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Abstract Key words 
     This work is devoted to study the properties of the ground states 

such as the root-mean square (   ) proton, charge, neutron and 

matter radii, nuclear density distributions and elastic electron 

scattering charge form factors for Carbon Isotopes (
9
C,

 12
C,

 13
C,

 15
C,

 

16
C,

  17
C,

  19
C and 

22
C). The calculations are based on two approaches; 

the first is by applying the transformed harmonic-oscillator (THO) 

wavefunctions in local scale transformation (LST) to all nuclear 

subshells for only 
9
C,

 12
C, 

13
C and

 22
C. In the second approach, the 

9
C, 

15
C, 

16
C, 

17
C and

 19
C  isotopes are studied by dividing the whole 

nuclear system into two parts; the first is the compact core part and 

the second is the halo part. The core and halo parts are studied using 

the radial wave functions of HO and THO radial wavefunctions, 

respectively. For 
9
C, 

12
C and 

13
C isotopes, the no-core shell model 

(NCSM) are studied using the Warburton-Brown interaction. Very 

good agreements are obtained for the calculated density distributions 

and form factors in comparison with experimental data. 

Exotic nuclei, nuclear 

density distributions, 

elastic electron 

scattering form 

factors, proton, 

charge. 
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الموضعً فً نمورج  تقنٍة تحوٌل المقٍاس كربون باستخذاملنظائر ال النووي لتركٍبدراسة ا

 القشرة

سجى حازم محمذ
 

 أركان رفعه رضا و

 انعشاق ،لسى انفيضياء، كهيح انعهىو، جايعح تغذاد، تغذاد

          الخلاصة                                                                                                                      

اَصاف الالطاس انثشوذىَيح وانشحُيح نذساسح خصائص انًسرىياخ الأسضيح يثم  خصص هزا انعًم     

ح وذىصيعاخ انكثافح انُىويح وعىايم انرشكم انشحُيح نلاسرطاسج الانكرشوَيح انًشَح وانُيىذشوَيح وانُيىكهيىَي

) انًسرمشج وغيش انًسرمشج كاستىٌنُظائش ان
9
C,

12
C,

13
C, 

15
C,

 16
C, 

17
C, 

19
C, 

22
C) . عهىانحساتاخ اسرُذخ 

تاسرخذاو ذمُيح ذحىيم  انذوال انًىجيح انًحىنح نجهذ انًرزتزب انرىافمي اسرخذاوتىاسطح ذًد طشيمريٍ؛ الاونى 

)فمط نهُظائشوعهى جًيع الاغهفح انُىويح  انًمياط انًىضعي
9
C,

12
C,

13
C, 

22
C) تعض  ،. في انطشيمح انثاَيح

)َظائش انكاستىٌ )
9
C,

15
C,

16
C, 

19
C ٍهى جضء انهانح.  وانثاَيانمهة الاول هى جضء  ;دسسد ترمسيًها انى جضئي

 الوانذو( HOانًىجيح انمطشيح نجهذ انًرزتزب انرىافمي انثسيط ) الوانذتاسرخذاو جضء انمهة وجضء انهانح دسط 

تانرراتع. نُظائش انكاستىٌ ) (THO) نهًرزتزب انرىافمي انًحىنحانًىجيح 
9
C,

12
C, 

13
C)  ذى ذطثيك انذوال انًىجيح

وجذ تاٌ ذىصيعاخ انكثافح  تشاوٌ.-انمشش انثاَىيح تًُىرج انمششج عذيى انمهة تاسرخذاو ذفاعم واستيشذيٍ جًيععهى 

  .انعًهيحانميى يع يماسَح انًحسىتح هي ترطاتك جيذ جذا  وعىايم انرشكم

 

Introduction  

      The study of density distributions 

are very important in studying the 

nuclear structure and nuclear reactions 

[1]. One of the most fundamental 

properties of atomic nuclei are the 

nuclear neutron, proton, charge and 

matter root-mean square (   ) radii. 
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Over the years, an information about 

charge densities can be obtained by 

different approaches, started from 

elastic electron scattering and muonic 

atoms (µ−) [2]. The density 

distributions and matter radii are 

deduced from interaction or reaction 

cross sections [3]. The proton and 

neutron     radii are essential for 

extracting the neutron skin thickness 

[4]. The charge radii of unstable 

isotopes are a variable from isotope 

shift measurement [5]. The discovery 

of halo structure was one of the most 

striking indications of the changes in 

structure for exotic nuclei. The 

extraordinary interaction cross section 

and     matter radius was an 

outstanding property founded by 

Tanihata et al., in 1985 for some exotic 

nuclei [3]. The nuclear halo is a 

structure with a dilute matter 

distribution and characteristic such as: 

a very loosely bound valence nucleon 

and short lifetimes. The nucleons in 

halo nuclei held in a shallow potential 

well can tunnel into the surrounding 

space with significant probability to be 

found at distances much greater than 

the nuclear radius and can have 

wavefunctions that extend to distances 

much larger than the range of the 

interaction [6]. The nuclear halo is 

related to low separation energy of the 

last proton(s) or neutron(s) in 

comparison with the rest of other 

nucleons [7]. In addition, the 

centrifugal barrier is preferred to be 

low, i.e., the orbital quantum numbers 

are either     or     [8]. Over the 

last few decades, experiments at 

radioactive ion beam facilities have 

revealed that several drip-line nuclei 

have a halo structure divided into a 

“core” of normal nuclear density and 

one or more protons or neutrons whose 

probability distribution extends far 

beyond the range of nuclear 

interactions [9]. The first idea of halo, 

which was suggested by Jonson and 

Hansen [7] was appeared when the 

binding energy is sufficiently small. It 

appears in loosely bound. Two-neutron 

halo nuclei, such as 
6
He and 

11
Li have 

the remarkable property that none of 

their two-body subsystems are bound. 

Thus, 
6
He can be modeled as a bound 

three-body α + n + n system despite 

there being no bound states of n+n (the 

dineutron). Such nuclei have been 

dubbed „Borromean‟, since the 

observation of the 
11

Li halo, special 

attention has been paid to nuclei 

showing a halo state consisting of two 

neutrons. In ref. [10], the compilation 

of experimental matter radii of nuclei 

in sp and sd shells are presented. These 

two-neutron halo nuclei are three-body 

systems with no bound binary sub-

system and are referred to as 

Borromean nuclei [11]. In ref. [12], the 

density distributions and     radii are 

calculated using LST for some nuclei 

with limited agreements with 

experimental data. In their results, the 

filling numbers of pure state are 

adopted.  

     In this work, the radial 

wavefunctions of THO is used to 

reproduce the long tail characteristic of 

exotic nuclei. The bare HO 

wavefunction is not sufficient to 

reproduce such characteristic, 

therefore, the LST are used to get rid 

of such defect. 

  

Theoretical basis 

     The radial multipole transition 

density operator of order   
(multipolarity) and projection   can 

be written as [13]: 

 ̂      ∑
 (    )

  
    (     )

 
         (1) 

where   denotes the number of 

neutrons ( ,         ) or protons 

( ,       ). The nuclear matrix 

element to Eq. (1) between initial and 

final nuclear states can be written       

as [13]: 
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     ( )  
 

√  

 

√     
∑        

         ⟨  ‖  ‖  ⟩     (     )     (     )           (2) 

where    (     ) represents the radial 

wavefunctions. The    and    are the 

total spin of the nucleus in the initial 

and final states. Besides,   and   

denote the single-particle quantum 

numbers of initial and final states (   ; 
 ,   and   represent the principal, 

orbital and total spin quantum numbers 

of a single nucleon, respectively). 

       
         

is the weight of transition 

calculated from nuclear shell model by 

using Nushell code [14] for a given 

effective interaction and model space. 

For ground density distribution 

(                    ), Eq. (2) 

can be written as: 

 

       ( )  
 

  
√
     

     
∑        

           |     (     )|
 

                                   (3) 

 

     The nuclear density distributions of 

point neutron and proton for halo 

nuclei are calculated in two methods; 

the first is by using Eq. (3), the second 

is by writing the density distribution as 

a sum of two main parts; the core 

(       
    ( )) and the halo (       

    ( )) as 

follows [15]: 

       ( )         
    ( )         

    ( )(4) 

 

In Eq. (4), the core and halo parts are 

calculated respectively by using the 

following two formula: 

       
    ( )  

 

  
∑       

    
  |   (     )|

 
                                                 

                                                        (5)   

and       

       
    ( )  

 

  
 ∑       

    
   |   (     )|

 
  

                                                        (6) 

where       
     and       

    represent the 

neutrons or protons occupation number 

in the    shells of core and halo 

respectively. In the present work,       
       

takes integer numbers as predicted by 

simple shell model.        
     takes 

assumed fractional real numbers. Due 

to the Gaussian fall off behaviour of 

the radial wavefunction of HO 

potential. The    (     ) in Eq. (3) 

and (6) are calculated by using the 

transformed HO (THO) radial 

wavefunctions based on LST as 

follows [16]: 

   
   (     )  

 ( )

 
√
  ( )

  
   ( ( )    )     

                                                          (7) 

and the function  ( ) is [16]: 

 ( )  [
 

(
 

 
)
 
 (

 

 √ 
)
 ]

 

 

                     (8) 

The  ( ), in Eqs. (7) and (8), represent 

a function chosen so as to reproduce 

the proper asymptotic condition 

(exponential shape) for the density 

distribution at large  , besides that it 

leaves the interior shape of density 

unchanged [17].    and   in Eq. (10) 

are an integer and real numbers 

controls how sharply the tail of wave 

function will be. Therefore, Eqs. (3) 

and (4) become, respectively as 

follows: 

 

       ( )  
 

  
√
     

     
∑        

           |   
   (     )|

 
                                    (9) 

 

and 

       ( )  
 

  
∑       

    
  |   (     )|

 
 

 

  
 ∑       

    
   |   

   (     )|
 
     (10) 
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     The main two methods in Eq. (9) 

and (10) are denoted by LST and 

HO+LST, respectively. The matter 

density distributions can be written as:   

  
    ( )        

    ( )        
    ( )(11) 

 

where 

 

 

  
    ( )             

    ( )              
    ( )                                                (12) 

 

and 

      
    ( )                

    ( )                                                                      (13) 

 

     The total charge density distribution 

   ( ) (CDD) is coming from protons 

and neutrons as follows: 
   ( )            ( )             ( )                     

                                                     (14) 

 

     The first and second terms in 

Eq.(14) are obtained by taking the 

folding of single proton/neutron charge 

density (   /    ) into the distribution 

of the point proton/neutron density in 

Eqs. (9) or (10) as follows:   
          ( )  ∫           ( )   (  

  )                                                  (15) 

and 

 

           ( )  ∫             ( )    (    )                         (16) 

 

   ( ⃗) [18] and     ( ⃗) [19] takes, 

respectively the following forms: 

   ( )  
 

(√    )
  

(
   

   
 )

                (17)   

and 

                

    ( )  
 

(   
 )
 
 ⁄
∑     

     
 ⁄ 

      (18)  

     In Eq. (17),             [18] to 

reproduce the experimental charge 

    radius of the proton (〈  〉  
   

 

(
 

 
)
   

          ). In Eq. (18), the 

parameter     and    are given in    

Table 1. 

                   
Table 1: Parameters of the neutron 

charge distributions. 

   1 

   -1 

  
  (fm

2
) 0.469 

  
  (fm

2
) 0.546 

 

     The     radii of neutron, proton 

and matter are calculated from [20]: 

〈  〉 
   

 √
  

 
∫       ( )    
 

 
   (19) 

where   stands for   (number of 

neutrons),   (atomic number), and A 

(mass number), respectively. The     
charge radii are calculated from: 

〈  〉  
   

 √
  

 
∫        ( )    
 

 
  (20) 

 

     Finally, the longitudinal electron 

scattering form factors in the first Born 

approximation can be written as [21, 

22]:  

     
 ( )  

 

 
√

  

(     )
∑ ⟨  ‖  

 (    )‖  ⟩     ( )  

                                                      (21) 

or 

                                                  

     
 ( )  ∑   

 (    )     ( )      (22) 

where 

  
 (    )  

 

 
√

  

(     )
⟨  ‖  

 (    )‖  ⟩                   

                                                      (23) 

since, 

                                            

     
 (    )    

 (    )   ( )        (24) 

 

Therefore, Eq. (24) can be written as: 
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 ( )  ∑      

 (    )                (25) 

 

where   represents the momentum 

transfer from electron to nucleus. |  ⟩ 

and |  ⟩ are initial and  final states of 

the nucleus.    ( ) is the charge form 

factor of a single proton and neutron 

given by taking Fourier transforms       

to Eqs. (17) and (18), 

respectively.          
 ( ) represents 

the Coulomb multipole operator of the 

longitudinal electron scattering given 

by [21]: 

    
 (    )  ∫   (  )    (  ) ̂  ( ⃗)                                  

                                                      (26) 

 ̂  ( ⃗)   ∑    
 
    ( ⃗   ⃗ )           (27) 

 

The reduced matrix element in 

Eqs.(21) and (23) can be written in 

terms of the reduced matrix element of 

a single nucleon matrix element as:  

⟨  ‖  
 (    )‖  ⟩  

∑  
       

       
  ⟨    ‖  

 (      )‖    ⟩                  

                                                     (28) 

where 

  
 (      )       (  )  (  )      (29) 

 

The single nucleon matrix element in 

Eq. (28) is given by: 

 

 

⟨    ‖  
 (      )‖    ⟩     ⟨    |  (  )|    ⟩ ⟨(

   

 
)   ‖  (  )‖ (

   

 
)   ⟩ (  )  

 

Eq. (21) can be written as [21] 

 

|     
 ( )|  

 

 
√

  

(     )
|∫    (  )
 

 
     ( ) 

   |                  (31) 

 

where   (  ) and      ( ) are spherical 

Bessel function and charge transition 

density distribution, respectively. 

For    , Eq. (31) can be written as 

|   
 ( )|  

 

 
√

  

(     )
|∫    (  )
 

 
   ( ) 

   |(  )                     

 

Results and discussion 

     One of the important techniques to 

study the unstable nuclei and the long 

tail characteristic associated to the halo 

nuclei is the LST.  

     The calculations are established on 

two major techniques; the first is 

denoted by LST where the THO is 

applied to all subshells of the nuclei 
9
C, 

12
C, 

13
C and 

22
C. The second one is 

called HO+LST applied to the nuclei  
9
C, 

15
C, 

16
C, 

17
C and  

19
C, where the 

radial wavefunctions of  HO potential 

and THO are applied to the core and 

halo parts of  the aforementioned 

nuclei, respectively. Besides, the 

results of the above two techniques are 

compared with the results of the HO 

calculations to show the defect of such 

bare radial wavefunctions in studying 

the halo nuclei. The properties of 

carbon isotopes 
9
C, 

12
C, 

13
C,

 15
C,

 16
C,

 

17
C,

 19
C and

 22
C are shown in Table 2.  

     In Table 3, the size parameters (   

and   ), occupation numbers,   and 

 p,n for Carbon isotopes (
9
C,

 15
C,

 16
C,

 

17
C

 
and

 19
C) using HO+LST technique. 

In Table 4, the size parameters (bp and 

bn), occupation numbers,   and  p,n 

for Carbon isotopes 
12

C, 
13

C and 
22

C 

using LST technique. 
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Table 2: Properties of carbon isotopes 
9
C , 

12
C,

 13
C,

 15
C,

 16
C,

  17
C,

  19
C and 

22
C. 

   
  

   

[23] 

Half-Life 

Time 

[23] 

Type 

[24] 

Separation 

Energies in 

MeV[25] 

 

   
  3/2

-
 126.5    1p-halo          

   
   0

+
 Stable Stable 

   15.956 

          

   
   1/2

-
 Stable Stable 

          

         

   
   1/2

+
 2.4495   1n-halo          

    
   0

+
 0.747   2n-halo     =5.468 

    
   3/2

+
 193    1n-halo          

    
   1/2

+
 46.2    1n-halo          

22
C

 0
+
 6.1    2n-halo     =0.035 

  
 

 

Table 3: The HO size parameters, occupation numbers and  p,n for Carbon isotopes 
9
C, 

15
C,

 

16
C,

 17
C

 
and 

19
C using HO+LST technics. 

   
    (  )   (  ) 

 

    

 

 

Occupation 

number 

  
   

(    ) 

   

(    ) 

   
  1.639 1.599 1P1/2 1.0 16 1.442 1.208 

 

   
   

 

1.59 

 

1.6 

1d5/2 0.35 
 

26 

 

2.19 

 

1.543 
1d3/2 0.05 

2S1/2 0.6 

 

    
   

 

1.604 

 

1.61 

1d5/2 0.7 
 

26 

 

1.376 

 

1.503 
1d3/2 0.2 

2S1/2 1.1 

 

    
   

 

 

1.645 

 

1.799 

1d5/2 0.5 
 

26 

 

2.270 

 

1.993 
1d3/2 0.2 

2S1/2 0.3 

 

    
   

 

1.631 

 

1.736 

1d5/2 0.2 
 

26 

 

2.255 

 

1.277 
1d3/2 0.1 

2S1/2 0.7 
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Table 4: The HO size parameters and  p,n for Carbon isotopes  
12

C ,
 13

C and 
22

C. 

   
    (  )   (  ) 

 

    

 

  
   

(    ) 

   

(    ) 

   
   

 

 

 

 

 

1.594 LST 1.594 LST        

24 2.599 2.599 
1.456 

Assumed 

filling 

no. 

1.456 

Assumed 

filling  

no. 

spsdpf 
Assumed 

no. 

1S1/2 1.0 

1P3/2 3.7 

1d5/2 0.8 

2S1/2 0.1 

1f7/2 0.2 

2P3/2 0.2 

   
   

 

1.563 LST 1.652 LST        

8 2.375 2.512 

1.419 

Assumed 

filling 

no. 

1.443 

Assumed 

filling 

no. 

spsdpf 
Assumed 

no. 

1S1/2 1.0 

1P3/2 3.7 

1d5/2 0.8 

2S1/2 0.1 

1f7/2 0.3 

    
   2.1 

Assumed 

filling 

no. 

2.8 

Assumed 

filling 

no. 

spsdpf 
Assumed 

no. 

14 2.908 3.879 

1S1/2 2.0 

1P3/2 4.0 

1P1/2 2.0 

1d5/2 1.8 

2S1/2 2.0 

2P3/2 2.6 

2P1/2 1.6 

  

  The calculated proton, charge, 

neutron, matter     radii  for Carbon  

isotopes 
9
C,

15
C,

16
C,

 17
C and 

19
C using 

HO+LST technique are presented in 

Table 5 and compared with available 

experimental data. Unfortunately, there 

are no available experimental proton, 

charge, neutron and matter     radii 

for 
9
C, therefore, the calculated radii 

are compared with theoretical result of 

ref. [26].  

     In Table 6, the calculated proton, 

charge, neutron, matter     radii for 

Carbon isotopes 
12

C, 
13

C and 
22

C using 

LST technique are shown and 

compared with available experimental 

data. In Table 7, the same quantities 

calculated in Table 5, but using HO 

technique. The HO size parameters for 

protons and neutrons (   and   ) are 

chosen so as to reproduce the 

experimental     radii. 
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 Table 5: Calculated proton, charge, neutron, matter     radii in Fermi’s for Carbon 

isotopes 
9
C,

15
C,

16
C,

17
C,

 19
C by using HO+LST technique compared with available 

experimental data. 

   
  

   

(  ) 
   

(  ) 
〈  〉 

   
 

 

Theo. 

+ 

Exp. 

〈  〉 
   

 

〈  〉  
   

 〈  〉 
   

 〈  〉 
   

 

Theo. 

+ 

Exp. 

〈  〉 
   

 

   
  1.639 1.599 2.682 

2.684 

[26] 
2.773 2.165 2.522 

2.522 

[26] 

   
   1.59 1.6 2.340 

2.37(3) 

[27] 
2.437 2.721 2.576 

2.54(4) 

[27] 

    
   1.604 1.61 2.361 

2.40(4) 

[27] 
2.453 3.048 2.81 

2.756(58) 

[11] 

    
   

 
1.645 1.799 2.421 

2.42(4) 

[27] 
2.507 2.928 2.759 

2.76(3) 

[27] 

    
   1.631 1.736 2.401 

2.40(3) 

[27] 
2.483 3.455 3.160 

3.16(7) 

[27] 

 
Table 6: Calculated proton, charge, neutron, matter     radii in Fermi’s for stable 

Carbon isotopes 
12

C, 
13

C, by using LST technique compared with available experimental 

data.  

   
  

   

(  ) 
   

(  ) 
〈  〉 

   
 

Exp. 

〈  〉 
   

 
〈  〉  

   
 

Exp. 

〈  〉  
   

 
〈  〉 

   
 〈  〉 

   
 

Exp. 

〈  〉 
   

 

   
   1.594 1.594 2.358 2.33(1) 

[27] 

2.465 2.464(12) 

[28] 

2.358 2.358 2.35(2) 

[11] 

   
   1.563 1.652 2.336 2.32(1) 

[27] 

2.440 2.440(25) 

[28] 

2.489 2.42 2.42(24) 

[11] 

    
   2.1 2.8 3.093 ___ 3.176 ___ 6.698 5.94 5.4±0.9 

[29] 

 
Table 7: Calculated proton, charge, neutron, matter     radii in Fermi’s for Carbon 

isotopes 
9
C, 

12
C, 

13
C, 

15
C, 

16
C,

 17
C and 

19
C by using HO technique compared with available 

experimental data.  

   
  

   

(  ) 
   

(  ) 
〈  〉 

   
 

Theo. 

+ 

Exp. 

〈  〉 
   

 

〈  〉  
   

 〈  〉 
   

 〈  〉 
   

 
Exp. 

〈  〉 
   

 

   
  1.819 1.599 2.677 

2.684 

[26] 
2.782 2.165 2.518 

2.522 

[26] 

   
   1.59 1.736 2.340 

2.37(3) 

[27] 
2.436 2.720 2.575 

2.54(4) 

[27] 

    
   1.604 1.927 2.361 

2.40(4) 

[27] 
2.452 3.047 2.809 

2.756(58) 

[11] 

    
   

 
1.645 1.809 2.421 

2.42(4) 

[27] 
2.507 2.927 2.759 

2.76(3) 

[27] 

    
   1.631 2.086 2.401 

2.40(3) 

[27] 
2.479 3.454 3.16 

3.16(7) 

[27] 

     

     In Table 8, the calculated proton, 

charge, neutron, matter     radii for 

stable Carbon isotopes 
12

C and 
13

C 

using HO technique are presented and 

compared with available experimental 

data. 
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Table 8: Calculated proton, charge, neutron, matter     radii in Fermi’s for stable carbon 

isotopes 
12

C,
 13

C, by using HO technique compared with available experimental data.  

   
  

   

(  ) 
   

(  ) 
〈  〉 

   
 

Exp. 

〈  〉 
   

 
〈  〉  

   
 

Exp. 

〈  〉  
   

 
〈  〉 

   
 〈  〉 

   
 

Exp. 

〈  〉 
   

 

   
   1.457 1.456 2.357 

2.33(1) 

[27] 
2.464 

2.464(12) 

[28] 
2.355 2.356 

2.35(2) 

[11] 

   
   1.449 1.476 2.336 

2.32(1) 

[27] 
2.440 

2.440(25) 

[28] 
2.489 2.42 

2.42(24) 

[11] 

 

 

 

 

     The calculated MDDs are 

represented in Figs. 1 (a), (b), (c), (d) 

and (e) for 
9
C, 

15
C, 

16
C, 

17
C and 

19
C 

isotopes, respectively. In Fig. 1 (a), the 

solid, dotted and dashed curves 

represent the calculated MDDs using 

HO+LST, LST and HO, respectively.  

It is clear  that the results of HO+LST 

is in excellent agreement with 

experimental data and these are 

attributed to the generated tails coming 

from the used THO wavefunctions 

which are highly improved by the 

parameters in Table 3 and 4. The result 

of LST using NCSM calculations is 

not adequate to reproduce the tail and 

underestimates such region. In 

Fig.1(b), (c), (d), and (c), the solid and 

dashed curves represent the calculated 

MDDs in HO+LST and HO, 

respectively. In general, it is obvious 

that there are a very good agreements 

when compared with experimental data 

in HO+LST technique. The results of 

HO is completely failed in all isotopes 

to regenerate the long tail behaviour. In 

Fig.1(f), the calculated proton and  

neutron density distributions are 

depicted for 
22

C using LST technique 

with assumed filling numbers (ξ). It is 

evident there is a very good agreement 

for both proton and neutron densities 

in comparison with experimental data. 

The neutron and proton density 

distributions for 
9
C, 

15
C, 

16
C, 

17
C and 

19
C are described in Fig. 2(a), (b), (c), 

(d) and (e), respectively. It is obvious 

that the long tail characteristic is well 

produced in the proton density 

distribution for 
9
C, besides in the 

neutron density distribution for 
15

C, 
16

C, 
17

C and 
19

C. 
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Fig. 1: The calculated MDDs for exotic Carbon isotopes 
9
C(a) [30], 

15
C(b), 

16
C(c), 

17
C (d) 

and 
19

C(e) [11], represented by solid and dashed curves, respectively. The shaded areas are 

experimental data. 
22

C(f), represent the neutron and proton density distribution and 

compared with experimental data represent by filled and empty [29] circles. 
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Fig. 2: The neutron and proton density distributions for carbon isotopes 

9
C(a),

15
C(b),

16
C(c),

17
C(d),

19
C(e). 

  

     In Fig. 3 (a) and (b) the calculated 

and experimental charge density 

distributions of 
12

C and 
13

C, 

respectively. The solid, dotted and 

dashed curves represent the calculated 

CDD in LST, assumed ξ and HO 

calculations, respectively. It is evident 

that the calculations in LST with 

assumed filling numbers (ξ) are going 

very well with experimental data, 

while the results of LST in NCSM for 

both isotopes overestimates the results 

at central region.  
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Fig. 3: (a) Charge density distributions of stable Boron isotopes

12
C and 

13
C [28]. 

 

     In Fig. 4 (a) and (b), the calculated 

and experimental charge form factors 

of 
12

C and 
13

C are depicted. The solid, 

red dotted and dashed curves for both 

nuclei represent the calculated charge 

form factors in LST (NCSM), LST 

(assumed ξ) and HO, respectively. It is 

obvious that the calculations in LST 

(NCSM) for both isotopes are shifted 

slightly the first diffraction minima 

forwards and downwards.  

             

        
Fig. 4: (a) Elastic charge form factors of 

12
C. The experimental data for 

12
C represented by 

empty and filled circles [31]. (b) Elastic charge form factors of 
13

C.The experimental data 

for 
13

C represented filled circles [31]. 

 

Conclusions 

     The nuclear proton, charge, 

neutron, and matter density 

distributions and charge form factor  

are studied for stable (
12

C and 
13

C) 

and exotic (
9
C, 

15
C, 

16
C, 

17
C, 

19
C and 

22
C) isotopes. The calculations are 

based mainly on the (THO) 

wavefunctions in (LST). The HO and 

THO parameters needed to 

accomplish the calculations are 

chosen so as to reproduce the 

available experimental root-mean 

square (   ) proton, charge, neutron 

and matter radii. The results of the 

first approach (LST technique) used 

only for 
9
C, 

12
C, 

13
C and 

22
C are in 

very good agreement in comparison 

with experimental data. In the second 

approach (HO+LST) used only for 
9
C, 
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15
C, 

16
C, 

17
C and 

19
C, the results are 

greatly reformed in comparison with 

experimental data. The results of HO 

technique wavefunctions are 

completely failed to reproduce the 

long tail. Besides, the LST are applied 

to calculate charge density 

distributions of the 
12

C and 
13

C 

isotopes in order to validate the reality 

of using these wavefunctions. The 

results are highly improved using 

assumed filling numbers instead of 

those coming from using model 

interaction. Finally, the calculated 

charge form factors for  
12

C and 
13

C 

are clearly in very good agreement 

with experimental data using the THO 

in LST indicating the reality of using 

such approach in studying both stable 

and exotic nuclei. 
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