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Outline of this paper

1,  R-matrix method 

2, Complex scaling method 

3, Pseudostate method

Hyperspherical  Harmonics (HH) basis

Application: 6He, phase shift, dipole transition
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Introduction of HH basis

Define the Jacobi coordinate:
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Define the hyperradius:
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cos φj =
xj

x2
1 + … + x2

j
Define the hyperangle:



Introduction of HH basis

Ω5k = (αk, Ωx, Ωy)All the angle variable:
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T operator in CM frame:

K2𝒴JM
γK = K(K + 4)𝒴JM

γK

Grand angular momentum  
Operator

Eignefuntion of the operator is the HH function:

The index contains a set of quantum numbers:

γ = (ℓx, ℓy, L, S)



Introduction of HH basis

The HH function has the form:
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The wave function can be expanded in:

The Schrödinger equation can be written in:
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Introduction of HH basis

The potential takes the form:

The potential matrix is given by:

Projection over the forbidden states:
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Dipole strength

The dipole electric operator takes the form( HH form)

The E1 transition strength from gs to a continuum is

The matrix element can be calculated:
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R-matrix method

Introduce the Bloch-Schrödinger equation: 

The wave function in the internal region can be expanded:

The radial function has the asymptotic form:
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The R-matrix can be expressed as:



CSM

The response function can be expressed :

The complex eigenvalues are:

We are solving the complexed scaled Schrödinger equation:
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The dipole strength is obtained from the response function:



pseudostate method

The differential relation can be recovered by:

The dipole strength for specific energy is obtained with:
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The pseudostate method just solve the eigenvalue problem:

The function is in general chosen as a Gaussian, with a width parameter.



Application to 6He

V3(ρ) =
v3

1 + exp (ρ/ρ3)
δKK′ δγγ′ ,

For exotic nuclei, the binding energy is very small, and many 
observables are very sensitive to its value.

Fine-tuning is required for its potential
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