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Abstract : In this paper the main attention has been given mainly on the projectile energies of ionic nitrogen in collision between atomic 

hydrogen as target in intermediate and high energies. Boundary Corrected Continuum Intermediate State Approximation (BCCIS) 

formulism has been taken to study the present problem. Theoretical calculation using quantum mechanics has been taken into account 

in this formulism. The important feature of this method lies in the fact that proper boundary condition is satisfied and intermediate 

continuum states are accounted properly into the formalism. It may easily be extended to non-coulombic potential as well. We have 

calculated the charge transfer collision cross sections for different degree ions of nitrogen from atomic hydrogen by reducing the charge 

exchange amplitude to arbitrary states to a one dimensional integral form. Projectile energies are limited in between 40 keV/ amu and 

200 keV/ amu in the present work. Cross sectional data of charge transfer of the collision problem have been given in graphical 

representation. The calculated cross sections are in good agreement with the other experimental theoretical and experimental available 

results. The success of the present investigation lies on the fact that the careful construction of the model potential in such a way that the 

potential parameters are unambiguously determined on imposing several checks. It may be pointed out that in such a formulation the 

dynamic correlation of the active electrons is absent. Only the static correlations of the electrons have been included. However, the 

charge transfer dynamics at low energies is very complex even on quantum mechanical framework.    Collisions cross sectional data are 

important in studies of reactors, explanation of astrophysical phenomenon, investigation of ionization radiation and high energy particle 

transport in inertial controlled fusion (ICF) radiobiology. 

Index Terms - BCCIS Approximation, Charge transfer, Ion- Atom Collision, Total Collision Cross sections. 

 

 

I. INTRODUCTION 

Collision cross sectional data is very much important now a day in various fields of Physics as well as different fields of 

sciences [1]. So the researches on the topic of charge transfer may be single or double are important both for practical and academic 

point of view. The possible significance of the collision cross sectional data are widely used in Tokamac fusion devices [2,3]. Electron 

captures by partially or fully stripped heavy ions from ground state atomic hydrogen or helium takes place mainly into excited states 

due to energy resonance. The charge transfer into excited state by emission of radiation [4] generally belongs to the soft x-ray region. 

This property of interest may also lead to the possibility of production of an x-ray laser [5-7]. Under these circumstances Boundary 

Corrected Continuum Intermediate State (BCCIS) approximation successfully formulated by Mandal et al [8] has been incorporated for 

the study of present problem. The special features of the framework are (i) intermediate continuum states have been introduced (ii) 

boundary conditions are satisfied properly (iii) This formulation can be incorporated easily to non-coulombic interactions also. In the 

present paper the systematic and rigorous quantum mechanical investigation on charge transfer has been studied for the collision,  

NQ+ + H (1s) → N(Q-1)+ (nlm) + H+ 

where Q=1-5 and n, l, m are the principal, angular and magnetic quantum number of exchanged electron respectively. The range of 

energy studied is 40 to 200 keV/amu. In this formalism, the static correlation has only been taken, but the dynamic correlation which 

originates from the electron-electron Coulomb interaction during the collision, was ignored. When many active electrons are involved 

in ion-atom collisions, one has to face the question of the influence of electronic correlations on the magnitude of the process. Due to 

the rapid expansion of computer facilities, increasing theoretical attention has been paid in the last ten years to atomic collisions 

involving many-electron process.  

The outline of this article is as follows. In section II, theoretical formulations are given. In section III, results and discussion 

are the contents. Finally section IV, concluding remarks are given. Atomic unit is used as usual. 
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II. THEORETICAL FORMULATIONS 

The total Hamiltonian for the collision system may be written as 

ii VHH  = ff VH       (1) 

where, 
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Here e, T and P present active electron, target ion and projectile ion respectively. 
TR


and

PR


 be the position vector of P and T relative 

to the centre of mass of (T, e) and (P, e) respectively. The initial non-perturbed wave function is given by  

                                   )R(χ)r(ψ TiTii
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  is the initial bound state wave function. The function )R(χ Ti
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 is an outgoing Coulomb continuum wave function 

representing the projectile ion moving in the field of an effective ion of charge (ZT-1), so the Schrodinger equation is 
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The prior form of the transition matrix element,  
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The transition amplitude can be written as 
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Using integral representation 
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Here the constant A is originating from the initial and final bound state wave functions. D( 11 βλ,,ε ) is a parametric differential 

operator used to generate higher state wave functions. β and λ  are the orbital exponent of the initial and the final bound state wave 

functions. 

Taking the Fourier transform of equation (6) and using integral representation of general three denominator integration of Lewis [14], 

Sinha and Sil [15], 
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Now the complex integration of t2 is converted to real integral [16,17], which is subdivided into a number of sub-intervals and each sub-

interval is integrated numerically using Gauss Laguerre quadrature method. Lastly a single electron capture cross sections is obtained 

numerically over scattering angles with the Gauss Legendre quadrature method. The orders of two dimensional integral are varied until 

convergence to three decimal places is obtained for the total charge transfer cross sections. 

 

III. RESULTS AND DISCUSSION 

Cross sectional data of charge transfer of the collision problem NQ+ + H (1s) → N(Q-1)+ (nlm) + H+ have been given in graphical 

representation and is given from Fig.1 to Fig. 5. The projectile charge increase from Q=1 to Q=5. For charge transfer where in excited 

states short ranged potential have negligible effect. Total cross sections have been obtained by adding all the sub shell cross sectional 

data. Convergence improves with decreasing charge state of the projectile ion and approximately equals to 10% for Q=2. Charge 

transfer results are displayed in Fig. 1 to Fig. 5. The results are compared with the other theoretical and experimental results obtained. 

Finally cross section vs charge graph displayed in Fig. 6 at 100 KeV/ amu. In Fig. 1 the experimental results are depicted for collision 

of N + with atomic hydrogen in the intermediate and high energy region. We can see the discrepancy with the experimental data of 

Phaneuf et al [9] and OBK- approximation of Eichler et al [10] with increasing energies. The compared results are plotted for the 

collision of N2+ and N3+ also with atomic hydrogen in fig Fig. 2. We may find the magnitudes of the cross sections for N2+ ions have a 

good agreement with the experimental findings of Phaneuf et al at lower energies. Compared results are found a good agreement with 

the experimental results [9, 10] and we can see the total charge transfer collision collision depend on energy of impact and the charge 

state of the projectile ions. It has almost no dependence on the structure of the structure of incoming projectile ions. The computed 

results for projectile ions with charges Q= 4 and Q= 5 have good agreement with the CTMC results of Olson and Salop [11]. 
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Fig 1. N+ + H (1s) Collisions.  -■-, results of present work, -●-, Experimental result of Phaneuf et al, -▲-, OBK approximation of 

Eichler et al. 

 

 

 

Fig 2. N2+ + H (1s) Collisions.  -■-, results of present work, -●-, Experimental results of Phaneuf et al, -▲-, OBK approximation of 

Eichler et al. 

 

Fig 3. N3+ + H (1s) Collisions.  -■-, results of present work, -●-, Experimental results of Phaneuf et al,    -▲-, OBK approximation of 

Eichler et al. 
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Fig 4. N4+ + H (1s) Collisions.  -■-, results of present work, -●-, Experimental results of Phaneuf et al,      -▲-, CTMC results of 

Olson and Salop. 

 

Fig 5. N5++ H (1s) Collisions.  -■-, results of present work, -●-, Experimental results of Phaneuf et al,   -▲-, CTMC results of Olson 

and Salop. 

 

Fig 6. Total cross section vs Charge graph at collision energy 200 keV/ amu of present work. 

Oscillations in charge dependence of the total charge transfer cross sections have been observed by Kim et al [12]. They 

explained the interference between the amplitudes obtained from the short-range part and the long-range part of the potential 

experienced by the electron with the projectile ion. But there is no such oscillations have been found [13] in collisions of projectiles like 

Si9+, Fe9+, Mo9+ etc. From Fig. 6, the theoretical observation of this work no such oscillations have been found. We cannot expect the 

interference term is significant because as the charge state of the projectile increases, charge transfer into excited state dominates. So 

the influence of short-range part of the potential is negligibly small in comparison to the long range part.  
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IV. CONCLUSION 

The results so obtained are reasonably encouraging over the entire range of energy. This may be due to the fact that: (i) the 

continuum state of the active electron with the stronger charge has been taken into account; (ii) the scattering wavefunction satisfies the 

boundary condition; and (iii) the transition potential is faster falling than the coulomb potential. Electron correlation effect has been 

underestimated in our formalism. However, for single-electron capture process in an asymmetric collision (ZP> ZT) in a multi-electron 

environment, the accurate study of correlation effect is important to test the validity of the BCCIS approximation. 

The computed results are compared with the available experimental observations. It is evident that, for the study of collisions problem 

of very low charged ions with neutral atoms, all the possible interaction possibility has to be taken in the interaction of the active 

electron with projectile ion. It is also seen from the total collision cross section data that if the projectile energies increases, the capture 

cross section gradually decreases. The oscillatory structure of the charge dependence of the total capture cross sections is not found in 

the present work using BCCIS formalism.  Under this circumstance, more works should be carried out in studies of charge transfer in 

collision problems of partially stripped ions with neutral atoms. 
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