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Mo-va-on		

Symplec-c	symmetry	arises	naturally	
from	first	principles.	

Ab	ini&o	symmetry-adapted	no-core	shell	model	
(SA-NCSM)	
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symplec-c	excita-ons	Lowest	spin	
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… nuclei… elements… stars…


Symmetry-adapted	No-core	Shell	Model		
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ground state: 
rrms(m)=2.89 fm 
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sd-Shell	nuclei	in	selected	spaces	
Leading	symplec-c	irrep	configura-ons	

Ab	ini&o	descrip-on	(converged	selected	spaces)		
(NNLOopt,	ħΩ=15	MeV,	13	HO	shells)	



The	symplec-c	basis	naturally	contains:		

	Significance	of	symplec-c	basis	
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monopole	

quadrupole	

2)		rota-on	

3)		“giant-resonance”	2ħΩ	1p-1h	excita-ons	
4)		mul-ples	of	these	excita-ons	to	high	Nmax	

1)		deforma-on	
	



Method	

Calcula(ng	many-body	Hamiltonian	in	
symplec(c	basis:	
Reduced	to	using	known	realis-c	interac-on	
matrix	elements	in	SU(3)	basis	with	highly	
scalable	compu-ng	code.	

Efficient	construc(on	of	symplec(c	basis:		
In	SU(3)-coupled	basis,	we	diagonalize	an	Sp(3,R)-
preserving	scalar	operator	

The	resul-ng	eigenvectors	are	symplec-c	basis	
states	of	the	form	

Eigenvalue	problem	of	a	matrix	of	small	
dimension	(some	cases	can	be	solved	on	
laptop).	



16O	and	42Ti:	spectra	and	giant	resonances	

0 2 4 6 8 10 12

3 0p-0h
all 0p-0h
dominant 
0p-0h+2p-2h
NCSM

Sp(3,R)

NCSM

(b)

N
max

16O

100

102

104

106

108

1010

1012

0 2 4 6 8 10 12D
im

en
sio

n 
of

 m
od

el
 sp

ac
e

NCSM

Sp(3,R)

(a)

N
max

12C

Nmax  
Nmax  

NCSM  

Symplectic 
J = 0, 2, 4  

 NCSM  

Symplectic 
J = 0  

M
od

el
 s

pa
ce

 d
im

en
si

on
 

T.	Dytrych,	et	al.,	Phys.	Rev.	LeO.	98	(2007)	162503	

A	few	symplec-c	irreps	capture	a	major	por-on	of	the	physics;		
for	ab	ini&o	studies,	several	hundred	symplec-c	irreps	may	be	needed.		

Preliminary	

131	irrep
s	

3	irreps	
89	irreps
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Symplectic!
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Thanks!	



SA-NCSM	coupling	


