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OUTLINE 

ÅNucleosynthesis and the 12C(a,g)16O Reaction 

ÅTime Reversal Reaction: 16O(g,a)12C 

ÅThe Bubble Chamber 

ÅBubble Chamber at HIGS 

ÅExperimental Setup at Jefferson Lab Injector 

ÅBremsstrahlung Beam and Penfold-Leiss Unfolding 

ÅStatistical and Systematic Errors 

ÅBackgrounds and Ion Energy Distributions 

ÅSummary and Outlook 
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RELATIVE ABUNDANCE OF ELEMENTS BY WEIGHT 
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ÅBig Bang Nucleosynthesis: ǉǳŀǊƪ ɐ Ǝƭǳƻƴ ǇƭŀǎƳŀ Ҧ ǇΣ ƴΣ IŜ 

ÅStellar Nucleosynthesis: H burning, He burning, NCO cycle  

ÅSupernovae Nucleosynthesis: Si burning 

ÅCosmic Ray Spallation 

 

NUCLEOSYNTHESIS 
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ÅHelium Reactions: 

I.  a + a ҭ 8Be  

(Q = -0.092 MeV, T½ Ғ 10-16 s) 

II.  a + 8.Ŝ Ҧ 12C + g (Q = +7.367 MeV, Hoyle State = 7.654 MeV) 

III.  a + 12C Ҧ 16O + g (Q = +7.162 MeV) 

(slow, otherwise no 12C remains) 

IV.  a + 16O Ҧ 20Ne + g (very slow ς due to parity conservation) 

Å a + 12C burns at very small cross section s Ғ мл-17 barn (10-41 cm2) 

              Currently, reaction rate error is large (Ñ35%) 

ÅThermonuclear reaction rate involving two nuclei is: 

STELLAR HELIUM BURNING 
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Only narrow energy 
range is relevant 
(Gamow Peak) 

Goal <Ñ10%  



THE 12C(a,g)16O Reaction  

ÅThe holy grail of nuclear astrophysics 

7 S. Woosley, A. Heger, Phys. Rep. 442 (2007) 269 

Affects the synthesis 
of most of the 
elements of the 
periodic table 

Sets the 
N(12C)/N(16hύ όҒлΦпύ 
ratio in the universe 

Determines the 
minimum mass a star 
requires to become a 
supernova 



THE GAMOW PEAK (WINDOW) 
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ÅNarrow energy range where thermonuclear reactions is most likely 
to occur in stellar plasma is a product of two distributions: 

 

I. Maxwell-Boltzmann energy distribution with e-E/kBT 

 

II. Penetration through Coulomb barrier with e-b/E½ 

 

 

ÅFor a + 12C, and stellar T=200 106 K: 
 

ü Gamow Peak, E0 Ғ 300 ƪŜ±Σ  ²ƛŘǘƘ Ғ 50 keV 

(in Center-of-Mass (CM) of a + 12C  system) 

 

ü Maximum of MaxwellςBoltzmann 

energy distribution, kBT = 17 keV 



 a+12C REACTION 
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ü a (Jp=0+) + 12C (Jp=0+) cross 
section, s(E0), is dominated by 
pςwave (E1) and dςwave (E2) 
radiative capture to 16O ground 
state (Jp=0+)  
 

ü Two bound states, at 6.92 MeV 
(Jp=2+) and 7.12 MeV (Jp=1ς), 
with subςthreshold resonances 
at ER=-0.245 and -0.045 MeV, 
provide most of s(E0) through 
their finite widths 
 

ü Distinguish E1 and E2 by 
measuring gςangular 
distributions 


