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Figure 124 The Gamow peak is a convolution of the energy distribution of the
Maxwell-Boltzmann probability and the quantum mechanical Coulomb barrier trans-
mission probability. The peak in the shaded region near energy Eg is the Camow peak
Lhat gives the highesi probability for charged particle reactions to take place. Usually the
Gamow peak is at a much higher energy than kT, and in the higure Lhe ordinate scale
(for the Camow peak) is magnified with respect to those of the Maxwell-Boltzmann and
barrier penetration factors.
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Hydrogen Burning: CNO Chainﬂ
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Figure 12.8 The various CNO cycles. The left pari is the CN cycle where only C and N serve
as catalysis for the conversion of four protons into *He. Here the slowes) fusion reaction is
the (p.y) reaction on '*N, whereas the slower f#-decay has a half-life of 9.97m. In the CNO
cycle 2 {middle). there is leakage from the CN cycle to the ON cyde through the branching
a1 'SN. The How is rewirned to the CN cycle (which cycles 1000 1imes for each ON cycle)
through '7 O(p. ) "*N. The right part represents additional cycles linking imo the CNO cycle

through the V7 O(p. y)'®F reaction |couriesy of Frank Timmes|.
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The 7.68-Mev State in C'*

D. N. F. Doxsax,® R. E. Pixazey, W, A, Wz, axo W, Waarmee
Kellogg Radiation Laborsiory, California [nuitule of Technology, Pavadena, California
(Received July 21, 1953)

N (d a)C® covering the excilation energy range

Magnetic anal of the alpha- whe m
g o . At Eg=0620 kev, #.0=90°, transitions to this

from 4.4 to 9.2 Mev in C% shows a level at 7.68
state are only & percent of those Lo the level at 4.

ALPETER' and Opic® have pointed out the im- that this reaction should have a resonance at 0.31 Me
portance of the Be*(a,y)C™® reaction in hot stars or at 7.68 Mev in C¥, ~
which have largely exhausted their central hydrogen,  An early measurement of the range of the alph
Hoyle explains the original formation of elements particles from N'{d,a)C" indicated a level in C" a
heavier than helium by this process and concludes from  7:62 Mev.* However, a recent magnetic analysis o
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Fic. 1. Alpha spectrum from N¥(d a)C2 obtained with a thick
NH; target. No other ﬁmu[u were observed in the range E,=3.7
el

— 1.4 Mev of magnitu percent of the group to the 4.43-Mev
state. The spectrometer was set at 8),,=90".
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Figure 12.11 Energy levels of nuclei paniicipating in thermonuclear reactions during the helium burning
stage in red giant stars {adapted fiom [RR88|). The survival of both '2C and '®0 in red giants. believed to be
the source of terrestrial abundances depends upon fortuilous circumstances of nuclear level structures and

other properties in these nuclei.
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Reaction Figure from 2023 Nuclear Physics Long-Range Plan
(1C+ o =2 %0 +7)
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Farmer et al (Kunz et al 2002) This work (DeBoer et al 2017) Upper limit of BH masses observed by LIGO-VIRG0-KAGRA
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