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1. Introduction:

Ab initio theories of nuclear physics focus
on describing various nuclear systems start-
ing from the free nucleon nucleon interactions
among the nucleons. The no-core-shell model
(NCSM) [1] is one such approach which is
very successful in describing different nuclear
properties in the lighter mass region. Moti-
vated from the encouraging results of the pre-
vious works [2–4], we have done comprehen-
sive study the Ne isotopic chain from neutron
shell closure N = 8 to N = 14 for several nu-
clear properties. In this paper, we have pre-
sented our study on 20Ne isotope using two re-
alistic NN interactions, inside non-local out-
side Yukawa (INOY) and optimized next-to
next-to leading order (N2LOopt).

2. Formalism:

In the NCSM, a system of non-relativistic
nucleons interacting via realistic NN or NN+
3N interactions among themselves are consid-
ered. In this approach the concept of the core
is not there and all the nucleons are consid-
ered to be active. So, the NCSM Hamiltonian
is given by

HA = Trel + V =
1
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where, Trel, m and V NN
ij are relative kinetic

energy, mass of the nucleon and NN inter-
action containing both nuclear and Coulomb
part, respectively. The above Hamiltonian is
made Ω dependent by adding the center-of-
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mass Hamiltonian (HCM ) to it:
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where, HCM = TCM + UCM . As, HA is
a translationally invariant Hamiltonian, the
addition of HCM to it does not change the
fundamental property of the system and it is
subtracted out in a subsequent step. Also,
the Lawson projection term, β(HCM − 3

2~Ω)
is added to the above Hamiltonian when m-
scheme HO basis is used.

In the NCSM, the eigenstates of HA are ob-
tained by solving a large-scale matrix eigen-
value problem within a many-body model
space constructed by using the HO single par-
ticle states. The NCSM calculations are de-
pendent on two parameters: Nmax and ~Ω.
The maximum no. of total oscillator quanta
allowed above the minimum HO configura-
tion in many-body basis is denoted as Nmax,

FIG. 1: Variation of the g.s. energy with H.O.
frequency for INOY (dashed lines) and N2LOopt

(dotted lines) interactions.
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whereas ~Ω is the HO energy.
The NCSM calculations are performed in a

truncated HO basis space whereas the NN in-
teractions act in the full Hilbert space. So,
to obtain converged results “effective” inter-
actions are employed in the NCSM calcula-
tions. In this work, we have used the Okubu-
Lee-Suzuki (OLS) transformation scheme to
obtain effective interactions.

3. Results and discussions:
In Fig. 1, the variation of the g.s. en-

ergy of 20Ne with ~Ω obtained from INOY
and N2LOopt are shown and the optimum fre-
quencies obtained from this figure are 20 and
18 MeV, respectively. At this frequency, the
ground state energy is least dependent on fre-
quency corresponding to the maximum possi-
ble Nmax.

The low-energy spectra of 20Ne are shown
in Fig. 2. The excitation energy of the first
excited state (2+) is 1.633 MeV and the cal-
culated energies of this state are obtained to
1.034 and 1.328 MeV from INOY and N2LOopt

interactions corresponding to Nmax = 4. Both
these interactions are able to reproduce cor-
rect ordering of states: 0+

1 -2+
1 -4+

1 up to exci-
tation energy 5 MeV.

FIG. 2: Low-energy spectra of 20Ne.

Some of the electromagnetic properties of
20Ne are summarized in Table I. As seen from
the table, the calculated binding energy of the

g.s. obtained from INOY and the magnetic
moment of the first excited state obtained
from both of the interactions are close to the

TABLE I: The g.s. energy and electromag-
netic properties of 20Ne corresponding to the
largest Nmax at their optimal HO frequencies.
Quadrupole moments, magnetic moments, g.s.
energies and E2 transition strengths are in barn
(b), nuclear magneton (µN ), MeV and e2 fm4, re-
spectively. Experimental values are taken from
Refs. [5, 6].

20Ne Expt. INOY N2LOopt

Q(2+) -0.23 -0.065 -0.730
µ(2+) 1.08 1.044 1.044

Eg.s.(0
+) -160.645 -160.545 -88.717

B(E2; 2+1 → 0+1 ) 65.4(32) 10.346 16.483
B(E2; 4+1 → 2+1 ) 71.0(64) 12.567 11.706

experimental data. But, the E2 moments
and transition strengths obtained from these
two interactions are not in good agreement
with the experimental data. Thus, we need
even higher Nmax calculations for better
agreement with the experimental values.
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