Abdullah and Abdullah Iragi Journal of Science, 2022, Vol. 63, No. 3, pp: 1030-1038
DOI: 10.24996/ijs.2022.63.3.12

N-/
Iraqi

Journal of

Science

ISSN: 00672904

Matter Density Distributions and Reaction Cross Sections fofLi and %N
Exotic Nuclei

Suhaib Q. Abdullah*, Ahmed N. Abdullah
Department of Physics, College of Science, University of Baghdad, Baghdad, Iraq

Received22/5/2021 Accepted:17/8/2021

Abstract

The Harmonic Oscillator IO) and Gaussian (GSwave functions within the
Binary Cluster Model BCM) were employedo investigate neutrgnproton and
matter densities of the ground state as well as the elastic proton form factors of one
neutron®Li and N halo nuclei. The long tail is a property that is clearly shown in
the neutron density. The existence of a long tail in the neutrontiésnsi®Li and
N indicates thathese nuclei have a neutron halo structure. Moreover, the matter
rms radii and the reaction cross sectign of these nuclewere calculatedising
theGlauber model.
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1. Introduction
The phenomena of nuclei fdrom g-stability are possible to be studied due the

experimental progress of radioactive ion beams. The neutron halos in some -nehtron
nuclei was an exciting discovery observed by interaction cross section measurements [1,2].
A series of nuclei near the neutron drip line were identified hiclvneutron halo or neutron

skin exists [35]. However, the behavior of the proton halo is different from that of the
neutron halo because the repulsive Coulomb barrier is responsible for halo formation. The
measurements of the reaction cross sectjon have been used to estimate the sizes and
matter distributions of exotic nuclei using the Optical Limit Approximation (OLA) of the
Glauber model [6].

The valence neutron in the nuclelis has small separation energy of 2.032 MeV. This
suggests thdlLi is an interesting candidate for exploring the halo structure formation. Many
calculations, such as the shell model, ab initio calculations, the cluster model, the relativistic
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mean field and the Hartrdeock method have beetonsidered tostudy the halo nuclei
structure [7-10]. Abdullah [11] used the Binary Cluster Model (BCM) and the -Two

Frequency Shell Model (TFSM) to study the ground state matter densities of rechrde
and*'Li halo nuclei. Calculations shaslthat both models provide a goodsgription on the
matter density distribution of the above nuclei. The-roetain square (rms) proton, neutron
and matter radii of these halo nuclei were successfully obtained by TFSM. The elastic charge
form factors for these halo nuclei were studied tghowcombining the charge density
distribution obtained by TFSM with the Plane Wave Born Approximation (PWBA)eFah
£12] usedthe transmission methaat intermediate energi¢s measure, of ®Li using°Be,

%C, ?’Al, and proton targets. Using a modified Glauber model, they calculated the density
distribution of®Li. Abdullah [13] has investigated the ground state features such as the proton,
neutron and matter densities, the rms nuclear radii of unstable neigtidfB, *°C, *°C and
2N nuclei using the cosh potential radial wave functions within thebwey model of
(Core+n). The obtained results showed that the cosh potential radial wave functions of the
two-body model are capable of reproducing neutron hatlbase nuclei.

In this work,the harmonic oscillatorHO) and Gaussian (GSyave functions within the

BCM were employed to investigate neutron, proton and matter densities in the ground state as
well as the elastic proton form factors of one neufiiginand %N halo nuclei.Moreover,
matterrms radii andthe reaction cross sectioA of these nucleivere calculatedising the
Optical Limit Approximation (OLA) of Glauber model.

2. Theory

The halo nuclei in BCM [14] are treated as composite projedfggsire 1) with an 6

mass as core and halo (valence) clusters with masses arfid 0 ,respectively, bounded
with a state of relative motion. It is assumed tbat 0 . The mdaer density of the
composite projectile is given by [15]:

” l ” ‘l ” ‘l F] p
where the core and valence densiéiesdenoted by 1 and” i , respectively
Two distributions were adopted in this study, namlearmonic oscillatorffO) andGaussian

(GS)distributions.
The densities of the core and halo clusters in the HO distribution are described using HO
wave functions [16]:
R R c
! /b
. P w7
I TToo Y plhw o
where & "Prepresents the number pfotons or neutronsnd Y i is the radial wave
functions of HO potential.
Whereas, the densities of the core and halo clusters in the GS distribution are described using
GS wave functions [14]:
i 6 Q | K 0 Q | hh T
where "Q is the Gaussian function.
~ p . T >

Q | h # Q h Q | Fl ‘Ob P V)

TheGS| h  andHO @ h&  size parameters are given by [14,16]:

0 . 0 Q

M Q0 ——— h 0 0 = hQk | o ®
(0] (0] (0]

The matter density distribution in Eq. (1) can be written in terms of neutron dehsity |
and proton density’[ 1 ] as follows [17]:
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Figure 1- The coordinates of the target and talaster projectile [14].

The elastic form factors for the investigated nuclei are calculated using the proton
densities obtained via HO distributions with the Plane Wave Born Approximation (PWBA),
which can be represented as [18]:

r T ” L/ £y e Y

on - I Qnii Qinh p TT
where’Q 1 i is the zereorder spherical Bessel functiamdq is the momentum transfer from
the incident electron to the target nuclemelusion of the corrections of the finite nucleon
size’lOfl Qwnme ¢ ft and the center of Mmas® 7 QoA 7td in the
calculations needs multiplying the form factor of Eq. (10) by these corrections.

The GS wave functions within the OLA of the Glauber masi@mployedo calculate the

, Of the considered nuclei which can be written as [19]:

, ¢ p YO 0Qb pp
where"Y® is the transparency function at impact paramater

The"Y& in theOLA is given by[14]:

Yo Y & h pC
whereY @ is the elastiS-matrix for the targeprojectile system given as [14]
Y O Qo ® po
The overlap 0 @ of the projectile and target ground state densitiesar{d ” h
respectively)s given as [14]:
0 QY G " 1 "1 QY b b P T

3. Results and discussion
The BCM with the HO and GS wave functionsre usedo study the neutron, proton and
matter densities of the ground state as well as the elastic proton faors fatone neutron
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8Li(S=2. 032 ,,M8399s)and™N (S= 1. 2 §Me2¥ msj [20, 21] halo nuclei.
Two distributions in BCM calculations were adopted whack: HO and GS distributions.
Moreover, the matter rms radii apd of selected nucleivere calculatedising theOLA of
Glauber model.

The HO wavdunctions weraused to describe the densities of the core and halo clusters in
the HO distribution. It wasonsidered thalLi [*N] is composed of one valence neutron in
1pas [2512] With “Li [?)N] core nucleus which has tlenfiguration(1s15)*, (1psr)® [(1512)%,
(1ps12)®, (Ap1r)®, (1ds2)°]. The GS wave functionwere usedo describe the densities of the
core and halo clusters in the GS distributidhe HO and GS size parameters used in the
present calculation®or selected halo nuclevere obtainedy Eq. (6) and ar¢abulated in
Table1l. TheHO @ and GS| size parameterfor stable nuclefLi and *°N were adjusted
to reproduce the experimentais matter radii for these nucksshownin Table2.

Table 1-The HO and GS size parametiashalo®Li and®®N nuclei

HO GS
Halo Nucleus Core nucleus o (fm) o (fm) () T m)
8L Li 1.589 3.288 1.604 3.821
2N 2N 1.820 3.959 2.135 5.229

Table 2- TheHO and GS size parameters for stahieand™N nuclei

A AT
o, Q' fm) N
Stable nucleus fm b (fm = om O, (fm) [22
1 (fm) (fm) o oS om Qs fm) [22]
oL 1.714 1.899 2.32 2.32 2.32+0.05
BN 1.6 1.976 2.42 2.42 2.4240.1

The calculated and experimental matter density distributiorf&if@partsa andb) and®’N
(partsc and d) halo nuclei are depicteth Figure2 which are represented lptdashred
curvesandgray area [23, 24], respectiveljhe density distributions dhe core and valence
neutronare also plottedn this figure, the blacland green curvesThese distributionsvere
calculatedby the GS [Figres 2(a) and 2(c)aindHO [Figures 2(b) and 2(d)] methods. The
significant property othe dot-dashred curves is the long tail (the distinctive property of halo
nucleus). It was found from the above comparison between the calculated and the
experimental results that the experimental matter density distributions for the selected halo
nuclei are reproduced well by the present calculations using$handHO distributions.

In Figure 3 the black, greerand dotdashred curvesrepresent the proton, neutron and
matter density distributions, respectively. Thefistributions werecalculated by the GS
[Figures3(a) and 3(c)pndHO [Figures 3(b) and 3(d)methods.The long tail is a property
that is clearly revealed in the density of the neutrons since it is found in halo orbits. Since
protons are absent in the halo orbit and edtgns of these nuclei are present in their cores,
the black curves have a steep slope. The existence of a long tail in the neutron density
distributions ofLi and**N indicates thathese nuclei have a neutron halo structure.

In Figure4, the dotdashred andgreen curvesepresent mattatensities of unstablély,
2N) and stable®(i, *®N) nuclei, respectivelyThe dotdashred curvesextend much farther
than thegreen curves due the weak binding of the laseutron infLi and *’N.

The proton densities obtained by HO distributions wittie PWBA are employed to
calculate the elastic form factors of the unstaBlle ¢2N) and stable®(i, **N) nuclei which
arepresentedn Figure5. In this figuretheredandgreen curvesorrespond to the calculated
CO form factors of unstable and stable nuclei, respectively, whereasllédecircle curves
represent thexperimental data of the stable nuéei [25] and **N [26]. According to these
calculated results, one diffractioninimum appears in each of the red gmdencurves. The
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red curve minimum location shifts to the right due to the difference in the center of mass

correction.
0
10T T 717 71 7
= Core density
10-1 ;__ Halo densityl _;
E — - — Matter density J
-2 :_ Exp. data |
107 _
= i [ 3
2 F - ]
2107 ~. E
- N
107 N
: N
-6 | . h
107 () 8L
107 I P I
0 2 8 10
T T T T T a
Core density f
Halo density =
- — Matter density E
— E
@ 3
£ Gs 4
2 10° N
10°
10 (c) 22\
10-7 P T T T M B

2 4 6 8 10 12
r (fm)

10°

Figure 2-The calculated and experimental matter densitiebdtm®Li and*’N nuclei.
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Figure 3-Theproton, neutromndmatterdensitiesor halo®Li and*’N nuclei.
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Figure 4-The calculated matter densities f6ti and***N nuclei.
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Figure 5- Elastic form factorgor ®%Li and>*N nuclei.

The GS wave functions within the OLA of the Glauber model were employed to calculate

, of 8Li and ?*N nuclei on**C target. Tie obtained resultare summarized in Tabl&
together with the analogous experimental dafy 27] The calculated results give a good
description of the experimental .

Table 3 The experimental and calculated for ®Li and %N halo nuclei.

Halo nuclei En?gyél;/l]eV) Calculated, (mb) Experimental, (mb)[12, 27]
61 1044 pTOX X
8 105 880 YX TpO
790 772 X0 Yw
2N 965 1250 PCT Ul W

Figure 6 demonstrates the dependencg ofin mb), calculated via th@LA of Glauber
model, on matter rms radin fm) for ®Li (Figure 6 (a)) and for?’N ( Figure6 (b)) exotic
nuclei on*?C target at high energy. Theen linesand the horizontal magenta lines are the
calculatedand theexperimental, , respectively, whreasthe shaded are&fers to thesrror
bar of the experimentgl . The intersectiompoint of thegreenline andmagenta line refer to
the calculated matter rms radiu® (O” ) of the halo nuclei. It is notedrom Figure6(a) for
8Li [Figure gb) for #°N] that the calculated OF of Li [°N] is equal t02.495 [3.14] fm
which give a good agreemenith theexperimental value2.50+0.06 [3.08+0.13] fm [6, 27].
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Figure 6- The dependence of the on the rms radii for haltLi and®*N nuclei.

4. Summary and conclusions

The HO and GS wave functions within the BCM were employemhtestigate neutrgn
proton and matter densities in the ground state as well as the elastic proton form factors of one
neutron®Li and >N halo nuclei. Two distributions in BCM calculations, namely: HO and GS
distributions, were adopted. The experimental matter density distributions for selected halo
nuclei were reproduceavell by the present calculations using 88 andHO distributions.
The long tail is a property that is clearly revealed in the density of the neutrons since it is
found in halo orbits. The existence of a long tail in the neutron density distributifirisaofi
2N indicates thathese nuclei have a neutron halo strustWloreover, the matter rms radii
and, of these nucleivere calculatedising theOLA of Glauber model at high energy. The
calculated results of matter rms radii gndgave a good description of the experimental data.
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