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1) 	
  Unified	
  microscopic	
  approach	
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EDF method & clusters 
•  EDF:	
  many-­‐body	
  system	
  mapped	
  into	
  the	
  	
  one-­‐body	
  density	
  and	
  its	
  powers,	
  

gradient	
  

	
  

	
  
•  Most	
  general	
  anMsymmetrised	
  product	
  of	
  nucleonic	
  wavefuncMons	
  

•  Not	
  any	
  a	
  priori	
  assump6on	
  on	
  the	
  nucleons’	
  wave	
  funcMon	
  

•  Correla6ons	
  beyond	
  the	
  mean-­‐field	
  effecMvely	
  included	
  by	
  the	
  EDF	
  

•  Results	
  are	
  obtained	
  in	
  the	
  intrinsic	
  frame	
  of	
  the	
  nucleus	
  

•  InvesMgate	
  nuclear	
  structure	
  on	
  the	
  whole	
  nuclear	
  chart	
  

•  Rela6vis6c:	
  the	
  depth	
  of	
  the	
  central	
  potenMal	
  is	
  consistently	
  predicted	
  



	
  

2)	
  PredicMons	
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Parity-projected quadrupole/octupole results 
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Towards a global picture 
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Effect of the deg. raising 
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Isotopic dependence  
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Beyond pairing: Quarteting 
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  Sept.	
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3)	
  ExcitaMons:	
  	
  
towards	
  comparison	
  with	
  experiment	
  	
  	
  



Excitations modes as clustering signature 

	
  
•  RelaMvisMc	
  +	
  deformaMon:	
  RQRPAz	
  	
  
	
  
•  VibraMon	
  +	
  rotaMons:	
  collecMve	
  Bohr	
  Hamiltonian	
  

•  CorrelaMons:	
  IBM	
  mapping	
  
	
  



	
  

4)	
  Deeper	
  understanding	
  
of	
  the	
  cluster	
  phenomenon	
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Nuclear states 
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Nuclei: a quantum liquid feature 



The quantality and the localisation parameter 

Molelson:	
  quantality	
  =	
  
Quantal	
  kineMc	
  energy/potenMal	
  energy	
  

Localisa6on	
  parameter	
  =	
  
LocalisaMon/internucleon	
  distance	
  

Quantality	
  does	
  not	
  take	
  into	
  account	
  finite	
  size	
  effects	
  at	
  work	
  for	
  clusterisaMon	
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B.	
  Molelson,	
  Proc.	
  Les	
  Houches	
  school	
  (1996)	
  



The depth of the potential 

•  Nuclei	
  :	
  depth	
  of	
  the	
  potenMal	
  consistently	
  determined	
  (relaMvisiMc)	
  	
  

•  Ultracold	
  atoms	
  :	
  opMcal	
  trap	
  of	
  	
  variable	
  depth	
  V0	
  
	
  	
  	
  	
  	
  	
  M.	
  Greiner	
  at	
  al.,	
  Nature	
  415	
  (2002)	
  39	
  

S≈	
  -­‐	
  400	
  MeV	
  
V≈	
  320	
  MeV	
   V0	
  ≈	
  80	
  MeV	
  



A way to vary the depth of the potential 
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Deeper potential leads to localisation 
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From a nuclear crystal to a nuclear liquid 

In	
  	
  finite	
  nuclei:	
  localisaMon	
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Summary 

•  Rel.	
  EDF	
  provides	
  unified	
  descripMon	
  of	
  nuclear	
  states:	
  liquid	
  drop,	
  cluster	
  and	
  halo	
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  Role	
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  excitaMon,	
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  excess	
  
	
  

	
   	
   	
   	
  ExoMc	
  shapes,	
  phase	
  transiMon	
  

	
   	
   	
   	
  Key	
  role	
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  saturaMon	
  
	
  

	
   	
   	
   	
  Specific	
  mode	
  of	
  excitaMon	
  
	
  

	
   	
   	
   	
  Comparison	
  with	
  Exp.	
  excitaMon	
  spectra	
  	
  
	
  


