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Abstract
Inelastic longitudinal electron scattering form factors have been calculated for isoscaler transition

T =0 of the (0 >27) and (0" —4*) transitions for the ©Ne ,2*Mg and 2Si nuclei. Model
space wave function defined by the orbits ld5/2 125y and ld3/2 can not give reasonable result for

the form factor. The core-polarization effects are evaluated by adopting the shape of the Tassie-
Model, together with the calculated ground Charge Density Distribution CDD for the low mass 2s-1d
shell nuclei using the occupation number of the states where the sub-shell 2s is included with an

occupation number of protons (ct) .
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Introduction

Electron scattering takes place by an
electromagnetic interaction. There are
many reasons why an electron is such a
powerful tool for studying the nuclear
structure [1,2]. The basic interaction
between the electron and the target nucleus
is known. Since the interaction is relatively
weak, one can make measurements on the
target nucleus without greatly disturbing its
structure, while in the case of nuclear
particles both of the target structure and
interaction are unknown, so it is very
complicated to distinguish between them in
the analyzing of experimental results. The
electron scattering one immediately relate

the cross section to the transition matrix
elements of the local charge and current
density operator and thus directly to the
structure of the target nucleus itself [3].In
this work, longitudinal form factors has
been calculated from

2ONe ,%*Mg and 28si target nuclei.

Calculation of form factors using the many
particle shell model space alone were
known to be inadequate in describing
electron scattering data [3]. So effects out
of the model space (core polarization) are
necessary to be included in the
calculations. This effect can be regarded
as a polarization of core protons by the
valance protons and neutrons. The shape of
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the transition density for the excitation
considered in this work is given by the
Tassie model [4], where this model is
connected with the ground charge density.
Introducing an additional parameter
O that reflected the difference of the
occupation numbers of states between the
real states of the nuclei and simple shell
model predictions, leads to a very good
agreement between the calculated and
experimental results of the longitudinal
form factor for the
transitions

JFT; =070 t0 JfT; =2"0and 4" 0

for ©Ne, 2*Mg and Si nuclei.

Theory

1-The Nuclear Form Factors

The interaction of the electron with the
charge distribution of the nucleus gives
rise to the longitudinal or Coulomb
scattering. The longitudinal form factor is
related to the CDD through the matrix

elements of multiple operators ﬂ‘ (9) I31.

R \ ]2
‘FJL(Q)‘Z = 22(243: +1)‘ < f HTJL(Q)H l>‘
|ch(q)|2 ‘Ffs(q)‘z

(1)

where Z is the atomic number of the

nucleus , F, () is the center of mass

correction , which removes the spurious
state arising from the motion of the center
of mass when shell model wave functions
are used and given by [5]

2.2
Fon(q) =9 0°/44 @)

where b is the harmonic oscillator length

parameter and A is the total number of the
nucleons in the nucleus. The function

Ffs (Q) is the free nucleon form factor

and assumed to be the same for protons
and neutrons and takes the form [6]
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~0.43q2/4

Fis(Q)=e @’/ 3)

The longitudinal operator is defined as

[1]

Tr, (@)= dr jy(an)Y, (@) p(r,t;)
@

where j;(qr) is the spherical Bessel

function, Y3 (Q)is the spherical harmonic

wave function and p(r,t,) is the charge
density operator.

The reduce matrix elements in spin and
isospin space of the longitudinal operator
between the final and initial many particles
states of the system including the
configuration mixing are given in terms of
the One Body Density Matrix (OBDM)
elements times the single particle matrix
elements of the longitudinal operator [3].

<f H‘T}T m|> -3 0BDM’T (i, f,J,a,b)
ab

el )
©)

The OBDM is calculated in terms of the
isospin —reduced matrix elements [3 ]

2- Tassie — Model for the Core-
Polarization

The model space matrix elements is not
adequate to the absolute strength of the
observed gamma-ray transition
probabilities, because of the polarization in
nature of the core protons by the model
space protons and neutrons. The many
particle reduced matrix element of the
longitudinal operator, consists of two parts
one is for the model space and the other is
for core polarization matrix element [7].

(F]Cs (2 o) = fLJ (r2,a)]i )+

cor
~

L, (cz,0)]i (6)
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where the model space matrix element is

given by[8]

ey

eifdrrijy(an).p, G(.f.r) (@)
0

L, (zz.a)

ms
where Jo, (i, f,r)is the transition charge
J

density of the model space and given by

3]

,moSJT GQf,n= %osom, £,9,5.0%)
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The core- polarization matrix element in
eq. (2.2.1) can be written as:

([Ecenf)-
e} core (9)
& [drr?.jy(ar) p (i, f,r)
0

core

|:J (rz.0)

core

where ins the core polarization

transition density which depends on the
model used for core polarization. To take
the core- polarization effects into
consideration, the model space transition
density is added to the core-polarization
transition density that describes the
collective modes of nuclei. The total
transition density becomes

por, 10 =
ms core (10)
P, GT0+ p o (i)

where pﬁj (i, f,r) is assumed to have the
form of Tassie shape and given by [4] .
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core

P, (i, f.r) =%(1+TZ)rHM

dr

(11)
where N is a proportionality constant. It
is determined by adjusting the reduced
transition probability B(CJ)and given by

[9]

[drri*? pg‘gsz ~J(23; +1) B(CJ)
N =0

(23 +D)[drr® py (i, f,1)
0

po(r) is the ground state charge density

distribution. It is evaluated on the basis
that the number of protons in the shells

1s1 ,lp%,lp%,ld% and 251,
are equal to 24,2,(Z-8-a)and o
respectively  for  *’Ne,**Mg and *Si

nuclei. Using this assumption, the ground
charge density for low mass sd-shell nuclei
is obtained as [9]

_r2/ b2
po(r) = 7[3/ 2b3

2 4
{2+ga+(4—2a)@ +{1i45 Z-9) +§a}(8

(13)
The parameter o is determined from the
central CDD p(r =0) ofeq. (13), i.e

p(0)= %{2 +ga} (14)
n’2b°

where the value of o (0) can be taken

from the experiments. The mean square

radii (MSR) of the considered nuclei are

obtained by

)

4 4
r).r”.dr
—— [ ro(r)
Putting eq. (13) when o= 0, in eq. (15) we
obtain:

I

(15)
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<r2>:b_zz|:—lo+gz:| (16)

The harmonic oscillator size parameter

bis obtained by introducing the
experimental MSR of considered nuclei
into eq. (16).

Results, Discussion and Conclusions
An extensive investigation of the ground
state and some excited states of

“Ne ,“Mg and *Si is  performed,

through elastic and inelastic electron
scattering. The longitudinal form factors
for these nuclei are calculated for the
positive parity states. The core-polarization
effects are considered, in this work, by
using the Tassie model, which depends on
the ground CDD. The CDD of the

Ne Mg and?®*Si  nuclei are

formulated by means of the wave functions
of the harmonic oscillator on the
assumption that the occupation numbers of
the states in a real nucleus differ from the
predictions of the simple shell model, as
given in eq.(13). These occupation
numbers of the states can determined from
the comparison between the calculated and
fitted to the experimental CDD. For all
considered nuclei that are under
investigation, the experimental values of
the root means square charge radii and
central CDD at =0, the calculated values
of the size parameter b and the parameter

Q' are presented in table (1). The
occupation numbers of the 1d and 2s orbits
of the lower half of sd-shell nuclei are
presented in table (2) and compared with
those of theoretical [3] and experimental
[10] results.

The C2 and C4 form factors for the
transitions

JFT, =070 to J7T, =2"0and 4* 0 of
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the®Ne ,**Mg  and?’Si nuclei are
displayed in Fig.1 and Fig.2, respectively.
In these figures, the cross symbols
represent the contribution of the model
space where the configuration mixing is
taken into account, the dashed curves
represent the core polarization contribution
where the collective modes are considered
and the solid curves represent the total
contribution which is obtained by taking
the model space together with the core
polarization effects. Core polarization
effects enhance the C2 form factors as the
first and second maximum and bring the
calculated values very close to the
experimental data. For higher ( values,

the core-polarization results are shifted
towards lower values of (], bringing the

theoretical results very close to the
experimental data[11]. So core-
polarization effects give a strong (
dependence modification to the form
factors. The modifications of the form
factors due to core-polarization effects are
also reflected in C4 form factors. There is a
significant improvement in the form
factors over the low mass sd-shell nuclei,
as shown in Fig.(2). For higher  there is

an effective decrease in the form factors,
when core polarization are included and
the data are reproduced very well. The
available experimental data [12] are very
well reproduced in all momentum transfer
values. The experimental values for the
B(C2) and B(C4) are given in Refs. [3] and
[13], while the OBDM values are given by
[3].

It is concluded that the core polarization
effects, which represent the collective
modes, are essential in obtaining a
remarkable agreement between the
calculated longitudinal C2 and C4form
factors and those of experimental data.
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Table (1)
Parameters of the 2s-1d Shell Nuclei
12 fm
0(0) e.fm3 ey (fm)
Nucleus Z b (fm o
exp[14] exp[14] (fm)
ZONe 10 0.08 2.9 1.77 0.34
24Mg 12 0.0817 3.03 1.85 0.6
285i 14 0.0847 3.07 1.644 0.638
Table (2)
Proton Occupation Numbers of States
Present Work Theo.[3] Exp.[10]
Nucleus™ 14 25 1d 25 1d 25
20 Ne 1.66 0.34 1.94 0.51 1.03 0.97
*Mg 3.4 0.6 3.55 0.45 3.81 0.19
28gj 5362 | 0.638 5.3 0.7 5.21 0.79




Iraqi Journal of Physics, 2009 A. K. Hamoudi ,et al

10 2F reTTrTTT m 20 """ rrrTTrT T 3
E Ne(C'O —s 470)
i (4.25]1MeV,C4 ]
HOoH M OMS
L & XK X MS J
¢ M5 + CFP
10 7F 3 3
1 o 3
: J
—I D -l T S A [ [ 1 >.< ...... -
I ygroto—s 470) 3
I (6.01MaV.C4 ]
=L =
107 - e
F MS+CF E
g
E F
L . 3
10°F E
Loeerenns I [ [ A A Lo i uv v iy
L IO —= 40
i {4.617)Mev.04
107 E
10 ™%k 1
10 7 F 1
10" E ]
-]D—T T SN W M S TS E AN
0.0 0s0 100 1800 200 250 3.00

q(fmy™

Fig.2. Inelastic longitudinal C4 form factors. The cross symbol is the model space (MS) and the
dashed curve is the core-polarization effect (CP) calculations. The solid curve is the total form
factor (MS and CP).The experimental values are shown as circles and taken from Ref.[12]
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