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Introduction

Assumes nucleons as the effective degrees of freedom 

Uses realistic interactions

The goal is to achieve a predictive theory for light nuclear systems to study:

- Exotic nuclei

- Reactions important in nuclear astrophysics

- Reactions important for energy production projects

Ab initio  in nuclear physics
nucleus
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NCSM/RGM

No-core shell model (NCSM)
Is an ab initio  method capable of studying light bound nuclei from an 

accurate Hamiltonian. 

Is not able to deal with continuum states and therefore is not applicable to 

reactions.
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No-core shell model (NCSM)
Is an ab initio  method capable of studying light bound nuclei from an 

accurate Hamiltonian. 

Is not able to deal with continuum states and therefore is not applicable to 

reactions.

Resonating group method (RGM)
Microscopic cluster approach.

Permits studying the scattering of clusters

Non-realistic Hamiltonian

 

NCSM/RGM

NCSM/RGM

Combines NCSM and RGM to obtain an
ab initio formalism which uses an accurate

nuclear Hamiltonian and is capable of 
studying both structure and scattering 

problems in light nuclear systems
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A-nucleon system

NCSM/RGM

S. Quaglioni and P. Navrátil

- PRL 101, 092501 (2008)

- PRC 79, 044606 (2009)

Binary clusters
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NCSM/RGM
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Binary clusters

NCSM wave functions

A-nucleon system
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NCSM/RGM-3B

C. Romero-Redondo

S. Quaglioni, P. Navrátil

Extension to three-body cluster
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NCSM/RGM-3B

Why?

Extension to three-body cluster
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NCSM/RGM-3B

Extension to three-body cluster

Bound and resonant states:
2n Halo nuclei



C. Romero Redondo, S. Quaglioni, P. Navrátil. February 22nd, 2013

NCSM/RGM-3B

Extension to three-body cluster

9Li

n

n

4He n

n

Bound and resonant states:
2n Halo nuclei
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NCSM/RGM-3B

Extension to three-body cluster
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3-body continuum states:
Transfer reactions

Bound and resonant states:
2n Halo nuclei
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NCSM/RGM-3B

Extension to three-body cluster
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NCSM/RGM-3B

Basis
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NCSM wave functions

NCSM/RGM-3B

Basis
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NCSM/RGM-3B

Schrödinger equation

Norm kernelHamiltonian Kernel



C. Romero Redondo, S. Quaglioni, P. Navrátil. February 22nd, 2013

NCSM/RGM-3B

Schrödinger equation

Norm kernelHamiltonian Kernel Relative 
movement 
wavefunction
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Orthogonalization

NCSM/RGM-3B

Schrödinger equation
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NCSM/RGM-3B

Hyperspherical coordinates:
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Hyperspherical coordinates:

NCSM/RGM-3B
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Hyperspherical coordinates:

NCSM/RGM-3B

After changing to hyperspherical coordinates and integrating in α,α':
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Hyperspherical coordinates:

After changing to hyperspherical coordinates and integrating in α,α':

Coupled-channel microscopic R-matrix method on a Lagrange mesh

NCSM/RGM-3B
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R-matrix

 External region: known asymptotic behaviour (ρ > a)

Internal region: expansion on a basis  (ρ < a)  

* Bound state:

* Continuum state:
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R-matrix

 External region: known asymptotic behaviour (ρ > a)

Internal region: expansion on a basis  (ρ < a)  

* Bound state:

* Continuum state:

Scattering Matrix
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R-matrix

Bloch Operator

Matching conditions at ρ = a
Use of Bloch operator 
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R-matrix

Matching conditions at ρ = a
Use of Bloch operator 

* Bound state:  Eigenvalue problem -> energy and 

* Continuum state: Scattering matrix
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4He+n+n

Input
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4He+n+n

6He ground state wave function
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4He+n+n

6He ground state wave function
Probability distribution
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4He+n+n

6He ground state wave function
Probability distribution

Small
Small
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4He+n+n

6He ground state wave function
Probability distribution
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4He+n+n

6He ground state wave function
Probability distribution

Di-neutron

Cigar
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4He+n+n

PRELIMINARY
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4He+n+n

- Very narrow resonance in 2+
1 
 at 1.1 MeV  (Experimental 0.824MeV)

- Broad structures 1- at ~1.2MeV, Γ=1.8MeV 

  and in 0+ at ~1MeV, Γ=2.6MeV  

- Second resonance in 2+
2 
 at 2.6 MeV  Γ~ 800KeV (New exp. at Ganil 1.67 MeV, Γ=1.6MeV ) 

Preliminary results Recent exp.: Phys. Lett. B 718 (2012) 441



C. Romero Redondo, S. Quaglioni, P. Navrátil. February 22nd, 2013

Summary and Outlook

Approach is very useful for studying different types of nuclear systems 

Bound and resonant states in structure problems 

Continuum states for reaction problems
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Summary and Outlook

Approach is very useful for studying different types of nuclear systems 

Bound and resonant states in structure problems 

Continuum states for reaction problems

Results are very promising

Ground state of 6He

Continuum 4He+n+n
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Work to do

Study more deeply the stability of the continuum results

Introduce 4He core excitations by coupling the 
4He-n-n basis to 6He NCSM eigenstates
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Work to do

Study more deeply the stability of the continuum results

Introduce 4He core excitations by coupling the 
4He-n-n basis to 6He NCSM eigenstates

Transfer reactions, i.e, 3H(3H,2n)4He

Derive and calculate couplings between two 
and three body clusters 
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Hyperspherical coordinates:

After changing to hyperspherical coordinates and integrating in α,α':

Coupled-channel microscopic R-matrix method on a Lagrange mesh

NCSM/RGM-3B
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Norm Kernel



C. Romero Redondo, S. Quaglioni, P. Navrátil. February 22nd, 2013

Norm Kernel
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Hamiltonian Kernel
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4He+n+n
NCSM

- Very narrow resonance in 2+
1 
 at 1.1 MeV  (Experimental 0.824MeV)

- Broad structures 1- at ~1.2MeV, Γ=1.6MeV 

  and in 0+ at ~1MeV, Γ=1.6MeV  

- Second resonance in 2+
2 
 at 2.6 MeV  Γ~ 800KeV (New exp. at Ganil 1.67 MeV, Γ=1.6MeV ) 
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R-matrix

 External region: known asymptotic behaviour (ρ > a)

Internal region: expansion on a basis  (ρ < a)  

* Bound state:

* Continuum state:



C. Romero Redondo, S. Quaglioni, P. Navrátil. February 22nd, 2013

R-matrix

Bloch Operator

Matching conditions at ρ = a
Use of Bloch operator 
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R-matrix

Bloch Operator

Matching conditions at ρ = a
Use of Bloch operator 

Projection on Lagrange basis element f
n'
(ρ)
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R-matrix

Bound States

Eigenvalue problem

Few iterations to converge
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R-matrix

Continuum states
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R-matrix

Continuum states
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Norm Kernel

n-n-4He
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