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Rolfs and Rodney, 1988 

Gamow window 



 12C(α,γ)16O Reaction 
Key	
  reac3on	
  for	
  nucleosynthesis	
  in	
  massive	
  stars,	
  progenitors	
  of	
  Type	
  Ia	
  Supernovae,	
  	
  
White	
  Dwarf	
  ages.	
  	
  	
  

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

Sets the C 
to O ratio in 
the universe 

Determines the 
minimum mass 
a star requires 
to become a 
core collapse 
supernova 

Determines whether 
for a given initial 
mass, a star will 
become a black 
hole or a neutron 
star 

Affects the 
constraints 
on the age of stellar 
populations from 
White Dwarfs 

The variation of the 
C/O ratio in the 
progenitor might be 
a cause of the 
variation of SNIa 
brightness  



Experiment record 
Kunz et al. 2001  
(100% error bar) 

σ ~ 1 x 10-17 barn He burning 
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Time reversal symmetry: x100 gain in cross section 



New approach: 
Inverse reaction + Liquid target + ICS beam 

γ + 16O --> 12C + α	
  
beam target signal 

Monochroma3c	
  γ	
  beam	
  from	
  HIγS	
  
~	
  107-­‐8	
  γ/s	
  
ELI-­‐NP~	
  1x1013	
  γ/s,	
  ASTA...	
  

Oxygen	
  	
  
bubble	
  	
  
chamber	
  

• Extra gain (x100) by measuring time 
inverse reaction  
• Target density up to x106  higher than 
conventional targets. 
•  Superheated water will nucleate from 
α and 12C recoils 
• Electromagnetic debris (degraded 
electrons and gammas, or positrons) 
that escape the collimator/electron 
beam do NOT trigger nucleation (The 
detector is insensitive to γ-rays by at 
least 1 part in 1011).   
• Idea tested at HIγS 
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Superheating of liquids 
Water 

Superheat 
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Δt = 10 ms 

Bubble growth and quenching. 19F(γ,α)15N in R134a 
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HIγS Photon Beam 
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HIγS Photon Beam 

E (electron) ~ 500 MeV, Ie=50mA 
+ 

2 x10-10 torr vacuum 
Strong bremsstrahlung  
background component 
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15N(α,γ0)19F 

C4F10 



v1 

v2 
v3 

Liquids tested 
•  CH2FCF3 
•  C4F10 
•  H2O 
•  N2O 
•  CO2 
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Conclusions 

We have provided a proof of principle of operation of the bubble 
chamber as a low rate counter. This is ideal for nuclear 
astrophysics applications. 
 
Bremsstrahlung from the electrons in the beam line manifests 
mainly as neutrons. Particle ID would help separating these events 
from the α-particle + heavy ion signal.  
 
Main challenges: 
•  Maximize beam intensity 
•  Minimize beam bandwidth  
•  Maximize level of depletion of heavy oxygen in liquid  

•  Need excellent characterization of γ-ray beam 
properties  

•  Minimize high energy bremsstrahlung photons  

@ ASTA 
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N2O thresholds, Superheat = 3.3 OC, Eγ=8.5 MeV 
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N2O 
First γ + oxygen -> alpha + carbon bubble 
April 2013 



S(300)	
  

Kunz 2001, Matei 2006 
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N2O count rate contributions, Iγ = 1 x 108 γ/s  
L = 3.6 cm, x1000 depleted liquid 
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N2O efficiency curve, HIγS April 2013. Eγ = 9.7MeV 

γ+14N, 
γ+16O γ+16O 



Electron Beam 
3.0 – 8.5 MeV 
0.01 – 100 µA 

Al Beam Pipe 

Cu Radiator 
0.02 mm 

Cu Electron Dump 

Sweep Magnet 

Bubble Chamber 
Superheated N2O 
3 cm long 
15°C, 60 atm 

Al Photon Dump 
10 cm long 
20 cm diameter 

50 cm 50 cm 
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Cu  Vacuum 
Window  10 mil 

Cu  
Photon 
Collimator 

Cu  Inner 
Pipe 

Experimental setup 
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Experimental Setup 
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Astrophysical S-factor for 12C(α,γ)16O 

Stellar	
  helium	
  burning	
  at	
  E=300	
  keV	
  

Author	
   S(300keV)	
  
(keV-­‐b)	
  

Buchmann	
  
(2005)	
  

102-­‐198	
  

Caughlan	
  
and	
  
Fowler	
  
(1988)	
  

120-­‐220	
  

Hammer	
  
(2005)	
  

162+-­‐39	
  

S = E σ exp(2πη)  
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σ for 16O(γ,α)12C 
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Neutron event in water. 


