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Abstract 

In the present research work, we tableted  the ratio of Mott to 

Rutherford cross section (
𝝈𝑴𝒐𝒕𝒕

𝝈𝑹𝒖𝒕𝒉𝒆𝒓𝒇𝒐𝒓𝒅
), for Iron and Silver atoms by 

employing Mckinley - Fashbach equation , in the range of incident 

electron energy (50KeV-10MeV), by adopting the equations used in the 

presen calculations by using Visual Basic 2010. The results shows that 

the ratio (
𝝈𝑴𝒐𝒕𝒕

𝝈𝑹𝒖𝒕𝒉𝒆𝒓𝒇𝒐𝒓𝒅
)  is mostly influenced with two parameters :incident 

electron energy and atomic number of the target material on the Mott 

cross section. The obtained results were compared with previous results, 

and they shows a good agreement, and his confirms the validity of the 

equations used in the employed energy range. 

 

1- Introduction 

The scattering of electrons by a  nucleus , providing  

us the most exactly information about nuclear size 

and charge distribution. The electron may considered 

as a better nuclear probe than the alpha particles 

of Rutherford scattering because it is a point  particle 

and can penetrate the nucleus. Mott scattering is  

considered as an elastic scattering because the 

incident electron does not change in velocity or mass 

due to the mass of the nucleus is very large in 

comparison to the mass of the incident electron, so 

the elastic scattering, where the lost energy of the 

particle incident in the coulomb collision with the 

nucleus . Mott cross-section is a  fundamental method  

for calculating the cross-section of the elastic 

scattering [1].  

The scattering of the electron with the nucleus was 

developed in phases  , and the electron was separated 

relative to the nucleus by Coulombic field for the 

point nucleus was derived  by Rutherford and then 

treated by Mott as a relative electron where Dirac 

used the electron [2-3], the Mott cross-section  is very 

complex so both Mckinley - Fashbach put equation to 

calculate the Mott cross section by taking the electron 

spin correction into consideration  This  was built in 

by  using Born Approximation. Replacing electrons 

instead of alpha particles (Rutherford scattering) 

gives us information on nuclear relativity[4], the Mott 

cross-section is described as the effect of the atomic 

potential on the scattering factor, and the Mott cross 

section gives us a description of the scattering of 

electron radiation, Mott's corrections remove some 

constraints [5]. The effect of the beams and the 

relative corrections have their effect on the values of 

the cross section, and the cross section gives us 

evidence of the nature of the reactions and their 

differences from the rest of the reactions and 

evidence about the shape and size of the nucleus of 

the atom [6] .Many researchers studied the Mott cross 

section like Doggett J.A and Spencer L.V[7], Curr 

R.M. [8] , Yadav H.M[9] , Sherman N [10] , Boschini 

M.J et al. [11] .   

2 – Calculation 

2-1  Mott Scattering Equation : 

Mott scattering, also known as spin-coupling 

elastic Coulomb scattering, is the separation of the 

two spin cases of an electron  by scattering the beam 

off the Coulomb field of heavy atoms like Iron and 

Silver. It is used to calculate  the spin polarization of 

an electron beam [12]. The spin effect become 

important, However, if the speed of the electron is 

high, the Mott cross-section decreases with increasing 

angle , faster than  the Rutherford cross-section . The 

expression of the cross-section for the electron 

scattering in the coulomb potential , the recoil from 

http://dx.doi.org/10.25130/tjps.23.2018.059
mailto:Muneerobaidy92@gmail.com
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the target can be neglected at low energies .The effect 

of the electron magnetic moment introduces to the 

Rutherford relationship for electron scattering , the 

correction factor as [13] . 

𝑓𝑠𝑝𝑖𝑛 = 1 − 𝛽2  sin2 𝜃

2
… . (1)  

Where 𝛽 = 𝑣/𝑐 , for relativistic electron . it can be 

written in another formula , when 𝛽 = 1 . 

𝑓𝑠𝑝𝑖𝑛 = 1 − sin2 𝜃

2
=  cos2 𝜃

2
=  

1+cos 𝜃

2
… . . (2)  

   The spin correction factor does not depend on the 

kinetic energy K of the incident electron but depends 

on the scattering  angle 𝜃 only  as shown fig.(1) , If 

the small scattering angle 𝜃 , then the  electron spin 

effect are negligible [14]  .  

 
Figure (1) : spin correction factor : The curve(1) 

represents there is no spin correction factor, but 

Curved (2) represents there is spin correction 

factor  
 

Mott used the Dirac equation for electrons and 

derived the formula of Coulomb's electrons by the 

point nucleus, since this formula is highly complex, 

being the sum of two conditions, The McKinley - 

Faschbach gave an approximation of the Mott 

formula [15] .  
𝜎𝑀𝑜𝑡𝑡

𝜎𝑅𝑢𝑡ℎ𝑒𝑟𝑓𝑜𝑟𝑑
= 1 −  𝛽2  sin2 (

θ

2
) +  𝜋𝑍𝛽𝛼 (sin (

θ

2
) −

sin2(
θ

2
)) … . (3)  

Where α = 1/137 is the exact structure constant, 

(
𝜎𝑀𝑜𝑡𝑡

𝜎𝑅𝑢𝑡ℎ𝑒𝑟𝑓𝑜𝑟𝑑
) the dimensionless quantity, The most 

important thing addressed by this equation is the 

development of the original Mott formula, including 

the correction factor, and was used extensively to 

correct the errors that existed in the cross section, in 

addition to the correction of the Born approximation , 

which was used mainly in the original derivation of 

the Mott formula. 

3 - Results and Discussion 
Tables (1 , 2) are  the values of  the ratio of ( 

𝜎𝑀𝑜𝑡𝑡

𝜎𝑅𝑢𝑡ℎ𝑒𝑟𝑓𝑜𝑟𝑑
) rd cross-section for Fe and Ag elements , 

by using the equation (3) within the energy range of 

(0.005 to 10) MeV , by using Mckinley-Fashbach  

Equation. The results can be explained as the  

following [16] . 

When the incident electron collides with an electronic 

target atom , its gradually loss its kinetic energy and 

deflected continuously causing an ionization and 

excitation processes continuously, which may leads 

to several changes such as variations in crystal lattice 

and material conductivity .But when a swift electron 

(of high energy) approaches the nucleus, the 

probability of interaction subjects  to [16] .  

𝑖𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛 − 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =  
1

sin4( 𝜃)𝐸4 … (4)  

As the energy of the  incident electron  increases , the 

probability of interaction decreases and in the same 

way with angle of electron incident. For example , 

High energy E=10MeV and angle of 1650, the ratio 
𝜎𝑀𝑜𝑡𝑡

𝜎𝑅𝑢𝑡ℎ𝑒𝑟𝑓𝑜𝑟𝑑
, equals to Fe  070210.0 and 070560.2 for 

Ag  and for low energy and incident angle like 300 

and E=1Mev, the ratio equals to 27052210 for Fe and 

for Ag 27112.01 respectively .While the results 

shows the  inverse behavior when compared with 

respect to atomic numbers Z. this occurs due the 

interaction of the incident electron with proton inside 

the nucleus through a series of  Columbic interactions 

.Our present data when compared to the reference 

data[16] shows an  agreement, with  small ratio of 

errors in these data  , which may be arises  from the  

mathematical approximations used in derivation the 

Mickenly –Feshbach equation , and According to 

figures (2) and (3) .   

4 – conclusions  
The Mickenly–Feshbach equation is a simple 

equation suitable for determination the dimensionless 

ration (
𝜎𝑀𝑜𝑡𝑡

𝜎𝑅𝑢𝑡ℎ𝑒𝑟𝑓𝑜𝑟𝑑
 ) which is a spin correction factor  

illustrates a fundamental role in its impact on cross-

section values .The incident electron energy and the 

atomic number of material are the most important 

parameters that controls  the values of the Mott cross-

section values in the used energy range . 
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Table (1) : The results of comparison  ratio 
𝝈𝑴𝒐𝒕𝒕

𝝈𝑹𝒖𝒕𝒉𝒆𝒓𝒇𝒐𝒓𝒅
 cross-section for Iron [16] . 

Electron energy E(MeV)                                  Z = 26 ϴ 

(deg.) 0.5 MeV 

Present study 

Ref[16] 

1 MeV 

Present study 

Ref[16] 

2.5 MeV 

Present study 

Ref16] 

5 MeV 

Present study 

Ref[16] 

10 MeV 

Present study 

Ref[16] 

27011026 

2706165 

27002.15 

270652. 

27005.20 

2706022 

27061112 

2706060 

27065021 

2706050 

26 

2700.611 

270.106 

27052210 

270.100 

27051.1. 

270.1.0 

27050..0 

270.10. 

27060221 

270.105 

10 

2705.100 

2706106 

270501.1 

2700615 

27002006 

2701..6 

2701..60 

2701051 

2701500. 

2701011 

06 

07..1122 

07..602 

07..0266 

07..121 

07.02.00 

07.6.0. 

07.51111 

07.66.0 

07.0.212 

07.605. 

50 

07006101 

07.061. 

070.0001 

0705056 

0706.125 

0701.00 

070110.. 

0701160 

0702.000 

1250070  

.6 

07..0012 

07..106 

07.65110 

07.10.2 

07.1561. 

075.1.6 

07.00.16 

07501.5 

075.2120 

0750220 

.0 

07560020 

0755.1. 

075121.6 

0760600 

076515.2 

0761151 

07610.10 

076120. 

0760..2. 

0762..1 

206 

07611.56 

07605.0 

07001200 

0700000 

0700..26 

071.560 

07105061 

0715210 

0711.501 

0716550 

210 

10.1.070  

0701.01 

07162.12 

071210. 

0716.0.0 

0711511 

07115..0 

0712001 

072.0015 

07121.2 

216 

07110050 

0716006 

07100025 

071206. 

07202006 

0721600 

0721.002 

0720600 

070.001. 

070...2 

260 

07151.0. 

071.600 

072.51.. 

07206.1 

070.1..6 

0706612 

605..070  

07011.0 

070210.0 

0701.00 

256 

0710.166 

071.501 

07210.06 

0721101 

0700.22. 

0701205 

07010110 

0700.1. 

070000.1 

0700160 

200 

Electron energy E(MeV)                                  Z = 26 ϴ 

(deg.) 0,005 MeV 

Present study 

Ref[16] 

0.025 MeV 

Present study 

Ref[16] 

0.05 MeV 

Present study 

Ref[16] 

0.1 MeV 

Present study 

Ref[16] 

0.25 MeV 

Present study 

Ref[16] 

270005.1 

2700212 

27000.05 

2702162 

27002621 

2701100 

2700.161 

2701011 

2700.001 

2700511 

26 

20.20072  

270010. 

27001.20 

270112. 

2700.021 

2700..0 

270201.. 

2706.05 

270100.. 

2705..5 

10 

27000210 

2702001 

27005010 

27000.. 

2700.01. 

27050.. 

27010... 

2705501 

27060250 

2705111 

06 

27000011 

2701222 

270021.0 

2706510 

270000.. 

2705011 

27000612 

27061.1 

07..0101 

27011.0 

50 

27021621 

270125. 

27000.22 

27066.0 

07....01 

2700.02 

07...1.0 

2701106 

07.0.116 

07.6.6. 

.6 

2702.601 

27002.0 

07.....5 

2700.21 

07...610 

2701515 

07...002 

07..060 

070.00.1 

070.50. 

.0 

27015510 

2706111 

07....1. 

2701.01 

07...0.6 

07...02 

07..2110 

07.1016 

07022165 

07.00.0 

206 

27001651 

27051.6 

07...010 

2701... 

07..15.. 

07..105 

07.12220 

070..01 

07.11.6. 

075.1.. 

210 

27000550 

270.100 

07...00. 

2702.15 

07.02060 

07.0560 

07051050 

0701061 

0752.555 

075200. 

216 

27062.62 

2700216 

07...20. 

2700000 

07..1010 

07.1515 

07001216 

07..16. 

07616101 

0760016 

260 

27066121 

27005.1 

07..0001 

2700161 

07.52101 

07.2110 

07.001.0 

07.5.05 

07006022 

07601.. 

256 

2706.102 

27000.2 

07..5160 

27002.0 

07.066.. 

07.00.2 

07....16 

07.625. 

07061.0. 

0700016 

200 
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Table (2) : The results of comparison  ratio 
𝝈𝑴𝒐𝒕𝒕

𝝈𝑹𝒖𝒕𝒉𝒆𝒓𝒇𝒐𝒓𝒅
 cross-section for Silver  [16] . 

Electron energy E(MeV)                                 Z = 47 ϴ 

(deg.) 0.5 MeV 

Present study 

Ref[16] 

1 MeV 

Present study 

Ref[16] 

2.5 MeV 

Present study 

Ref[16] 

5 MeV 

Present study 

Ref[16] 

10 MeV 

Present study 

Ref[16] 

27221100 

270.501 

2721.000 

2720.60 

27265.12 

27221.0 

27250101 

2722620 

272.0602 

1.11557 

26 

27106621 

2720.0. 

27112.01 

271005. 

2716005. 

2712101 

2715...2 

2712020 

2715.621 

2712055 

10 

27151200 

271020. 

271.216. 

27160.0 

271020.2 

2716620 

2710.555 

2716506 

271.0.26 

2716512 

06 

2711.501 

2711616 

271610.0 

2711202 

2710.510 

27115.1 

27101620 

2711601 

271621.0 

271160. 

50 

27121611 

2725... 

27251106 

2720005 

27252006 

2721.50 

2726.100 

272110. 

27201205 

2721112 

.6 

272055.6 

2706060 

27020115 

270025. 

.0102.70  

07.5006 

07.0.610 

07.5062 

07..0012 

07.6006 

.0 

07.60502 

07.0600 

0700.52. 

07010.0 

07..0022 

07.5.21 

07..1.2. 

07.6500 

07.51000 

07.6106 

206 

07..0021 

07.0250 

075.110. 

0751610 

07601521 

0766061 

07652001 

0761... 

07662.20 

0761151 

210 

07512500 

07606.0 

07052660 

0701.01 

071.6020 

0716206 

0716201. 

0711050 

07100506 

071102. 

216 

070010.0 

0706..0 

07121005 

0710..5 

07115662 

0720620 

072.0660 

0725201 

07202156 

072616. 

260 

07001651 

071.000 

07112.10 

072002. 

070...00 

070.51. 

07002200 

070600. 

070560.2 

07002.5 

256 

071022.1 

0710002 

072..012 

072616. 

07051100 

0701065 

0700101. 

0702260 

070050.1 

0700125 

200 

Electron energy E(MeV)                                 Z = 47 ϴ 

(deg.) 0.005 MeV 

Present study 

Ref[16] 

0.025 MeV 

Present study 

Ref[16] 

0.05 MeV 

Present study 

Ref[16] 

0.1 MeV 

Present study 

Ref[16] 

0.25 MeV 

Present study 

Ref[16] 

27001620 

2700212 

270051.. 

270061. 

27011.01 

2702000 

270601.1 

2700106 

27000502 

270.5.0 

26 

2700.610 

2700510 

2701.106 

2701220 

270.2012 

2705105 

27212... 

2722060 

272.6011 

2725101 

10 

2700061. 

07..515 

270.2050 

2706.15 

27210116 

2722.50 

272.6110 

272.210 

2711152. 

2711220 

06 

27000260 

07..005 

2721..62 

2720122 

272.6001 

2725252 

27112600 

2710510 

27106220 

2711151 

50 

27000661 

270012. 

27260205 

2721.6. 

27121..6 

2720..1 

2710.006 

27120.. 

27106106 

272.000 

.6 

27061210 

2701102 

272.0661 

272.010 

2711.066 

272..10 

27125502 

2720065 

27216012 

272111. 

.0 

270.0.00 

2700510 

27126110 

272.501 

27106220 

272.616 

2720000. 

2720.6. 

27012111 

2702..0 

206 

27206001 

2726100 

2711.010 

271122. 

272..162 

2720.1. 

2721125. 

270..01 

07.1.020 

07.0210 

210 

27106.60 

2711601 

2716.62. 

2710161 

272.1016 

272...0 

2700.0.5 

2700.00 

07026010 

07.0.00 

216 

27101121 

27100.5 

271.1221 

2715112 

2720.002 

2725.60 

270210.0 

27006.6 

07.2.1.. 

075.516 

260 

27106..2 

2711205 

271...20 

271.0.. 

27201... 

272500. 

27001101 

07..016 

07560202 

0751611 

256 

2702.006 

2710.01 

27100062 

271..16 

27200026 

2725111 

07..102. 

07.505. 

0751..20 

0752021 

200 
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Figure (2) : Mott cross section at 2.5 MeV for Fe 

and Ag . 

 

 
Figure (3) : Mott cross section at 10 MeV for Fe 

and Ag . 
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لمدى الطاقة  لعنصري الحديد والفضة (Mottمووت )حساب مساحة المقطع العرضي لاستطارة 
(50keV-10MeV) 

 صباح محمود امان الله،  منير رمضان بداح
 راقالع ، تكريت ، تكريت جامعة ، العلوم كلية،  الفيزياء قسم

 

 الملخص
)في البحث الحالي، قمنا بجدولة قيم مساحة المقطع العرضي التفاضلي 

𝜎𝑀𝑜𝑡𝑡

𝜎𝑅𝑢𝑡ℎ𝑒𝑟𝑓𝑜𝑟𝑑
 - Mckinleyلعنصري الحديد والفضة باستخدام معادلة  (

Fashbach  ضمن مدى الطاقة(50KeV-10MeV)  من خلال برمجة المعادلات المستخدمة ببرنامجVisual Basic 2010  اظهرت النتائج .
)اعتمادية النسبة المتحصلة 

𝜎𝑀𝑜𝑡𝑡

𝜎𝑅𝑢𝑡ℎ𝑒𝑟𝑓𝑜𝑟𝑑
على عاملين هما: طاقة الكترون الساقط والعدد الذري لمادة الهدف ولقد تم مقارنة النتائج الحالية مع  (

 من مدى الطاقة الحالية.نتائج سابقة، اظهر تطابق جيد مما يشير الى دقة المعادلة المستخدمة في الحسابات الحالية ض
 .، عامل تصحيح البرمفيشباخ -ماكينلي، معادلة مساحة المقطع العرضي لمووت مفتاحية:الكلمات ال

 


