CNQO) = 24.97MeV

Reaction rate: (ov) o T1°

Branching:
CNO-1 : CNO-2 ~ 10,000 :



Hydrogen Burning: CNO Bi-Cycle

Usually the beta-decays are fast compared to the capture
reactions, (p,v).

101 71/ = 70 sec

0! 710 = 122 sec

SN: 74 0 = 10 min

VF: 7y ,0 = 64 sec

180: 79/ = 110min

“N(p,~) 0 usually is the slowest “bottleneck” reaction.
CNO cycle burning converts most CNO isotopes into *N.



Competition of Hydrogen-Burning Modes

Transition from pp-chains
In low-mass stars (low T)
to CNO chains

In high-mass stars (high 7T)




Hydrogen Burning by CNO Cycle

“normal” CNO cycle “hot” CNO cycle

temperature-sensitive temperature-insensitive
T <8x 107K T>8x 107K T
8x 107K
time for an eddy to burn its 11h ( 0-02)( XO )

hydrogen content by hot CNO Cycle Ho



