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dashed line represents the possible leakage out of the cycles.
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!INe is destroyed by ?!Ne (p,v)*?Na (1) #2Ne. As aresult, the 2!Ne abundance at H exhaustion
is maximum when the burning proceeds at a temperature in the approximate 30 < Tg < 35
range. This conclusion is not affected by the less than 40% uncertainty reported by El Eid and
Champagne (1995) for *'Ne(p,v)?*Na, and would even remain basically unaltered with the
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Figure 11: Same as Fig. 2, but for the nuclides involved in the MgAl chain.

remaining in the ("H95 evaluation of the other 2?Al production mode Mg (p,~v) 2’Al (Fig. 10).
On top of the uncertain production of 2"Al, the efficiency of its destruction cannot be reliably
predicted either. This comes from the uncertainties remaining in the 2’Al(p,«)?*Mg and
2TAL(p.4) ?5Si rates, as displayed in Fig. 12.

The uncertainties in the 2"Al proton capture rates also impact on the prediction concerning
the cycling character of the MgAl chain, as determined by the ratio of the *’Al(p,~)?Si and
Al (p. @) **Mg rates. From the data displayed in Fig. 13, and when the nuclear uncertainties
are duly taken into accout, it appears that a MgAl cycle could possibly set in for T < 65.
Clearly, further work is required in order to improve our knowledge of the 2?Al proton capture
rates. and thus to specify the extent of the leakage out of the MgAl region.

The large uncertainties in the 2Al and 27Al yields that relate to the destruction or production
of Al and *"Al, as well as to the level of cycling of the MgAl chain, are especially unfortunate
in view of the prime importance of these two nuclides in cosmochemistry and y-ray astronomy.
On the one hand, there is now ample observational evidence that 2°Al has decayed in situ in
various meteoritic inclusions, where the (**Al8/2Al), ratio at the beginning of the condensation
of the solar system solids has the “canonical” value of about 5 107° (e.g. Wasserburg 1985).
There is also strong observational evidence for its decay in identified single grains of likely
stellar origin, where the 26Al8/27Al ratio can vary in the quite wide 1075 < 26A18/?7A1 < 1
range (e.g. Anders and Zinuner 1993, Nittler et al. 1994). On the other hand, the 1.8 MeV
y-ray emission observed in the galactic disk is attributed to the decay of about 1.5 Mg of 26Al8
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FIGURE 7.3. Schematical representation of the process by which '2C can be s
only “He nuclei, commonly called the triple-a process or “ Salpeter-process.” In
this process, a small abundance of 8Be nuclei is built up to equilibrium with its
products. An additional «-particle is captured by the ®Be nuclei, thus completing
process. This capture reaction proceeds via an s-wave resonance, which is loc:
Gamow energy region indicated for several temperatures.
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helium burning. The calculation is terminated
when the helium mass fraction falls below
Xape = 0.001. The solid lines are obtained

by adopting recommended '?C(a,y)'®0 reac-
tion rates, while the dotted and dashed lines
result from using the lower and upper limit
of the '?C(a,y)'00 reaction rates, respectively.
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FIGURE 7.13. The ratio of the stellar reaction rates for '°O(a, 7)*°Ne and **C(a, 7)1¢0 (Fow75) is
shown as a function of temperature. Note that this ratio is very small at helium-burning tem-
peratures of T, = 0.1-0.2, thus essentially blocking the nucleosynthesis beyond '°O.



Table 11.2 _
Important Reactions in He-Burning

(a) energy generation
"He(2a,7) '%C(a,7) '*0(a,7) **Ne
(b) neutron source

14N(a,7) '8F(5*)'*0(a,7) *Ne (a,7) **Mg
4N(a,y) BF(%)'*0(a,7) *Ne (,n) **Mg

(c) high temperature burning with cffective 2Ne(a,n)
22Ne(n,7) 2Ne(3") **Na(n,7) *'Na(5") *Mg
ONe(n,q) 2'Ne(a,n) ZMg

24Mg(n,y) PMg(n,7) 2Mgln,7) Mg() FA
2Al(n,7) 2BAN ) 2Si(n,7) MGj + further s-




