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Abstract:- 

The function   32
/ KKFlm  has been studied theoretically  in the collisions process of 

95 MeV/u  Ar
18+

with Li atom in ground state 2s and exited states 3s and 4s  for  

emission energies of  electrons(10,30,100 eV.). The results  show that the function 

  32
/ KKFlm  has many peaks in different ranges of momentum transfer K  but strong 

peak at 0K  and reaches to minimum at kK   (momentum of emitted electron) 

for ground state 2s but reaches to minimum at kK   for exited states 3s and 4s. The 

function   32
/ KKFlm decreased with increasing of  energy of electrons emission. 

Computer program in Fortran language has been built to solve  the numerical 

formulas in this work. 

 

1.Introduction:- 
The atomic form factor )(KFlm as a function to momentum transfer K is an important 

parameter to be evaluated in the most theoretical studies and in calculation of 

inelastic  collision cross section  for electrons emission in charge particles-atom 

collisions
[1]

.  

Scattering or collision of the charge particles and atoms can be classified into two 

types elastic scattering and inelastic scattering. The internal state of the atoms or the 

system are not be change in elastic scattering but change in inelastic scattering
[2]

. 

Theoretical treatment of  inelastic collision of  charge particles with atom can be 

classified into two types those dealing with fast collisions and those dealing with slow 

ones. The velocity of the incident particle used in this classification is that the particle 

velocity is fast or slow relative to a mean orbital velocity of atomic electrons in the 

shell or subshell
[3]

. When  the charge particles is in 

cident, significant momenta can be transfer in this collision to the atomic electrons as 

a virtual photons. This momenta or energy change the internal state of atom, as 

ionized this atom
[4,5]

. The emission of electrons in the ionization of atoms process by 

fast ions are emitted from bound state to continuum state along the ion beam 

direction. This electrons move slowly in the projectile-centered reference system, 

their behavior is mainly studied by study of their differential cross section
[6-8]

. 

To study the differential cross section the electrons emission; must be study the 

atomic form factor which is a function  of  the momentum transfer and the velocity of 

the charge particles. The final state and initial state of emitted electron describes the 

atomic form factor, Therefore atomic form factor is very important in theoretical 

treatment in inelastic collisions
[9]

. 

 This work was carried out to study the atomic form factor in ion-atom collision 

process has been represented by the function   32
/ KKFlm . Atomic units (

1 eme ) are used in this work. 



2.Theory  

In general case the differential cross section for electrons emission with energy E  is 

given by 
[10] 
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Where Zp and M are projectile charge and reduced mass, respectively, 

...(2)                                                                                                            if KKK


    

is the momentum transfer, so Kf and Ki is the final and initial momentum of 

projectile, and 

...(3)                                                                                                                  2Ek   

is the momentum of ejected electron, fd is solid angle of the scattered projectile, 

Kmax and Kmin is the maximum and minimum  momentum transfer and the  KFif  is 

the atomic form factor ;it is given by  
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 Where f and i  are the final and initial wave functions for ejected electrons. 

The atomic form factor is useful to expand it over the final angular momentum state; 

that allow for use of numerical wave functions f and i [11,12]
. The expansion is 

given by  

      ...(5)                                                                                      
lm

lmlmif YKFKF  

Where lmY  are the spherical harmonics for the angular momentum l and the magnetic 

quantum number m  of the final state. 

 By using equation (5) into equation (1) one obtain  
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  So 

...(7)                                                                                           sin ffff ddd   

 The integral over azimuthal angle fd   gives 2 , equation (7) become 

...(8)                                                                                            sin2 fff dd   

 From equation (2), one obtains 

...(9)                                                                                       
sin

dK
KK

K
d

ffi

f


   

 By using equation (9) into equation (8), one obtains 
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 By using equation (10) into equation (6), one obtains 
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The function   32
/ KKFlm in equation (11)  is the key parameter to calculate the 

differential cross section for electron emission, therefore it is very important to study 

this function. 



3.Atomic form factor calculation 

 The atomic form factor )(KFlm is given by 
[10] 
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Where 

 ...(13)                                                                    )9)()( 2drrrRKrjrRf nslElEnl  

is the redial matrix element which contain a Bessel function )(Krjl   and the redial 

wave functions nsR and ElR associated with i  and f , respectively, the solid angle 

K specifics the direction of the momentum transfer and l  is the phase shift which 

calculated by partial wave method 
[13]

. 

 

4. Result and Discussion :- 
Redial wave functions nsR  have been estimated by Clementi et al

[14]
  and it is 

normalize over the position of electron r  because the electron is bounded and it is in 

negative energy . In this study ;  redial wave functions nsR  represented the redial 

wave function of electron in 2s-orbital of Li atom. But can not normalize redial wave 

functions EsR over the position of electron r  because the electron is not bounded and 

it is in positive  energy. Redial wave functions EsR  represented the redial wave 

function of emitted electron and this emitted electron transition to continuum spectra 

(positive energy). The final redial wave function of ejected electron normalize over 

its energy because of the electron ejected can be in an orbital  Es,Ep,Ed,Ef,Eg,etc., 

final continuum states
[12]

.    

The function   32
/ KKFlm  has been studied for electrons emission  from Li atom in 

ground state (2s)  and  exited states (3s and 4s) in the collisions process of 95 MeV/u  

Ar
18+

with Li atom. The function   32
/ KKFlm  has been calculated for dipole 

transitions  1l after regrouping the diagonal  ll   and nondiagonal  ll   terms 

in equation (11). The result illustrated in figure (1) that the function   32
/ KKFlm  for 

the ground state 2s of Li for E=10,30 and 100eV has many peaks but strong peak at 

0K  and it is reaches to its minimum value at momentum transfer kK 

momentum of emitted electron. Also  figure (1) shows that the function   32
/ KKFlm

decreases with increases of  energy of emitted electrons. Figure (2) shows the 

function   32
/ KKFlm  for the exited state 3s for E=10,30 and 100eV. The results 

show that the function   32
/ KKFlm  reaches to its minimum value at momentum 

transfer kK  . Figure (3)shows the function   32
/ KKFlm  for the exited state 4s for 

E=10,30 and 100eV. 

 



 
 

 
 

 
 

Fig. (1) : The function   32
/ KKFlm  for the ground state 2s for E=10,30 

and 100eV 
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Fig. (2): The function   32
/ KKFlm  for the exited state 3s for E=10,30 

and 100eV 
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Fig. (2): The function   32
/ KKFlm  for the exited state 4s for E=10,30 

and 100eV 
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5-Conclusions 

1- The function   32
/ KKFlm  has many peaks but strong peak at 0K  and it 

reaches to its minimum value at kK   (momentum of emitted electron) for ground 

state 2s. 

2- The function   32
/ KKFlm   reaches to its minimum value at kK   for exited 

states 3s and 4s. 

3- The value of the function   32
/ KKFlm decreases with increases of  energy of 

emitted electron. 
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 ذرة-دراسة عامل الشكل الذري في عملية تصادم ايون
 

 سلمان حمزة حسين 

 جامعة القادسية-كلية الطب البيطري

 

 -:الخلاصة

درست  لدالدت    32
/ KKFlm   نظريت   عمليةت  ادت دي ليتلآر لنر تلآرAr

18+
مت  رر     MeV/u 95وعط قت  

 100 ,10,30)دلادكيرونت   لدلبعمثت  عطـــــــــتـ ق    4sو  3s  ولدحت دية  لدلثت راة 2sلديةثةلآي ع دح د  للأرضة  

eV.)لدالدت  دهته  . أظهر  لدبيت ج  عت ر  32
/ KKFlm   0عتا  قلت   ديالدت  ودكت   بت   قلت  نت د  عبتاK

 وي ا ريعتت  قةلتت  التت  لندكيتترور لدلبعمتت  يستتK يكتتلآر لدتتال  لدلبي تتإ وادتتإ ىدتتق لد ةلتت  لدتتانة  ا ريعتت  عبتتام 

kK    2.( م  لدح د  للأرضةs  ودك  وادإ ىدق لد ةل  لدتانة  ا ريعت  عبتامkK    3ديحييتة  لدلثت راةs  و

4s  ولر قةل  لدالد .  32
/ KKFlm عم . يت  عرنت م   تل لدح ستلآغ عي ت  ايب قص عاي د  ط قت  لندكيترور لدلب

  لآرارلر دحإ لددةغ لدمادي   ل لدعح . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


