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Abstract:
In this paper the proton, neutron and matter density distributions and the
corresponding root mean square (rms) radii of the ground states and the elastic
magnetic electron scattering form factors and the magnetic dipole moments have been
calculated for exotic nucleus of potassium isotopes K (A= 42, 43, 45, 47) based on the
shell model using effective W0 interaction. The single-particle wave functions of
harmonic-oscillator (HO) potential are used with the oscillator parameters b.
According to this interaction, the valence nucleons are asummed to move in the d3f7
model space. The elastic magnetic electron scattering of the exotic nuclei 42K (JπT= 22), 43K(JπT=3/2+ 5/2), 45K (JπT= 3/2+ 7/2) and 47K (JπT= 1/2+ 9/2) investigated
through Plane Wave Born Approximation (PWBA). The inclusion of core
polarization effect through the effective g-factors is adequate to obtain a good
agreement between the predicted and the measured magnetic dipole moments.
Key words: Exotic nucleus, proton, neutron and matter density, magnetic dipole
moments, elastic magnetic form factors

Introduction:
One of the key issues in current
nuclear physics research is to
investigate the properties of so-called
`exotic nuclei' and of `exotic nuclear
structures'. Exotic nuclei are nuclei
with a proton-to-neutron ratio that is
very different from the proton-toneutron ratio in stable nuclei (a
technical term related to this ratio is
the `isospin'). The exotic nuclear
structures can be defined as excitation
modes of nuclei that have a very
different structure than the structure (or
shape) of the nuclear ground state [1].
Because of the rapid decay of exotic
nuclei, it is rather difficult to make

targets
with
them,
therefore,
experiments have been done in inverse
kinematics with a beam of exotic
nuclei incident on a target.
The electron scattering from exotic
nuclei is not presently available; the
technical proposal for an electron-ion
collider has been incorporated in the
GSI/Germany physics program at
FAIR [2]. A similar program exists for
RIKEN/Japan facility [3]. In both cases
the main purpose is to study the
structure of nuclei far from the stability
line. Such facilities in future will
explore the charge density distributions
for nuclei far from the valley of
646
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stability line, having skins or halos.
Therefore, the halo nuclei are an
extreme case of exotic nuclei with
almost zero binding energy.
The electric and magnetic properties
of a nuclear state, namely on what the
static magnetic dipole and electric
quadrupole moments can teach us
about the nucleus as a system of
independently moving particles in a
central potential or as a system of
collectively moving nucleons.The
magnetic moment is very sensitive to
the single particle orbits occupied by
the unpaired nucleons, while the
quadrupole moment is a unique
instrument to study the deformation
and collective behavior of nuclei both
at low and high excitation energy. Both
quantities can be directly compared
with the predicted values in different
nuclear models. Consequently, the
magnetic moment may also give a
means to distinguish between spherical
and deformed states [4, 5].
Karataglidis and Amos [6] presented
elastic and inelastic electron scattering
form factors for several neutron-rich
exotic nuclei. The results have been
obtained using large space no-core
shell models. While the elastic
scattering form factors are insensitive
to the details of the neutron density, it
is found that inelastic scattering may
be influenced by extensive neutron
distributions
Sieja and Nowacki [7] investigated
the neutron rich nuclei which can be
described by shell model calculations
in the p–sd and sd–pf model spaces.
They quantified the effects of the core
polarization on the multipole part
(pairing and quadrupole) of the
effective Hamiltonians. They showed
that
proton
core
polarization
contributions are responsible for the
reduction of the neutron–neutron
nuclear matrix elements which, in the
recent shell model studies, appeared
necessary between p–sd carbon and

oxygen and sd–pf silicon and calcium
nuclei.
Neyens [8] measured the ground
state magnetic moments and spins of
the exotic isotopes 49,51K at the
ISOLDE facility at CERN using
bunched-beam
high-resolution
collinear laser spectroscopy. The reinversion of the ground state spin from
I = 1/2 in 47,49K back to the normal I =
3/2 in 51K. At GANIL (Caen, France)
the quadrupole moment of the 33Al
ground state has been measured using
the continuous-beam -nuclear magnetic
resonance method applied to a spinpolarized beam produced at the LISE
fragment separator. The large value
establishes a very mixed wave function
with about equal amounts of normal
and neutron particle-hole excited
configurations contributing to its
ground state wave function.
Kreim et al., [9] reported and
deduced on the measurement of
optical isotope shifts for 38,39,42,44,46–
51
K relative to 47K from which changes
in the nuclear mean square charge radii
across the N=28 shell closure. The
investigation was carried out by
bunched-beam
collinear
laser
spectroscopy at the CERN-ISOLDE
radioactive ion-beam facility. Mean
square charge radii are now known
from 37K to 51K, covering all νf7/2-shell
as well as all νp3/2-shell nuclei. These
measurements, in conjunction with
those of Ca, Cr, Mn and Fe, provide a
first insight into the Z dependence of
the evolution of nuclear size above the
shell closure at N=28.
The aim of the present work is to
study the magnetic elastic electron
scattering form factors and to calculate
the magnetic dipole moments of exotic
nucleus 42,43,44,45K (neutron-rich) using
W0 interaction [10] in d3f7 -model
space. The elastic magnetic electron
scattering of the exotic 42,43,45,47K
nuclei are investigated through Plane
Wave Born Approximation (PWBA).
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Also the proton, neutron and matter
density
distributions
and
the
corresponding root mean square (rms)
radii of the ground states are
calculated. Calculations are presented
with model space and with corepolarization (CP) effects by using
effective g-factors.

momentum transfer q direction. This
is called transverse scattering [11].
From the parity and angular
momentum selection rules, only
electric
multipoles
can
have
longitudinal components, while both
electric and magnetic multipoles can
have transverse components [11, 12].
The squared magnetic form factors
for electron scattering between nuclear
states Ji and Jf involving angular
momentum transfer J are given by
[13]:

Theory:
The interaction of the electron with
the spin and currents distributions of
nuclei can be considered as an
exchange of a virtual photon with
angular
momentum
along
1
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where
is the magnetic
electron scattering multipole operator.
For a magnetic operator T J T the
reduced matrix elements are written as
the sum of the product of the one-body
density matrix elements (OBDM)
times the single-particle transition
matrix elements [14]:
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The single particle matrix element in spin- isospin state is given by [14]:
a Oˆ T ( m 1 ) b



...( 1 )

…(3)
where A is the nuclear mass number
and b is the harmonic-oscillator size
parameter, for halo nuclei b equal to
the average of bcore and bhalo.
Introducing these corrections into Eq.
(1), we obtain:




T
T
zf
 (  1) f

T  0 ,1




 F c .m ( q )

i

2

F cm ( q )  e

a Tˆ b ...( 2 )

where   JT is the multipolarity and
the states  i  J i T i and  f  J f T f are
initial and final states of the nucleus.
While α and β denote the final and
initial
single-particle
states,
respectively (isospin is included). The
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nuclear shell model calculations were
performed using the OXBASH Shell
model code [15], where the one body
density matrix (OBDM) elements
given in eq. (2) were obtained.
The single-nucleon form factor [16]
and the center-of-mass form factor [17]
are given by:
2 2
F fs ( q )  [1  ( q / 4 . 33 ) ] ,

TˆJ ( q )
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The reduce matrix element of the
magnetic transition operator Oˆ k ( m 1) is
n
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The neutron skin occurs as a
consequence of the neutron excess in
heavy nuclei. The neutron skin in
general is defined as the radial
difference (root-mean square-radius
difference) of the neutron and proton
distributions with surface thickness ( )
[18]: t  R n  R p  r

( a , b , J  1, T ) a Oˆ T ( m 1 ) b
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expressed as the sum of the product of
the elements of the one-body density
matrix (OBDM) times the singleparticle matrix elements, and is gives
by:

equation (5) become:

a Oˆ T ( m 1 ) b
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interaction [10] in OXBASH code
[15]. The core polarization (CP) effect
is included by using effective g-factors.
The values of calculated matter
(Rm), proton (Rp) and neutron (Rn) rms
radii, magnetic dipole moments ( ),
and oscillator size parameter (b) of
potassium isotopes nuclei are displayed
in table 1.

… (10)
1
2

p

are the

1.42K nucleus (JπT =2− 2,τ1/2=12.36 h)
Calculations are performed with
d3f7-shell model space including corepolarization effects. The configurations
(1s1/2)4 (1p3/2)8(1p1/2)4(1d5/2)12 (2s1/2)4
(1d3/2)7(1f7/2)3 are used for 42K. The
oscillator size parameter is taken to be
2.073fm,which gives the rms matter
radius equal to 3.4467fm in agreement
with the measured value 3.4467(34)fm
[19]. The difference between the
neutron and proton rms radii is
R  R  3 . 5505  3 . 3166  0 . 2339 fm,
which provides an additional evidence
for the exotic structure of this nucleus.

neutron and proton root mean square
radius, respectively.

Results and Discussion:
The radial wave functions for the
single-particle matrix elements were
calculated with harmonic oscillator
(HO) potential with size parameters b
are adjusted for each isotope of
potassium to reproduce the measured
root mean square matter radius (Rm).
The calculations of the proton, neutron,
and matter rms radii and magnetic
form factors are carried out using d3f7shell model space with effective W0

n

649

p

Baghdad Science Journal

Vol.13(1)2016
2.43K nucleus (JπT=3/2+5/2,τ1/2 = 22.3
h)
Calculations are performed with
d3f7-shell model space including corepolarization effects. The configurations
(1s1/2)4 (1p3/2)8(1p1/2)4(1d5/2)12 (2s1/2)4
(1d3/2)7(1f7/2)4 are used for 43K.The
oscillator size parameter is taken to be
1.916fm,which gives the rms matter
radius equal to 3.4489fm in agreement
with the measured value 3.4489(42)fm
[19]. The difference between the
neutron and proton rms radii is
R  R  3 . 5261  3 . 3488  0 . 2095 fm,
which provides an additional evidence
for the exotic structure of this nucleus.
The calculated total magnetic form
factors for 43K ground state (JπT= 3/2+
5/2) using W0 interactions in d3f7model space and with free gs-factors
are shown in Fig.(2). The individual
multipoles contributions M1 and M3
are denoted by dashed and dashed-dot
curves respectively, while the E2 is
disappeared because it has negligible
contribution. The diffraction minimum
for M1 component located at
momentum transfer q=1.9fm-1, but for
M3
component
the
diffraction
minimum located at q=0.6 fm-1. The
total form factors in d3f7-shell model
space are included by solid curve.
The calculated magnetic dipole
moments ( ) of 43K isotope are
tabulated in table 1 together with the
available experimental data. The
calculated magnetic dipole moment of
gs(free) and inclusion the effective gfactors with g(eff)=0.9 g(free) are
and
  0 . 17642 n . m
0 . 15878 n . m ,
respectively, which is in a good
agreement with the measured value
 exp .  0 . 1633 ( 8 ) n . m [20].

The calculated total magnetic form
factors for 42K ground state (JπT= 2- 2)
using W0 interactions in d3f7-model
space and with free gs-factors are
shown in Fig.(1). Unfortunatly, there
are no experimental data to compare
with it. The individual multipoles
contributions M1 and M3 are denoted
by dashed and dashed-dot curves
respectively, while the E2 and E4
multipoles are disappeared because it
has negligible contributions. The
diffraction
minimum
for
M1
component located at momentum
transfer q=2.1fm-1, but for M3
component the diffraction minimum
located at q=1.4 and 2.35 fm-1. The
total form factors in d3f7-shell model
space are included by solid curve.
The calculated magnetic dipole
moments ( ) of 42K isotope are
tabulated in table 1 together with the
available experimental data. The
calculated magnetic dipole moment of
g(free) is
The
   1 . 3594 n . m .
inclusion the effective g-factors with
g(eff)=0.9 g(free) decreased the
magnetic
moment
value
by
is in a good
 1 . 22352 n . m which
agreement with the measured value
 exp .   1 . 1425 ( 6 ) n . m [20].

n

Fig. (1): The magnetic form factors for ground state of
42
K calculated in d3f7-model space. The individual
multipoles contributions of M1 and M3 are shown.
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magnetic dipole moment. The choice
for free g-factors gives   0 . 19753 n. m .
The inclusion the effective g-factors
with g(eff)=0.9 g(free) decreased the
magnetic moment value by 0 . 17778 n . m ,
which is a good agreement with the
measured value  exp .  0 . 1734 ( 8 ) n . m
[20].
10-3

10-4

10-5

Fig. (2): The magnetic form factors for ground state
of43K calculated in d3f7-model space. The individual
multipoles contributions of M1 and M3 are shown.

I)2
q
(M
F
I

3. 45K nucleus (JπT = 3/2+ 7/2, τ1/2 =
17.3 m)

10-6

10-7

10-8

10-9

4

8

The configurations (1s1/2) (1p3/2)
(1p1/2)4(1d5/2)12 (2s1/2)4 (1d3/2)7(1f7/2)6
are used for 45K. The single – particle
wave functions of harmonic oscillator
potential are used with oscillator size
parameter b=1.849fm chosen to
reproduce the experimental matter rms
radius 3.4523(45) fm [19]. The
difference between the neutron and
proton
rms
radii
is
R  R  3 . 5113  3 . 3698  0 . 1415 fm,
which provides an additional evidence
for the exotic structure of this nucleus.
The calculated total form factors for
the ground state of unstable nucleus
45
K with (JπT= 3/2+ 7/2) with free spin
gs-factors are shown in Fig.(3). The
individual multipoles contributions M1
and M3 are denoted by dashed and
dashed-dot curves, respectively, while
the E2 multipole is disappeared
because
it
has
a
negligible
contribution. The diffraction minimum
for M1 component located at
momentum transfer q= 2.0fm-1.
The different values of gs-factors,
which give different values for
n

10-10
0

0.5

1

1.5

2

2.5

3

q (fm-1)
Fig. (3): The magnetic form factors for ground state
of 45K calculated in d3f7-model space. The individual
multipoles contributions of M1 and M3 are shown.

3. 47K nucleus (JπT = 1/2+ 9/2, τ1/2 =
17.50 s)
Calculations are performed with d3f7shell model space including corepolarization effects. The configurations
(1s1/2)4 (1p3/2)8(1p1/2)4(1d5/2)12 (2s1/2)4
(1d3/2)7(1f7/2)8 are used for 47K. The
oscillator size parameter is taken to be
1.898 fm,which gives the rms matter
radius equal to 3.4418fm in agreement
with the measured value 3.4418(32)fm
[19]. The difference between the
neutron and proton rms radii is
R  R  3 . 5150  3 . 309  0 . 1841 fm, which
provides an additional evidence for the
exotic structure of this nucleus.
The calculated total magnetic form
factors for 47K ground state (JπT= 1/2+
9/2) using W0 interactions in d3f7model space and with free gs-factors

p

n
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are shown in Fig.(4). The individual
multipole contribution M1 is denoted
by solid curve. The diffraction
minimum for M1 component located at
momentum transfer q=0.7 and 1.9 fm-1.
The calculated magnetic dipole
moment of g(free) and of inclusion the
effective g-factors are   1 . 61367 n . m
and 1 . 4523 n . m , respectively, which are
less than the measured value
 exp .  1 . 933 ( 9 ) n . m [20].

Fig. (4): The magnetic form factors for ground
state of 47K calculated in d3f7-model space. The
individual multipole contribution of M1 is shown.

Table 1: The calculated matter, proton and neutron rms radii, magnetic dipole
moments ( ), and oscillator size parameter (b) of 42,43,45,47K isotopes compared
with experimental results.
A

42
43
45
47

JπT
τ1/2

Rm (fm)
b (fm)

2- 2
12.36 h
3/2+ 5/2
22.3 h
3/2+ 7/2
17.3 m
1/2+ 9/2
17.50 s

(n. m) Calc.
Rp(fm)

Rn(fm)

(n. m)
Exp.[20]

g(free)

g(eff.)=0.9
g(free)

3.5505

-1.35947

-1.22352

-1.1425(6)

3.3488

3.5261

0.17642

0.15878

0.1633(8)

3.4523(45)

3.3698

3.5113

0.19753

0.17778

0.1734(8)

3.4418(32)

3.3309

3.5150

0.161367

0.14523

0.1933(9)

Calc.

Exp. [19]

2.073

3.4467

3.4467(34)

3.3166

1.916

3.4489

3.4489(42)

1.849

3.4523

1.898

3.4418

depends on the mass number and the
size parameter b.

Conclusions:
Shell-model
calculations
are
performed for K isotopes including
core-polarization effects through firstorder perturbation theory. The
magnetic dipole moments µ of the
42,43,45,47
K nuclei depend clearly on
assigned configurations and their
experimental data will be useful to
determine the deformations of the
ground states of nuclei near the neutron
drip line. The inclusion of core
polarization (the effective g-factors) is
adequate to obtain a good agreement
between the predicted and measured
magnetic dipole moments. The elastic
magnetic form factors are influenced
by details of nuclear wave function and
the center of mass correction which
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التركيب النووي للنوى الغريبة الغنية -بالنيوترونات لـ K

42,43, 45,47

بان صباح حميد
لسى انفيضياء  ،كهيح انعهىو نهثُاخ ،جايعح تغذاد ،تغذاد-انعشاق.

الخالصة:
في هزا انثحث ذى حساب ذىصيعاخ انكثافح انثشوذىَيح وانُيىذشوَيح وانًادج انُىويح تاألضافح انً أَصاف
األلطاس نهثشوذىَاخ وانُيىذشوَاخ نهحاالخ األسضيح و عىايم انرشكم انًغُاطيسيح نألسرطاسج األنكرشوَيح انًشَح
وانعضوو ثُائيح انمطة انًغُاظيسيح نهُىي انغشيثح نُظائش انثىذاسيىو  (A= 42, 43, 45, 47) Kانًسرُذج عهً
أًَىرج انمششج تأسرخذاو ذفاعم  W0انفعال .اسرخذيد انذوال انًىجيح نهجسيًح انًفشدج نجهذ انًرزتزب
انرىافمي ) (HOيع ليًح نهثاتد انرىافمي  . bتُاءاً عهً هزا انرفاعم ،ذى أفرشاض َيكهىَاخ انركافؤ ذرحشن في
42
فضاء  .d3f7ذى ذحميك عىايم انرشكم انًغُاطيسيح نألسرطاسج األنكرشوَيح انًشَح نهُىي انغشيثح =K (JπT
 45K (JπT= 3/2+ 7/2), 2- 2) 43K (JπT=3/2+ 5/2),و ) 47K (JπT= 1/2+ 9/2تىاسطح ذمشية تىسٌ
نهًىجح انًسرىيح ( .)PWBAذضًيٍ ذأثيش أسرمطاب انمهة يٍ خالل عىايم –  gانفعانح كافيح نهحصىل عهً
أذفاق جيذ تيٍ انميى انًرىلعح وانًماسح نهعضوو ثُائيح انمطة انًغُاطيسيح.
الكلمات المفتاحية :انُىي انغشيثح ،كثافح انثشوذىٌ وانُيىذشوٌ وانًادج انُىويح ،انعضوو انًغُاطيسيح ،عىايم
انرشكم انًغُاطيسيح انًشَح.
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