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Introduction : alpha clustering in 12C, 16O, 20Ne
clusters in light neutron-rich nuclei

Highly deformed shapes in 24Mg,32S,36Ar,40Ca
Ternary fission and Hyperdeformation in 56Ni*
High-spin states in 16O, 20Ne and 24Mg
Clustering in neutron-rich nuclei
Extended Ikeda diagram



Cluster12 Conference Summary (Catford)



Alpha Clustering                       Gas-like BEC
16O = 4 alphas              24Mg = 6 alphas











Density distributions of Density distributions of 88Be, Be, 1212C and C and 1616OO
Deformed harmonic oscillator (M. Freer)

Quantum Monte Carlo ab initio Method (R.B. 
Wiringa. S.C. Pieper, P. Navratil) 

Ab initio No-Core Shell Model (J.P. Draayer, 
J.P. Vary)



Light alpha-like nuclei: open questions 

Are 12C alpha-cluster states built on the 02
+ 

Hoyle state ?   Yes see  M. Gai
But still no evidence of 2+ state at 11.16 MeV (iThemba LABS)

Hoyle state equivalent in 16O : experiments ? 

Is 20Ne a “Morinaga” nucleus (chain states) ?
BEC in 24Mg see T. Kawabata 





Superdeformation
in 24Mg

Molecular   
resonances in

12C + 12C





24Mg:   12C+12C     vs 16O+2 alpha



16O – alpha – alpha resonances ?



24Mg* => 16O + alpha + alpha (Osaka Spectro)





Resonant Breakup States in 24Mg

- Inelastic breakup of 24Mg* in
24Mg+12C @ 130 MeV

- Experiments from the
Charissa Collaboration

- Three 12C fragments in 
the exit channel
B. Fulton et al. Phys. Lett. B181 (1986).



SD band in 28Si (D. Jenkins)



28Si moment of inertia vs AMD results (Taniguchi)



32S rotational bands (see Eur.Phys.Jour. A 46 (2010) 5)



Superdeformation vs Resonances in 36Ar 

SD and HD deformed bands in 36Ar 
Moment of inertia:

I(SD) = 2.4 x 105 Mev fm2/c2

I(res) = 4.1 x 105 MeV fm2/c2

C.E. Svensson et al. Phys. Rev. Lett. 85, 2693 (2000).



Resonances in 3636Ar  from 12C+24Mg scattering



Resonances in 40Ca from 12C+28Si scattering

Sao Paulo data



Generalized LDM: ternary fission

36Ar 56Ni

G. Royer (private communications)
G. Royer, C. Bonilla, R.A. Ghergescu, Phys. Rev. C 67, 034315 (2003).



Clustering, Hyperdeformation and Jaccobi



24Mg + 24Mg molecular resonances



24Mg+24Mg at Legnaro
GASP/Euclides Prisma/Clara



24Mg states populated by 36 h resonance



Clustering effects in 48Cr composite nuclei produced via 24Mg + 24Mg reaction A. Di Nitto, A. 
Brondi, G. La Rana, R. N. Gelli Moro, P. Nadtochy, E. Vardaci





56Ni alpha breakup (Maya @ Ganil)



Ternary Fission in 56Ni

Gamma-ray spectra (P and F isotopes)       Out-of-plane Angular Correlations
C. Wheldon et al. Nucl. Phys. A 811, 276 (2008). W. von Oertzen et al.

Eur. Phys.Jour. A 36, 279 (2008).
32S+24Mg at Elab = 165.4 MeV
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36Ar+24Mg: out-of-plane angular correlations



24Mg gamma-ray spectrum

C. Beck et al., Nucl. Phys. A734, 453 (2003); Phys. Rev. C 80, 034604 (2009).

Population of high-spin states of the g.s. band up to the 8+ state 
No sign of the occurrence of the 10+ state discovered by Wiedenhoever et 
al., Phys. Rev. Lett. 87 (2001). 12+ sate ?
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New partial level scheme for 16O 



New interest in 16O spectroscopy

* Search for Bose-Einstein Condensates in 
16O

* Equivalence of a (alpha + 12CHoyle_state) 
configuration in BEC.

Y. Funaki et al. Phys. Rev. Lett. 101, 082502 (2008).

* Need of new experimental results.
C. Beck et al., Phys. Rev. C 80, 034604 (2009).
Experimental Programme at iThemba LABS (Cape 
Town)



16O spectroscopy M.Dufour et al.

12C+alpha                GCM calculations for 16O



Extended Ikeda diagram (W. von Oertzen)













Summary and Conclusions

- Large 4pi-gamma/fragment detection useful 
tool for gamma-ray spectroscopy: 32S+24Mg 
and 24Mg+12C collisions

- Possible Ternary Cluster Decay of the
Hyperdeformed 56Ni* and 60Zn* nuclei

- Alpha Condensates (BEC) in 16O-20Ne-24Mg ?
- Clustering effects in neutron-rich nuclei

as expected by Extended Ikeda diagram 
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New Lecture Notes in Physics Series: 
“Clusters in Nuclei – Vol.1-3”

Clusters in Nuclei, Vol.2 Lecture Notes in Physics
Volume 848 2012 
Editors: Christian Beck
ISBN: 978-3-642-24706-4 

Vol.3 (in press) 2013

http://link.springer.com/bookseries/5304
http://link.springer.com/search?facet-author=%22Christian+Beck%22

	Alpha Clustering in Nuclear Reactions   Induced by Light Ions    C. Beck (IPHC Strasbourg)
	Cluster12 Conference Summary (Catford)
	Alpha Clustering                       Gas-like BEC           16O = 4 alphas              24Mg = 6 alphas
	Density distributions of 8Be, 12C and 16O
	Light alpha-like nuclei: open questions 
	24Mg:   12C+12C     vs    16O+2 alpha
	24Mg* => 16O + alpha + alpha (Osaka Spectro)
	Resonant Breakup States in 24Mg
	SD band in 28Si (D. Jenkins)
	28Si moment of inertia vs AMD results (Taniguchi)
	32S rotational bands (see Eur.Phys.Jour. A 46 (2010) 5)
	Superdeformation vs Resonances in 36Ar 
	Resonances in 36Ar  from 12C+24Mg scattering 
	Resonances in 40Ca from 12C+28Si scattering 
	Generalized LDM: ternary fission
	Clustering, Hyperdeformation and Jaccobi 
	24Mg + 24Mg molecular resonances
	       	24Mg+24Mg at Legnaro� GASP/Euclides	         Prisma/Clara		
	24Mg states populated by 36 h resonance
	56Ni alpha breakup (Maya @ Ganil)
	Ternary Fission in 56Ni
	36Ar+24Mg: out-of-plane angular correlations 
	24Mg gamma-ray spectrum
	New partial level scheme for 16O 
	New interest in 16O spectroscopy
	16O spectroscopy M.Dufour et al.
	Extended Ikeda diagram (W. von Oertzen)
	Summary and Conclusions
	List of Collaborators
	New Lecture Notes in Physics Series: 	“Clusters in Nuclei – Vol.1-3”

