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No-Core Shell-Model Approach

* Stant with the purely: mirmsic Hamiltonian

; There are (© phenomenological s.p. encrgies

space:  Argonne V&', AVIE

Can use Niymegen L, 11
NN potentials

space: CD Bonn, EFT Idaho



No-Core Shell-Model Approach

* Next, add €M harmonic-oscillator Hamiltonian

[Defimes a basis (7.e., HO) for evaluatmg



Effective Interaction

* Must truncate to a model space —»

* I general, . 1S an - -body mteraction

< We want toymake an ¢-body: cluster approximation




Two-body cluster approximation (a=2)
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with the restrictions PQS(E)PQ — 025(2)02 =0




Two-body cluster approximation (a=2)

52) = arctanh(w —w') with QP = w
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NCSM ROAD MAP
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NCSM convergence test

— Comparison to other methods

F

+ - N3LO bare

MELO W2elT

NCSM

7.852(5)

25.39(1)
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Noa

»>5Short-range correlations = effective interaction
»Medium-range correlations = multi-hQ model space
»Dependence on

»size of the model space (N,,.,)

=HO frequency (hQ)
»Not a vanational calculation
»Convergence OK
>NN interaction insufficient to reproduce experiment
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N°LO

Q=10 MeV
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N°LO Exp
ikl 71.85 MeV 8.48 MeV
‘He 25.35(5)MeV 28.30 MeV
°Li  28.5(5)MeV 31.99 MeV
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Light drip line nuclei
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H_([sdP) = 2, |k,N__=4,A=18>E , (A=18) < k,N__=4,A=18)|

k,N,.,,=4,A=18 > = U, ,|K ,[0nQ,18]> + U, , |k ,[2+4hQ,18]>
dim(P,) =6 706 870  dim(P,)=28  dim(Q,) = 6 706 842

U - UFF UPC! )
Hdiag — UHUT Uarlaq
\ \
\ D e
E (A=18) H( N...=4,A=18) Heﬂ' — _pHc}l)ia
D(4hQ) =6 706 870 VLU,
D(6hQ) = 425 883 168

H,, = H_(1b) + H_,(2b) + H_,(3b) + H_,(4b) +...

- A. Lisetskiy



Comparison to 0hQ interaction

Effective two-body sd-shell interaction

reproduces energies of the 6hQ
NCSM calculation for '8F (CD-Bonn)
Heﬁ(Sd;Nmax=6) = H (Nmax=0) + AV

+A E(core) + A E(one-body)
AV(abcd;JT) = AV__(ab;T) + AVres(abed;JT)

- AV_ (33;T=0)

mon

abed = 2ja 2jb 2jc 2ja

Next steps | — , | Testing different methods to

derive interactions directly:
renormalization

regularities for p- and sd-shells
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Testing 6hQ-sd interaction for other sd-
shell nuclei A




Systematic for p-shell effective interactions

4.5 AV, (ab;T) =AV,(ab) +AV,_ ,(ab)(Ta.Tb) J
3.5} 61.i cD-Bonn, hQ=10 MeV
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