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ABSTRACT: 

      The effects of short range correlation are taken into account in an effective way, that is, 

expressing the ground state wave function in terms of the occupation probabilites of singl 

particle orbits for various closed and open shell nuclei with N=Z. 

     The effect of the SRC's and the occupation probability ( ) of higher states on the ground 

state 2BCDD's and the root mean square charge radii 
2/1

2r  are investigated. It is found that 

the inclusion of SRC's leads to enhance the probability of transferring the protons from the 

central region of the nucleus towards its surface since this causes to reduce the central part of 

the 2BCDD's significantly and increases the tail part of them slightly and consequently leads to 

increase the calculated values of 
2/1

2r  for 
4
He, 

12
C, 

16
O, 

28
Si, 

32
S and 

40
Ca  nuclei. 

Considering the effect of higher occupation probabilities and the effect of SRC's are important 

in getting good agreement between the calculated 2BCDD's. 

:الخلاصة  
فٓ ٌزي انذساسة تمم اخخمز بى مش ابعربماس تمأثٕش انرمشابط انقصمٕش انممذِ بمٕه انجسمٕمٕه َكمزنا احرمانٕمة اخشم ال  بشمرقا       

إن  (2BCDD's).صٕ ة سٔاضٕة َاضحة وحسب مىٍا تُصٔعات كثافة انشحىة انىَُٔة رَ صٕ ة انجسٕمٕه فٓ انحانة اخسضمٕة

مسمأَا   (Z) ٔكمُن فٍٕما عمذد انبشَتُومات إن ه تطبٕقٍا عهّ وُِ م هقة َمفرُحمة انقشمشش شمش انصٕ ة انشٔاضٕة انمشرقة ٔمك

( َاحرمانٕة اخش ال (SRC) دسط تأثٕش كم مه دانة  استبا  انجسٕمٕه   .(N) رشَواتىإنّ عذد ان نهمسرُٔات انعانٕة عهّ  )

 َ معذل انجمزس لنرشبٕعمٓ نىصمف انقطمش (2BCDD's) تُصٔعات كثافة انشحىة انىَُٔة
2/1

2r  . لظٍمشت ٌمزي انذساسمة بمان

ٔمميدْ إنمّ صٔممادش احرمانٕممة اورقمال انبشَتُوممات مممه مىطقمة مشكممض انىممُاش إنمّ انسممط  ٔشافقممً  فمٓ انحسممابات (SRC)إدخمال  دانممة

َبانرمانٓ  (2BCDD's) عات كثافة انشمحىة انىَُٔمةفٓ انجضء انمشكضْ َصٔادش  فٕفة فٓ انجضء لنزٔهٓ مه تُصٔ اخرضال َاض 

انقطمش ٔيدْ رنا إنّ صٔادش انقٕم انمحسُبة نمعذل انجزس لنرشبٕعمٓ نىصمف
2/1

2rَنجمٕم  انىمُِ دٕمذ انذساسمة (
4
He, 

12
C, 

16
O, 

28
Si, 

32
S and 

40
Caإن إدخال تأثٕش كم مه احرمانٕة اخش ال  .) ) فٓ انحسابات    (SRC) نهمسرُٔات انعانٕة َ دانة )

 مممه تُصٔعممات كثافممة انشممحىة انىَُٔممة نممً لٌمٕممة كبٕممشش فممٓ انحصممُل عهممّ تُافمما جٕممذ بممٕه انىرممائك انعمهٕممة َانى شٔممة نكممم

(2BCDD's) . 
 

INTRODUCTION : 

     The charge density distribution )r(ch
is one of the many most important quantities in the 

nuclear structure which has been well studied experimentally over a wide range of nuclei. This 

interest in )r(ch
is related to the basic bulk nuclear characteristics such as the shape and the size of 

nuclei, their binding energies, and other quantities connected with )r(ch
. Besides, the charge 

density distribution is an important object for experimental and theoretical investigations since it 
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plays the role of a fundamental variable in nuclear theory [1]. From a theoretical point of view, 

most of the efforts concerning short-range correlations (SRC)have been concentrated in the study 

either of few-body systems (e.g. deuteron, triton, 
3
He ), where exact calculations can be performed, 

or of nuclear matter, a system which is obviously easier to study than finite nuclei [2].   A different 

and more phenomenological point of view can be adopted in order to search for experimental 

evidence of SRC effects. Instead of treating the energy of the system in a privileged way, as in 

variational approaches, one would like to have a phenomenological framework in which one can 

compute in a direct way the one- and two-body density matrices and thereby display the effects of 

correlations on various physical quantities. The method should be simple enough to be used for 

light as well as heavy nuclei. Such a programme seems to us appealing because it may help in 

finding which experimental quantities are more sensitive to SRC effects [2]. The inclusion of short 

– range and tensor correlation effects is rather a complicated problem especially for the microscopic 

theory of nuclear structure. Several methods were proposed to treat complex tensor forces and to 

describe their effects on the nuclear ground state [3,4,5]. 

   A simple phenomenological  method for introducing dynamical short  range and tensor 

correlations has been introduced by  Dellagiacoma et. al. [6]. In that method a two – body 

correlation operator is introduced to act  on the wave function of a pair of particles. It resembles the 

earlier approaches of construcing the exact wave function   by means of an operator 


F such 

that 


F , [7]or by a correlation Jastrow[8]and Jastrow – type  [9,10 ] factor


 f such that 




f  acting on the uncorrelated determinant wave function ( ).   

       A similar correlation operator was proposed earlier by Da Proveidencia and Shakin [11]; 

Malecki and Picchi [12] for describing the short – range correlation effects. 

       The effect of the short range correlations due to the repulsive part of two-body interaction on 

the charge form factor of several p-shell  nuclei has been analyzed in detail [13] with an 

independent particle model (IPM) generated in the harmonic oscillator (HO) well [14,15]. In ref 

[13], it was shown that the high-momentum parts (q>3 fm
-1

) of the form factors calculated with and 

without correlations behave in completely different ways, which indicates that electron scattering at 

high momentum transfer could give useful information on the short-range correlations. Massen and 

Moustakidis [16,17] derived analytical expressions of the one and two body terms in the cluster 

expansion of the charge form factors and density distributions of sp- and sd- shell nuclei with Z=N. 

Those expressions were used for the systematic study of the effect of short range correlations on the 

form factors and densities, and they depend on the parameters b and β, which represent the 

harmonic oscillator parameter and the correlation parameter, respectively. These parameters were 

determined for various sp- and sd- shell nuclei by fitting the theoretical charge form factor to the 

experimental one. 
 

THEORY: 
      In the present work, we assume that the nucleons of the nucleus behave as point particles. The 

particle density of a system ( nucleus ) consisting of A point – like particles can be described  by 

means of the operator[1]  

                  





A

1i
i

)1( )rr()r(ˆ                                                                                            (1) 

The one body density operator of equation (1) could be transformed into a two-body density form 

by the following transformation[18]. 

                  )r()r( )2()1(


  
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




















ji

ji

A

1i
i )rr()rr(

)1(2

1
)rr( 

A
                                   (2) 

In fact, a further useful transformation can be made which is that of the coordinates of the two – 

particles, ir


 and jr


, to being in terms of that relative ijr


 and center – of – mass ij



R  coordinates 

[19] ,i.e. 




































ji
ijijijij

)2(
rr2rr2

)1(2

2
)r( RR

A
ch                           (3) 

        The effective two – body charge density operator of equation (3) , to be used with uncorrelated 

wave function , can be written as : 

(4))r(rr2rr2)r(
)1(2

2
)r( ij

ji
ijijijijij

)2( fRRf
A

eff 
































  where 

the functions )r( ijf are the two – body short range correlation (SRC).Since )r( ijf 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 

distances where the interactions are extremely weak . In this work, a simple model form of short 

range correlation of Ref. [20] will be adopted,  i.e. 

])rr([exp1)r( 2
cijij  f                                                                            (5) 

where cr is the radius of a suitable hard – core and β=25 fm
-2

[20] is a correlation parameter. The 

2BCDD of closed shell nuclei is given by the expectation values of the effective two-body charge 

density operator of eq(4) and expressed as  

 





ji

effeff jiijji )r()r(
)2()2(                                                  (6) 

where i  and j  are all the required quantum numbers, i.e. 

mtmjni
itiiiii ,,,,,   and mtmjnj

jtjjjjj ,,,,,  

         It is important to remark that our derived effective two-body charge density matrix elements 

of eq(6 ) are of the form  

     or    

corrcorreff

effeff









)r()r(

)r()r(

)2()2(

)2()2(





                                                    (7)   

where     )r( ijfcorr                                                                                  (8) 

and )r( ijf  is the two body correlation functions of eq(5). Here we wish to indicate that the 

uncorrelated slater determinant wave function   is correctly normalized while the correlated wave 

function corr  of eq(8) is not. To address this matter we adopt the following renormalization 

scheme 

                Zdρ eff

~
r)r(r4

0

)2(2 
 

                                                                     (9) 
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here ZZ 
~

, ( Z is the number of protons).While the real two-body charge density matrix elements 

real)r()2(


 should give a correct number of protons,i.e.  

                  Zdreal 
 

r)r(r4
0

)2(2                                                                (10) 

Thus the matrix elements eff)r()2(


  and real)r()2(


  of eq's (9) and (10), respectively, can 

be related to each other as 

               effreal
Z

Z
)r(~)r( )2()2(



                                                             (11) 

So that a correct number of charges (protons) can now be reproduced by introducing eq(11) into 

eq(10), i.e. 

                Zd
Z

Z
eff 

 

r)r(~r4
0

)2(2                                                            (12) 

      We also wish to mention that we have written all computer programs needed in this study by the 

languages of Fortran 90 power station .  

 

RESULTS, DISCUSSION AND CONCLUSIONS  
In figures (1) to (6) we present the dependence of the ground state 2BCDD's (in fm

-3
 ) on r (in fm) 

for 
4
He,

12
C, 

16
O, 

28
Si, 

32
S and 

40
Ca nuclei, respectively. Parts (a) and (b) of these figures are the 

calculated distributions based on case 1 ( it based on the prediction of the simple shell model) and 

case 2 ( it have included the higher occupation probabilities) of tables (1) and (2), respectively. The 

dotted symbols are the experimental results whereas the dashed and solid curves are the calculated 

2BCDD's without and with the inclusion of the two body SRC's, respectively. As it is evident from 

parts (a) of these figures, with  the exception of figure (2), that the calculated 2BCDD's of case 1 

deviated clearly from those of the experimental results especially at the region of small r (i.e. 0 ≤ r ≤ 

2 fm). Introduction of the two-body SRC's in the calculations causes to reduce these deviations in
 

4
He, 

32
S and 

40
Ca nuclei and increase them in 

16
O and 

28
Si nuclei as seen in the solid distributions of 

these figures. While part (a) of figure (2) shows a very nice agreement between the dashed curve 

and the dotted symbols throughout all values of r. It also shows a deviation between the solid curve 

and the dotted symbols in the region of small r since the inclusion of the two-body SRC's leads to 

underestimate the experimental data at this region. However, these deviations presented in the 

above figures are attributed to the necessity of introducing the occupation probabilities of higher 

states, in addition to those predicted by the simple shell model of case 1. So that, in parts b (case 2 ) 

of the above figures we have included the higher occupation probabilities of 
2

31p  in 
4
He nucleus, 

2
12s  in 

12
C, 

16
O and 

28
Si nuclei, 

2
31d in 

32
S nucleus and 

2
32 p in 

40
Ca 

 
nucleus and considered 

them as free parameters to be adjusted in order to obtain a satisfactory results for the 2BCDD's and 

2
1

2r cal in comparison with those of experimental data. It is important to point out that these higher 

occupation probabilities must be zero in case 1 and different from zero in case 2 as seen in tables 

(1) and (2), respectively. In general, an improvement results for the calculated 2BCDD's, in the 

region of small r (i.e. 0 ≤  r ≤ 2 fm), is obtained in part b (case 2 ) of the above figures since the 

calculated 2BCDD's with the inclusion of the two-body SRC's are now much closer to those of 

experimental data than before, i.e. the quality of agreement between the solid curves and dotted 
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symbols is better reproduced in part (b) than part (a) of the above figures. It is concluded from these 

figures that the dominant influence of the change of the shape of the 2BCDD's at the central region 

(i.e. 0 ≤ r ≤ 2 fm) is the occupation probability of  higher states considered in table (2) for various 

nuclei. In the above figures the contributions of the SRC's to the 2BCDD's 

)r()r()r(
0r5.0r ρ

ccSRC   are also shown. We conclude from these figures that the inclusion 

of the two-body SRC's has the feature of reducing the central part of distributions significantly and 

increasing the tail part of the distributions slightly, i.e. considering of the two-body SRC's leads to 

increase the probability of transferring the protons from the central part into the tail part of the 

distribution and this will make the nucleus to be less rigid than before (i.e. the case with 0r c ). 

Thus an increase in the calculated 

2/1

2r
cal

of the nucleus is expected with the inclusion of the two-

body SRC's as seen in table (1) and (2) of case 1 and 2, respectively.  
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Table (1) 

The values of harmonic oscillator spacing parameters (  ) and the occupation probabilities  used 

in the calculation of case 1 togther with correspoding results of 

2/1

0r

2r
c

, 

2/1

5.0r

2r
c

and

2/1

2r
SRC

and those of 

2/1

exp

2r [16] for all considered nuclei.  

 

 

 

 

 

 

 

 

 

 

Nucleus 
4
He 

12
C 

16
O 

28
Si 

32
S 

40
Ca 

)(MeV  23 15 12.6 12 11 10 

2
11S  1 1 1 1 1 1 

2
31P  - 1 1 1 1 1 

2
11P  - - 1 1 1 1 

2
51d  - - - 1 1 1 

2
12S  - - - - 1 1 

2
31d  - - - - - 1 

2/1

0r

2r
c

 fm 1.644 2.437 2.715 3.071 3.267 3.504 

2/1

5.0r

2r
c fm 

1.678 2.454 2.728 3.082 3.278 3.513 

2/1

2r
SRC

 fm 0.336 0.288 0.266 0.260 0.259 0.251 

2/1

exp

2r [16] 1.676(8) 2.471(6) 2.730(25) 3.086(18) 3.248(11) 3.479(3) 
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Table (2) 

The values of harmonic oscillator spacing parameters (  )and the occupation probabilities  used in 

the calculation of case 2 togther with correspoding results of 

2/1

0r

2r
c

, 

2/1

5.0r

2r
c

and

2/1

2r
SRC

and 

those of 

2/1

exp

2r [16] for all considered nuclei.  

Nucleus 
4
He 

12
C 

16
O 

28
Si 

32
S 

40
Ca 

)(MeV  26 14.665 12.5 11.63 10.9 10 

2
11S  0.6 1 1 1 1 1 

2
31P  0.2 0.95 1 1 1 1 

2
11P  - - 0.97 1 1 1 

2
51d  - - - 0.8 1 1 

2
12S  - 0.1 0.03 0.6 0.7 0.7 

2
31d  - - - - 0.15 1 

2
32P  - - - - - 0.15 

2/1

0r

2r
c

 fm 1.633 2.454 2.723 3.069 3.255 3.490 

2/1

5.0r

2r
c

fm 1.669 2.472 2.737 3.081 3.266 3.499 

2/1

2r
SRC

 fm 0.344 0.297 0.276 0.271 0.267 0.250 

2/1

exp

2r [16] 1.676(8) 2.471(6) 2.730(25) 3.086(18) 3.248(11) 3.479(3) 
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Figure (1): Dependence of the 2BCDD on (r) for 
4
He nucleus. 

The dotted symbols are the experimental data of Ref [ 21]. 
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Figure (2): Dependence of the 2BCDD on (r) for 
12

C nucleus. 

The dotted symbols are the experimental data of Ref [22]. 
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Figure (3): Dependence of the 2BCDD on (r) for 
16

O nucleus. 

The dotted symbols are the experimental data of Ref [22]. 
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Figure (4): Dependence of the 2BCDD on (r) for 
28

Si nucleus. 

The dotted symbols are the experimental data of Ref [22]. 
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Figure (5): Dependence of the 2BCDD on (r) for 
32

S nucleus. 

The dotted symbols are the experimental data of Ref [22]. 
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Figure (6): Dependence of the 2BCDD on (r) for 
40

Ca nucleus. 

The dotted symbols are the experimental data of Ref [22]. 
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