
Impact	
  Objec,ves	
  	
  
•  Predict	
  proper+es	
  of	
  neutron-­‐rich	
  systems	
  which	
  relate	
  

to	
  exo+c	
  nuclei	
  and	
  nuclear	
  astrophysics	
  
•  Determine	
  how	
  well	
  high-­‐precision	
  phenomenological	
  

strong	
  interac+ons	
  compare	
  with	
  effec+ve	
  field	
  theory	
  
based	
  on	
  QCD	
  

•  Produce	
  accurate	
  predic+ons	
  with	
  quan+fied	
  
uncertain+es	
  

!  Improve	
  nuclear	
  energy	
  density	
  func+onals	
  used	
  in	
  
extensive	
  applica+ons	
  such	
  as	
  fission	
  calcula+ons	
  

!  Demonstrate	
  the	
  predic+ve	
  power	
  of	
  ab	
  ini,o	
  nuclear	
  
theory	
  for	
  exo+c	
  nuclei	
  with	
  quan+fied	
  uncertain+es	
  

!  Guide	
  future	
  experiments	
  at	
  DOE-­‐sponsored	
  rare	
  
isotope	
  produc+on	
  facili+es	
  

1. Demonstrates	
  predic+ve	
  power	
  of	
  
ab	
  ini,o	
  nuclear	
  structure	
  theory.	
  

2.  Provides	
  results	
  for	
  next	
  genera+on	
  
nuclear	
  energy	
  density	
  func+onals	
  

3.  Leads	
  to	
  improved	
  predic+ons	
  for	
  
astrophysical	
  reac+ons	
  

4. Demonstrates	
  that	
  the	
  role	
  of	
  
three-­‐nucleon	
  (3N)	
  interac+ons	
  in	
  
extreme	
  neutron	
  systems	
  is	
  
significantly	
  weaker	
  than	
  predicted	
  
from	
  high-­‐precision	
  
phenomemological	
  interac+ons	
  

Accomplishments	
  

Ab	
  ini&o	
  Extreme	
  Neutron	
  Ma2er	
  

Comparison	
  of	
  ground	
  state	
  energies	
  
of	
  systems	
  with	
  N	
  neutrons	
  trapped	
  
in	
  a	
  harmonic	
  oscillator	
  with	
  
strength	
  10	
  MeV.	
  	
  Solid	
  red	
  
diamonds	
  and	
  blue	
  dots	
  signify	
  new	
  
results	
  with	
  two-­‐nucleon	
  (NN)	
  plus	
  
three-­‐nucleon	
  (3N)	
  interac,ons	
  
derived	
  from	
  chiral	
  effec,ve	
  field	
  
theory	
  related	
  to	
  QCD.	
  Inset	
  displays	
  
the	
  ra,o	
  of	
  NN+3N	
  to	
  NN	
  alone	
  for	
  
the	
  different	
  interac,ons.	
  Note	
  that	
  
with	
  increasing	
  N,	
  the	
  chiral	
  
predic,ons	
  lie	
  between	
  results	
  from	
  
different	
  high-­‐precision	
  
phenomenological	
  interac,ons,	
  i.e.	
  
between	
  AV8’+UIX	
  and	
  AV8’+IL7.	
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