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Abstract 

     The inelastic transverse electron scattering form factors are studied for the four 

isoscalar transitions for the states of 
10

B nucleus. These states are specified 

by TJ  =1
+
0 (0.718 MeV), 012

  (2.154 MeV), 2
+
0 (3.587 MeV) and 032

  (4.774 

MeV). These form factors are analyzed in the framework of the harmonic oscillator 

shell model. 

The transverse form factors have been calculated in the framework of the multi-

nucleon configuration mixing shell model using the two-body interaction of Cohen 

and Kurath (C-K) to generate the 1p-shell wave function. The core polarization (CP) 

effects are included in the calculations through effective g-factors. A higher 

configuration effect outside the 1p-shell model space enhances the form factors for 

q-values and reasonably reproduces the data. The value of the size parameter (b) is 

chosen to reproduce the root mean square charge radius. The present results are 

compared with available experimental data and with that of other models. 

PACS:21.60-n,21.60 Cs, 25.30Dh,27.20 th. 

Keywords:- electron scattering and inelastic, electron scattering Nuclear structure 

electron scattering shell model, Elastic and inelastic.  
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 الخلاصة

طاسة ةلأغلتس  ةمما ةغل تضس مما غت ممابع ةلأسرضمما نةممس ةغلت  مما تممد اسة مما ل ةلممك ةغترمملك نةممس ةغلس مما غ  ممت     
10غت م ةة 

Bةغلمد   الماةا. لة مع ةغ مابع رTJ  =1
+
0  (0.718 MeV)  ,012

 (2.154 MeV) ,2
+
0  

(3.587 MeV)   032

 (4.774 MeV)   لمم  ا ةغررممسة غتلت رمم    طمماس . تممد ت تةممك ل ةلممك ةغترمملك  مم 
 ةغت ة ر . 

ل ةلمممك ةغترممملك ةغل تضس ممما  ممم  اطممماس   لممم  ا ةغررمممسة  ل ةغترممملةعع ةغل تتطممما غت  ةممماع ةغلتضمممااة    ممما تمممد 
.  ا مك تميرةس ة ممترطا  -1pغترملةك ةغاةغمما ةغل  ةما غتررمسة  Cohen –Kurath را متضلاك تاالمك ةغ  مةلةـ غمم

  مم ع   1p- لمم  ا ةغررمسة  تميرةس ت يةممل ةغلماةسةع ةغضاغةمما  مماسا   ما  ةغاضاغمما. – g ةغرتم  لممـ  معك ل ةلممك
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 مم س ةغغ  ممق مممةد  b  تةممسع ممةد لضتممد ةغ  ممد  . لررمم ك  لممااع تستةمم  ةغرةا ماع ةغمم   مما  qغرممةد  ل ةلمك ةغترمملك
 .ى صف مطس ةغر  ا. م س ع ةغ تائج ةغ اغةا لل ةغرةا اع ةغضلتةا  ل غك لل  تائج  لا ا   س  ةغتسرةض  غلضاك

 

 

 

1. Introduction 
     Inelastic scattering of medium energy 

electrons provides a well-understood probe of 

charge, current, and magnetization densities 

which characterize nuclear excitations. In light 

nuclei the most extensive microscopic 

calculation of the transition densities can be 

performed and tested [1].  

    Inelastic electron scattering was best 

documented by the work on p-shell nuclei by 

Rand et. al. [2]. The magnetic form factors of 

the 1p-shell nuclei (
6
Li, 

7
Li, 

9
Be, 

10
B, 

11
B and 

14
N) have been measured by high energy 

electron scattering at higher momentum 

transfers. Fagg et. al. (1976) [3] have studied the 

electron scattering of excited transitions in
 10

B of 

5.11, 6.02, 7.48, 8.90, 10.79 and 11.56 MeV. 

Ansaldo et. al. (1979) [4] measured the electron 

scattering form factors for six transitions in 
10

B 

in the momentum transfer range (0.61  q   

1.81 fm
-1

). The transverse form factors for the 

1.74 and 5.17 MeV levels agree well with 

predictions based on Cohen-Kurath wave 

functions [5]. 

Hicks et. al. (1988) [6] measured the transverse 

form factors for elastic electron scattering from 
10

B and 
11

B, as well as for the electro-excitation 

of the 1.74 MeV (J 
π
 T= 0

+
1) and 5.17 MeV 

(2
+
1) level of 

10
B. The results were compared 

with the results of shell-model calculations that 

employ the 1p-shell amplitudes of Cohen-

Kurath wave functions. An agreement exists 

between the experimental data and the theory, 

even for highest momentum transfers. Cichocki 

et. al. (1995) [7] measured the longitudinal and 

transverse form factors for low-energy transition 

in 
10

B. The measurements span the momentum 

transfer range q = 0.48 - 2.58 fm
-1

. Longitudinal 

and transverse form factors were compared with 

theoretical results of conventional 1p-shell 

models, models with 1   and 

2  configurations, and model that included 

core-polarization (CP) effects. The inclusion of 

CP effects was essential to reproduce the 

experimental data.  

Millener (2004) [8] fitted the inelastic electron 

scattering form factors with polynomial times 

Gaussian expressions in  the variable 

2)2/(bqy  to extract electromagnetic transition 

strengths at the photon point for 
10

B nucleus. 

Karataglidis et. al (2006)[9] studied the elastic 

electron scattering form factors, longitudinal and 

transverse, from the He and Li isotopes and 

from 
8
B. Large space shell model functions have 

been assumed. The precise distribution of the 

neutron excess has little effect on the form 

factors of the isotopes though there is a mass 

dependence in the charge densities. However, 

the form factors of the proton-rich nucleus, 
8
B, 

are significantly changed by the presence of the 

proton halo. Roca-Maza et. al (2008)[10] 

calculated the results for elastic electron 

scattering by nuclei with charge densities of 

Skyrme forces and covariant effective 

Lagrangians that accurately describe nuclear 

ground states are compared against experiment 

in stable isotopes. Hassan et. al (2011)[11] 

studied inelastic longitudinal and transverse 

electron scattering form factors of low-lying 

T=0,T=1 particle-hole states of 
12

C and 
16

O in 

the framework of the Tamm-Dancoff 

approximation (TDA). The Hamiltonian with 

the Michigan-three-Yukawa (M3Y) potential is 

diagonalized 

The aim of the present work is to use the multi-

nucleon configuration mixing shell model to 

analyze the inelastic electromagnetic form 

factors of 
10

B. The two-body interaction of 

Cohen- Krurath (C-K) [5] is used to generate the 

1p- shell wave functions. The calculations 

incorporate the single- particle wave functions 

of the harmonic oscillator potential with the size 

parameter (b) chosen to reproduce the root mean 

square (rms) charge  radius. Effective operators 

for the different multipoles are used to account 

the core-polarization effects. The higher 

configurations are included by mixing some 

percentage of the 2p- shell wave functions.   

2. Theory 
     The transverse form factors involving the 

angular momentum J, isospin T and momentum 

transfer q, between the initial i and final f 

nuclear shell  model states of spin Ji,f  and 

isospin Ti,f  is [12], 
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                                                              (2.1) 

Where Tz is the z-component of the isospin for 

the initial and final states and is given by Tz = 

(Z-N)/2. The bracket ﴾…..﴿ is the 3j-symbol and 

λ –stands the transverse magnetic or electric. 

The reduced matrix elements of  the transverse 

electron scattering operator 

TJT̂  is expressed as 

the sum of the one body density matrix (OBDM) 

),(  TJ

JJ fi

times the single-particle elements 

and is given by:  

 

 




TJ

TJ

JJTJ TiTf
fi

ˆ),(ˆ

,

  

                                                              (2.2)   

Where   and   label single particle states 

(isospin is included) for the model space. For 

1p-shell nuclei, the orbits 1p3/2 and 1p1/2 define 

the model space. The states  f   and  i  are 

described by the model space wave functions. 

The single-particle matrix element reduced in 

both spin and isospin.  

The finite size (f.s.) nucleon form factor 

is )4/43.0(exp)( 2

.. qqF sf  ,and 

)4/(exp)( 22

.. AbqqF mc   is the correction for the 

lack of translation invariance in the shell model. 

A is the mass number [13, 14]. The total 

transverse form factor is given by:  

 

 



0

222

)()()(
J

ele

J

mag

J qFqFqF      (2.4) 

 

When the 1p-shell model space is extended to 

include the 2p-shell model space, the wave 

functions of the initial ( i ) and final ( f ) states 

will be written as [15]: 

 

)2(1)1( 2 pipii              (2.5)                      

)2(1)1( 2 pfpff                  (2.6)   

                                                   

Where  and   are mixing parameters. Since 

the C-K interaction depends on the angular parts 

only, the same OBDM are used for both 1p and 

2p shells.  

 

 

3. Results and Discussion 
     The transverse electron scattering form 

factors have been studied for some low lying 

excited isoscalar transitions for states of 
10

B. 

The transverse form factors are calculated with 

size parameter brms=1.61fm [16] chosen to 

reproduce the root mean square charge radius. In 

the calculations of Sato et al. [16] the optimal 

value of b is between b=1.5 fm and b=1.6 fm, 

while Cichocki et al. [7] carried out their 

calculations with b=1.7 fm.  In present work, the 

results of 1p-shell only will be denoted by 

dashed curves, while that results (1p+2p)-shell 

with CP effects including will be denoted by 

solid curves.  

 

3.1 The 0.718 MeV (1
+
0) state 

     The isoscalar transverse form factor to the 

1
+
0 state is associated with two multipoles, 

namely E2(dotted curve) and M3(cross symbol 

curve). The results of 1p–shell with free g-

factors and brms=1.61 fm (dashed curve) are in 

accordant with E2 (dotted curve) component and 

presented in Figure 1.The 1p–shell results 

reproduce the experimental data of Cichocki et 

al. [7] (circles) at q >1.7 fm
-1

 and underestimate 

the data at other region. In Figure 2, the solid 

curve represents the present results including the 

core-polarization effects through effective g-

factors ( np

frees

np

effs gg   19.1 ) reproduce the 

experimental data for region of momentum 

transfer up to q ~ 1.9 fm
-1

. The present results 

(solid curve) are compared with that of Cichocki 

et al. results [7](dotted curve).The form factor of 

the present work and the (2  +CP)-result of 

Cichocki et al. (dotted curve) are close to each 

other in shape and magnitude at q< 2.1 fm
-1

, and 

they are different in magnitude at higher 

momentum transfer. 
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3.2 The 2.154 MeV ( 012


) state 

    The calculated form factors for 2.154 MeV 

( 012


) state with the size parameter brms=1.61fm 

and with free g-factors are presented in Figure 3 

(dashed curve) .The results are compared with 

the experimental data of Cichocki et al. [7] 

(circles). The individual multipoles 

contributions E2 and M3 are denoted by dotted 

curve and cross symbol curves respectively. The 

M3 multipole is dominant over the E2 

multipole. The experimental data are reproduced 

at higher momentum transverse in 1p-shell 

model space (dashed curve), but they are 

overestimated at low q–value. The inclusion of 

core-polarization effects using the effective g-

factors ( np

frees

np

effs gg   05.1 ) are shown in Figure 

4 (solid curve). With these parameters the 

experimental data are reproduced for region of 

momentum transfer up to q ~ 1.3fm
-1

. The 

present results are compared with that of 

Cichocki et al. results (dotted curve), this 

comparison is shown in Figure 4.The total form 

factors of the present results and (2  +CP)-

results [7] give the same behavior and close to 

each other in shape and the magnitude at the 

q<2.0 fm
-1

 and slightly different at the higher 

momentum transfer. 
 

 
 

Fig. 1 :The transverse form factors for 1+0 

state in 10B calculated in 1p-shell model 

space only (dashed curve).The individual 

multipole contributions are shown. The 

experimental data are taken from Ref.[7] 

(circles). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9. 

Fig. 2 :The transverse form factors for 1+0 

state in 10B calculated with 1p+CP (solid 

curve). The present results are compared to 

that of Ref.[7] (dotted curve). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 :The transverse form factors for 012

  

state in 10B calculated in 1p-shell model space 

only (dashed curve).The individual multipole 

contributions are shown. The experimental 

data are taken from Ref.[7] (circles). 
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3.3 The 3.587 MeV(2
+
0) state 

     It would be more interesting to study the 

transition to 2
+
0 state where E2 multipole is 

dominant, because such study can essentially 

clarify the E2–transition operator in our case. 

The isoscalar transverse form factors with the 

M1, E2 and M3 multipoles are presented in 

Figure 5. The M1 (square symbol curve) and M3 

(cross symbol curves) form factors are small 

throughout the entire range of momentum 

transverse. The results of 1p–shell with free g-

factors and brms=1.61fm (dashed curve) are 

underestimates the experimental data of 

Cichocki et al. [7] (circles), and in accordant 

with E2 (dotted curve) component. The present 

results are compared with that of (2  +CP)-

results of Cichocki et al. This comparison is 

shown in Figure 6. The solid curve shows the 

present results that including the effective g-

factors ( np

frees

np

effs gg   19.1 ), while the results of 

Cichocki et al. [7] are indicated by dotted curve. 

Both models give same behavior in general. The 

present results give a reasonable agreement with 

the experimental data for large regions of q, and 

closely to the results of Cichocki et al. only at 

q<1.5 fm
-1

, and they are different in magnitude 

in other regions of q. 
 

 

 
 

 
 

3.4 The 4.774 MeV ( 032


) state 

     The calculated form factors for 4.774 

MeV( 032


) state with the size parameter 

brms=1.61fm and with free g–factors are 

presented in Figure 7 (dashed curve). The results 

are compared with the experimental data of 

Cichocki et al. [7] (circles). The individual 

multipoles contributions E2 and M3 are denoted 

Fig. 4 The transverse form factors for 012

  

state in 10B calculated with 1p+CP (solid 

curve). The present results are compared to 

that of Ref.[7] (dotted curve). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9. 

Fig. 5 :The transverse form factors for 2+0 

state in 10B calculated in 1p-shell model space 

only (dashed curve).The individual multipole 

contributions are shown. The experimental 

data are taken from Ref.[7] (circles). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9. 
Fig. 6 :The transverse form factors for 2+0 

state in 10B calculated with 1p+CP (solid 

curve). The present results are compared to 

that of Ref.[7] (dotted curve). 
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by dotted and cross symbol curves respectively, 

while the M1 multipole is disappeared because it 

has a negligible contribution. The 1p-shell 

model space (dashed curve) reproduced the 

experimental data at low momentum transverse 

(1.1fm
-1

<q<1.4fm
-1

), and overestimated the 

experimental data at high q–value. The inclusion 

admixture of 2p–shell contribution with 

98.0  and using the effective g–factors 

(
np

frees

np

effs gg   05.1 ) are shown in Figure 8 

(solid curve). With these parameters the 

experimental data are very well reproduced over 

all range of momentum transfers. The present 

results are compared with that of Ref. [7] (dotted 

curve), this comparison is shown in Figure 8. 

The total form factors of the present results 

(1p+2p+CP) and (2  +CP)-results of Ref. [7] 

give the same behavior and close to each other 

in shape and magnitude at the q<1.5 fm
-1

,but 

they are different in magnitude at higher 

momentum transfer. 

 

 

 
 

 

4. Conclusions 
     The most important conclusions of the 

present work can be briefly summarized as 

follows:- 

1. The transverse inelastic electron 

scattering form factors are fairly well 

predicted in the extended model with 

CP effects. 

2. The transverse inelastic electron 

scattering form factors are influenced by 

the details of nuclear wave functions. 

The inclusion of the lowest-order 

configuration is essential to reproduce 

some of the q-data. 

3. The inclusion of higher orbit 

contribution gives a remarkable 

improvement in the form factors at 

the 032

  state. 

4. The effective g-factors given in the text 

make a reduction to the form factors 

and sometimes reproduce the low q- 

data. 
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