
Louisiana State University
Baton Rouge, Louisiana

Advances in Nuclear Many-body Theory 7-10
June 2011, Primosten, Croatia (Peter Ring’s 70th)

J. P. Draayer, T. Dytrych, K. D. Launey
Daniel Langr (Czech Tech U)



Advances in Nuclear Many-body Theory 7-10
June 2011, Primosten, Croatia (Peter Ring’s 70th)

Ab Initio Studies Underpinned and
Enhanced by Symmetry Considerations

Ab Initio Vision

quarks/gluons

Fundamental
Principles

nucleon-nucleon
interaction

(NN, NNN, …)

symmetry
adapted
NCSM

Many-body
Dynamics

structure
and

 reactions

Collective
Properties



Advances in Nuclear Many-body Theory 7-10
June 2011, Primosten, Croatia (Peter Ring’s 70th)

Ab Initio Studies Underpinned and
Enhanced by Symmetry Considerations

‘heavier’ nuclei

‘higher’ spaces

Symmetry 
Adapted
NCSM

… enables…

Computational Limits of No Core Shell Model
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Highly deformed modes,
Cluster-like configurations, 
B(E2) w/o effective charges
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•• Realistic Realistic interactioninteraction
(local/nonlocal;NN,NNN,(local/nonlocal;NN,NNN,……))

•• In principle,In principle,  exact solutionsexact solutions
•• Reproduction of binding energiesReproduction of binding energies

and spectral features of light nucleiand spectral features of light nuclei

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

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

NCSM versus ‘Symmetry Adapted’ NCSM
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Symmetry Adapted Theory
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NCSM versus SA-NCSM

SA-NCSM
Number of ‘seeds’

required for complete
calculation

NCSM
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basis states
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“Binominal Counting”

“Cluster Bookkeeping”
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Low Spin and High Deformation Dominance
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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) …
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… Structure of 1st 0+ in 12C …



Advances in Nuclear Many-body Theory 7-10
June 2011, Primosten, Croatia (Peter Ring’s 70th)

Ab Initio Studies Underpinned and
Enhanced by Symmetry Considerations

… Structure of 6th 0+ in 12C …
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Sp(3,R)      SU(3) Structure

(kinetic energy)
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Physical / Algebraic Structure
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6Li Ground State with Nmax = 6

6Li (Jgs = 1+)
Nmax = 6
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6Li Binding Energy with Nmax = 6

6Li (Jgs = 1+)
Nmax = 6
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7Li (Jgs = 3/2–)
Nmax = 6

7Li Ground State with Nmax = 6
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7Li Binding Energy with Nmax = 6

7Li (Jgs = 3/2–)
Nmax = 6
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Major Reductions in Model Space

NCSM vs SA-NCSM
0ħω 4ħω 8ħω 12ħω

Dimension of Model Space
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model space dimension
0.009%   for 12C
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T. Dytrych. K.D. Sviracheva,
C. Bahri, J.P. Draayer, J.P. Vary,
Phys. Rev. Lett. 98 (2007) 162503



Advances in Nuclear Many-body Theory 7-10
June 2011, Primosten, Croatia (Peter Ring’s 70th)

Ab Initio Studies Underpinned and
Enhanced by Symmetry Considerations

Probability Distribution: 2+ and 4+

NCSMSA-NCSM

2ħω 2p-2h irreps:
 ~ 4%  (12C)
~10% (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 …

?

UNEDFProject

SA-N
CSM

Proj
ect

… Emerging ‘Shell Model’ Philosophy …
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Physical / Algebraic Structure
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… Structure of 2nd 0+ in 12C …
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… Structure of 3rd 0+ in 12C …
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… Structure of 4th 0+ in 12C …
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… Structure of 5th 0+ in 12C …


