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Cluster-nucleon configuration interaction approach 
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• m-scheme and SU(3) basis
• Construction and classification of cluster configurations
• Center of mass and translational invariance
• Non-orthogonality and bosonic principle 
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Traditional shell model configuration
m-scheme

Cluster configuration
SU(3)-symmetry basis
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Cluster configurations 
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Example: alpha decay with ℓ𝓁=0 from sd shell
21 way to make L=0 T=0 4-nucleon combination
Each nucleon has 2 oscillator quanta, 8 quanta total
In oscillator basis excitation quanta are conserved 
We model alpha as 4-nucleons on s-shell
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m-scheme state motion of alpha
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SU(3) symmetry state 

Make single SU(3) operator with quantum numbers (8,0) �⌘
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Methods 
•Direct diagonalization Casimir operators of SU(3), J2 , T2 …
•Coupling and U(N) Clebsh-Gordan coefficients (via diagonalization)
•Casimir projection techniques. Generators of algebra.



Translational invariance

Shell model, Glockner-Lawson procedure 

Factorizing center of mass in overlap integral

Recoil factor (inverse of Talmi-Moshinsky coefficient)

SM state Center-of-mass
vibration

Intrinsic
state

SM overlap integral (FPC) Translationally invariant part Spurious CM integral
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Traditional Cluster Spectroscopic Characteristics

Expand radial motion in HO wave functions

 Dh i=

Traditional “old” spectroscopic factors

Cluster CoefficientRecoil Factor Fractional Parentage Coefficient



Bosonic nature of 4-nucleon operators 
non-orgothogonality 

* For p-shell the result is known analytically 64/45

If          is thought of as being a boson then 



Bosonic nature of 4-nucleon operators 
non-orgothogonality 

* For p-shell the result is known analytically 64/45

If          is thought of as being a boson then 

Effective operators (alphas) are not ideal bosons
Cluster configurations are not orthogonal and not normalized



Orthogonality condition model, new SF
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Sum of all new SF from all parent states to a given final  
state equals to the number of channels

• Non-orthogonal set of channels (over-complete set of configurations) 
• Pauli exclusion principle
• Matching procedure, asymptotic normalization, connection to observables
• No agreement with experiment on absolute scale

Resonating group method

New spectroscopic factor



Alpha clustering in sd-shell nuclei 
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• Old SF are small
• Old SF decrease with A

USDB interaction [5]
(8,0) configuration



Alpha cluster spectroscopic factors in 24Mg 
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Theoretical calculations in SD shell Experimental results
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The sd valence space is considered with USDB interaction the operator is  
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Clustering in light nuclei
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Clustering in light nuclei

↵+ n

↵+ p

↵+ n+ n
↵+ ↵

↵+ n+ n+ ↵

↵+ ↵+ ↵

↵+12C

0+
-28.30

2
4He

3 ê2-
-27.40

3
5He

3 ê2-
-26.33

2
5Li 0+

-29.268

2+ 1.8

4
6He

0+
-56.5

2+ 3.0

4
8Be

0+
-65.0

2+ 3.4

4+ 11.4

6
10Be

0+
-92.2

2+ 4.4

0+ 7.7

6
12C

0+
-127.6

0+ 6.0

2+ 6.9

4+ 10.4

6+ 16.3

8
16O

0+
-160.6

12
20Ne



01+

02+
31-
21+
11-

12-
22+
41+
42+

03+

51-
61+

62+

01+

31-

02+
11-
21+

22+
41+
03+
23+
42+

61+

51-
62+

0

2

4

6

8

10

12

14

16

0 0
.1

0
.2

0
.3

0
.4

0
.5

0
.6

0
.7

0
.8

0
.9

1Experiment Theory

S�Spectroscopic factor

Ex
ci

ta
tio

n 
En

er
gy

 [M
eV

]

(new)

SU(3) configurations
For positive parity 

Hamiltonian from
E. K. Warburton and B. A. Brown, Phys. Rev. C 46 (1992) 923
Y. Utsuno and S. Chiba, Phys. Rev. C83 021301(R) (2011) 

p-sd shell model
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Clustering in light nuclei
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Clustering in light nuclei
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Detailed shell model analysis of 10Be (10Be →6He+α) 
and experimental data

[21]A. N. Kuchera et al.: Phys. Rev. C 84 (2011) 054615.
[22] A. N. Kuchera http://diginole.lib.fsu.edu/etd/8585/
[23] D. R. Tilley et al.: Nucl. Phys. A 745 (2004) 155. 

http://diginole.lib.fsu.edu/etd/8585/


No-core shell model studies with JISP16 Hamiltonian, 
clustering in  10Be→ 6He+α

[1] P. Maris and J. Vary, Int. J. Mod. Phys. E 22, 1330016 (2013); J. Vary private communication
[2] W. Oelert, Few-body Problems, Volume 3; Volume 1985 By E. Hadjimichael, W. Oelert, see page 252

psd 
SM

Nmax=0 Nmax=2 Nmax=4 Nmax=4 Exp
SF 0.686 0.713 0.622 0.609 0.687 0.55 [2]

operators 3 1 7 7 20
Radius [fm] 3.4 4.0 4.0 4.5 4.7-6

In order to get to r=6 fm, nmax=16 is needed, relative to core this is Nmax=10, 14 
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