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Abstract
Inelastic longitudinal C2 form factors for 0;1® 2,1 and 0;1® 2,1

transitions in open sd shell nuclel (*Ne, Mg and *S) are discussed taking
into accounot the effects of core polarization. These effects are calculated using
the shape of Tassie model together with our derived form of the ground state two-
body charge density distribution (2BCDD). Remarkable agreements are obtained
between the calculated inelastic longitudinal C2 form factors and those of
experimenta data.
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interaction the theory of finite Fermi
systems and the single particle
potential method. Calculations of
form factors [4] using the model
space wave function adone is

1. Introduction

Charge density  distributions,
trangtion densities and form factors
are considered as fundamenta
characteristics of the nucleus. These

quantities are usualy determined
experimentally from the scattering of
high energy electrons by the nucleus.
The information extracted from such
experiments is more accurate with
higher momentum transfer to the
nucleus. Various theoretical methods
[1, 2, 3] are used for cdculations of
the charge density distributions,
among them the Hartree-Fock
method with the Skyrme effective

inadequate for reproducing the data
of electron scattering. Therefore
effects out of the model space,
which is called core polarization
effects, are necessary to be included
in the calculations. These effects
can be considered as a polarization
of core protons by the valence
protons and neutrons.  Core
polarization effects can be treated
either by connecting the ground
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state to the J-multipole nhw giant
resonances [4,5,6], where the shape
of the transition densities for these
excitations is given by Tassie model
[7], or by using a microscopic theory
[8,9] which permits one particle-one
hole (1p-1h) excitations of the core
and aso of the model space to
describe these longitudinal
excitations. Comparisons between
theoretical and observed longitudina
electron scattering form factors have
long

Been used as stringent test of models
of nuclear structure.

In this study, we have derived an
expression for the ground state two -
body charge density distributions
(2BCDD) of light nuclei, based on
the use of the two - body wave
functions of the harmonic oscillator
and the two-body correlation
functions, which take account of the
effect of the strong short range
repulation and the strong tensor force
in the nucleon-nucleon forces. Our
am is to investigate the inelastic
longitudina electron scattering form
factors, where the deformation in
nuclear collective modes (which
represent the core polarization
effects) is taken into consideration
besides the shell modd space
trangtion density. Core polarization
trandgtion dendity is evauated by
adopting the shape of Tasse model
together with the derived form of the
ground state 2BCDD. This study is

devoted on 0;1® 2;1 and

0;1® 271 transitions in
“Ne, *Mg and *S nuclei.
2. Theory

The many particle reduced matrix
eements of the longitudina
operator, consists of two parts; oneis

for the model space and the other is
for core polarization  matrix

element[5,6]:
<f T}(tz,q>i> < T, (tz,q>‘u>+
T (tz,q)H> .....

\

The model space matrix element has
the form [10]:

<f f}(tz,o* i> =6, (@) 1 5., . F.0)
(2

ms i
where r“z(l,f,r) is the

transition charge density of model
space given by [4]:

ry, £, =8 OBDMI, ,d, ], ¢ )

(Y5l i8Ry (1) Ryelr)
. (3

The core- polaization matrix
element is given by[4]:

< F q)“n>-eairr L@ . 1.0)
(4

wherer ;. is the core-polarization

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

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com
http://www.pdffactory.com

Eng.& Tech. Journal Vol 28, No.19, 2010

Corepolarization effectson the inelastic
longitudinal C2 form factor s of open
Sd-shell nuclei

GRG0 5 (1) o (5)

where 1, is assumed to have
the form of Tassie shape and given

by [7].
Cor ,f,l’) N (l+t) ld.(i(;lf!r)

...(6)
where N is a proportionality
constant. It is determined by
adjusting the reduced transition
probability B(CJ) and can be given
as

@Irr“rl ( t4)-{(@ +)ECY

(2]+J)@Irr2]r0, f.n

NE° - (7)

Here, r (i, f,r) is the ground state
two-body charge density distribution
derived as follow; we have produced
an effective two-body charge density
operator by folding the two-body
charge density operator with the two-

body corrdation functions ﬁ

65[10]'

(2)(r)——af| J2r- -+
g TRlar-R -
d[\/ér-%+m}f~”

..(8)
® ®

where 1 and Rjj are relative and

center of mass coordinates and the
form of f;; isgiven by [11]:

f~ij = f(rij)D1+ f(rij ){1+a(A) Sj }Dz

...(9)

It is clear that eq. (9) contains two
types of correlations:

1. The two body short range
corrdations (SRC) presented in the
first term of eq. (9) and denoted by

f(r;). Here D, is a projection

operator onto the space of al two-
body functions with the exception

of 3S, and 'D, states. It should be

noted that the short range
correlations are central functions of
the separation between the pair of
particles which reduce the two-
body wave function a short
distances,where the repulsive core
forces the particles apart, and heal
to unity at large distance where the
interactions are extremely weak. A
simple model form of f(r;) is
given as [11]:

f(r.,) |

0 for r; £r.0
11- exp{ m(r; - rc)z} for r, >ng

.. (10)
where r (in fm) is the radius of a

suitable hard core and m= 25 fm?

[11] isacorrelation parameter.

2. The two-body tensor correlations
(TC) presented in the second term
of eq.(9) ae induced by the
strong tensor component in the
nucleon-nucleon force and they

are of longer range. Here D, isa
projection operator onto 183 and

'D, states only. S; is the usual

tensor operator, formed by the
scadar product of a second-rank
operator in intrinsic spin space and
coordinate space and is defined by
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s, =56 )6 f)-9d
1]

.. (11
The parameter a (A) is the strength
of tensor correlations and it is non
zero only inthe'S,- 'D, channels.
The ground state two body charge
density distribution r 4 (r) is given
by the expectation vaue of the
effective two-body charge density
operator of eq(8) and written as

ra (D= [P )=
a (i@ liy- )]

.. (12)
where the two partical wave function
isgiven by [12]

|ij>: é é <Lm jjmj | JMJ>
M, ™M
’ <tirnti tjrnti|TMT>

i )my ) oy Jms)

.. (13
where 3 and M, denote the tota
angular momentum  and it's

projection of a pair of particles
formed by coupling ji andjjwhile

T andM,; denote their tota
isogpin  and isospin  projection
formed by coupling t; and t; .

It is important to indicate that our
effective two body charge density
operator of eq(8) is constructed in

terms of relative and centre of mass
coordinates, therefore the space-spin

part |(jijj)JM ; > of the two

particad wave function constructed in
jj-coupling scheme must be

transformed in terms of rdative and
centre of mass coordinates. This
transformation can be achieved as
follow:

1. Switching fromjj to AS coupling
schemes as [13]

|Gii) am,)° %)J. a, %)JJ ™)
. Iu
_g uu v U1
=3 1 1's }é }é Sy
11. ¥ Jb
a1 (o siam,)
..(14)
where the notzationA:(ZA+1)}é
[ i
and the bracket% ___________ ;/ is the 9
Lo
symbol.
2. The Brody-M oshinsky

transformation brackets [13] has
been used to transform the spatid
part of the two-body wave

function|(|i|j)|> in terms of

relative and centre of mass
coordinates.

[y efn )=
a <nI,NL;I |ni L.l >
nINL
Inl,NL;l)
..(15)

Where the coefficient
<nI,NL;I |ni l; N Ij ol > is
an overlap integra and caled a
transformation bracket. For the

purpose of extending the calculation
to open shell nuclei we replaced the

factors fi and fj in eq.(14) as
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(2, +1)2p {hn.iji (2); +1) }

2j,+12 b {hnj,jjj 2j, +1}
...(16)
where Ny, and h.,j are the

occupation probabilities of the states
nl;j, and n;l;j;, respectively.
These parameters equal to (zero or 1)

for closed shell nuclei while for open
shell nuclei they are larger than zero

or less than one (i.e. o<h g <1
and (0<h a1, <D

The longitudina form factor is
related to the charge density
distribution through the matrix
elements of multipole operators

T, (q)[4]

@l =

7223, +)

(11T @]i)| Rt [Fu@)

.(17)

where Z is the proton number in the
nucleus and F_ (Q) is the centre of

mass correction, which removes the
spurious state arising from the
motion of the center of mass when
shell model wave function is used,
and given by [11]:

— °b?/4A

F.q(q) =€ / ....(18)
where A is the nuclear mass number
and b is the harmonic oscillator size
parameter. The function F_(q) is

the finite size correction, considered
as a free nucleon form factor and
assumed to be the same for protons

and neutrons, and it takes the
form[11]:

Frs(q) = & 04374

...(19)
3. Results, Discussion and

Conclusion:

We first discuss the effects of
two-body SRC and TC on the
ground state 2BCDD in the open so-
shell nuclei ??Ne, Mg and **S. The
parameters  required in  the
caculations of 2BCDD's such as
the occupation probabilities N 's of

the states, the values of a (A) and

the values of hw which are
chosen in such away that to
reproduce the root mean square
radii of considered nuclei are
presented in table 1. The
occupation  probabilities are
determined from the comparison
between the cdculated and
experimental charge densities at

r=0 (ierg,(r=0)). The

dependence of r (r) (in fm?®)
onr (in fm) for ®?Ne, ®Mg and *°S
nuclei are displayed in Fig. 1. The
dashed and solid distributions are
the calculated r 4 (r) without
including the effects SRC and TC
(r.=0 and a (A)=0) and with
including the effects of SRC and TC
(r.=05 fm and a(A)?*DO0),
respectively.  These distributions
are compared with those of
experimental data [14], denoted by
dotted symbols. It is clear that the
dashed distributions deviate from
the experimental data especialy a
smdl r. Introducing the effects of
SRC and TC tends to remove these
deviations from the region of small
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r as seen in the solid duistributions.
It is evdient from these figures that
the calculated 2BCDD's represented
by the solid curves are in excellent
agreement with those of
experimental data hence they
coincide with each other throughout
the whole range of r(fm).
Considering the effect of higher gate
occupation probabilities and the
effects of SRC and TC are generadly,
essential in getting good agreement
between the calculated result and
experimenta data.

Core polarization effects on the
indastic longitudina C2 form

factors for 0/1® 271 and

0;1® 2;1 transitions in some

open sd shell nuclei, are discussed.
The core polarization effects on the
form factors are based on the Tasse
model [7] together with the
caculated 2BCDD. We adopt the
universial sd (USD) interaction of
Wildenthal [4] to generate the sd

model space matrix elements, using
the shell model code OXBASH [15].
The inelastic longitudina C2 form

factors for the transitions to the 2,1

and 2,2 states are displayed in
Figs. 2 to 4. The dash-dotted curves
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 tota
contribution, which is obtained by
taking the model space together with
the core polarization effects. The
experimental data are represented by
solid circles.

The C2 form factor of the lowest
21 states (1.275 MeV and 4.457

MeV) in #?Ne nucleus are shown in
Fig.2 and compared with the
experimental data of Ref.[16]. The
sd-shell model space calculation
fails to describe the data in o
dependent form factor. The core-
polarization effects give a strong
modification to the form factors,
where the core polarization effects
enhance the form factors at the first
maximum and bring the calculated
vadues vey close to the
experimental data. The
experimental data for the second

2" 1 state is well described by the

sd-shell model, and the core
polarization effect enhances the
form factor.

The C2 form factors of the lowest

2" 1 states (1.809 MeV and 2.938

MeV) in Mg nucleus are shown in
Fig. 3. The model space calculations
underestimate the data a all region
of . The core-polarization effects

give a strong modification to the
form factors, where the core
polarization effects enhance the
form factors and bring the
caculated values very close to the
experimental data. The
experimental data for the second

2% 1 state is mostly determined by

the core polarization form factor,
where the sd-shell contribution is
smal. The data are dightly over
estimated when core polarization
effect is included. The core
polarization effects play the major
role for thistransition.

The C2 form factors of *°S
nucleus are shown in Fig.4 for the
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lowest 2*1 states (1.809 MeV and

2938 MeV). The model space
caculation fails to describe the data
through out al range of g values.

The core polarization  effects
enhance the form factors and lead to
give a satisfactroy description with
the data.

It is concluded that the core
polarization effects, which represent
the collective modes, are essential in
obtaining a remarkable agreement
between the cadculaed and
experimental C2 form factors of the
open sd -shell nuclei.
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Table (1) Parametersto theground state 2BCDD'sfor some open shell nucle.

hw  |h h h h h (N (0) a(An
Nudeu | ey = Rt " 5, % "
s (fm™)
[14]
ZNe 12.75 1 1 1 0.275 0.175 0.073 0.083
“Mg 12.70 1 1 1 0.611 0.165 0.075 0.080
Ogj 12.5 1 1 1 0.866 0.40 0.076 0.077
0.1 T T T T
@ e
é 0.07—' o \ 22Ne
() 0.06 —
I'il 0.05 —
Q

0.04 —

0.03 —

0.02 —

0.01 —
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Figure (1) Dependence of the 2BCDD on r(fm) for ?Ne, Mg and *Si
Nuclei respectively. The dotted symboles are the experimental data of Ref [14].
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Figure (2) The Coulomb C2 form factorsfor thetransitionsto the 2" 1(1.275

MeV and 4.457 MeV) statesin ?Ne. The experimental data ar e taken from Ref.
[16].
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Figure (3) The Coulomb C2 form factorsfor thetransitionsto the 2% 1(1.809

MeV and 2.938 M eV) statesin 26Mg. Theexperimental data aretaken from Ref.
[17].
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Figure (4) The Coulomb C2 form factorsfor thetransitionstothe 2" 1(2.235

MeV and 3.499 MeV) statesin **S. The experimental data ar e taken from Ref.
[18].
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