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To study intruder states or exotic structure (second 0+ state of 12C) 

Model approach

Effective interactions

Nuclear Structure Physics

From  the analyses on nucleon-nucleon interactions
(GFMC, NCSM, V_low-k,,,,, )



Synthesis of 12C
from three alpha particles
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The necessity of 3α-cluster state has been pointed out 
from astrophysical point of view, and experimentally
confirmed afterwards







One of the merit of THSR wave function
we can introduce “size of the condensate”

We simplify the THSR wave function

• We need to study multi‐alpha cases

• We need to study the case with core nuclei

• The coupling with normal states should be 
included

• Di‐neutron condensate around the core can be 
studied



For the αclusters in the condensed state

Virtual THSR wave function

N. Itagaki, M. Kimura, M. Ito, C. Kurokawa, and W. von Oertzen, 
Phys. Rev. C 75, 037303 (2007)



Content

• Di‐neutron correlation in 8He

• Connection to realistic interaction. 

Application of softcore potential 

with UCOM‐like treatment

• Study alpha‐cluster states by applying THSR 
wave function to heavier nuclei (with core, 
coupling with the low‐lying states) 



Result 1:

di‐neutron‐like correlation



Di‐neutron correlation in 8He?

• 8He is well‐bound compared with 6He and 11Li

• Sub‐closed configuration of spin‐orbit‐favored shell

Di‐neutron  no spin‐orbit

Condensation of S=0 di‐neutron clusters
components really contributes?



4He+4n model space (AMD)

8He 0+
Alpha+n+n+n+n

N. Itagaki, M. Ito, K. Arai, S. Aoyama and Tz. Kokalova 
Phys. Rev. C 78, 017306 (2008). 



Determined to reproduce 
the alpha-alpha and alpha+N
Phase shifts



σ =  1fm

σ = 2 fm

σ = 3 fm
σ = 4 fm
σ = 5 fm

Alpha+n+n+n+n

8He 0+ 4He+2 di‐neutron clusters



B = H = 0 case



In 7H case

S. Aoyama and N. Itagaki （２００９）





UCOM transformation
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Our strategy

• UCOM‐like transformation is performed only for 
the treatment of the short‐range correlation of 
the central interaction. Hamiltonian becomes 
extremely simple.

• Non‐central interactions (spin‐orbit and tensor) 
are just introduced with the original form.

• We superpose many Slater determinants



Gaussian 3‐Range Softcore (G3RS)

R. Tamagaki, Prog. Theor. Phys. 39 (1968)

V(r) =   2000 exp[-5.005r2] 
-250 exp[-1.127r2]

-5 exp[-0.16r2]       

Each range has 
Wigner, Majorana, Heisenberg, Bartlet 
dependence



Gaussian 3‐Range Softcore (G3RS) 



What we do is the following:

• We start with the G3RS interaction with a softcore

• We perform the UCOM‐like transformation for the 
central interaction

• We refit the transformed central interaction by 
adjusting the amplitude of 3 Gaussinas

• The best fit is to reduce the amplitude of the 
shortest range 2000 MeV  1100 MeV



Even‐parity channel  Dots original interaction
Solid line UCOM-like transformation
Dotted line refit



Odd channel Dots original interaction
Solid line UCOM-like transformation
Dotted line refit



Energy convergence of 8He

Alpha+n+n+n+n
Model space



8He ground state, squared overlap with 
alpha+2 dineutrons  THSR wave function

G3RS+UCOM-like

sigma = 2 fm     0.41
sigma = 3 fm     0.33
sigma = 4 fm     0.22

previous
Effect interaction case:

sigma = 2 fm     0.53
sigma = 3 fm     0.61
sigma = 4 fm     0.45



Result 2: 

Alpha‐like correlation



2α
3α

Sigma = 2 fm

Sigma = 5 fm

Solid, dotted, dashed, dash‐dotted  σ = 2,3,4,5 fm

r.m.s. radius 
of 12C 



20Ne = 5 alpha’s

Sigma = 2 fm

Sigma = 3 fm

Sigma = 4 fm

N. Itagaki, Tz. Kokalova, M. Ito, M. Kimura, and W. von Oertzen,
Phys. Rev. C 77 037301 (2008) 



0+ states of the 5α system (20Ne)

16O+alpha

16O+alpha
+

5alpha cond.





8Be energy curve

Solid   : effective
Dotted : G3RS+UCOM



20Ne = 5 alpha’s

Effective interaction               G3RS+UCOM-like

Sigma = 2 fm

Sigma = 3 fm

Sigma = 4 fm

Sigma = 2 fm

Sigma = 3 fm

Sigma = 4 fm



alpha condensation, the next step……..

condensation around core nucleus
Tz. Kokalova et al. Eur. Phys. J A23 (2005)

28Si+24Mg
52Fe

Enhancement of  emissions of the condensed state from the 
compound state compared with the sequential α emissions



Is it due to the lowing of the Coulomb 
barrier for the condensed state?

Tz. Kokalova, N.Itagaki., C. Wheldon, and W von Oertzen, 
Physical Review Letters 96, 192502 (2006).



Gas‐like state of 3 alpha around 40Ca

• σ = 3 fm   

Effective interaction

• σ = 3 fm   

G3RS interaction



6‐alpha gas‐like state

• σ = 3 fm   Effective interaction



6‐alpha gas‐like state

Dotted line 
Around 16O

• σ = 3 fm   Effective interaction



6‐alpha gas‐like state

Dotted line 
Around 16O

Dashed line 
Around 40Ca

• σ = 3 fm   Effective interaction



6alpha around 40Ca

• σ = 3 fm   G3RS+UCOM‐like treatment



Summary:

We have shown the application of THSR wave functions
using Monte Carlo technique

* The ground state of 8He contains large amount of 
di-neutron component

* 5 alpha condensate survives after imposing the coupling
with the 16O+alpha configurations

* Alpha condensate around core nucleus can be attacked

*The analysis using softcore potential 
with UCOM treatment is under development



Then, let us use realistic interaction seriously:

•Which realistic interaction should be used?
•What kind of UCOM transformation is good?

Discussion with German side is essential
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