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Selected	  insights	  of	  topics	  not	  already	  covered	  at	  this	  mee5ng	  
	  
NCSM	  review	  paper	  published	  
B.	  R.	  Barre?,	  P.	  Navra5l	  and	  J.	  P.	  Vary,	  	  
Prog.	  Part.	  Nucl.	  Phys.,	  69,	  131	  (2013).	  
	  
New	  methods	  and	  applica5ons	  (since	  review	  submi?ed)	  
(s)	  =	  submi?ed	  [3];	  	  (a)	  =	  accepted	  [1];	  (p)	  =	  published	  [5]	  
	  
p-‐shell	  nuclei	  (see	  talk	  by	  Erich	  Ormand)	  	  (s)	  
A=7&8	  in	  NCSM	  which	  chiral	  NN+NNN	  interac5ons	  (p)	  
Li-‐isotopes	  in	  NCFC	  (p)	  –	  some	  results	  cited	  in	  review	  paper	  
Neutron	  drops	  in	  NCFC	  (s)	  
Rota5onal	  states	  in	  the	  Be	  isotopes	  in	  NCFC	  (p)	  
Monte	  Carlo	  NCSM	  (MC-‐NCSM)	  (p)	  
Symmetry	  Adapted	  NCSM	  (SA-‐NCSM)	  (s)	  
Coulomb-‐Sturmian	  (CS)	  basis	  (p)	  
GPU	  accelerated	  decoupling	  of	  3NF	  (a)	  
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B.	  R.	  Barre?,	  P.	  Navra5l	  and	  J.	  P.	  Vary,	  	  
Prog.	  Part.	  Nucl.	  Phys.,	  69,	  131	  (2013).	  

Comparison	  of	  theory	  and	  experiment	  for	  a	  suite	  of	  observables	  &	  predic5ons	  
Note:	  Each	  observable	  has	  at	  least	  two	  theory	  results	  to	  compare	  with	  Expt	  

8Li	  

Note	  that	  some	  theory	  results	  have	  quan5fied	  uncertain5es	  –	  see	  reference	  for	  details	  



P. Maris, J. P. Vary and P. Navratil, Phys. Rev. C87, 014327 (2013); arXiv 1205.5686 

Note additional predicted states! 
Shown as dashed lines 

CD= -0.2 



9Be Translationally invariant gs density 
Full 3D densities = rotate around the vertical axis 

Total density  Neutron – Proton density 

Shows that one neutron provides a “ring” cloud  
around two alpha clusters binding them together 

C.	  Cockrell,	  J.P.	  Vary,	  P.	  Maris,	  Phys.	  Rev.	  C	  86,	  034325	  (2012);	  arXiv:1201.0724	  	  	  
C.	  Cockrell,	  PhD,	  Iowa	  State	  University	  
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K=1/2	  bands	  include	  Coriolis	  decoupling	  parameter:	  

Both	  natural	  and	  unnatural	  parity	  bands	  iden5fied	  
Employed	  JISP16	  interac5on;	  Nmax	  =	  10	  -‐	  7	  

K=1/2	  

K=1/2	  

K=3/2	  

K=3/2	  

K=1/2	  

K=1/2	  

Black	  line:	  Yrast	  band	  in	  collec5ve	  model	  fit	  
Red	  line:	  excited	  band	  in	  collec5ve	  model	  fit	  



M.A.	  Caprio,	  P.	  Maris	  and	  J.P.	  Vary,	  
Phys.	  Le?.	  B	  719,	  179	  (2013)	  

Note:	  
Although	  Q,	  B(E2)	  are	  slowly	  converging,	  
the	  ra5os	  within	  a	  rota5onal	  band	  appear	  	  
remarkably	  stable	  
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Notes: 
 
Robust energy extrapo- 
lations based on energy 
variance 
 
These MC-NCSM results 
are proof-of-principle 
 

Thanks to JUSTIPEN  



T. Abe, P. Maris, T. Otsuka, N. Shimizu,  
Y. Utsuno and J.P. Vary,  
Phys. Rev. C 86, 054301 (2012) 

MC-NCSM has superior 
scaling with A  properties 

X  Expt 
 

Nshell  
2    red 
3    green 
4    blue 
5    purple 



Proceedings	  of	  the	  Sanibel	  ICFNS	  mee5ng,	  2012	  (to	  appear)	  



Harmonic oscillator Hl=0L
Coulomb–Sturmian Hl=0L

r

Phys. Rev. C 86, 034312 (2012).; arXiv:1208.4156  

Goals: Improve the asymptotic wavefunctions and accelerate convergence 
of long-range observables (rms, Q, ANC, BE(2), M(2), etc) 

~0.1 fm 

More reliable  
extrapolation 

  JISP16 used for these tests 
  CS basis is not optimized 
  rms = 2.3 fm from NCFC in 
C. Cockrell, J.P. Vary and P. Maris, 
Phys. Rev. C 86, 034325 (2012) 
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Accepted	  for	  publica5on	  in	  IEEE	  conference	  PDSEC-‐13	  proceedings	  



Many	  recent	  insights	  obtained:	  
	  
Collec5ve	  modes	  in	  light	  nuclei	  accessible	  with	  ab	  ini5o	  approach	  
3NFs	  con5nue	  to	  play	  an	  important	  role	  in	  many	  observables	  
Neutron	  drop	  results	  show	  (sub)shell	  closures	  
IR	  and	  UV	  convergence	  in	  HO	  basis	  (Coon,	  Papenbrock)	  
Alterna5ve	  basis	  spaces	  could	  relieve	  IR	  shortcomings	  of	  HO	  basis	  
Alterna5ve	  MB	  methods	  could	  access	  clustering,	  halo	  physics	  regions	  
Computer	  Science	  and	  Applied	  Math	  collabora5ons	  invaluable	  
Generous	  alloca5ons	  of	  computer	  resources	  essen5al	  to	  progress	  


