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Abstract

Structure of unstable *'***?°F nuclei have been investigated
using Hartree — Fock (HF) and shell model calculations. The ground
state proton, neutron and matter density distributions, root mean
square (rms) radii and neutron skin thickness of these isotopes are
studied. Shell model calculations are performed using SDBA
interaction. In HF method the selected effective nuclear interactions,
namely the Skyrme parameterizations SLy4, Skeo, SkBsk9 and
Skxs25 are used. Also, the elastic electron scattering form factors of
these isotopes are studied. The calculated form factors in HF
calculations show many diffraction minima in contrary to shell
model, which predicts less diffraction minima. The long tail
behaviour in nuclear density is noticeable seen in HF more than shell
model calculations. The deviation occurs between shell model and
HF results are attributed to the sensitivity of charge form factors to
the change of the tail part of the charge density. Calculations done
for the rms radii in shell model showed excellent agreement with
experimental values, while HF results showed an overestimation in
the calculated rms radii for ?**F and good agreement for *“°F. In
general, it is found that the shell model and HF results have the same
behaviour when the mass number (A) increase.
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Introduction

Most of our knowledge of nuclear
physics is obtained from the study of
stable nuclei on and near the stability
line [1]. The development of
radioactive  isotope (RI) beam
techniques [2-4] has opened a new
field for the study of unstable nuclei
far from the stability line.

Nuclear charge density distributions
are very important to understanding the
internal structure of nuclei [5]. For
many years, electron- nucleus
scattering has proven to be an excellent
tool for the study of nuclear charge
size and charge distribution. In the
near future, elastic electron scattering
off exotic nuclei will be realized. Thus,
it is interesting and necessary to study
electron scattering off exotic nuclei
theoretically to provide the future
experiments  with  some  useful
instructions in advance [6]. Several
theoretical and experimental groups
have devoted their work on studying
the exotic nuclei [7-12].

Chu yan-Yun et al. [13] studied the
electron scattering of unstable ''F,
18Ne, and some neutron rich N=8
isotones nuclei using relativistic mean
field theory and phase shift analysis.
The ground state charge density
distributions, form factors and rms
radii of '"C and '°O nuclei were
calculated in shell model by Radhi
et al. [14] using core plus valence and
ab- intio. Calculations are compared
with the results of self-consistent mean
field using selected Skyrme forces.
Recently, Radhi et al. [15] studied
inelastic  electron scattering form
factors, energy levels and transition
probabilities for positive and negative
low-lying states using shell model and
HF calculations.

The aim of the present work is to
study the nuclear density and elastic
electron scattering form factors for
212323298 nyclei using shell model and
HF calculations. The nuclear shell
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model calculation is performed using
sd- model space which consist the
active shells 1ds),, 281, and 1ds, above
the inert '°O nucleus core. USD-type
Hamiltonians called SDBA [16] has
been used to provided realistic sd-
shell wave functions for ground state.
The radial wave functions for the
single- particle matrix elements were
calculated by wusing the harmonic-
oscillator potential (HO) and the
OBDM elements are computed from
the shell model code oxbash [17]. For
HF method, the effective nucleon-
nucleon interaction Skyrme forces
SLy4 [18], Skec [19], SkBsk9 [20] and
Skxs25 [21] parameterizations are
used.

Theoretical formulations

The expectation value of the HF
Hamiltonian of the system is given by
[22]:

(el =l 4 > 6 Dt
1)

where 0O(i, j)contains all parts of
nucleon— nucleon forces. This forces
consists of some two-body terms

together with a three-body term [23]:

) — (2) 3)
VSkyrme - zvij + Zvijk

1¢J iCjk

2)

with

Vi =1+ X,P, Y+ [ 4K 260

+K SOK +iW,(G, —5;) Kk xSk

3)
Vij(k3) = t3§(ri - Fj )§(fj - I?k) “4)
the relative momentum operators

IZ=(Vi —V;)/2i, acting to the right
and k2 = —(V;=V,)/2i, acting to
the left.
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In the shell model calculations, the
ground state density distribution takes

the form
P X

1 2
A, (r)—m C R.. (r,hj

)

R,, (r) is the radial part of the HO

x i3l .
a,at, 1S

wave function and

the proton (t,=1/2)
(t, =—1/2) one body density matrix
element.

The matter density distribution of
Eq.(5) may also be expressed as

Pn(r)=p,(r)+ p,(r)

or neutron

(6)

The corresponding rms radii are given

by
<r2>lg/2 = 4T”J;dr rp,(ry ()

where g represents the corresponding
number of nucleons.

The neutron skin thickness (t), can be
defined as

t=r, -1, (8)
The corresponding elastic scattering
(J=0) form factor (CO) is written in the
following form

@ =4§ [drrp,(0iy@n Fu@Fn@

9
where F.(q) and F_(q) are free

nucleon form factor and center of mass
correction, respectively, given by [24]:

F (q)=[1+(q/4.33 fm™)* ]2 (10)
and
Fon (0) =97 /48 (11)
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where A in Eq. (9) represents the mass
number of the nucleus under study.

Results and discussion

In order to explain the nuclear
structure of unstable *'"*****F nuclei
nuclear  radii, nuclear  density
distributions and form factors are
studied using shell model calculations
with sd- model space which consist
the active shells 1ds, , 251, and 1ds
above the inert '°O nucleus core. USD-
type Hamiltonians called SDBA [16]
has been used to provided realistic sd-
shell wave functions for ground state.
Also, self-consistent mean field with
selected Skyrem forces (SLy4, Skeo,
SkBsk9 and Skxs25) are used. The HO
size parameters for *'F, *F, *F and *°F
are taken to be (1.77, 1.71, 1.9 and 2)
fm, respectively.

The calculated proton, neutron and
matter rms radii with neutron skin
thickness (t) are tabulated and
compared with experiment data in
Tables 1 to 4 for 21F, 23F, 2F and *°F,
respectively. From these tables, it clear
that the calculated rms using shell
model calculation gives excellent
agreement with available experimental
data. The results of HF showed an
overestimation in the calculated rms
radii for *'F and 23F, while these results
are quite consistent with the
experimental values for *F and *°F.
From the results one can see that the
shell model and HF calculations
coincide with each other with
increasing of mass number (A). Also,
the calculated rms of proton, neutron,
matter and neutron skin thickness with
shell model and the Skyrme HF have
approximately been increased with
increasing of number of neutron.
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Table 1: The values of rms radii in fm of !F nucleus.

1/2 1/2 1/2 1/2
Model <r>p fm (r),”~ fm t fm (r),” fm Exp. (r) ~ fm [25]
Sly4 2.802 2.961 0.159 2.894
Skec 2.744 2.861 0.117 2.811
SkBsk9 2.77 2.934 0.164 2.867 2.71£0.03
Skxs25 2.807 2.994 0.187 2.916
Shell 2.628 2.777 0.149 2.714
model
Table 2: The values of rms radii in fm of 2F nucleus.
1/2 1/2 1/2 1/2
Model <r>p fm (r),” fm t fm (r),” fm Exp. (r) ~ fm [25]
Sly4 2.803 3.038 0.235 2.948
Skeoc 2.753 2.922 0.169 2.857
SkBsk9 2.781 3.024 0.243 2.931 2.79+0.04
Skxs25 2.8 3.098 0.298 2.985
Shell 2.64 2.88 0.24 2.773
model
Table 3: The values of rms radii in fm of ®F nucleus.
Model <r>1p/2 fm <r>:1/2 fm t fm (r)in/z fm Exp. <r>:n/2 fm [25]
Sly4 2.834 3214 0.380 3.08
Skeo 2.798 2.97 0.172 2.909
SkBsk9 2.813 3.198 0.385 3.065 3.12+0.08
Skxs25 2.816 3272 0.456 3.115
Shell 2.936 3.221 0.285 3.121
model
Table 4: The values of rms radii in fm of *F nucleus.
Model 1/2 1/2 t fm 1/2 1/2
<r>p fm (r),” fm (r),” fm Exp. (r) ~ fm [25]
Sly4 2.855 3.305 0.45 3.156
Skeo 2.817 3.128 0.311 3.024
SkBsk9 2.836 3.285 0.449 3.137 3.23+0.13
Skxs25 2.840 3.360 0.52 3.190
Shell 3.091 3412 0.321 3.305
model
Figs. 1, 2, 3 and 4 display the the same behavior for the Skrme forces

calculated proton density distributions
obtained with shell model (black
curve) and HF using SLy4, Skeo,
SkBsk9 and Skxs25 as red, blue, green
and violet curves, respectively. It is
evident from these figures that the
calculated proton densities are all have
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and shell model in the central region.
The obtained values of the proton
density for these isotopes at center
region and the long tail (which is
noticeably seen in the distribution of
the density at r > 4 fm) decreased with
increasing number of  neutron.
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Fig.2: Proton density distributions of F.
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The neutron density distributions of
these isotopes are displayed in Figs. 5,
6, 7 and 8. These figures showed that
the results of HF calculations have the
same behavior through the whole range
of r and differ from the shell model

8 10

r(fm)
Fig.4: Proton density distributions of °F.

163

results at fall-off region. The long tail
behaviour is noticeable seen in HF
more than shell model calculation. The
obtained values of the neutron density
for these isotopes at center region
increased with increasing of the
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number of neutron. The matter density
distribution of these nuclei are
displayed in Figs. 9, 10, 11 and 12. For
comparison the available experimental
data of matter density distributions for
F denoted as shaded area [25] are

Vol.14, No.30, PP. 158-171

displayed in Fig. 12. It is clear from
this figure that the calculated density
with HF and shell model calculations
give good agreement with the
experimental data indicated with its
error bars by the shaded area.
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Fig.5: Neutron density distributions of F.
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Fig.6: Neutron density distributions of ®F.
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Fig.8: Neutron density distributions of °F.
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Fig.10: matter density distributions of *°F.
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Fig.12: matter density distributions of *F.

In Figs.13, 14, 15 and 16, the chosen as a reference of the stable
calculated elastic form factors are nucleus, where experimental data of
plotted. The black, red, blue, green and electron scattering form factors are
violet curves represent the shell model available [26]. These figures give the
and HF with SLy4, Skec, SkBsk9 and conclusion that the form factors is not
Skxs25 calculations. For the sake of dependent on detailed properties of the
completeness of comparison, 'F is distributions of neutron density.
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It is apparent from Fig. 13 that the
HF calculations for all Skyrme almost
coincide in range of q < 1.5 fm™'. The
deviation occurs between shell model
and HF results at q >1 fm™, since the
form factors are sensitive to the change
in the tail part of the charge density. As
one can see that both of shell model
and experimental data has one
diffraction minimum. The location of
the minimum of shell results has
forward shift as compared with the
minimum of HF results. The
longitudinal CO elastic  electron
scattering form factors of *’F nucleus
are shown in Fig. 14. These form
factors are connected with the proton

Vol.14, No.30, PP. 158-171

density distribution. It is found from
this figure that all HF results has two
diffraction minimum, while shell
model results has only one. The
location of the minimum of shell
results has forward shift as compared
with the minimum of HF results.
Figs.15 and 16 show the calculated
electron scattering form factors of *°F
and “°F respectively. In these figures,
all results predicted approximately the
same position of the diffraction
minimum. Also, the results of Skec
differ from other results of HF
calculation and becomes upward at
high momentum transfers.

SLy4

Shell mode
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0.1 -
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SkBsk9
0.01 Skxs25
exp.
N 0.001
=
)
L
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Fig.13: Elastic charge form factors of #F.
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Fig.16: Elastic charge form factors of *F.
Conclusion behaviour in neutron density 1is
In this study, structure of unstable noticeable seen in HF more than shell
21232326 jsotopes  have  been model calculation. Thus, in form
investigated using shell model and HF factors calculations the deviation

calculations. In shell model
calculations, results of rms radii
showed excellent agreement with
experimental data, while HF results
showed an overestimation in the
calculated rms radii for "**F and good
agreement for *2°F. In general, it is
found that the shell model and Hartree
— Fock results all have the same
behaviour when the mass number (A)
increase. The calculated rms of proton,
neutron, matter and neutron skin
thickness with shell model and the
Skyrme HF have approximately been
increased with increasing number of
neutron. It is clear from the result of
the density distribution that the
calculated density are quite consistent
with all the Skrme forces and shell
model in the central region. It is useful
to remark that the obtained values of
the proton density for these isotopes at
this region decreased with increasing
number of neutron, while the neutron
density has increased. The long tail
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occurs between shell model and HF
results since the form factors are
sensitive to the change of the tail part
of the charge density. As one can see
that each HF results has two diffraction
minimum, while shell model results
has only one
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