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Fulton and Rae – J. Phys.G 

Clusters from the mean-field: 24Mg 
Nilsson-Strutinsky, Hartree-Fock 



Clusters from the mean-field: 24Mg 
Nilsson-Strutinsky to Harmonic Oscillator 



Clusters from the mean-field: Symmetries 
Nilsson-Strutinsky, Alpha Cluster Model, Harmonic Oscillator 

Fulton, Rae, Leander, Larsson, Freer, Merchant 



R. B. Wiringa, Steven C. Pieper, 
J. Carlson, and V. R. 
Pandharipande, Phys. Rev. C 62, 
014001 (2000) 

 

Clusters in Microscopic Models 
AMD, GFMC 

Kanada En’yo 
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Experimental Evidence for Cluster Correlations: 8Be 



What about experiment? 1938: Hafstad and Teller Predictions 



Fred Hoyle 

12C – the Hoyle-state 

F. Hoyle, D. N. F. 
Dunbar, W. A. 
Wenzel, Phys. 
Rev. 92, 1095 
(1953) .  
 
C. W. Cook, W. A. 
Fowler, T. 
Lauritsen, Phys. 
Rev. 107, 508 
(1957)  
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Experiment:- 
66 MeV protons 
K600 spectrometer 
iThemba Labs, SA 
23 keV resolution 



Ex=9.6(1) MeV 
Γ = 600(100) keV 



Analysis of the 12C(α, α’)  

data - RCNP 

Background analysis 

Thanks:  
Itoh-san 
Kawabata-san 



What does a 0+ - 2+ energy separation of  
2 MeV imply?  
(charge radius of 4He = 1.673 fm) 

E(0+) – E(2+) =  
1 MeV [0.8 MeV] 

E(0+) – E(2+) = 2.00 MeV  





Neutron-rich clusters 
 

 

 

 

8Be+2n 

R. B. Wiringa, Steven C. Pieper, 

J. Carlson, and V. R. 

Pandharipande, Phys. Rev. C 62, 

014001 (2000) 

 



Building of Nuclear Molecules 



Kimura 

The nucleus 22Ne 



Summary: 

clustering appears 

naturally due to high  

binding energy of  

alpha-quartet 

and is enhanced by  

symmetries  





Zagreb 2011 
9Be+alpha 
 



Yale Measurements 
12 C(p,p’) 25 MeV 
  

Moshe Gai et al. 



Optical TPC measurements; Moshe Gai et al. 





No core “shell model” calculations 
Navratil P, Vary J P and Barrett B R 2000 Phys. Rev. Lett. 84 5728 



Nucleon Density 

Alpha-particles 

Deuterons 

Nucleus 



Soap Films and Steiner Points 



 

Connection to the deformed  
Harmonic oscillator 



Neil Curtis 





12C+12C picture…. 
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Kanada En’yo 

The nucleus 10Be 



R. Bijker and F. Iachello, Phys. Rev. C 61, 067305 (2000). 
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(2-) 
M. Freer, et al. 2007 “Re-
examination of the excited 
states of 12C”, Physical Review, 
C76, 034320  

12C(12C,3α)12C 

The case of 12C 


