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OUTLINE 

Why is 3He(a,g)7Be such an important reaction? 

A brief history of the reaction studies 

Different models (Antonino Di Leva) 

Notre Dame Experiment (Antonios Kontos) 

R-matrix analysis (Ethan Uberseder) 

Monte Carlo Uncertainty Estimates 



ENERGY REGIONS OF 

INTEREST 

3He(a,g)7Be 



SOLAR NEUTRINOS 

Measured to < 5%! 
G. Bellini et al., PRL 107, 141302 (2011) 

Slide from Antonios Kontos 



THE PRIMORDIAL 

LITHIUM PROBLEM 

Brian Fields (2011) 



LEVEL STRUCTURE 

3He(a,g)7Be 

No E1 resonance 

transitions. 

 

Yet the cross section is 

all E1!!! 

 

Radiative Capture 



PARKER AND 

KAVANAGH (1963)  

S(E) = Es(E)exp2πη 

S(0) = 0.47(5) keV b 

3He(a,g)7Be 



BARNARD ET AL. 

(1964)  

3He(a,a)3He  

 

Other measurements by 

Spiger and Tombrello (1967)  

Tombrello and Parker (1963)  

not so great…  



THE SOLAR NEUTRINO 

PROBLEM --- 
3
He(a,g)7

Be  

Brown et al. (2007) 
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Osborn et al. (1983) 



MOHR ET AL. (1993)  



“MODERN 

MEASUREMENTS” 



Slide from Antonino Di Leva 
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Slide from Antonino Di Leva 



UNIVERSITY OF 

NOTRE DAME 



NUCLEAR SCIENCE LABORATORY 

(NSL) AT NOTRE DAME 

physics.nd.edu 

Santa Ana Accelerator (5 MV) 

St. George recoil 

separator 

FN Tandem  

Accelerator 

(11 MV) 



NOTRE DAME 

EXPERIMENT: GAS JET 

CHARACTERIZATION 

Antonios Kontos 

Kontos et al. (2013) 



REAL LIFE 



AZURE2 

 

R-matrix theory: reaction framework for low energy nuclear 
reactions 

 

Based on the algorithms developed for AZURE FORTRAN  

by R.E. Azuma → 

 

Written in C++, Graphical Interface created with Qt 

 

Utilizes currently maintained pubic libraries 

• MINUIT2 

• GNU Scientific Library 

 

Open Source soon 

 

Multiple entrance/exit channels  

• Particle, particle 

• Particle, gamma 

• Beta delayed particle emission 

 

Full external capture calculation with E1, E2, and M1 as well as 
channel capture 

 

 



SYSTEMATIC 

UNCERTAINTY 

Schürmann et al. (2012) 

Common Uncertainties 

Cybert and Davids (2008) 



R-MATRIX FITS 

c2/n = 1.4 



WHY DO WE LIKE THE 

R-MATRIX FIT? 

1) It can fit all of the data simultaneously 

1) Capture and 

2) Elastic scattering 

2) It is phenomenological but it is a direct fit to the 

experimental data 

3) What are the issues with the models? 

1) Ab initio is good but only gets close, is not tuned to the 

data  

2) Previous R-matrix analysis were incomplete, external 

contributions (channel capture) ignored in background 

pole 



WHAT ARE THE 

DETAILS? U = U(int. res) + U(ch. res.) + U(hard sphere) 

Lane and Lynn (1960) 



INTERFERENCE IS 

IMPORTANT 

sint  2s1s2 



EXTERNAL CAPTURE MODIFIES 

BACKGROUND POLE 

CONTRIBUTION: “CHANNEL 

CAPTURE” 
Ethan Uberseder 

Only S and D wave 

external capture is 

important 

 

-Tombrello and Parker 

(1963) 

Internal contribution is 

also important 

 

-Neff (2011) 

G1/2
Total = G1/2

internal+ G1/2
External 



RECENT ESTIMATES 

OF THE UNCERTAINTY 

Descouvemont et al. (2004) 

 5 data sets (classic data) 

 external capture R-matrix, 2 method 

  S(0) = 0.51  0.04 (7.8%) keV b 

Cybert and Davids (2008) 

 4 data sets (modern data) 

 MCMC using a physically motivated polynomial expansion 

 S(0) = 0.5800.043 (7.4%) keV b 

Adelberger et al. (2011) 

 4 data sets (modern) 

 Potential Models (scaled), different models 

  S(0) = 0.56  0.02(exp)  0.02(theory) (5%) 

Kontos et al. (2013) 

 6 data sets (modern) 

 external and internal capture R-matrix, 2 method 

  S(0) = 0.554  .020 (3.6%)  

 



UNCERTAINTY: 

MONTE CARLO 

6 data sets (modern) 

 

1) For the data, sample over a 
Gaussian distribution 
(statistical uncertainty) 

2) Throw normalization over a 
Gaussian or Uniform 
distribution (systematic 
uncertainty) 

3) Redo R-matrix fit 

4) Repeat 1-3 several thousand 
times 

 

 

 

 

 

 

Gialanella et al. (2001) 

Schürman et al. (2012) 



MODEL UNCERTAINTY: 

RADIUS PARAMETER 

1% 



NEW UNCERTAINTY 

ESTIMATE 

0.5541.9% (syst and stat) 1.5% (model) keV b 

 

   2.4% total (ideal estimate) 



LOOKING BACK:  

PARKER AND KAVANAGH (1963) 



LOOKING FORWARD 



CONCLUSIONS 

1) R-matrix fit can reproduce all of the “modern” data sets if 
systematic uncertainties are considered. 

 

2) Channel Capture, which is often ignored, is very 
important for this calculation 

 

3) The reaction rate may be known to as well as 2.4%! 

 

4) Connect LUNA data with higher energy measurements 

 

5) Measure to higher energies to test the R-matrix model 
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EXAMPLE REACTION: 

12
C(a,g) 

Schürmann et al. (2005) 



EXAMPLE REACTION: 

22
Ne(a,n) 


