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Outline!

 Short Introduction 
 

 Spectroscopic Factors in the  
      Nilsson Strong Coupling Limit 

   
  N=20   Island of Inversion 
         

           N= 8   12Be 
 

 Summary 
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“Classic”	magic	numbers	are	
generally	correct	only	for	stable		
and	near	stable	isotopes	
	
Experimental	studies	of	new	exoDc	
isotopes	revealed	changes	in	shell	
structure	and	collecDvity,	and		
provided	insight	on	the	important	
role	played	by	the	central,	tensor,	
(and	3N)	forces		in	these	changes	

EvoluDon	of	Shell	Structure	and	CollecDvity	

R.V.F	Janssens,		Nature,	Vol.	435,	2005. 

	Much	evidence	has	been	obtained	for	the	existence	of	deformed	ground	states,	
	and	a	good	understanding	of	the	physical	mechanism	behind	the	inversion.	

	 	 	 	 	 		
Based	on	this	fact	it	is	of	interest	to	consider	the	descripDon	of	direct	reacDons	in	
the	rotaDonal	model	framework.	
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33Mg -1n KO!

Physics	LeUers	B	685	(2010)	253–257	



5 
 
 

DREB 2018  06/05/2018!Nuclear Science 
Division 

5 

33Mg – Coulomb breakup!
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Assume	ground	state	of	33Mg	is	the	3/2[321]	neutron	Nilsson	level		

33Mg -1n removal à la Nilsson!
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33Mg -1n removal à la Nilsson!

B.	Elbek	and	P.	Tjom,		
Advances	in	Nucl.	Phys.	Vol	3,	259	(1969)	
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33Mg -1n removal à la Nilsson!
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Magnetic Moment!

wf	NormalizaDon		
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33Mg -1n removal à la Nilsson!
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Coulomb Breakup of 31Ne:    T. Tomai, T. Nakamura, et al. !
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Coulomb Breakup of 31Ne:    T. Tomai, T. Nakamura, et al. !
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•  Low l levels (s, p) à extended wavefunctions (“halos”) 

WEAK	BINDING	
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32Mg -1n removal à la Nilsson!
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32Mg -1n removal à la Nilsson!

[26]	J.	R.	Terry	et	al.,	Phys.	Rev.	C	77,	014316	(2008)	



16 
 
 

DREB 2018  06/05/2018!Nuclear Science 
Division 

16 

A.	Bohr	and	B.	R.	MoUelson,	Nuclear	Structure	Volume	II		
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The	Nilsson	Picture	in	12Be	
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1n	Removal	

(d,p)	

J.	Kahlbow	et	al.			
A.	Enriques	et	al.																				QFS		workshop	at	York		(2017)		
A.	Corsi	et	al.		

Direct	ReacDons	Studies	
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2+	

1/2+	 1/2[220]		

Ki=1/2	 Kf=0	s1/2	

s1/2	

		d	3/2	d5/2	

11Be(d,p)12Be à la Nilsson!

11Be																																																					12Be	
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Total	of	12	relaDons	connecDng	the	experimental	data	to	four	unknown	amplitudes	which	
we	determine	from	a	chi2-minimizaDon	procedure.	
	
Weighted	fit	of	the	relaDve	spectroscopic	factor	values	with	respect	to	the	ground	state	
transiDon	for	each	of	the	data	sets,	and	of	the	absolute	value	of	the	11Be	ground-state	
magneDc	moment.	

Analysis!
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Results!
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Results!

SM	

SM	

PVC	(NFT)		

Core	
Coupling		
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Kf=0	

12Be																																																					13Be	

½[220]		

Ki=1/2	

½[101]		

Ki=1/2	

5/2	

1/2	

s1/2	

			p1/2	

1/2	

d5/2	

Predictions!

12Be(d,p)13Be	
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Predictions!
12Be(d,p)13Be	

13B(d,3He)12Be	

Many	Thanks	to	Antonio	Moro	!	

TRIUMF		R.	Kanungo,		et	al.	

RCNP		C.	Santamaria,		et	al.	
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Summary !

•  A Nilsson description of nucleon knockout and transfer 
reactions in the deformed ‘Islands of Inversion’ at N=8 and 
N=20 allows a straightforward analysis of results 

 
•  Nilsson wavefunction amplitudes are directly related to the 

spectroscopic factors 

•  N=20 – adjusted wavefunction for 3/2[321] level is consistent 
with a reduced 1f7/2-2p3/2 gap, in line with SM results 

•  N=8 – wavefunctions, derived from a minimization procedure, 
give very good agreement with all available data     

    à meaningful predictions for other reactions 
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