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« Symmetry-adapted no-core shell model (SA-NCSM)

EA A

Based on NCSM:

* Spherical harmonic oscillator basis

* Distributions of nucleons over shells

* Ab initio (no restrictions for interactions ...NN, NNN, non-
local,...)

New features in SA-NCSM:

NCSM with symmetry-adapted (SA) basis (reorganization of model space):
SU(3)-coupled basis states or Sp(3,R)-coupled basis states

Model space selection (truncation) - physically relevant + exact center-of-
mass factorization!

Equal to NCSM in complete-N, ., model space



« SA-NCSM: SU(3)-scheme basis Total HO quanta;N — N:E —+ Ny —+ Nz
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« SA-NCSM: SU(3)-scheme basis

How is the SU(3)-scheme basis constructed?
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 SA-NCSM: SU(3)-scheme interaction
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Equivalent to m-scheme Matrices are smaller and sparser



« SA-NCSM with SU(3) scheme: Examples
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« SA-NCSM: Sp(3,R)-scheme basis

Symmetry-adapted: Symplectic Sp(3,R) basis1anpw/§LML>
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 SA-NCSM with Sp(3,R) scheme: Examples
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SA-NCSM:
* SU(3)-coupled basis - fast construction (Gel'fand patterns)
* NN interaction SU(3) tensors - generated once per interaction
* Hamiltonian -
* Wigner-Eckart theorem ... reduced matrix elements (rmes)
« Decoupling to single-shell tensors Tn,n,nn, -> Tn, x Tn;nn,

« Important pieces of information ... single-shell rmes

Important pieces of information (memory requirement)
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Sp(3,R)-coupled basis - fast construction (in selected spaces)
Hamiltonian - matrices of small dimension; eigenvectors solved on a laptop




intrinsic function relative motion
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 Resonating Group Method
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* Resonating Group Method v={(A— ) [T Th; aca 3 To; £s}
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 Resonating Group Method

L 5(r' — ,
Non orthogonality is short range: N, (r',r) — (rr,r r) for r',r>>1

Introduce an orthogonalized version of Hill-Wheeler equations:

r —r Can be solved
Z /dw Eoy, ’: with R-matrix
method

H = N‘?HN“ = (®,,| N2 |W)

r

Translationally invariant equation using Talmi-Moshinsky transformation

Calculation can become numerically challenging:
1. The inversion of the norm
2. The TM transformation

Some applications combining RGM +
structure approach :

> NCSM+RGM

> NCSMC

> GSMCC

> SA-NCSM + RGM

> SA-NCSMC ?



« Resonating Group Method with SU(3)-scheme basis (benchmarks)
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« Resonating Group Method with SU(3)-scheme basis
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« Resonating Group Method with SU(3)-scheme basis
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« Resonating Group Method with SU(3)-scheme basis
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« Resonating Group Method with SU(3)-scheme basis
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* Conclusion

>Taking advantage of SA-NCSM in the RGM to reach heavier
nuclei

>Current work: SU(3) symmetry; next: use of Sp(3,R)

>Reactions of interest:
* n + alpha (benchmark)
* Ne isotopes (intermediate mass)
« Ca isotopes (medium mass)
« BAl(p,Y)#*Si (important for X-ray burst nucleosynthesis)



