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For example understanding a core-collapse supernova requires 
answers to a variety of questions some of which need to be 

answered by nuclear physics, both theoretically and experimentally. 

neutrinos and nucleosynthesis


weak interactions and  
nuclear astrophysics


r-process nucleosynthesis and β-decay 

stellar evolution, pp, CNO cyle


neutrinos and nucleosynthesis


neutrino oscillations and nucleosynthesis


neutrinos and interactions with hot dense matter


no oscillations 

with oscillations 

Malkus, McLaughlin, Kneller, Surman (2012)  

R.	
  Surman	
  



Interfaces:




stellar evolution, CNO cycle


Experimental: Subthreshold measurements 

nuclear reactions




r-process and nucleosythesis

Experimental:Measurements of exotic nuclei




16O 

and its neutrino signatures 
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Solar neutrino sources 
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BOREXINO   expectations 

Reduction in 210Bi is next goal! 

Enhanced flux in 13N neutrinos 

Reduction of 11C 
background will 
be necessary! 
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Background Reduction 

p,	
  α,	
  HI	
  beams	
  
100	
  x	
  LUNA	
  luminosity	
  

High luminosity, low background experiments 

Environmental 
Radioactivity 

CR induced 
γ spectrum 

CR	
  induced	
  neutron	
  spectrum	
  	
  

underground	
  neutron	
  spectrum	
  
	
  (KURF,	
  Soudan,	
  SURF,	
  WIPP)	
  	
  

up	
  to	
  5	
  orders	
  of	
  magnitude	
  reducSon	
  

underground	
  gamma	
  spectrum	
  
(Gran	
  Sasso)	
  	
  



The two most critical Rates 

3He(α,γ)7Be  14N(p,γ)15O 



Underground accelerator project 
DIANA for low energy studies 

p,	
  α,	
  HI	
  beams	
  
100	
  x	
  LUNA	
  luminosity	
  

High luminosity, low background experiments 



The Caspar Plan 
Location is being prepared and accelerator being rebuilt and tested, gas target 

system is being built from  
existing components!   F f  



β decay and r-process nucleosynthesis
 R.	
  Surman	
  

Beyond the initial seeds from early generation stars..

solar system abundances
 r-process


LEPP process








β decay and r-process nucleosynthesis


β decay rates: 

�  determine the relative abundances of the isotopic chains during (n,γ)-(γ,n) equilibrium  

�  set the overall timescale for the r-process 

�  help finalize the abundance pattern during freezeout 
 

 

 

 

  

 

 

 

For a given r-process scenario, the 
β decay rates with the greatest 
leverage on the global abundance 
pattern are those of the most 
abundant nuclei 
 
The rates for nuclei closer to 
stability – particularly near the 
closed shells or in the rare earth 
region – are key for understanding 
the details of the r-process 
abundance pattern 

Mumpower, Cass, Passucci, Surman, 
Aprahamian (2014) 

CARIBU 
FRIB 



3 different astrophysical scenarios 

s/k = 10 

s/k = 100 

s/k = 200 

FRIB


FRIB


FRIB




neutrinos and nucleosynthesis


Neutrinos play a crucial 
role in the dynamics of 
these sites and help set 
the neutron to proton ratio 
in the ejecta 

neutron star mergers 

supernovae 

NASA/AEI/ZIB 

ORNL/UCDavis 



ΔBE	
  =	
  +/-­‐1	
  MeV	
  

ΔBE	
  =+/-­‐0.5	
  	
  MeV	
  

Neutron star merger 

Neutron star merger 

Hot r-process 

Hot r-process 



Interfaces  
Experiments: 
 
Underground experiments 
with intense light ion beams 
in background free 
environments with high 
efficiency detector arrays 
 
FRIB experiments 
 
 

Interfaces  
Theoretical Approaches: 
 
Nuclear Reaction Theory 
Multi-channel R-matrix 
Improved reaction theory 
 
Nuclear Models 
Mass Models 
Beta-decay rates 
… 
 

Summary and conclusions 
 


1. near/at threshold energy  

2. exotic nuclei: FRIB



