Proceedings of the DAE Symp. on Nucl. Phys. 62 (2017)

Finite nuclei based on quark meson coupling model
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An accurate description of the properties of
finite nuclei is one of the fundamental prob-
lems in theoretical nuclear physics. Several
nuclear models have been proposed to over-
come the problem as well as to describe nu-
clear matter properties. An entirely differ-
ent model was proposed by Guichon which
is based on a mean field description of nucle-
ons, namely the quark meson coupling(QMC)
model.

This model may be viewed as an extension
of quantum hydrodynamics(QHD)[1]. How-
ever the mesons couple not to point like nucle-
ons but to confined quarks. The quark meson
coupling model describes nuclear matter as a
system of nonoverlapping MIT bags in which
quarks interact with the scalar (o) and vector
(w, p) fields and those are treated as classical
fields in the mean field approximation. The
quark field 14, inside the bag then satisfies
the equation of motion:

i — [(m) — g%) — gdwy’ +

1

59373,00370]%(55) =0, g=u,d (1)
where mg is the current quark mass and g2,
9%, g} denote quark meson coupling constants.
The normalized ground state for a quark in the

bag is given by
q(r,t) = Ny exp(—iegt/R)

J (xqr/R) Xq
. <iﬂq6-fﬁ(xqr/R) > e 9

where

1
€q = Qg + R(glw + 59273%3)
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and

Qy — Rm
b=\ Q5 Ry
q T BRmg

with the normalization factor given by

Ny? = 2R3 (24)[Q(Q — 1) + Rmy /2] /27

where Q, = /224 (Rm})? and m}=m] —
glo. The bag eigenvalue for nucleon N is
determined by the boundary condition at the

bag surface

Jo(xq)=PBqj1(zq)-

The energy of a static bag describing nucleon
consisting of three quarks in ground state is
expressed as:

Q Z 4
Eb9 = anfq ~ % + §7TR3B (3)
q

where Z is a parameter which accounts for the
zero point motion of nucleon and B is a bag
constant[2]. The term Z/R contains all the
corrections such as center of mass and gluonic
correction.

The effective mass of nucleon bag at rest
is taken to be M* = E®. The equilibrium
condition for the bag is obtained by minimiz-
ing the effective mass, M™* with respect to bag
radius.

dmM*
dR*

=0, (4)

By fixing the bag radius R=0.8 fm and
bare nucleon mass M=939 MeV  the un-
knowns Z=3.27320 and B1=170.29493 MeV
are obtained.The coupling parameters are
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Energy spectrum in Nca
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FIG. 1: Energy spectrum of “°Ca
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FIG. 2: Nucleon density distribution in **Ca (for
mq = 0 MeV and R=0.8 fm)

94=>5.73764, g,=8.18473, g,=8.760155,where
gw=3g% and gl=g,. The meson masses are
me=550 MeV, m,=783 MeV and m,=770
MeV. For the effective nucleon mass as a non
linear function of the o meson

M* =M - g,(0)o (5)

with g,(0)=(1 + %0), g,=3¢25(0)=8.25333,
b=—0.00378 M eV ! and
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Q)2+ miRH(Q — 1)
St =qm=1 + miR*[2

with S§(0)=0.479484.

For static spherically symmetric nuclei the
variation of corresponding Lagrangian results
a set of coupled non liner differential equa-
tions, which may be solved by standard itera-
tion procedure. The numerical calculation was
carried out for the nucleons like 4°Ca, 160,
48Ca, and binding energy and rms charge ra-
dius were obtained.

The calculated spectrum of *°Ca is pre-
sented in Fig. 1. The charge density distri-
bution for *°Ca (for m, = 0 and R = 0.8fm)
is presented in Fig. 2. In table we have shown
the binding energy and charge radius for dif-
ferent spherically symmetric nuclei, which fit
well with experimental data. Calculation for
heavier spherical nuclei is in progress.

TABLE I: Binding energy per nucleon E/A (in
MeV), rms charge radius r¢p (in fm). mg = 0MeV
and R =0.8fm

Model —E/A Teh
QMC[QHDExp.| QMC[QHD]|Exp.
0 [7.971]4.89 [7.89] 2.07 [ 2.75 [ 2.73
0Cq |7.8411]6.31 | 8.45| 2.70 | 3.48 | 3.48
8Ca |6.731] 6.72 | 8.75| 2.80 | 3.47 | 3.47
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