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EDF method & clusters 
•  EDF:	many-body	system	mapped	into	the		one-body	density	and	its	powers,	

gradient	

	

	
	
•  Most	general	anGsymmetrised	product	of	nucleonic	wavefuncGons	

•  Not	any	a	priori	assump5on	on	the	nucleons’	wave	funcGon	

•  Correla5ons	beyond	the	mean-field	effecGvely	included	by	the	EDF	
	
•  InvesGgate	nuclear	structure	on	the	whole	nuclear	chart	

•  Rela5vis5c:	the	depth	of	the	central	potenGal	is	consistently	predicted	
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Origins of nuclear clustering 

E*	

•  Neutron	excess	
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•  Depth	of	the	confining	potenGal	
•  Heavy	vs.	Light	nuclei	
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•  DeformaGon	/	excitaGon	energy	
•  Density	



What’s new ? 

1)  Quan5ta5ve	results:	comparison	with	exp.	rotaGonal	bands	in	20Ne	and	12C	

2)  More	qualita5ve	results	:	localisaGon	over	the	nuclear	chart	

	

3)  Improvement	of	the	method	:	effect	of	pairing	and	quarteGng	on	clustering	
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Comparison with exp. on 20Ne 

•  GCM	on	top	of	axially	symmetric	/reflecGon	asymmetric	RHB	(DD-PC1)	:	

•  Angular	momentum,	parity	and	parGcle	number	projecGons		

RHB	PES	 Projected	PES	



Comparison with the data 
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Analysis of the densities 

24Ne	



Comparison with exp. on 12C 



Comparison with exp. on 12C 
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Localisation 

Single	parGcle	state	dependence	of	the	localisaGon	?	

Crystal	
αloc <1	
	

Cluster	
αloc ∼ 1	
	

Quantum	
liquid	
αloc > 1	
	

r0	
b	

r0	
b	

r0	
b	

J.-P.	Ebran,	E.	Khan,		
T.	Niksic,	D.	Vretenar,		
PRC	87(2013)044307	



Dispersion in nuclei: a striking pattern 



α-valence localisation over the nuclear chart 

Axially	symmetric	RHB	DD-ME2	calc.	



Dispersion and s.p. states  

20Ne	



Impact of pairing and quarteting on clustering 

QuarteGng	=	projected	BCS	in	the	nn,	pp	and	np	channels	
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Pairing coherence length vs. inter-nucleon distance 
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Effect of pairing and quarteting on clustering 

•  Pairing	acts	against	clustering	(smearing	of	the	density)	
•  QuarteGng	is	compaGble	with	clustering	
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20Ne	

p-n	p-p	=	n-n	

Decisive	role	of	p-n	correlaGons	
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Conclusions and outlooks 

•  Nuclear	clustering	described	by	relaGvisGc	EDF	both	on	qualitaGve	and	quanGtaGve	grounds	
•  Clustering	persist	with	quarteGng	
•  General	and	microscopic	view	and	predicGve	power	on	nuclear	clustering	

	
	
•  More	comparison	with	data	
•  Clustering	in	heavy	nuclei	
•  RelaGng	clustering	structure	and	alpha	(cluster)	radioacGvity		
•  Density	dependence	and	the	Mok	transiGon	


