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Image of the no-core shell model

e Conventional (cored) shell model vs. No-core shell model (NCSM)
A@entional Shell model A@ore shell model

[ elgn 4
[ / sd-shell 9 /

=
/
p-shell S “ “ /

s-shell \ ;“/ /

>
* Conventional (cored) shell model:'inert core + valence shell

* No-core shell model: All nucleons are active



No-core shell model

A large sparse matrix eigenvalue problem
H=1T.+VNN+VNNNT -

H|W) = E|W) W) =) Ay|dy)
Diagonalize {(®Pm|H|Pn)}

Adopt realistic NN (& NNN) interaction(s) renormalization as needed —
retain included many-body interactions: Chiral EFT & JISP16 interaction

Adopt the 3-D HO for the single-particle basis states
Evaluate the nuclear Hamiltonian in basis space of HO SDs
Diagonalize this sparse many-body H in its “m-scheme” basis

|Pp) = [a:ga}; ‘e az]n |0) n=1,2, .., 1010 or more...

Evaluate obs & compare w/ exp.



Some comments

Straightforward but computationally demanding

-> new algorithms/computers

Require convergence assessments & extrapolation tools

Achievable for nuclei up to A = 16 (40) today w/ largest computers available

No-core shell model (NCSM):
effective interaction in the Nmax truncation

No-core full configuration (NCFC):

bare interaction in the Nmax truncation w/ the model-space extrp. (Nmax ->
infinite)
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NCSM: Nmax = 6 configuration

Harmonic Oscillator with mQ2/2 = 1
"6hQ" configuration

Ryme=[N/ma ]’

M ™ 0

configuration
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ab inito NCSM

e Effective Hamiltonian for A-particles

(Lee-Suzuki-Okamoto method + Cluster decomposition)

P. Navratil, J.P. Vary and B.R. Barrett,
Phys. Rev. Lett. 84, 5728(2000); Phys. Rev. C62, 054311(2000)
C. Viazminsky and J.P. Vary, J. Math. Phys. 42, 2055 (2001);
K. Suzuki and S.Y. Lee, Progr. Theor. Phys. 64, 2091(1980);
K. Suzuki, ibid, 68, 246(1982);
K. Suzuki and R. Okamoto, ibid, 70, 439(1983)

Preserves the symmetries of the full Hamiltonian:
Rotational, translational, parity, etc., invariance

Hy =T, +V = Z[(p' LURRYSIRVN

Select a finite oscillator basis space (P—space) and evaluate an
- body cluster effective Hamiltonian:

Her = P|Ti +V (N, Q) P

rel max !
Guaranteed to provide exact answersas a— A orasP — 1.



Effective Hamiltonian in the NCSM
Lee-Suzuki-Okamoto renormalization scheme

P Q

P Hg ’

H: E,E, Es...E,,...E
Hy: EyEj Eqp By

00

QXHX PP =0 | o

Q o QXHX'Q
H.. = PXHX P

unitary X = exp[- arctanh(o" —@

* n-body cluster approximation, 2<n<A
« HW . n-body operator
 Two ways of convergence:

— ForP>1 H"_ > H

— Forn - Aand fixed P: HM > H



Some NCSM Results



Current Status of No-Core Shell Model (NCSM)
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Fig. 1. — *H ground-state energy dependence on the size of the basis. The HO frequency of

RO = 28MeV was employed. Resultz with (thick lines) and without (thin lines) the NNN
interaction are shown. The full lines correspond to calculations with two-body effective
interaction derived from the chiral NN interaction, the dashed hines to calculations with the
bare chiral NN interaction.

P. Navratil, Enrico Fermi Lecture (2007)



Current Status of No-Core Shell Model (NCSM)

*  Nmax-truncation (NCSM, NCFC)
» Max. # of HO quanta of many-body basis
Nmax =4 (A = 4)

A | S | | | |

=21 _— 4 .‘.. 41 Sty M\- :..f,, hare —_ /

P He e 1d N

i 1 A @ ® NN+NNN 36 bare | :
23| E{. B—8 NN+NNN 36 eff | _| \ . /
L B i .

24— "*\ M — \ / N=4 (25, 1d, Og)
E 25__ -..__d_v_____ \ l‘a-""._ﬂ __ N = 3 (1pl Of)
2 L T~y ATy | N=2(1s, 0d)

26— f,b e K\ 1 hw { N=1 (Op)

27 f,b"“ \b — N =0 (Os)
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N

Fig. 2. - *He ground-state energy dependence on the size of the basis. The HO frequencies of
iifl = 28 and 36 MeV was employed. Results with (thick lines) and without {thin lines) the NNN
interaction are shown. The full lines correspond to caleulations with three-body effective mmter-
action, the dashed lines to calculations with the bare interaction. For further details see the text.

P. Navratil, Enrico Fermi Lecture (2007) 13



Current Status of No-Core Shell Model (NCSM)
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Fig. 3. — Calculated positive-parity excitation spectra of °Li obtained in 0A{}-14A0} basis spaces

using two-body effective interactions derived from the chiral EFT NN potential are compared

to experiment. The HO frequency of hf} = 12MeV was used.

P. Navratil, Enrico Fermi Lecture (2007)
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Current Status of No-Core Shell Model (NCSM)
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Fig. 10. — States dominated by p-shell configurations for 1B, 'B, 2C, and '*C ecalculated at
Nmax = 6 using A2 = 15MeV (14 MeV for H"'B}. Most of the eigenstates are isospin T° = 0
or 1/2, the isospin label is explicitly shown only for states with 7" = 1 or 3/2. The excitation
energy scales are in MeV.

P. Navratil, Enrico Fermi Lecture (2007)
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Slide from J.P. Vary

Work in progress: Different truncation schemes

#® No-Core Shell Model, No-Core Full Configuration

s truncation on total number of H.O. quanta, Nmax,
In many-body basis space S

Harmonic Oscillator with_rr!!‘!212 =1

#® Full Configuration Interaction & "o coneuraion

s truncation on
single-particle basis space,
retaining all many-body states
allowed by the symmetries

Patential Energy

® Monte-Carlo Shell Model g W
Abe, Otsuka, Shimizu, Utsuno . |
» sampling of the many-body
basis in a FCI truncation - AN
#® Importance Sampling &y

0
R-=

Navratil, Roth
» sampling of the many-body basis In a Nnax truncation

9 Ssz|EC’[iC No-Core Shell Model Draayer et al, PetaApps grant
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