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phenomenological effective interactions

Vij= central + ls force
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1. Introduction1. Introduction What are problems in present interactions ? 
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Effective forces used in recent AMD calculations

Volkov, Minnesota (density independent)

MV1 force

Light nuclei A< 20

p-shell, sd-shell nuclei

Mass number 
dependent parameters

Gogny and Skyrme (density dependent)

sd-shell, fp-shell nuclei up to A=50

Enyo force (3-body)

sd-shell nuclei up to A=40



structure in light nuclei

n
2H1H

3He 4He
3H

6Li 7Li

9Be

6He

8Li
8He

8Be7Be 10Be
9Li

11Be12Be
11Li

10B 11B 12B 13B 14B 15B
14Be

9B8B

12C 13C 14C 15C 16C 17C 18C 19C 20C
17B 19B

11C10C9C8C

14N 15N 16N 17N 18N 19N 20N 21N13N12N11N

12O 13O 14O 15O 16O 17O 18O 19O 20O 21O 22O

core

core

neutron halo

neutron skin

Decoupling of 
Proton and neutrons

molecular

dilute gas
0+

2 in 12C

6He,11Li,11Be

8He,C
Be isotopes

10C, 16C

in 14C

Linear chain

excited states

He
Li
Be
B

C

H

vanishing of 
magic number

sd-shell
α-cluster states
Superdeformation,
Molecular states 16O α

Ne isotopes



2. Formulation of AMD



{ }

　
　　　　　　

　　

　　　

⎪
⎪
⎩

⎪⎪
⎨

⎧

×⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−
+

=

⎥⎦

⎤
⎢⎣

⎡ −−∝
=

⋅⋅⋅=Φ

⋅⋅⋅⋅+Φ+Φ+Φ = Φ

1

np

ccc

A

or

2
1
2
1

2

2AMD

AMDAMDAMD

)(exp)(

,,,

''''''

i

i
i

i
jiΖ

iiΖi

Zrr

ξ
ξ

χ

ν
νφ

χφϕ

ϕϕϕ

 

A

Wave function

Complex parameter Z={                                 }AA ξξ ,,,,,, 121 ⋅⋅⋅⋅⋅⋅ ZZZ

isospinspin

spatial

Slater det.

Gaussian

det

det

Cluster structure

Shell-model-like 
states

Localized Gaussians

0=
ΦΦ

ΦΦ H
δVariational method
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model space
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Energy surface

frictional cooling method

　∗∂
∂

+=
Z

Z E
i

i
dt
d

h

1)( µλ

0
)()(

)()(
=≡

ΦΦ
ΦΦ

E
H

δδ
ZZ
ZZ

Simple AMD

VAP
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Variation after spin-parity projection 

Constraint AMD & superposition
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3. Structure of unstable nuclei

3-1. cluster gas in 12C*, 11B*(11C*), 8He*

3-2. linear chain in C isotopes α α α
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3-1. three-center cluster states: 
12C*, 11B*(11C*), 
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11B(11C) 
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Missing in shell model calculations

12C 11BNCSM by Navratil et al. (2003) 3/2-
3 state is missing



Present results by AMD
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Inelastic scattering data (d,d’)
Kawabata et al. nucl-ex/051204(2005)
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3-2. Linear chain structure  
in C isotopes



Linear chain-like structure
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theoretically suggested 
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Experiment AMD cal.

(a) Shell Model
(b) Triaxial
(c) Equilateral-triangular
(d) Linear-chain
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3-3. dineutron cluster in 8He*

Y. K-E., arXiv:0707.2120



Dineutron gas ?

α-condensation

Tohsaki et al., Yamada et al.,
Funaki et al.
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Two dineutrons in 8He
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Possible dineutron gas-like state of 8He

01+

p3/2

8He(02+)

8He AMD+GCM calc. suggests
dineutron gas-like state 

AMD+GCM
with effective N-N interactions(MV1, Volkov)
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Fine tuning of effective NFine tuning of effective N--N interactionN interaction

N-N properties

(B) MV1 (C) MV1
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Effective N-N Interaction

Effective NEffective N--N interactionN interaction
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Binding energyBinding energy
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Other works with effective nuclear forces

S.Aoyama et al. ,PRC 74, 017307(2006) 
Volkov No.2 (m=0.60)

nn(T=1) force
is too strong



4. Summary



Various cluster states appear in excited states.

α
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1. Cluster gas states similar to 12C*
11B*(11C*) with 2α+t(3He)
8He*: α+2n+2n
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Problems in effective interactions

Effective interactions with a simple form (central and LS Forces) 
were used. 

Global fit of experimental data with one parameter set is difficult. 
Fine tuning of interaction parameters was done. 
System depending parameters. 

For more quantitative reproduction of energy levels and
for more predictive power, we need to overcome problems 
of the present effective interactions.

Future plan: Model calculations based on realistic force 
Structure dependence: explicit treatment of tensor force
Less structure dependent part: 

Hard core of central force with UCOM-like treatment  
density-dependent ls force, other operator terms ?

Link of effective interactions with realistic interactions: GCM





J.Thomas, Phys.Rev.C 33, 1679 (1986)

16O-16O potential reduced from fusion cross section

Barrier 10 MeV high 
at 8 fm
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Barrier height：0.5～1 MeV larger、 Fusion cross：2-3 times 
smaller

16O-16O
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