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Motivation

Radiative capture reactions |4z +%z, - A*%(z +Z) 4{

play an important role in nuclear astrophysics.

These reactions are strongly suppressed by the Coulomb barrier

Their cross sections are not available

for reliable experimental measurements

Theoretical calculations based on microscopic approaches
are the most justified and promising line of attack

e

of the low energy cross section problem




Microscopic approach

Physical viewpoint:

U Description of dynamics of all nucleons constituting nuclear system;
U Exact account for Pauli exclusion principle;

U Correct treatment of center of mass motion.

From a mathematical viewpoint, wave functions:

A depend on spin-isospin and space coordinates of all nucleons;

A are fully antisymmetrized for permutations of all pairs of nucleons;

e

A are translationally invariant.




Nuclear models underlying the existing approaches

C Resonating group model (RGM).

C Fermionic molecular dynamics.

C VariatonalMont e Carl.o met hod
C No-core shell model.

C Direct capture model.

C Potential cluster model.




Algebraic version of the resonating group model (AVRGM)

In single-channel variant of RGM total wave function is sought in form:
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The main idea of algebraic version (AV) of RGM is expansion of relative motion wave

function onto series over the basis of the oscillator functions:
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Total wave function can be written as expansion over basis wave functions of AVRGM:
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Expansion coefficients satisfy infinite set of homogeneous linear algebraic equations:
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AVRGM equations sets for discrete spectrum and continuum

AVRGM equations set for discrete spectrum is

finite one of homogeneous linear algebraic equations:
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AVRGM equations set for continuum is

finite one of inhomogeneous linear algebraic equations:
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Generating Functions Method
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Generating functions for AVRGM basis:
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Matrix elements:
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The algebraic version of the orthogonality conditions model (AVOCM)

In many cases wave functions of initial and final states can be expressed by
S| a t determisants or their sum:
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If single-particle states satisfy orthogonality condition {/ | £)~ @

then matrix elements of an operator V = 'a'A_ V(k, j) are written in the form:
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exchange terms

Neglecting exchange effects caused by Pauli exclusion principle in interaction between
nucleons composing two different clusters leads to
the algebraic version of the orthogonality conditions model (AVOCM).
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Hamiltonian and Nuclear Potential

Hamiltonian of the system: H =T -T._ ¥, VEN
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Modified Hasegawal Naqata potential:
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The basic reactions of primordial nucleosynthesis
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pp cycle of hydrogen burning
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Cross sections for the *H(a,g)’Li and 3He(a,g)’Be reactions
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Approaches to the following calculations
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Approaches are based on:

U Single-scale AVRGM (usual AVRGM approach);
U Single-scale AVRGM + AVOCM (combined approach);

U Multi-scale AVRGM (extended AVRGM approach).
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Astrophysical S-factors for the 3He(a,g)’Be and 3H(a,g)’Li reactions
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The solid lines are calculation within usual AVRGM approach;

The dashed lines are calculation within approach combining AVRGM and AVOCM.
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Scattering phase shifts for “He + *He and “He + 3H systems
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The solid lines are calculation in usual AVRGM approach;

The dashed lines are calculation in combined approach.
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