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No-core Shell Model
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Ab Initio Nuclear Modeling in New Domains 
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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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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 

Unitary transformation to collective basis (Sp)
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Preference of Nature
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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!" #$= iδijδαβ 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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SA-NCSM with Sp(3,R) basis
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Reproducing B(E2)?


Symplectic generators – 

do not mix Sp basis configurations


=> Significance of dominant Sp configuration


|




Emergent	clustering	phenomena		
in	the	ab	ini4o	SA-NCSM	

4th	InternaPonal	Workshop	on	“State	of	the	Art	in		
Nuclear	Cluster	Physics”,	Galveston,	TX,	May	2018	 -	K	D	Launey	-	

r12C	 α	16O	
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Relation to alpha clustering?
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important in nuclear 

wave functions
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Distribution: 
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Mixture of large oblate 
& small prolate (spin-2); 
small radius
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Toward the drip line




MoNA group at NSCL, M.D.Jones, Z.Kohley, et al., PRC 91, 044312 (2015)
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Scattering observables from first principles

|r’

-r
| [

fm
]

N2LOopt
 Burrows, Elster, Popa, Launey, 
Nogga, Maris,

Phys. Rev. C 97 (2018) 024325

6Li, Non-local densities

SA-NCSM NCSM 

|ravg| [fm]



Emergent	clustering	phenomena		
in	the	ab	ini4o	SA-NCSM	

4th	InternaPonal	Workshop	on	“State	of	the	Art	in		
Nuclear	Cluster	Physics”,	Galveston,	TX,	May	2018	 -	K	D	Launey	-	

Scattering observables from first principles

|r’

-r
| [

fm
]

|ravg| [fm]

N2LOopt
 Burrows, Elster, Popa, Launey, 
Nogga, Maris,

Phys. Rev. C 97 (2018) 024325

6Li, Non-local densities

SA-NCSM NCSM 

(N2LOopt)
 (N2LOopt)

 Proton scattering off 16O


Burrows, et al.,  in preparation (2018)



Emergent	clustering	phenomena		
in	the	ab	ini4o	SA-NCSM	

4th	InternaPonal	Workshop	on	“State	of	the	Art	in		
Nuclear	Cluster	Physics”,	Galveston,	TX,	May	2018	 -	K	D	Launey	-	

Scattering observables from first principles

|r’

-r
| [

fm
]

|ravg| [fm]

N2LOopt
 Burrows, Elster, Popa, Launey, 
Nogga, Maris,

Phys. Rev. C 97 (2018) 024325

6Li, Non-local densities

SA-NCSM NCSM 

(N2LOopt)
 (N2LOopt)

 Proton scattering off 16O


First entirely consistent 
results 


(NN, structure, T-matrix) 


Burrows, et al.,  in preparation (2018)



Emergent	clustering	phenomena		
in	the	ab	ini4o	SA-NCSM	

4th	InternaPonal	Workshop	on	“State	of	the	Art	in		
Nuclear	Cluster	Physics”,	Galveston,	TX,	May	2018	 -	K	D	Launey	-	

Conclusions


Simple physics: “shape” + vibrations + rotations


Collective/clustering features 
up to medium-mass nuclei 

from first principles  


John L Wood

Calvin W Johnson 


David J Rowe 

Jutta E Escher


Thomas Luu & Andrea Shindler 

Dean Lee


Yasuyuki Suzuki & Wataru Horiuchi 

Jerry P Draayer & Tomas Dytrych 

Yoram Alhassid 

George Rosensteel 


Feng Pan & Xin Guan


ISBN 978-981-3146-04-4

This book is a unique collection of reviews that share a common 
topic, emergent phenomena in atomic nuclei, while revealing the 
multifaceted nature of the subject, from quarks to heavy nuclei. It 
tells an amazing story of a decades-long journey of trials and 
successes, up to present days, with the aim to understand the vast 
array of experimental data and the fundamentals of strongly 
interacting fermions. The emphasis is on discovering emergent 
orderly patterns amidst the overarching complexity of many-particle 
quantum-mechanical systems. Recent findings are discussed within 
an interesting framework: a combination of nuclear theory and 
experiment, of group theory and computational science, and of 
pivotal models of astonishing simplicity and state-of-the-art models 
empowered by supercomputers.

A special theme resonates throughout the book: the important role 
of symmetries, exact and approximate, in exposing emergent fea-
tures and guiding large-scale nuclear modeling. World-renowned 
experts offer their unique perspective on symmetries in the world 
of quarks and gluons, and that of protons and neurons — from chi-
ral symmetry, through spin-isospin and quasi-spin symmetries, to 
symplectic symmetry, — as well as on the emergent nature of nu-
clear collectivity, clustering, and pairing, viewed from spectrosco-
py, microscopic considerations, and first principles. The book pro-
vides an excellent foundation that allows researchers and graduate 
students in physics and applied mathematics to review the current 
status of the subject, and to further explore the research literature 
through exhaustive sets of references that also point to studies 
underpinned by similar techniques in condensed matter and atom-
ic physics along with quantum information.

World Scientific
www.worldscientific.com
10180 hc

World Scientific

Emergent Phenomena in 
Atomic Nuclei from 
Large-Scale Modeling
A Symmetry-Guided Perspective

Kristina D Launey

Em
ergent Phenom

ena in Atom
ic Nuclei 

from
 Large-Scale M

odeling

Launey

Emergent Phenomena in Atomic Nuclei 
from Large-Scale Modeling


