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Abstract   
 Inelastic longitudinal 2C  form factors for ++ → 11 210 1 and ++ → 21 210 1 

transitions in open sd  shell nuclei ( MgNe 2622 ,  and Si30 ) 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 2C  form factors and those of 
experimental data. 

Keywords:  Core polarization, Inelastic, Longitudinal and Charge 

C2 استقطاب القلب على عوامل التشكل للأستطارة الطولية غير المرنة تأثيرات  
sd - لنوى القشرة 

 الخلاصة
 C2للاس            تطارة   الطولی            ة  غی            ر  المرن            ة        ت            م حس            اب  عوام            ل   التش            كل        

1210للانتق الات  21
++ 1210و→ 11

++ sd )NeMgلن وى القش رة   → 2224 Si30 و, بالاعتم اد عل ى  )
ومن خلال اشتقاق صیغة   Model   Tassieالتأثیرات تم حسابھا  بالاعتماد على . تاثیرات استقطاب القلب

حصلنا على تطابق جید بین النت ائج العملی ة والنظری ة.  (2BCDD)لتوزیع كثافة الشحنة للحالة الارضیة  
  .ارة الطولیة  غیر المرنة لھ–ه النوى  لعوامل التشكل للاستط

1. Introduction
Charge density distributions,

transition densities and form factors 
are considered as fundamental 
characteristics of the nucleus. These 
quantities are usually 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 calculations of 
the charge density distributions, 
among them the Hartree-Fock 
method with the Skyrme effective 

interaction the theory of finite Fermi 
systems and the single particle 
potential method. Calculations of 
form factors [4] using the model 
space wave function alone is 
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 ωhn  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 also of the model space to 
describe these longitudinal 
excitations. Comparisons between 
theoretical and observed longitudinal 
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 
aim is to investigate the inelastic 
longitudinal electron scattering form 
factors, where the deformation in 
nuclear collective modes (which 
represent the core polarization 
effects) is taken into consideration 
besides the shell model space 
transition density. Core polarization 
transition density is evaluated by 
adopting the shape of Tassie model 
together with the derived form of the 
ground state 2BCDD. This study is 
devoted on ++ → 11 210 1 and 

++ → 21 210 1 transitions in 

MgNe 2622 ,  and Si30  nuclei.   
2. Theory 
   The many particle reduced matrix 
elements of the longitudinal 
operator, consists of two parts; one is 

for the model space and the other is 
for core polarization matrix 
element[5,6]:                                                                                                                                    

+= iqTfiqTf Z

ms
L

JZ
L

J ),(ˆ),(ˆ ττ

)1.....(),(ˆ iqTf Z

cor
L

J τ                      

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

)r,,()r(rr),(ˆ
0

,
2 fiqjdeiqTf

ZJ

ms

JiZ

ms
L
J ∫

∞

= τρτ

                                            ….(2)                   

where )r,,(, fi
zJ

ms

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

∑
′

′=
ms

jj
zJ

ms
jjJfiOBDMfi

Z
),,,,,()r,,(, τρ τ

)r()r(Y lnnlJ RRjj ′′′

              … (3) 
The core- polarization matrix 
element is given by[4]:  

),,()r(),(ˆ
,

0

2 rfiqjrdreiqTf
core

JJiZ

core
L

J Zτρτ ∫
∞

=

                                                ….(4) 

where
core

J Zτρ ,  
is 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 
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),,(),,(),,( ,,, rfirfirfi
ZZZ J

core

J

ms

J τττ ρρρ +=   …..(5) 

where   ZJ

core

τρ ,     is assumed to have 
the form of  Tassie shape and given 
by [7].                                                                               

 

dr
rfid

rNrfi J
z

core
Jtz

),,(
)1(

2
1

),,( 1 ρ
τρ −+=

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

∫

∫
∞

∞
+

+

+−

=

0

2

0

2

)r,,()12(

)()12(r),,(

firdrJ

CJBJfi
ms

zJrdr
N

J

i
J

ρ

τρ
 .. (7)                                                                        

Here, ),,( rfiρ 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 correlation functions ijf~  
as[10]: 

[ ]{
[ ] } ijijij

ijijijeff

frRr

rRrf
A

r

~2

2~
)1(2

2)(
ji

)2(

rrr

rrrr

+−

+−−
−

= ∑
≠

∧

δ

δρ

                                              ….(8)  

where ijr
→

and ij
→
R  are relative  and 

center of mass  coordinates and the 
form of ijf~  is given by [11]: 

{ } 21 )(1)()(~
∆++∆= ijijijij SArfrff α

                                                   ….(9)  

It is clear that eq. (9) contains two 
types of correlations: 
1. The two body short range 
correlations (SRC) presented in the 
first term of eq. (9) and denoted by 

).( ijrf  Here 1∆  is a projection 
operator onto the space of all two-
body  functions with the exception 
of 1

3S  and 3
1D  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 at 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 )( ijrf  is 
given as [11]: 

{ } 







>−−−
≤

=
cijcij

cij
ij rrforrr

rrfor
rf 2)(exp1

0
)(

µ

                                   … (10) 
where cr (in fm) is the radius of a 
suitable hard core and 225 −= fmµ  
[11] is a correlation parameter. 
2. The two-body tensor correlations 
(TC) presented in the second  term 
of eq.(9) are  induced  by  the  
strong  tensor component  in  the   
nucleon-nucleon  force  and  they  
are  of  longer  range. Here 2∆  is a 
projection operator onto 3

1S  and 

3
1D  states only. ijS  is the usual  
tensor operator, formed by the 
scalar product of a second-rank 
operator in intrinsic spin space and 
coordinate space and is defined by 
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jiijjiji
ij

ij rr
r

S σσσσ
rrrrrr .).().(3

2 −=

                                         …. (11) 
The parameter )(Aα  is the strength 
of tensor correlations and it is non 
zero only in the 3

1
3

1 DS −  channels.   
 The ground state two body charge 
density distribution )(rchρ  is given 
by the expectation  value of the 
effective two-body charge density 
operator of  eq(8) and written as 

[ ]jiijrij

rr

ji
eff

effch

−

==

∑
<

)(ˆ

)(ˆ)(
)2(

)2(

r

r

ρ

ψρψρ
  ,                              

…. (12) 
where the two partical wave function 
is given by [12] 

( ) ( ) TjiJji

Ttjti

JM TM
Jjjii

TMttJMjj

TMmtmt

JMmjmjij

ji

J T

×

×

= ∑ ∑

  

                                  … (13) 
where J  and JM  denote the total 
angular momentum and it's 
projection of a pair of particles 
formed by coupling ji  and j j while 

T  and TM  denote their total 
isospin and  isospin projection 
formed by coupling ti  and t j . 
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 ( ) Jji JMjj of the two 
partical wave function constructed in 
jj -coupling scheme must be 

transformed in terms of relative and 
centre of mass coordinates. This 
transformation can be achieved as 
follow: 
1. Switching from jj to λS coupling 
schemes as [13] 

Jji
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         …(14) 

where the notation 2
1

)12(ˆ += AA  

and the bracket
















...........

...........

...........
 is the 9-j 

symbol. 
2. The Brody–Moshinsky 
transformation brackets [13] has 
been used to transform the spatial 
part of the two-body wave 
function λ)( ll ji  in terms of 
relative and centre of mass 
coordinates. 

λ

λλ

λλ

;,

;,;,

;)(

LNn

nnLNn

nn

LNn
jjii

jjiiji

l

lll

llll

l
∑

=≡

                       

                                ….(15) 
 
Where the coefficient 

λλ ;,;, jjii nnLNn lll  is 

an overlap integral and called a 
transformation bracket. For the 
purpose of extending the calculation 
to open shell nuclei we replaced the 
factors iĵ  and jĵ  in eq.(14)  as 
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where 

iii jn lη  and 
jjj jn lη  are the 

occupation probabilities of the states 
iii jn l  and jjj jn l , 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. 0<

iii jn lη <1) 

and (0<
jjj jn lη <1).  

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

)(ˆ qT L
J [4]. 

222

2

2

)()()(ˆ

)12(
4)(

qFqFiqTf

JZ
qF

fscm
L

J

i

L
J ×

+
=

π

                                             ….(17) 
where Z is the proton number in the 
nucleus and )(qFcm  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]: 

      Abq
cm eqF 422

)( =    …..(18)          
where A is the nuclear mass number 
and b is the harmonic oscillator size 
parameter. The function )(qF fs  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]:        

          443.0 2
)( q

fs eqF −=   
…(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 sd-
shell nuclei 22Ne, 26Mg and 30Si. The 
parameters required in the 
calculations of  2BCDD's such as 
the occupation probabilities η 's of 
the states, the values of )(Aα  and  
the values of  ωh  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 calculated and 
experimental charge densities at 

0=r  (i.e. )0(exp =rρ ). The 

dependence of )(rchρ  (in 3−fm ) 
on r (in fm) for 22Ne, 26Mg and 30Si 
nuclei are displayed in Fig. 1. The 
dashed and solid distributions are 
the calculated )(rchρ  without 
including the effects SRC  and TC 
( cr =0 and )(Aα =0) and with 
including the effects of SRC and TC 
( cr =0.5 fm and )(Aα ≠ 0), 
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 especially at 
small 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 state 
occupation probabilities and the 
effects of SRC and TC are generally, 
essential in getting good agreement 
between the calculated result and 
experimental data. 
 Core polarization effects on the 
inelastic longitudinal C2 form 
factors for ++ → 11 210 1 and 

++ → 21 210 1 transitions in some 
open sd  shell nuclei, are discussed. 
The core polarization effects on the 
form factors are based on the Tassie 
model [7] together with the 
calculated 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 longitudinal C2 form 
factors for the transitions to the 121

+  
and 222

+  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 total 
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 
12+  states (1.275 MeV and 4.457 

MeV) in 22Ne 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 q-
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 
values very close to the 
experimental data. The 
experimental data for the second  

12+  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 

12+  states (1.809 MeV and 2.938 
MeV) in 26Mg nucleus are shown in 
Fig. 3. The model space calculations 
underestimate the data at all region 
of q . The core-polarization effects 
give a strong modification to the 
form factors, where the core 
polarization effects enhance the 
form factors and bring the 
calculated values very close to the 
experimental data. The 
experimental data for the second  

12+  state is mostly determined by 
the core polarization form factor, 
where the sd-shell contribution is 
small. The data are slightly over 
estimated when core polarization 
effect is included. The core 
polarization effects play the major 
role for this transition. 
  The C2 form factors of 30Si 
nucleus are shown in Fig.4 for the 
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lowest 12+  states (1.809 MeV and 
2.938 MeV). The model space 
calculation fails to describe the data 
through out all range of q  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 calculated and 
experimental 2C  form factors of the 
open sd -shell nuclei. 
4-References 
[1]A. N. Antonov, P. E. Hodgson  

and I. Zh. Petkov, "Nucleon 
Momentum and density 
distribution in nuclei", 
Clarendon, Oxford, 1988. 

[2]I. S. Gulkarov, M. M. Mansurov 
and A. A. Khomich, "Charge 
density distribution of the 1s-1p 
and 1d-2s shell nuclei and filling 
numbers of the state", Sov. J. 
Nucl. Phys., 47,1, 25,1988. 

[3]B. I. Barts, Yu. L. Bolotin, E. V. 
Inopin and V. Yu. Gonchar, 
"Hartree-Fock Method in 
Nuclear Theory", (in Russian). 
Keiv, Naukova, Dumka,1982. 

[4]B. A. Brown, R. A. Radhi and   B. 
H. Wildenthal, "Electric 
quadrupole and hexadecupole 
nuclear excitations from the 
perspectives of electron 
scattering and modern shell-
model theory", Phys. Rep., 101, 
313 ,1983. 

[5]R. A. Radhi, A. Al-Rahmani, A. 
K. Hamoudi, and E. A. Salman, 
"Transition charge distributions 
in nuclear collective modes", 

Iraqi J. Sci, Vol. 43C No. 2, 
2002. 

[6]R. A. Radhi, A. K. Hamoudi 
and Z. A. Salman, "The 
calculation of the charge 
density distributions and the 
longitudinal form factors of 

B10  nucleus by using the 
occupation numbers of the 
states", Iraqi J. Phys., No. 2, 
Vol. 2, 11 ,2003. 

[7]L. J. Tassie, "A model for 
nuclear shape oscillation for 
gamma transition and electron 
excitation", Aust. Jour. Phys. 9, 
407 ,1956. 

[8]R. A. Radhi and A Bouchebak, 
"Microscopic calculations of C2 
and C4 form factors in sd-shell 
nuclei", Nucl.. Phys., A716, 78 
,2003. 

[9]R. A. Radhi, A. K. Hamoudi and 
K. S. Jassim, "Calculations of 
longitudinal form factors of  p-
shell nuclei using enlarged 
model space including core-
polarization effects with 
realistic two-body effective 
interaction", Indian J. Phys., 81 
(7), 1,2007. 

[10]A. K. Hamoudi, R. A. Radhi, G. 
N. Flaiyh and  F. I. Shrrad, " 
The effect of two body 
correlations on the charge 
density distributions and elastic 
electron scattering form factors 
for 2s-1d shell nuclei ", 
Accepted for publication in Al-
Nahrain University Journal for 
Science 2009. 

[11]J. Fiase, A. Hamoudi, J. M. 
Irvine and F. Yazici, "Effective 
interaction for sd-shell model 
calculations",J. Phys, G14, 1, 
27-36,1988.  

  

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

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


Core polarization effects on the inelastic                       2010 ,91, No.28Eng.& Tech. Journal ,Vol.
longitudinal C2  form factors of open                                                                                          

Sd-shell nuclei                                                                                
 

           

 5876

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

[12]Kris.L.G.Heyde,(The Nuclear 
Shell Model),Springer-Verlag 
Berlin Heidelberg,,4-8, 1994.   

[13]R. D. Lawson, ( Theory of the 
Nuclear Shell Model ), 
Clarendon Press,                
Oxford, 1980.                                                                                                                                                                                                                                                              

[14]H. De Vries, C. W. De Jager and 
C. De Vries, (Nuclear charge 
density distribution           
parameters from elastic electron 
scattering), Atomic data and 
nuclear data tables, 36,      3,  
495-536,1987,. 

[15]B. A. Brown, A. Et chegoyen, 
N. S. Godwin, W. D. M.Rae, W. 
A. Richter, W. E.  Warburton, J. 

S. Winfield, L. Zhao and C. 
H.Zimmerman; MSU- NSCL 
report number 1289,2005 

[16] X. K. Maruyama, F. J. Kline, 
J. W. Lightbody, W. J. Briscoe, 
M, Lunnon and X. H. Crannel,   
Phys. Rev., C19, 1642, 1979.    

[17] E. W. Lees,  A. Johnston, 
S.W. Brian, C. S. Currant, W. 
A. Gillespie and R. P. Singhal, 
J. Phys. A Nucl. Gen. 7, 
936,1974. 

[18]S.W. Brian, A. Johnston,  W. 
A. Gillespie E. W. Lees,  and R. 
P. Singhal, J. Phys. G., 821, 
1977.         

 
 
 
 
 

  
  

Nucleu
s 

     

)(MeV
wh

  

    

2
11Sη

  
    

  

2
31Pη 

  

2
11Pη  

  

2
51dη 

 

2
12sη  

  

)(

)0(
3

exp

−fm

ρ
  

[14] 

 
)(Aα  

22Ne  
  

12.75  1 1  1 0.275 0.175  0.073  0.083  

26Mg  
 

12.70  1  1  1  0.611  0.165 0.075  0.080  

30Si  
 

12.5  1  1  1  0.866  0.40 0.076  0.077  

 
 
 
 
 
 
 
 
 
 
 
 
 

ρ[
Ze

.fm
-3

 ]
 

22Ne  

Table (1) Parameters to the ground state 2BCDD's for some open shell nuclei. 
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Figure (1) Dependence of the 2BCDD on r(fm) for 22Ne, 26Mg and 30Si 
Nuclei  respectively. The dotted symboles are the experimental data of Ref [14]. 
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Figure (2) The Coulomb 2C  form factors for the transitions to the 12+ (1.275 

MeV and 4.457 MeV) states in Ne22 . The experimental data are taken from Ref. 
[16]. 
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Figure (3) The Coulomb 2C  form factors for the transitions to the 12+ (1.809 

MeV and 2.938 MeV) states in Mg26 . The experimental data are taken from Ref. 
[17]. 
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MeV and 3.499 MeV) states in Si30 . The experimental data are taken from Ref. 
[18]. 
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