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12C/16O abundance: α + 12C -> γ + 16O 
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• Nucleosynthesis and evolution of massive stars
• White dwarfs: supernova type Ia
• End of stars: O-rich -> black hole, C-rich -> neutron star
  T.A. Weaver and S.E. Woosley, 
     Phys. Rep. 227, 335 (1993).
• At T ≈ 2 x 108 K, Eg ≈ 300 keV, σ≈ 10-5 pb
• The cross section at 300 keV  is complicated
  E1,1-: subthreshold state at 7.12 MeV and 
                             broad resonance at 9.59 MeV
  E2,2+: subthreshold state at 6.92 MeV and
      narrow resonance at 9.85 MeV

R.J. deBoer et al., Rev. Mod. Phys. 89, 035007 (2017).



S-factor: S(E) = σ(E) E e2πη
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• Direct measurements:
 a) α beam:  γ-detection; SE1 and SE2

 b) 12C beam (inverse kin.) 16O detection; Stot

• Indirect measurements:
 a) β-decay of 16N: 16O* -> α + 12C; SE1

 b) inverse reaction:

  (i) photodisintegration of 16O
  - bubble chamber
  R.J. Holt et al., arXiv 1809.10176.
  - time projection chamber
  M. Gai et al., JINST 5, P12004 (2010)

           (ii) electrodisintegration of 16O
  THIS TALK

I. Friščić, T.W. Donnelly and R.G.M.
arXiv:1904.05819

Previously proposed in electron storage ring
E. Tsentalovich, MIT-Bates PAC proposal 00-01. 



Advantages of 16O(e,e’α)12C

• Inverse reaction => larger cross section

• Can suppress isotopic and chemical contamination using kinematics

• New generation of energy-recovery linear accelerators (ERLs) 
delivering ~ 100 MeV beams with intensity I > 10mA.

  MESA, Mainz, Germany 

     F. Hug et al., Proc. Of LINAC’16 28, 313 (2017)

  CBETA, Cornell, USA

     D. Trbojevic et al., Proc. Of IPAC’17 8, 1285 (2017)

• Oxygen cluster gas-jet target with areal thickness > 1018 atoms cm-2

     S. Grieser et al., NIM A 906, 120 (2018)

                           Luminosity > 1035 electron-atom cm-2 s-1
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Differential Cross Section: 
16O(e,e’α)12C 
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Response Functions for Jπ=0+ Nuclei
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Matrix Elements and Coefficients
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Theoretical Assumptions
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Experimental Simulation
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Isotopic and Chemical Contamination
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• Oxygen isotopic contamination: 16O 99.757%, 17O 0.038% and 18O 0.205%
     K.J.R. Rosman, P.D.P. Taylor, Pure Appl. Chem. 71, 1593 (1999)

• Photonuclear cross sections
     including natural abundances
     of oxygen isotopes and 
     assuming depletion of 17O and
     18O by  a factor of 1000, and
     5 ppmv for 14N



Reject Isotopic and Chemical 
Contamination Using 

Final-State Kinematics 
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Number of Events after 100 Days
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Projected Uncertainties in S-factors
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Comparison With World Data
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Potential for Dramatic Reduction in 
Uncertainties
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Some rate estimates for a 

 TRIUMF ARIEL experiment

Ivica Friščić

University of Zagreb

Croatia
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Electrodisintegration of 16O at TRIUMF
Assumptions: eBeam → 50 MeV, 10 mA 
                       Electron-spectrometer at 15 deg

                       Electron arm → In-plane acceptance  2.08 deg
                   → Out-of-plane acceptance  4.16 deg
                   → Solid angle acceptance 10.5 msr

                       -particle arm → In-plane acceptance 60 deg
                     → Out-of-plane acceptance 180 deg 

                       Oxygen target → Thickness 51018 atoms/cm2        
                 → Density 6.6510–4 g/cm3

                       Integrated luminosity (10 days)   → 2.7105 pb–1 
                       Integrated luminosity (100 days) → 2.7106 pb–1 
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Possible Experiment
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~30 to 40 MeV electrons



Richard Milner
DL Collaboration Meeting                                             

TRIUMF
23



Richard Milner
DL Collaboration Meeting                                             

TRIUMF
24



Richard Milner
DL Collaboration Meeting                                             

TRIUMF
25



Richard Milner
DL Collaboration Meeting                                             

TRIUMF
26



Richard Milner
DL Collaboration Meeting                                             

TRIUMF
27



Summary and Outlook
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• Using a simple but fully realistic electroproduction model, and anticipated performance
     of new ERL electron accelerators and gas-jet targets, we have studied the rate of
     16O(e,e’α)12C reaction in the range 0.7 < Ecm

α < 1.7 MeV.

• We conclude that there is a clear potential to determine the 12C(α,γ)16O reaction rate 
      with unprecedented precision.

• Detection of sub-MeV alpha-particle in electromagnetic background of high power 
      beam-gas target interaction will be challenging. 

• At Ee = 114 MeV and electron spectrometer at θe = 15o, with 10% E’e acceptance, the full 
     range 0 < Ecm

e < 10.2 MeV is accessible.

• However, we propose an initial experiment focused on higher Ecm
e to validate our approach 

    and to  gain an experimental understanding of the technical challenges.

• TRIUMF ARIEL e-linac at higher energy and power looks very interesting.

• Full details can be found at I. Friščić, TWD, and RGM, Phys. Rev. C 100, 025804 (2019).



Suggestion

• At an appropriate time, i.e. after our current 
experiment S2134 is installed, commissioned and 
producing data, we should organize a workshop 
to focus on scientific opportunities with a higher 
energy/power ARIEL e-linac.

• It could be beneficial to organize this jointly with 
Jefferson Lab. 
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