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‘heavier’ nuclei 

‘higher’ spaces 

Symmetry 	


Adapted	


NCSM	



… enables…	



Computational Limits of No Core Shell Model !

2H 
4He 
6,7Li 
8,9Be 
9,10B 
12C 
14N 
16O 
18F 
20Ne 
24Mg 
40,48Ca 
56Ni 
80Zr 

Highly deformed modes, 
Cluster-like configurations,  
B(E2) w/o effective charges 
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•  Realistic interaction (local/
nonlocal; NN, NNN, …) !

•  In principle, exact solutions!
•  Reproduction of binding energies 

and spectral features of light nuclei!

•  Manage spurious center-of-mass motion!
•  Relation to the NCSM: fully microscopic!!
•  Reproduce rotational energy and E&M 

transition rates without effective charge!
•  Extensible: spaces; 3&4 body enabled, etc.!

NCSM versus ‘Symmetry Adapted’ NCSM!
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*J. P. Vary, P. Navratil 
& B. R. Barrett ~2000	
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Sp(3,R)      SU(3) Structure!

(kinetic energy)	



G. Rosensteel and D. J. Rowe  ~1980!
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… Risk / Benefit Analysis …!

•  Variational & Green’s Function Monte Carlo	


  (VMC/GFMC): A≤12, local interactions	


•  Coupled-cluster Theory (CCT): near closed-shell	


  nuclei (4He, 16O, 40Ca); model space truncation	


•  No-core Shell Model: A≤16, space truncation -        	


  binomial model space growth does you in	


•  Symmetry-adapted No-core Shell Model (first  	


  results, major investment time/effort required)	
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Probability Distribution: Ground States 12C & 16O!

NCSM SA-NCSM 

2ħω 2p-2h irreps: 	


 ~ 4%  (12C) 	


~10% (16O)	



Only 3 0p-0h             
representations: 

~85%	



Nσ(λμ)	


24.5(04) : most deformed	


24.5(12)2: spin one states	



Validity 
of 

Elliott’s 
SU(3)	



100%	


of 0ħω	

0 g

s P
ro

ba
bi

lit
y 

di
st

rib
ut

io
n 

(%
) (00) 

‘slice’	



(04) ‘slice’	



hω (MeV) 	

-	

 hω (MeV) 	

-	





From Quarks and Gluons to Hadrons and !
Nuclei; Erice, Italy; September 16-24,  2011!

Symmetry Adapted No-Core Shell Model for!
Light Nuclei with QCD Inspired Interactions!

Major Reductions in Model Space!

NCSM vs SA-NCSM 
0ħω 
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model space dimension 
0.009%   for 12C 
0.0004% for 16O 

T. Dytrych. K.D. Sviracheva, 

C. Bahri, J.P. Draayer, J.P. Vary, 

Phys. Rev. Lett. 98 (2007) 162503  
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NCSM versus SA-NCSM!

SA-NCSM!
Number of ‘seeds’ !

required for complete 
calculation!

NCSM!
Number of 
basis states!

current!
max dim!

“Binominal Counting”!

“Cluster Bookkeeping”!



From Quarks and Gluons to Hadrons and !
Nuclei; Erice, Italy; September 16-24,  2011!

Symmetry Adapted No-Core Shell Model for!
Light Nuclei with QCD Inspired Interactions!

Symmetry Adapted Theory!

(β,γ)	

 (λ,µ)	
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Model !
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         space                   spin	


  U(N)     SU(3)     SO(3)                 U(2)	


    [f]   α  (λ,µ)  κ    L                       S   	



	


          deformation       (LS) JM             	
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Low Spin and High Deformation Dominance!
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Physical / Algebraic Structure!
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Symplectic (1p-1h, 2ħω) Raising Operator!

Action of raising operator that has (2,0) SU(3) tensor character (symplectic generator)	


12C (L=0, S=0, Jgs = 0+)	

 12C (L=1, S=1, Jgs = 0+)	
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Dominate Modes - (1p-1h, 2ħω & 2p-2h, 2ħω)  !

12C (Jgs = 0+)	
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… low-lying 0+ States in 12C  (Nmax=6) …!

N = 2	


dominate	



Ground!
State	



N = 0	


dominate	



N = 0	


dominate	



Hoyle!
State	
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… Structure of 1st 0+ in 12C …!
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… Structure of 7th 0+ in 12C …!
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… Structure of 1st 0+(Ground State) of 16O …!
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… Structure of 14th 0+ of 16O …!
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Reaching Higher / Symmetry Winnowing!

64Ge	
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H = T + V!

Single-Particle Shell Model!

… Mean-Field Theories …!

Microscopic Shell Model!

… Algebraic Theories …!

Geometrical Collective Model!

!

  … DFT +!

…   NCSM!

  … IBM +!

!

Kinetic!
Energy … certain / dictates “open-core” nature of theory …!

Potential!
Energy … uncertain / invites creativity …!

?	



… Emerging ‘Shell Model’ Philosophy …!
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Looking Forward – 2nd Decade of 21st Century!

•  Stand alone SA-NCSM code tested/available!
   (…balance utilization of computer resources…)!
!
•  Designed to handle up to 4-body interactions!
   (…importance of alpha-particle correlations…)!
!
•  Continued development/targeted applications!
   (12C, 16O, 20Ne, 24Mg …an extensible theory…)!

… Stay Tuned …!


