
Robert	B.	Baker,	K.	D.	Launey,	T.	Dytrych,	J.	P.	Draayer	
	Louisiana	State	University	

S.	Bacca	
Johannes	Gutenberg-Universität	Mainz	and	TRIUMF	

Dominant	features	of	nuclei	from	
the	ab	initio	symmetry-adapted		

no-core	shell	model	

Tuesday,	February	26,	2019	



Symmetry-adapted	no-core	shell	model	
(SA-NCSM)	

Collective	basis	based	on	deformation	and	vibrations	plus	rotations	

Realistic	interactions	have	a	
preference	for	a	small	subset	
of	possible	basis	states	
(an	emergent	symmetry).	
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Symmetry-adapted	no-core	shell	
model	(SA-NCSM)	
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The	continuum	

From	S.	Bacca,	TRIUMF	2018	

response	function	

!
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Lorentz	integral	transform	method	(LIT)	

Bacca	et	al.,	PRL	111	122502	(2013)	

Miorelli	et	al.,	PRC	98	014324	(2018)	

discretized	response	

sum	rules	

inverting	the	LIT	

mn
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6	

Sum	rules:	Benchmark	calculations	
4He	ground	state	energy	

Non-energy	weighted	sum	rules	
L=0	(total)	

L=0	(elastic)	

L=2	

(Experimentally	deduced)	

Energy	weighted	sum	rule	

Baker	et	al.,	arXiv:1812.07787	

JISP16

HH NCSM SA-NCSM

Monopole L = 0

m0 22.7 23.1±0.3 22.9±0.2

m1 150.4 154±3 147±6

m�1 0.25 0.30±0.03 0.27±0.02

Dipole L = 1

m0 0.86 0.88±0.02 0.865±0.007

m1 41.35 44±3 44±3

m�1 0.023 0.021±0.005 0.021±0.005

1



Response	functions	

7	

Can	be	used	to	probe	
cluster	structures	from	
an	ab	initio	perspective.	

inter-cluster	motion	 collective	motion	

Y.	Kanada-En’yo,	WNCP	2017	
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10Be	

JISP16,	dipole	
� = 2
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Lowest	1-	does	not	
contribute	to	E1	strength	

Y.	Kanada-En’yo,	PRC	93	024322		

SA-NCSM	allows	us	to	examine		
the	underlying	shape	and	dynamics	

SA-NCSM	
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16O	

Stumpf	et	al.,	arXiv:1709.06840		

JISP16	
monopole		
� = 2

<latexit sha1_base64="eacqCV8y5g8cQr7j9KTmw0+q+Ig=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6EUIetBjBPPAZAm9k0kyZGZ2mZkVQshfePGgiFf/xpt/4yTZgyYWNBRV3XR3RYngxvr+t7eyura+sZnbym/v7O7tFw4O6yZONWU1GotYNyM0THDFapZbwZqJZigjwRrR8GbqN56YNjxWD3aUsFBiX/Eep2id9Ni+RSmRXJFyp1D0S/4MZJkEGSlChmqn8NXuxjSVTFkq0JhW4Cc2HKO2nAo2ybdTwxKkQ+yzlqMKJTPheHbxhJw6pUt6sXalLJmpvyfGKI0Zych1SrQDs+hNxf+8Vmp7l+GYqyS1TNH5ol4qiI3J9H3S5ZpRK0aOINXc3UroADVS60LKuxCCxZeXSb1cCvxScH9erFxnceTgGE7gDAK4gArcQRVqQEHBM7zCm2e8F+/d+5i3rnjZzBH8gff5A/zwj8w=</latexit><latexit sha1_base64="eacqCV8y5g8cQr7j9KTmw0+q+Ig=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6EUIetBjBPPAZAm9k0kyZGZ2mZkVQshfePGgiFf/xpt/4yTZgyYWNBRV3XR3RYngxvr+t7eyura+sZnbym/v7O7tFw4O6yZONWU1GotYNyM0THDFapZbwZqJZigjwRrR8GbqN56YNjxWD3aUsFBiX/Eep2id9Ni+RSmRXJFyp1D0S/4MZJkEGSlChmqn8NXuxjSVTFkq0JhW4Cc2HKO2nAo2ybdTwxKkQ+yzlqMKJTPheHbxhJw6pUt6sXalLJmpvyfGKI0Zych1SrQDs+hNxf+8Vmp7l+GYqyS1TNH5ol4qiI3J9H3S5ZpRK0aOINXc3UroADVS60LKuxCCxZeXSb1cCvxScH9erFxnceTgGE7gDAK4gArcQRVqQEHBM7zCm2e8F+/d+5i3rnjZzBH8gff5A/zwj8w=</latexit><latexit sha1_base64="eacqCV8y5g8cQr7j9KTmw0+q+Ig=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6EUIetBjBPPAZAm9k0kyZGZ2mZkVQshfePGgiFf/xpt/4yTZgyYWNBRV3XR3RYngxvr+t7eyura+sZnbym/v7O7tFw4O6yZONWU1GotYNyM0THDFapZbwZqJZigjwRrR8GbqN56YNjxWD3aUsFBiX/Eep2id9Ni+RSmRXJFyp1D0S/4MZJkEGSlChmqn8NXuxjSVTFkq0JhW4Cc2HKO2nAo2ybdTwxKkQ+yzlqMKJTPheHbxhJw6pUt6sXalLJmpvyfGKI0Zych1SrQDs+hNxf+8Vmp7l+GYqyS1TNH5ol4qiI3J9H3S5ZpRK0aOINXc3UroADVS60LKuxCCxZeXSb1cCvxScH9erFxnceTgGE7gDAK4gArcQRVqQEHBM7zCm2e8F+/d+5i3rnjZzBH8gff5A/zwj8w=</latexit><latexit sha1_base64="eacqCV8y5g8cQr7j9KTmw0+q+Ig=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6EUIetBjBPPAZAm9k0kyZGZ2mZkVQshfePGgiFf/xpt/4yTZgyYWNBRV3XR3RYngxvr+t7eyura+sZnbym/v7O7tFw4O6yZONWU1GotYNyM0THDFapZbwZqJZigjwRrR8GbqN56YNjxWD3aUsFBiX/Eep2id9Ni+RSmRXJFyp1D0S/4MZJkEGSlChmqn8NXuxjSVTFkq0JhW4Cc2HKO2nAo2ybdTwxKkQ+yzlqMKJTPheHbxhJw6pUt6sXalLJmpvyfGKI0Zych1SrQDs+hNxf+8Vmp7l+GYqyS1TNH5ol4qiI3J9H3S5ZpRK0aOINXc3UroADVS60LKuxCCxZeXSb1cCvxScH9erFxnceTgGE7gDAK4gArcQRVqQEHBM7zCm2e8F+/d+5i3rnjZzBH8gff5A/zwj8w=</latexit>

JISP16		
quadrupole		

� = 2
<latexit sha1_base64="eacqCV8y5g8cQr7j9KTmw0+q+Ig=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6EUIetBjBPPAZAm9k0kyZGZ2mZkVQshfePGgiFf/xpt/4yTZgyYWNBRV3XR3RYngxvr+t7eyura+sZnbym/v7O7tFw4O6yZONWU1GotYNyM0THDFapZbwZqJZigjwRrR8GbqN56YNjxWD3aUsFBiX/Eep2id9Ni+RSmRXJFyp1D0S/4MZJkEGSlChmqn8NXuxjSVTFkq0JhW4Cc2HKO2nAo2ybdTwxKkQ+yzlqMKJTPheHbxhJw6pUt6sXalLJmpvyfGKI0Zych1SrQDs+hNxf+8Vmp7l+GYqyS1TNH5ol4qiI3J9H3S5ZpRK0aOINXc3UroADVS60LKuxCCxZeXSb1cCvxScH9erFxnceTgGE7gDAK4gArcQRVqQEHBM7zCm2e8F+/d+5i3rnjZzBH8gff5A/zwj8w=</latexit><latexit sha1_base64="eacqCV8y5g8cQr7j9KTmw0+q+Ig=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6EUIetBjBPPAZAm9k0kyZGZ2mZkVQshfePGgiFf/xpt/4yTZgyYWNBRV3XR3RYngxvr+t7eyura+sZnbym/v7O7tFw4O6yZONWU1GotYNyM0THDFapZbwZqJZigjwRrR8GbqN56YNjxWD3aUsFBiX/Eep2id9Ni+RSmRXJFyp1D0S/4MZJkEGSlChmqn8NXuxjSVTFkq0JhW4Cc2HKO2nAo2ybdTwxKkQ+yzlqMKJTPheHbxhJw6pUt6sXalLJmpvyfGKI0Zych1SrQDs+hNxf+8Vmp7l+GYqyS1TNH5ol4qiI3J9H3S5ZpRK0aOINXc3UroADVS60LKuxCCxZeXSb1cCvxScH9erFxnceTgGE7gDAK4gArcQRVqQEHBM7zCm2e8F+/d+5i3rnjZzBH8gff5A/zwj8w=</latexit><latexit sha1_base64="eacqCV8y5g8cQr7j9KTmw0+q+Ig=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6EUIetBjBPPAZAm9k0kyZGZ2mZkVQshfePGgiFf/xpt/4yTZgyYWNBRV3XR3RYngxvr+t7eyura+sZnbym/v7O7tFw4O6yZONWU1GotYNyM0THDFapZbwZqJZigjwRrR8GbqN56YNjxWD3aUsFBiX/Eep2id9Ni+RSmRXJFyp1D0S/4MZJkEGSlChmqn8NXuxjSVTFkq0JhW4Cc2HKO2nAo2ybdTwxKkQ+yzlqMKJTPheHbxhJw6pUt6sXalLJmpvyfGKI0Zych1SrQDs+hNxf+8Vmp7l+GYqyS1TNH5ol4qiI3J9H3S5ZpRK0aOINXc3UroADVS60LKuxCCxZeXSb1cCvxScH9erFxnceTgGE7gDAK4gArcQRVqQEHBM7zCm2e8F+/d+5i3rnjZzBH8gff5A/zwj8w=</latexit><latexit sha1_base64="eacqCV8y5g8cQr7j9KTmw0+q+Ig=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6EUIetBjBPPAZAm9k0kyZGZ2mZkVQshfePGgiFf/xpt/4yTZgyYWNBRV3XR3RYngxvr+t7eyura+sZnbym/v7O7tFw4O6yZONWU1GotYNyM0THDFapZbwZqJZigjwRrR8GbqN56YNjxWD3aUsFBiX/Eep2id9Ni+RSmRXJFyp1D0S/4MZJkEGSlChmqn8NXuxjSVTFkq0JhW4Cc2HKO2nAo2ybdTwxKkQ+yzlqMKJTPheHbxhJw6pUt6sXalLJmpvyfGKI0Zych1SrQDs+hNxf+8Vmp7l+GYqyS1TNH5ol4qiI3J9H3S5ZpRK0aOINXc3UroADVS60LKuxCCxZeXSb1cCvxScH9erFxnceTgGE7gDAK4gArcQRVqQEHBM7zCm2e8F+/d+5i3rnjZzBH8gff5A/zwj8w=</latexit>

N3LO	
N2LOsat	

Important	results	
		-	describes	giant	monopole/quadrupole	resonance:	
		1p-1h	vibration	of	the	spherical	ground	state	
		
	-	deformed	2p-2h	configuration	(third	0+)	

SA-NCSM	

SA-NCSM	

SA-NCSM	allows	us	to	examine		
the	underlying	shape	and	dynamics	

+	
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Thanks!	


