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Introductions 

  Electron impact excitation of atoms has been most extensively studied subject in the field of atomic collision. In recent yea rs, 

there has been considerable interest and progress in the study of electron impact excitation process both the theoretically and 

experimentally. Most of earlier studies on electron impact excitation of atoms have been confined on the S-S and S-P transitions [1-3]. 

In this paper we have focused on study the D state of Mg. The study of D state excitation is confined to simpler like Helium [4-8]. We 

have used both the non relativistic and relativistic distorted wave methods and present the results for Stokes parameter at incident 

electron impact energies 15 and 45 eV. Comparison of results obtained from both the non -relativistic and relativistic methods are 

made with each other and the importance of relativistic effects is also explored.  

Theoretical Considerations:  

T-Matrix in DW Approximation:- 

The transition matrix for the electron impact excitation of alkaline earth atoms (Mg) from its initial state i to a final magnetic sub-

state fM in the distorted wave approximation (DW) can be written as  
  iffif AUVT

MM
 ||

       (1) 

Where A is the antisymmetrization operator which takes into account the electron exchange e ffect between projectile and target 

electrons, V is the total interaction potential between the target alkaline earth atom and the projectile electron given by ( atomic units 

are used throughout) 

)(
||

1

||

12
3

31323

rV
rrrrr

V core







    (2) 

Here r1, r2 and r3 are respectively the position co-ordinates of the target valence electrons and the projectile electron with respect 

to the target nucleus. Further, the core potential 
coreV , of the alkaline earth atom is given by  
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Where Nnl represents the occupation number of the electrons in different orbitals referred to by n and l quantum numbers and Rnl 

is the corresponding radial wave functions.  

)( 

Mfi 
 is the combined wave function of the distorted wave projectile electron and target state of alkaline atoms in the initial 

(final) channel. It is defined as  
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Where is the initial (final) state wave function of the target alkaline atom and 
)3;2,1()( fiS

 is the initial (final) state spin function 

for the composite system consisting of the incident projectile and the target. 
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fiF
 represents the initial (final) channel projectile 

Stokes Parameters of Excited Mg Atom 
Kapil Sirohi

1
 Sachin Kumar

2 
and Pushpendra Singh

3
 

1
Department of Basic Education, Moradabad,(U.P.) 

2,3
Department of Applied Sciences, IPIT, Amroha,(U.P.) 

 

 

 

 

 

 

ABS TRACT 

In this paper we have reported the Stokes Parameters of excited Magnesium atom using non -

relativistic (DW) and relativistic distorted wave approximation theories (RDW) at incident 

electron energies 15 and 45 eV. Good agreement has been found on comparison of both DW 

and RDW methods with each other and the importance of relativistic effect is also explored.  

                                                                                                   © 2013 Elixir All rights reserved 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

. 

 

ARTICLE INFO    

Article his tory: 

Received: 28 June 2013; 

Received in revised form: 

24 July 2013; 

Accepted: 7 August 2013;

 
Keywor ds  

Non relativistic distorted wave (DW), 

Relativistic distorted wave (RDW),  

Relativistic effects.Magnesium atom.  

 

Elixir Nuclear & Radiation Phys. 61 (2013) 17099-17106 

 

 

Nuclear and Radiation Physics 
 

Available online at www.elixirpublishers.com (Elixir International Journal) 

 

Tele:   
E-mail addresses: sirohiphysics@rediffmail.com 

        © 2013 Elixir All rights reserved 



Kapil Sirohi et al./ Elixir Nuclear & Radiation Phys. 61 (2013) 17099-17106 

 
17100 

distorted wave with the wave vector 
)( fi kk

 and the associated superscript +(-) indicates the usual outgoing (incoming) wave 

boundary condition. The distorted waves are the solution of  
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Here )( fiU
 is the distorted potential in the initial (final) channel. 

Further, on substituting the expressions for 



i  and 



Mf
 from equation (4) into the expression of the T-matrix equation (1) we 

get 
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Further, the scattering amplitude aM in the 'collision frame of reference' for the electron impact excitation of the atom from an 

initial state i to a final magnetic sub state fM is related to the DW transition matrix element MifT
 by 

MifM Ta 
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                   (7) 

The expression for the T-matrix equation (6) can be simplified further for a specific transition by carrying out the integration over 

the spin co-ordinates.  

In the present paper work we consider only singlet to singlet transitions (n
1
S to n

1
D), (n=3) for Mg atom we give here brief outline 

to evaluate the T-matrix for SS excitation process. 

In the singlet-singlet excitation the scattering takes place in the doublet mode i.e. the total spin of the system S = 1/2. The doublet 

mode spin function Si(Ssf) in terms of the usual Dirac matrices   and 


 for the composite system is given by (Schiff  [9]). 
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              (8) 

Substituting Si(f) in equation [6] and carrying out the spin integrations using the usual orthogonal properties of individual spin 

function which is given below : 
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In equation (9), 

d
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 are the spin averaged direct and exchange T-matrices expressed as  
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In order to evaluate integrals equations [10, 11], we require the wave functions for Mg atom in their initial to final states. For this 

purpose the Hartree-Fock wave functions have been used which are obtained from the Fischer's computer code [10]. 

The RDW Calculation :- 

Similarly, in order to evaluate the relativistic T-matrix, we require the wave function for target atom in its initial and final states. 

The Dirac Wave Function has been used to represent bound states of the atoms. These wave functions are obtained using Graps 9 2 

programme of Prapia et al. [11]. There after the distortion potential and distorted waves are obtained to calculate the T-matrix finally. 

The configuration of SS states are taken to be same type of multi configuration ground state (MCGS) calculation as in Muktava t et al. 

[12] and Srivastava et al. [13]. 

Stokes Parameters Pi (i = 1 - 4) :- 

The differential Stokes parameters Pi (i = 1 - 3) for the photon emitted after the excitation of atoms by electrons, measured 

perpendicular to the scattering plane are 
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While, analogous to P1, the Stokes parameter P4 measured parallel to the scattering plane is given by  
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where 
)(I

 is the intensity of light with polarization detector in the 


 direction with respect to incident electron direction and I 

(RHC) and I (LHC) are respectively the intensities of the right and left circularly polarized ligh t components, respectively.  

In order to calculate theoretically the Stokes parameters of the light emitted from an excited state on its decay by photon e mission 

we relate these to the state multipoles containing information of the excited atom. A general expression for the polarization density 

matrix of the emitted photons in terms of state multipoles has been given for example by Blum [14] from which Stokes paramete rs can 

rapidly be delivered. In this Section we briefly take this derivation and then finally give expression for Stokes parameters in terms of 

state multipoles of the excited atom.  

The Stokes parameters of the emitted photons can be related to the elements of the its density matrix, 


. Denoting the elements 

of 


 by 
 ||''    we write. 
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where, 1111   ,, 
 because of Hermit city. The components of the photon spin along the direction of propagation n


, which 

we denote by symbol 
,
 can have values 

1
 ("spin up") and 

1
 ("spin down"). It is important to note that the two 

photon states with spin up and spin down with respect to n


 as quantization axis has direct physical meaning. Since the component of 

the orbital ongular momentum vanishes in the direction of propagation n


 we have 
..)(.  nSnSLnJ


 

 This implies   is the component of the total angular momentum of the photon in the direction of propagation n


. These 

photon states are helicity states.  

The trace of the density matrix gives the total intensity  
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In order to obtain 3


 we have to calculate the intensities I(0º) and I(90º) which are  
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where, the light beams which are completely linearly polarized along the x and y axes respectively are  
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where the basis states are  
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Similarly, we obtain  
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Therefore, it follows that  

)( 1,11,13   I
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In a similar way we calculate the parameter 1
I

 for which I(45º) and I(135º) need to be evaluated. In this case the axes of 

transmission of the Nicols are set at angles 45º and 135º to the x axes, respectively.  
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where, 
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 denotes a photon state which is fully transmitted by the first prism set at 45º. 
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 Similarly, 
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 is a photon state which is fully transmitted by the second prism set at 135º. 
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Transforming 


x
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 and 


y
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  to the helicity basis gives  
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 Hence the photon density matrix is expressed in terms of the Stokes parameters as  
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From Blum (14) the density matrix elements of photons emitted from an atom on its decay from the state f
JJ 

 can be 

expressed as  
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where, the above equation gives the polarization density matrix elements of photons observed in the direction n. Corresponding to 

the helicity 
)1( 

 the rotation matrices 

K

qQD )0( 
 are determined. J  and f

J
 are  the total angular momentum of the initial 

and final atomic state, 


 is the decay constant and  
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where d  is the element of solid angle into which the photons are emitted,   is the frequency of the emitted photon and c is 

the velocity of light and 

2||||||  JrJ f  is related to the oscillator strength of the radiative transition.  

 Using the properties of rotation matrices and determining 
1,11,1,11  
 and 

1,1 
 we obtain the Stokes parameters 

from equations (17), (27), (32) and (33) in terms of state multipoles as.  
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The state multipoles 



KQJT )(
 do not take into account the depolarization due to the hyperfine splitting of the atomic nucleus, 

this is taken into account by multiplying 
)(JGK  coefficients to every state multipoles, which are defined as 
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where, I = nuclear spin and F = J+I is the total angular momentum of the atom. The coefficients GK(J) are normalized such that 

G0(J)=l. 

Usually the experimentalists measure the differential Stokes parameters 
)31(, iPi  for the photon detection perpendicular to 

the scattering plane 
)º90( 

. And the stock parameter P4 is also generally defined which is measured parallel to the 

scattering plane 
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. Than these equation [37-40] can be written as  
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Figure 1 - Stokes Parameters (P1, P2, P3, P4) for the excitation of the 31D state of 

Mg atom at 15 eV.  
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Figure 2 - Stokes Parameters (P1, P2, P3, P4) for the excitation of the 31D state of 

Mg atom at 45 eV.  
Results and Discussion:- 

In this paper we consider the results of the Stokes Parameters of the emitted p hotons while the excited n
1
D state of Mg (n=3) 

decay to their corresponding lower n 
1
P states. This P state may further subsequently decay by another cascading photon emission to a 

still lower S state. 

In figures 1 to 2 we have presented our DW and RDW res ults of the Stokes parameters (P1, P2, P3, P4) for the excitation of 3
1
D 

state of Magnesium atom at incident electron energies 15 and 45 eV. We find that both the DW and RDW calculations agree 

qualitatively and quantitatively in reasonable manner at these energy levels. It is interesting to note that the shape of the Stokes 

parameters P3 for both the energies at 15 and 45 eV slightly differ in forward scattering. Consequently, the RDW calculation suggest 

the violation of the propensity rule while DW calculation obey it and behave in normal manner. This is due to the effect of relativistic 

contribution which need to be verified by future experiment. 

Conclusions:- 

We have reported Stokes Parameters for the excitation of the lower lying D states of the Mg at 15 and 45 eV. A reasonable 

agreement is found between the results predicted by the DW and RDW theories. The contribution of relativistic effects is also  

discussed in the results. We believe that our present results would be helpful in guiding the future expe rimental measurements and 

more theoretical calculations.  
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