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Abstract Key words 
     An effective two-body density operator for point nucleon system 

folded with two-body correlation functions, which take account of 

the effect of the strong short range repulsion and the strong tensor 

force in the nucleon-nucleon forces, is produced and used to derive 

an explicit form for ground state two-body charge density 

distributions (2BCDD's) and elastic electron scattering form factors 

F (q) for   
19

F, 
27

Al and 
25

Mg nuclei. It is found that the inclusion of 

the two-body short range correlations (SRC) has the feature of 

reducing the central part of the 2BCDD's significantly and increasing 

the tail part of them slightly, i.e. it tends to increase the probability of 

transferring the protons from the central region of the nucleus 

towards its surface and to increase the root mean square charge 

radius ˂ r 
2
˃ 

1/2
 of the nucleus and then makes the nucleus to be less 

rigid than the case when there is no (SRC). It is also found that the 

effects of two body tensor correlations (TCs) on 2BCDD's and            

˂ r 
2
˃ 

1/2
 are in opposite direction to those of (SRC). 

Elastic electron 

scattering, Charge 

density, Root mean 
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للنوى الألكترونية للأستطارة التشكل وعوامل الشحنة كثافة توزيعات
25

Mg,
19

F و
27

Al  

 فليح نعمة غيث و محمودرغذ عماد 

 انعساق بغداد، بغداد، جايعت انعهٕو، كهٛت انفٛصٚاء، قسى 

 الخلاصة

انُٕاة  َٕٚاث يع ٚخعايم انر٘ انُقطٛت انُٕٚت نُظاو انجسًٍٛٛ صٛغت ذٔ انفعال انُٕٔٚت انكثافت يؤثس حٕنٛد حىنقد      

الأعخباز  بُظس حأخر انخٙ (انجسًٍٛٛ ازحباط دانت انًؤثس ْرا اضٛفج انٗ. حجى نٓا نٛس َقطٛت جسًٛاث بًثابت

انًخٕندحاٌ فٙ  (Tc)انخجاذبٛت انطٕٚهت انًدٖ  tensorقٕة  ٔ (SRC) كم يٍ انقٕة انخُافسٚت قصٛسة انًدٖ حأثٛس

نهُٕٖ  انُّٕٚ( –انخفاعلاث انُّٕٚ 
25

Mg  ٔ
27

Al,
19

F .ازحباط انجسًٛخٍٛ اندزاست باٌ ادخال دانت  ْرِ اظٓسث

ٚاحجاِ  َخقال انبسٔحَٕاث يٍ يسكص انُٕاة افٙ انحساباث ٚؤد٘ انٗ شٚادة احخًانٛت ( (SRCضًٍ انًدٖ انقصٛس 

2BCDDيٍ حٕشٚعاث كثافت انشحُت انُٕٔٚت  ٔاضح فٙ انجصء انًسكصَ٘قصاٌ ٚسافقّ سطحٓا 
,
s  ٔ شٚادة 

        انقطس  َصف يسبع يعدل نجرز انًحسٕبت انقٛىشٚادة   إنٗ ذنك ٚؤد٘ ٔبانخانٙ ّطفٛفت فٙ انجصء انرٚهٙ يُ

˂ r 
2
˃ 

1/2
(. اظٓسث SRCْٔرا سٛجعم انُٕاة اقم صلادة يٍ انحانّ انخٙ كاَج فٛٓا انُٕاة بدٌٔ حاثٛس اندانّ ) .

 2BCDD's  ٔ˂ r عهٗ كم يٍ  (TC)ْرِ اندزاست اٚضا باٌ حاثٛس اندانت 
2
˃ 

1/2
ٚعاكس حًايا حاثٛس اندانت  

(SRC) .عهًٛٓا 

 

Introduction 

     The charge density distributions 

(CDD) is the most important quantities 

in the nuclear structure which was well 

studied experimentally over a wide 

range of nuclei. This interest in CDD is 

related to the basic bulk nuclear 

characteristics such as the shape and 

size of nuclei, their binding energies, 

and other quantities which are 

connected with the CDD.  Besides, the 

density distribution is an important 

object for experimental and theoretical 

investigations since it plays the role of 
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a fundamental variable in nuclear 

theory [1]. 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 [2, 3].  

     A simple phenomenological method 

for introducing dynamical short range 

and tensor correlations has been 

introduced by Dellagiacoma et al. [4]. 

In that method, two – body correlation 

operator is introduced to act on the 

wave function of a pair of particles. A 

similar correlation operator was 

proposed earlier by Da Proveidencia 

and Shakin [5] as well as Malecki and 

Picchi [6] 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 [7] with an 

independent particle model (IPM) 

generated in the harmonic oscillator 

(HO) well [8,9]. In Ref. [7], 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. 

Hamoudi et al. [10] had studied an 

effective two-body density operator for 

point nucleon system folded with two-

body correlation functions, which take 

account of the effect of the strong short 

range repulsion and the strong tensor 

force in the nucleon-nucleon forces, is 

produced and used to study the ground 

state two-body charge density 

distributions  and elastic electron 

scattering form factors F(q) for 2s -1d 

shell nuclei with Z =N (such as 
20

Ne, 

24
Mg, 

28
Si and 

32
S nuclei). Hamoudi    

et al. [11] studied the effects of short 

range correlation and occupation 

probabilities of single particle orbits 

for various closed and open shell 

nuclei with N=Z. Hamoudi et al. [12] 

studied the NMD for the ground state 

and elastic electron scattering form 

factors in the framework of the 

coherent fluctuation model and 

expressed in terms of the weight 

function (fluctuation function). The 

aim of the present work is to study the 

effects of short range correlations and 

tensor correlations on the ground state 

two body charge density distributions, 

root mean square charge radii and 

elastic electron scattering form factors 

for 
19

F, 
25

Mg and 
27

Al nuclei.   

 

Theory 
     The one body density operator  

    





A

1i
i

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

can be transformed into a two-body 

density form as [1]. 

)r()r( )2()1(


  

i.e. 

   






















ji

ji

A

1i

i )rr()rr(
)1(2

1
)rr( 

A

                                                        (2)                                    

 

where    r⃗  ri⃗⃗⃗  : is the Dirac delta 

function, A is the nucleon number 

In fact, a further useful transformation 

can be made which is that of the 

coordinates of two – particles, ir


 and

jr


, to be in terms of that relative 
     

ijr


 and center – of – mass ij



R   

coordinates [13]. 

i.e. 

)rr(
2

1
r jiij



                            (3-a) 
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)rr(
2

1
jiij



R                       (3-b)  

 

Subtracting and adding (3-a) and (3-b) 

we obtain 

)r(
2

1
r ijiji



 R          (3-c) 

)r(
2

1
r ijijj



 R                      (3-d) 

 

Introducing Eqs.(3-c) and (3-d) into 

Eq. (2) yields    

 




































ji
ijijijij

)2( )r(
2

1
r)r(

2

1
r

)1(2

1
)r( RR

A
           (4) 

 

Eq. (4) may be written as 

 




































ji
ijijijij

)2( )rr2(
2

1
)rr2(

2

1

)1(2

1
)r( RR

A


  


































ji
ijijijij rr2rr2

)1(2

22
RR

A
                              (5) 

  

 


































ji
ijijijij

)2( rr2rr2
)1(

2
)r( RR

A
                  (6) 

 

where the following identities [14] 

have been used 

)(
1

)( x
a

xa   (for one – dimension) 

)r(
1

)r(
3



 
a

a
(for three– dimension) 

or closed shell nuclei with N=Z, the 

two – body charge density operator can 

be deduced from Eq. (6) as 

)r(
2

1
)r( )2()2(



  ch  

i.e

 































ji

ijijijij
)2(

ch rRr2rRr2
)1A(2

2
)r(                 (7) 

     

Finally, an effective two-body charge 

density operator (to be used with 

uncorrelated wave functions) can be 

produced by folding the operator of 

Eq.(7) with the two-body correlation 

functions ijf
~

as 

 

ijijeff fRRf
A

~
rr2rr2

~

)1(2

2
)r(

ji

ijijijij
)2( 




























          (8) 

In the present work, a simple model 

form of the two-body full correlation 

operators of ref. [15] will be adopted, 

i.e       
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 2ijij1ijij S)(1)r(f)r(ff
~



                                                        (9) 

 

     It is obvious that this equation 

includes two types of correlations: 

 

(a) The two-body short rang 

correlations (SRC's) 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 

1

3D  states.   

     In fact, the SRC's 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 two-body SRC's is given        

by [15]   

 

  )10(
rrfor)rr(exp1

rrfor0
)r(f

cij

2

cij

cij

ij














where cr (in fm) is the radius of a 

suitable hard core and   =25 fm
-2 

[15] is a correlation parameter. 

(b) The two-body tensor correlations 

(TC's) 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 the 1

3S and 1

3D  states 

only. However, Eq.(9) can be      

rewritten as  

 



   ijijij Srff )(1)(
~

                                                        (11) 

 

where the sum  , in Eq.(11), is over 

all reaction channels, 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         

jiijjiji

ij

ij rr
r

S 


.).().(
3
2

 (12)      

while )(  is the strength of tensor 

correlations and it is non zero only in 

the 1

3

1

3 DS   channels.  

The ground state two body charge 

density distribution 𝜌ch(r) is given by 

the expectation. 

Value of the effective two-body charge 

density operator of Eq. (8) and 

expressed as  

 










ji

eff

eff

jiijji )r(

)r( (r)

)2(

)2(

ch




   (13)  

 

where the two particle wave function is 

given by [16]  

 

TjiJjiTtjti

JM

Jjjii

TM

TM)tt(JM)jj(TMmtmtJMmjmjij
ji

J T

   (14)  

                                               

     It is important to indicate that our 

effective two body charge density 

operator of Eq. (8) is constructed in 

terms of relative and center of mass 
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coordinates, thus the space-spin part 

JMjj Jji
)( of two-particle wave 

function constructed in jj-coupling 

scheme must be transformed in terms 

of relative and center of mass 

coordinates.  

     The nuclear mean square charge 

radius < r 
2
 >

1/ 2
 is defined by [16] 

  

     
  

 
∫ 𝜌       

    
 

 
              

   

     Elastic electron scattering form 

factor from spin zero nuclei ( 0J ), 

can be determined by the ground – 

state charge density distributions 

(CDD). In the Plane Wave Born 

Approximation (PWBA), the incident 

and scattered electron waves are 

considered as plane waves and the 

CDD is real and spherical symmetric, 

therefore the form factor is simply the 

Fourier transform of the CDD. Thus 

[17, 18] 

rr)r()r(
4

)( 2
0

0

dqj
Z

qF 


 


   (16) 

where )r( is the ground state 

2BCDD of Eq (16). 

)r()r(sin)r(0 qqqj   is the zeroth 

order of the spherical Bessel function 

and q is the momentum transfer from 

the incident electron to the target 

nucleus. Eq. (16) may be expressed as 

rr)rsin()r(
4

)(
0

dq
qZ

qF 


 


 (17) 

Inclusion of the finite nucleon size 

correction )(qF fs  and the center of 

mass correction
 

)(qFcm  in our 

calculations requires multiplying the 

form factor of Eq. (17) by these 

corrections. )(qF fs  is considered as 

free nucleon form factor and assumed 

to be the same for protons and 

neutrons. This correction takes the 

form [19]. 

443.0 2

)( q
fs eqF                          (18)  

 

The correction )(qFcm  removes the 

spurious state arising from the motion 

of the center of mass when shell model 

wave function is used and given by 

[19].  

Abq
cm eqF 422

)(                          (19) 

 

where A is the nuclear mass number. 

Introducing these corrections into     

Eq. (17), we obtain 

 

)()(rr)r()r(
4

)(
0

qFqFdqSin
qZ

qF cmfs


 


                                              (20) 

 

     In the limit of q 0, the target will 

be considered as a point particle, and 

from Eq.(20), the form factor of  this 

target nucleus is equal to unity, i.e.      

F( q 0 )=1. The elastic longitudinal 

electron scattering form factor with the 

inclusion of the effect of the two-body 

TC's in light nuclei can now be 

obtained by introducing the ground 

state 2BCDD of  Eq.(8) into Eq.(20). 

We also wish to mention that we have 

written all computer programs needed 

in this study using Fortran-90 

languages. 

 

Results and discussion 

     The calculations for the ground 

state two body charge density 

distributions (2BCDD's) 𝜌ch (r), the 

root mean square charge radii< r 
2
 >

1/ 2
 

and elastic electron scattering form 

factors F (q)' s are carried out for 
19

F,
 

25
Mg and 

27
Al nuclei. A choice for the 

single value of the hard core radius      

rc =0.4 fm is adopted for all considered 
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nuclei. The strengths of the tensor 

correlations α  A) are determined by 

fitting the calculated < r
 2

 >
1/ 2

 with 

those of experimental data. All 

parameters required in the calculations 

of 𝜌ch (r), < r 
2
 >

1/ 2
 and F (q)'s, such as 

the harmonic oscillator spacing 

parameter, h𝜔, the occupation 

probabilities, ƞ's, of the states and α 

(A), are presented in Table 1. It is clear 

from this table that the result for α  A) 

is a decreasing function with 

increasing the mass number A. 

Besides, the calculated 

2/1

0.0,4.0r

2r
 c

 

including both effects of SRC (with rc 

= 0.4 ƒm) and TC  with α  A) ≠0), are 

in very good agreement with those of 

experimental data [20]. The results for 

the dependence of 𝜌ch  r)  in ƒm
-3

) on r 

 in ƒm) for 
19

F,
 25

Mg and 
27

Al nuclei 

are displayed in Figs.1. 

 
Table 1: Parameters which have been used in the calculations of the present work for the 

2BCDD's, and elastic longitudinal F (q)'s of all nuclei under study. 

Nucleus 
19

F 
25

Mg 
27

Al 

  11 11.75 12.75 

2
11S

 1 1 1 

2
31P

 0.5 0.25 0.25 

2
11P

 1 1 1 

2
51d

 0.1666 0.8333 1 

2
12S

 0.5 1 1 

)(A  0.2 0.198 0.197 

2/1

0,0r

2r
 c

 2.891439 3.068455 3.015337 

2/1

0.0,4.0r

2r
 c

 

2.862643 3.027741 2.977019 

]20[r
2/1

ex.

2
 2.901144 3.109868 3.061974 
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Fig.1: Dependence of the 2BCDD on r (fm) for 

19
F,

 25
Mg and 

27
Al nuclei. The dotted 

symbols are the experimental data of Ref [20]. 

 

     In Fig.1, the dashed and solid 

distributions are the calculated 𝜌ch (r) 

of 
19

F,
 25

Mg and 
27

Al nuclei without 

effects (rc=0 and α  A) =0) and with 

the effects of SRC and TC (rc = 0.4 ƒm 

and α  A) ≠0) included, respectively. 

These distributions are compared with 

those of experimental data [20], 

denoted by dotted symbols. In 
19

F,
 

25
Mg and 

27
Al nuclei, 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 r as seen in the 

solid distributions. However, both the 

dashed and solid distributions 

overestimate the data at the central 
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region of 𝜌ch (r) whereas beyond this 

region they agree very well with the 

data. 

      Elastic electron scattering charge 

form factors F (q) for the 
19

F,
 25

Mg and 
27

Al nuclei are calculated using the 

ground state two body charge density 

distributions of Eq. (13) in Eq. (20). In 

Fig.2, the calculated F(q) s are 

compared with those of experimental 

data for 
19

F,
 25

Mg and 
27

Al nuclei The 

dashed and solid distributions are the 

calculated F(q)'s without and with the 

effects of SRC and TC, respectively, 

while the dotted symbols are those of 

experimental data. 

 

 

 

 
Fig.2: Dependence of the F (q) s on q (fm

-1
) for 

19
F,

 25
Mg and 

27
Al nuclei. The dotted 

symbols are the experimental data of Ref. [20] for 
19

F,
 25

Mg and 
27

Al. 
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      In
 19

F nucleus, the first diffraction 

minimum and first maximum which 

are known from the experimental data 

[20] are very well reproduced by the 

dashed and solid curves. In general, the 

calculated F (q)'s are in very good 

accordance with the data up to 

momentum transfer q ≈ 2.4 ƒm
-1

. 

For higher q, the calculated form 

factors are in disagreement with the 

data, where the second diffraction 

minimum observed in q=2.5 ƒm
-1

. 

     In 
25

Mg nucleus, It is noticed from 

the figure the dashed and solid curves 

are in reasonable agreement with those 

of experimental data [20] throughout 

the range of momentum transfer q ≤ 

1.5 ƒm
-1

. It is noted that the effect of 

correlations begin at the region of q ˃ 

2.3 ƒm
-1

, where the solid curve 

deviates from the dashed curve at this 

region of q. 

     In 
27

Al nucleus, the dashed and 

solid curves are in good agreement 

with the experimental data up to 

momentum transfer of q =2.3 fm
-1

, and 

it underestimates clearly these data at 

the region of q >2.3 fm
-1

. It is so clear 

that the location of the third observed 

diffraction minimum is not reproduced 

in the correct place by the dashed and 

solid curves. It is noted that the effect 

of correlations begin at the region of 

q˃2.5 fm
-1

. 

 

Conclusions 

     This study shows that the two-body 

tensor correlations exhibit a mass 

dependence due to the Strength 

parameter α A) while the two-body 

short range correlations do not exhibit 

this dependency. Including the effect 

of SRC alone increases the probability 

of transferring the protons from the 

central region of 𝜌ch (r) towards its tail 

(i.e., the nucleus becomes less rigid 

than the case when there is no SRC) 

and then increases the calculated         

< r
 2

 >
1/ 2

. It is found that the effect of 

TC on 𝜌ch (r) and <r
 2

>
1/ 2

 is in opposite 

direction to that of SRC.  
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