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Number of excitations 24Mg � p � 25Al* � 25Al�
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LSU code (LSU3shell): sourceforge.net/projects/lsu3shell 
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Deformation/collectivity: 
important in nuclear 

wave functions


12C
 SA-NCSM


NCSM


Total HO quanta 
Nmax


Total HO quanta 
Nmax
+


Distribution: 

z, x, y


19Ne


Comp. Phys. Commun. (2016)

Electron 
Scattering (with 
Hayes, LANL, 2015)
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Effect on X-ray Burst Nucleosynthesis
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Wave functions 
from ab initio 
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0	+gs	1-	

0	+GMR	

Spectroscopic	Amplitudes	
1-,	GMR	

α	

Sα(0+GMR)	=	0.49		
Sα(1-)	=	0.74			

Expt.	
ab	ini&o	SA-NCSM	(Nmax=5)	

Reaction rates


Nucleosynthesis 
simulations:


XRB abundance 
pattern 


16O(α,γ )20Ne
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Orderly pattern from first principles
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Emergence of a 
simple pattern in 
complex nuclei


Collective 
modes
 Dytrych, Launey, Draayer, et al., PRL 111 (2013) 252501

Probability (%)


First-principle:	light	nuclei,	
low-energy	dynamics	
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8Be, 0gs 
+ 

0ħω: 42.5% 

2ħω: 29.4% 

4ħω: 14.3% 

6ħω: 8.4% 

8ħω: 5.4% 

Symmetry-adapted No-core Shell Model (SA-NCSM) 

JISP16 NN


N3LO NN
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Symplectic symmetry from first principles


Launey, Dytrych, Draayer, Prog. Part. Nucl. Phys. 89 (2016) 101

First-principle:	light	nuclei,	
low-energy	dynamics	

- Symplectic symmetry – 
approximate symmetry 

in atomic nuclei
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What can we learn from symplectic symmetry?
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0ħω: 42.5% 

2ħω: 29.4% 

4ħω: 14.3% 
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8ħω: 5.4% 
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With 
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What is Symplectic Symmetry?

Formal definition


xiα → aαβxiβ
β=x,y,z
∑ + bαβ piβ

piα → cαβxiβ
β=x,y,z
∑ + dαβ piβ

All linear canonical transformations of the single-particle phase-
space observables


that preserve the canonical commutation relation 


xiα, pjβ!" #$= iδijδαβ

xi

pi

Nucleus with A nucleons

Generators:
 geometry


kinematics


Symplectic Model

Rosensteel & Rowe, 

PRL 38 (1977) 10 
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P. Park et al., Nucl. Phys. A. 414, 93 (1984)


D. J. Rowe, Rep. Prog. Phys. 48, 1419 (1985)

Earlier studies … algebraic models

Quite successful, but symmetries were assumed a priori:


Typically 1 (a few) irrep(s) + symmetry-preserving interaction


J. Draayer, et al., 
Nucl. Phys. A419, 1 
(1984)

No effective charges!
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NCSpM … no parameter adjustment
22 shells 

8Be 

15 shells 

Tobin, et al., Phys. Rev. C 89 (2014) 034312 

Mia Ferriss (LSU)
Undergraduate Honors Thesis 
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What can we learn from symplectic symmetry?


rotations


space orientation
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one equilibrium 
deformation 
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Efficacy of SA-NCSM: Li-6
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C-12: collectivity…
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SU(3) NN interaction: keep track of x, y, & z
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Important pieces of the NN interaction
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Important pieces of the NN interaction
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Collectivity: emergent phenomenon
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Conclusions


Deformation/collectivity: important 
in nuclear wave functions


Simple physics: “shape” + vibrations + rotations


Informing the inter-nucleon 
interaction…



