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ABSTRACT:
The charge density distributions of 10 B nucleus are calculated using the

harmonic oscillator wave functions. Elastic and inelastic electron scattering
longitudinal form factors have been calculated for the similar parity states of 10 B
nucleus where a core of 4 He is assumed and the remaining particles are
distributed over

2/31p and
2/11p orbits which form the model space.

      Core-polarization effects are taken into account. Core-polarization effects are
calculated by using Tassie model and gives good agreement with the measured
data.

وباستخدام حالات أعداد 10Bحساب توزیعات كثافة الشحنة وعوامل التشكیل الطولیة لنواة 
الملئ

رعد عبد الكریم راضي، عادل خلف حمودي وزینة عباس سلمان
جامعة بغداد–كلیة العلوم –قسم الفیزیاء 

:الخلاصة

عوامـل التـشكل إن. ذبـذب التـوافقيموجیـة للمتالـدوال الباستخدام10Bحُسبت توزیعات كثافة الشحنة لنواة 

ُالطولیـة للأسـتطاره المرنــة وغیـر المرنــة حـسبت للحــالات المتـشابهة التنـاظر لنــواة 
10B حیـث تــم افتـراض نــواة

4He 1المتبقیـة تتـوزع علـى القـشرتین الفـرعیتین )النیوكلیونـات(بمثابـة قلـب مغلـق والجـسیماتP1/2, 1P3/2

.تمثل أنموذج الفضاءوالتي

باسـتخدامهـذا التـأثیر حـسب إنالقلـب المغلـق حیـث اسـتقطابا البحـث أخـذ بنظـر الاعتبـار تـأثیر في هـذ

. لقد تم الحصول على نتائج متوافقة مع النتائج العملیة. .Tassieأنموذج 

INTRODUCTION:
The charge density distribution (CDD),

transition densities and form factors are
fundamental characteristics of a nucleus
and can be determined experimentally
from the scattering of high-energy
electrons by the nucleus. The larger the
momentum transferred to the nucleus, the
more accurate the information obtained in
experiments of this type [1].

Several theoretical and experimental
groups have devoted their works on
studying the electron scattering from 1p-
shell nuclei [2,3]. Comparisons between
calculated and measured longitudinal
electron scattering form factors have long
been  used  as  stringent  tests  of  models  of
nuclear structure. Shell-model within a
restricted model space succeeded in
describing static properties of nuclei.
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     The aims of the present work are
calculating the inelastic electron scattering
form factors for 10 B nucleus depending on
the ground state charge density
distributions. In the present work the
CDD’s of the 1s-1p shell nuclei are
calculated by means of the harmonic
oscillator wave functions on the
assumption that occupation numbers of the
states  in  a  real  nucleus  differ  from  the
predications of the simple shell-model.
These numbers can be determined from the
comparison between the calculated and
experimental charge density distribution.

THEORY:
   The general theory for electron scattering
from nuclei is given in many refs.[4,5,6,7].
The total form factor ),( qqFJ

of a given
multipolarity J is the sum of longitudinal

LF and transverse TF terms:
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where q is the momentum transfer, q m  is

the four momentum transfer and q  is the
scattering angle. The longitudinal form
factor can be given by:
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where )(ˆ qLJ

is the Coulomb multipole
operator.
The multipolarity J in the above equation is
restricted by the momentum selection rule:

fifi JJJJJ +££-                             (2.3)

and the parity selection rule:

J
fi )1(-=pp                                      (2.4)

for Coulomb (C) multipoles
)(. qF mc
 is the center of mass correction

given by [8]:

)4/exp()( 22
. AbqqF mc =                   (2.5)

)(. qF sf
 is the finite size correction takes

the form:

)4/43.0exp()( 2
. qqF sf -=                       (2.6)

where  b  is  the  harmonic  oscillator  size
parameter and A is the mass number of the
nucleus. In isospin formalism the form
factor takes the form [9]:
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THE CHARGE DENSITY
DISTRIBUTION:
    The charge density distribution (CDD)
can be evaluated by means of the wave
functions of a harmonic oscillator. The
density distribution of a system of A point
nucleons can be expressed by using the one
body density operator )(ˆ )1( rvr which is given
by means of the Dirac delta function
as[10]:

å
=

-=
A

i
irrr

1

)1( )()(ˆ vvv dr                              (3.1)

The charge density distribution for closed
shell nuclei with Z=N are given by:
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in unit of electronic charge.
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 Where:
ºI Closed orbit
ºpN   Number of protons in the unfilled

orbits.
n is the principal quantum number, l orbital
angular momentum quantum number and

)(rRnl
is the radial part of harmonic

oscillator wave functions, i.e., single-
particle wave function of the harmonic
oscillator potential(nucleon moves in an
average potential of all other nucleons )and
is given by[11]:
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11 b
rlnF +-  is the confluent

hypergeometric series and is given by:
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In the simple shell model, the 1p-shell
nuclei are assumed that there is a core of
filled 1s ( 4 He ) and the proton numbers in
1p shell is Z-2. Here, Z is the number of
protons in the nucleus. By using equation
(3.3)and (3.4), one can obtain:
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The mean square radii (MRS) of the nuclei
can be obtained by using[12]:
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Substituting the equation (3.6) into
equation (3.7), one can obtain

2/)/45.(22 Zbr -=                             (3.8)

When 1p-shell occupied by (Z-2-a )
protons where a is the occupation number
of higher shells and resulted from the
nucleon-nucleon interaction in the model
space and core-polarization effect [13].

α = α1+ α2                                   (3.9)
α1 is the occupation number of

2/12s  state.

α2 is  the  occupation  number  of
(

2/32/5 11 dord ) state.
Then:
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So:
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The parameter
1a is determined from the

central CDD, )0( =ror , of equation (3.10),
i.e.:

3
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The  value  of )0(r can be taken from the
experiments. The harmonic oscillator size
parameter b is obtained by introducing the
experimental MSR of considered nuclei
into equation(3.8). The parameter a is
determined from equation(3.11)by:

2
2
52

2 +-= Zr
b
Za                           (3.13)

So:
12 aaa -=                                      (3.14)

CORE-POLARIZATION EFFECT:
 TASSIE MODEL:
      The many particle reduced matrix
elements  consist  of  two  parts,  one  is  the
model space (ms) matrix element and the
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other is the core polarization matrix
element.

iqf

iqfiqLf

Z

ZZJ

core
J

ms
J

L

L

),(

),(),(ˆ

ˆ

ˆ

t

tt

+

=

(4.1)

Where the model space matrix elements
are given by:
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Where ),,,,,( zjjJfiOBDM t¢  is  the  one
body density matrix and is given by [14]:
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The isospin associated with the shell model
wave functions is a good quantum number,
so it is convenient to calculate the OBDM
in terms of the isospin-reduced matrix
elements:
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Where
2

NZTz
-

=  and the OBDM (DT) is

defined as:
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So, the model space matrix elements can
be written as:
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 Where ),,(, rfims
zJ tr is the model space

transition density, given by:
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 where )(qrjJ
is the spherical Bessel

function, Y J
is the spherical harmonics and

zzi ie tt ,2/))(1( += is the analog of the
Pauli matrices into isospin space. The sum
extends over the orbits of the model space.
The core-polarization matrix elements in
equation (4.1) can be written as:

),,()(

),(

0

2

ˆ

rfiqrjdr

iqf

J

core

JJ

Z

r

Lcore
J

r

t

ò
¥

=
                  (4.8)

   According to Tassie model [15], the core
transition density is given by:
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Where N is proportionality constant
and ),,(, rfi

zo tr  is the ground state charge
density given by:
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The total transition density is defined as:
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The Coulomb form factor for this model
becomes:
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     The form factor at the photon point q=k,
is related to the reduced transition strength
B(CJ) by the following equation:
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So, the proportionality constant N can be
determined from the form factor evaluated
at q=k, and can be shown to be equal to:
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RESULTS AND DISCUSSIONS:
     Our results for the parameters 21,, aaa
and the experimental values of 2/12r and

)0(r of B10 nucleus are presented in table
(1). We evaluate

1,aa  and 2a  from
equation (3.13),(3.12)and (3.14),
respectively. In all of the following
diagrams, the longitudinal C2 form factors
are plotted vs.q while the experimental
values are plotted vs.q eff .
The dashed lines give the results obtained
using the 1p-shell model space wave
functions. The results of core-polarization

effects (CP) are shown by the cross
symbols. The results including 1p and CP
are  shown  by  the  solid  lines.  The  size
parameter b is taken to be 1.67fm [16] to
get the single-particle wave functions of
the harmonic oscillator potential. The
calculations of this work for the inelastic
longitudinal C2 form factor, covered the
states ( TJ ,p ):  ( 0,1+ ) at xE =0.718 MeV,
( *)0,1+ at xE =2.154 MeV, ( )0,2+ at xE =3.587
MeV,( *)0,3+ at xE =4.774 MeV, ( *)0,2+ at

xE =5.920 MeV and ( )0,4+  at xE =6.025
MeV. The ground state of 10 B nucleus is a
T=0 state. The experimental values are
shown as circles. The calculations for the
C2 isoscalar transition from the ground
state 03+ to  the    1 + 0 state at 0.718MeV
are shown in Fig.(1). The data are well
described by the 1p-shell for
2.4 1-fm > q >1 1-fm .  The  low- q data are
underestimated. The inclusion of core-
polarization effect enhances the form
factor. This enhancement brings the total
theoretical results of the longitudinal C2
form factor very close to the experimental
data. The B(C2) values are given in
table(2) and taked from [17]. The
experimental data are taken from Ref.[17].
      For the isoscalar transition (1 +0) at

xE =2.154MeV, the result of CP effect
increases the longitudinal C2 form factor
component by a factor of about 2.0 over
the 1p-shell calculations, making the total
theoretical form factor closer to the
measured data as shown in Fig.(1).
However it was pointed out by Warburton
et al [18] that admixtures of two lowest p-
shell states for both 1 + ,  T=0  and  2 + ,T=0
states give much better agreement with the
electromagnetic properties of these states.
Kurath[19] showed that for the (8-16)POT
interaction which is used in this work a
13% admixture by intensity would lower
the transition strength for the 0.718MeV
state and raise it for the 2.154MeV state.
The experimental data are taken from
Ref.[17].
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Table (1)

Table (2)
The experimental values of B (C2)

3.)( -fmeror fmr
2/12 a 1a 2a

0.009 2.45 0.2614123 0.2236630 0.03774926

TJ i
p TJ f

p
B(C2) 42 . fme XE (MeV)

03+ 01+ 1.7± 0.3 0.718

03+ 01+ 0.4± 0.1 2.154

03+ 02+ 0.6± 0.1 3.587

03+ 03+ >0.04 4.774

03+ 02+ 0.17± 0.05 5.920

03+ 04+ 17.4± 0.7 6.025

     The  inelastic  form  factors  for  the
transition 2 + 0 at xE =3.587MeV are shown
in Fig.(1) where the CP effects  increases
the longitudinal C2 form factor
components by a very small amount,
making the 1p-shell model calculations
closer to the experimental values. The
experimental values are taken from
Ref.[17].
    The CP effect results for the transition
3 + 0 state at 4.774MeV are very close to
the experimental data at
1.8 1-fm > q >0.6 1-fm . On the other hand
the 1p-shell model calculations are shifted
from the experimental data from Ref.[17]
at q ³  0.6 1-fm . So, the total form factors
as shown in Fig.(2) are shifted from the
experimental data. The comparisons are
especially difficult at the photon point
where most calculations give reduced
transition probabilities B(C2­ ) of 0.4-0.6
e 2 fm 4 , values that are at least 10 times the
small upper limit of 0.04 e 2 fm 4 deduced
from the observed ground state radiative
width [20,21].

      The 1p-shell model calculations for the
transition 2 +0 state at xE =5.920MeV are
very close to the experimental data. The
CP effect decreases the 1p-shell model
space calculations by a small amount to
make the total theoretical form factor in
well agreement with the experimental
values of Ref.[17] as shown in Fig.(2). The
improvement in the description of the form
factors  for  the  states  considered  so  far  is
also reflected in the longitudinal form
factor for

xE(04+ =6.025MeV)state, as
shown in Fig.(2). While the CP effect
calculations raise the 1p-shell model space
calculation by a factor of 2.0 making the
total theoretical longitudinal C2 form
factor agrees with the experimental values
for  q  <  1fm 1- , but not good at higher q.
The experimental values are taken from
Ref. [17] as circles and Ref.[16]as squares.
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Figure (1) Inelastic longitudinal C2 form factors. The dashed curve is the model
space (MS) calculation and the cross symbol is the core-polarization effect (CP)

calculation. The solid curve is the total form factor (MS and CP).The experimental
values are shown as circles and taken from Ref.[17]
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Figure (2): Inelastic longitudinal C2 form factors. The dashed curve is the model space
(MS) calculation and the cross symbol is the core-polarization effect (CP) calculation.

The solid curve is the total form factor (MS and CP).The experimental values are shown
as circles and taken from Ref.[17]. In the last graph, the experimental values as squares

are taken from Ref.[16]
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