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Number of excitations 24Mg � p � 25Al* � 25Al�

SA-NCSM


NCSM


Total HO quanta 
Nmax


Total HO quanta 
Nmax
+


Distribution: 

z, x, y


Launey et al., Prog. Part. Nucl. Phys. 89 (2016) 101

Dytrych et al., Phys. Rev. Lett. 111 (2013) 252501


LSU code (LSU3shell): sourceforge.net/projects/lsu3shell 
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SU(3) basis
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Launey et al., Prog. Part. Nucl. Phys. 89 (2016) 101

Dytrych et al., Phys. Rev. Lett. 111 (2013) 252501


LSU code (LSU3shell): sourceforge.net/projects/lsu3shell 


Guided by 
Symplectic 
symmetry
Deformation, rotations…
 …& vibrations
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Unitary transformation to collective basis (SA)
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Outline


Nature’s preference


Collectivity in nuclei 

from first principles?
 SA-NCSM+LIT (with S. Bacca):


 sum rules and response functions 
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Nature’s Preference 


6Li, Nmax=12
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What physics can we learn from Sp basis?


rotations


space orientation


z

x
y

one equilibrium 
deformation 
(``shape”)


Sp (collective) basis configuration:


Vibrations

(of the giant resonance 

monopole (r2)/ 
quadrupole (Q) type)


All states preserve the 
equilibrium shape…



Symmetry?
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Symplectic Sp(3,R) 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!" #$= iδijδαβ xi

pi

Nucleus with A nucleons

Generators:


SU(3)

in a HO shell

(Elliott, 1958)


Rowe, Rosensteel, Draayer, Hecht, Suzuki, Escher, Bahri, ….
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Novel Approximate Symmetry
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symplectic symmetry 




KD	Launey	
Louisiana	State	University	

Fundamental	Physics	with	Electroweak	Probes	of	Light	Nuclei	
INT-18-2a,	July	2018	

12 Sp(3,R) irreps

Single Sp(3,R) irrep


SA-NCSM with Sp(3,R) basis
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Collectivity features
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Collectivity features
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Carbon isotopes
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Structure of Ca-48 and Ti-48


8 shells, N2LOopt 

0+


SA-NCSM (selected): ……………..966,152 

Complete model space: ……3,162,511,819 



2+
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8 shells, N2LOopt 
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2+
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48Ti, Q(2+) [e fm2]

------------------------

Experiment……… -17.7



8 shells …………… -19.3



(no effective charges)


Grigor Sargsyan, PhD student, LSU
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Treating NN and 3N in SA-NCSM


For given isospin: 
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For given isospin: 
 NN
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Treating NN and 3N in SA-NCSM
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Merging SA-NCSM and LIT: benchmark for 4He
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Sum rules for 4He: HH and SA-NCSM benchmark
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Sum rules for 4He: HH and SA-NCSM benchmark
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Sum rules for 4He: HH and SA-NCSM benchmark
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Phys. Rev. C 97 (2018) 024325
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from Sonia Bacca
Bacca, Miorelli, Hagen, J. Phys.: Conf. Series 966 (2018) 012019


CCSD CCSD 



KD	Launey	
Louisiana	State	University	

Fundamental	Physics	with	Electroweak	Probes	of	Light	Nuclei	
INT-18-2a,	July	2018	

from Sonia Bacca
Bacca, Miorelli, Hagen, J. Phys.: Conf. Series 966 (2018) 012019


CCSD CCSD 

0.0 0.5 1.0 1.5 2.0 2.5

0.2

0.4

0.6

0.8

1.0

SA-NCSM

N3LO (EM)




KD	Launey	
Louisiana	State	University	

Fundamental	Physics	with	Electroweak	Probes	of	Light	Nuclei	
INT-18-2a,	July	2018	

from Sonia Bacca
Bacca, Miorelli, Hagen, J. Phys.: Conf. Series 966 (2018) 012019




KD	Launey	
Louisiana	State	University	

Fundamental	Physics	with	Electroweak	Probes	of	Light	Nuclei	
INT-18-2a,	July	2018	

SA-NCSM

NNLOsat 

(2b)


0 1 2 3 4

10-10

10-8

10-6

10-4

0.01

1

q (fm–1) 

F(
q)

2 

16O




KD	Launey	
Louisiana	State	University	

Fundamental	Physics	with	Electroweak	Probes	of	Light	Nuclei	
INT-18-2a,	July	2018	

SA-NCSM

NNLOsat 

(2b)


12C


0 1 2 3 4

10-10

10-8

10-6

10-4

0.01

1

q (fm–1) 

F(
q)

2 

16O


0.0 0.5 1.0 1.5 2.0 2.5

10-4

0.001

0.010

0.100

1

q (fm–1) 

F(
q)

2 

SA-NCSM

N3LO

(2b)




KD	Launey	
Louisiana	State	University	

Fundamental	Physics	with	Electroweak	Probes	of	Light	Nuclei	
INT-18-2a,	July	2018	

Conclusions


Simple physics: “shape” + vibrations + rotations


Collectivity in nuclei 

from first principles
 SA-NCSM+LIT (with S. Bacca):


 sum rules and response functions 



