
  

Charge exchange cross sections 
in nitrogen ions and hydrogen collisions
    Congcong Jia, Junwen Gao, Yong Wu, Alain Dubois, Nicolas Sisourat

Data Centres Network meeting (IAEA, Vienna)– May 2023 



  

OUTLINE

●  Motivation

●  Workplan

●  The impact parameter approach

●  Our implementation



  

Motivation

          Coordinated Research Project
   “Atomic data for neutral beam modeling”
                     IAEA 2017-2022

             



  

Workplan of the previous CRP

      1st year
state-resolved cross-sections for 
Az+ - H(1s)   (Z~1-3)  & 
optimize 1e code

      2nd year

state-resolved cross-sections for
Az+ - H(n=2) (Z~1-3) & 
Az+ - H(1s)   (Z~4-5)  & 
finalize 2e code 

     3rd year
state-resolved cross-sections for
Az+ - He(1s2)   (Z~1-3)  & 
A(Z-1)+(1s) - H(1s) 

➢ All electronic processes considered
➢ Impact energies from 1keV/u to 1MeV/u 

Code comparison
Be4+  - H  (20-100-500 keV/u)



  

Motivation

          Coordinated Research Project
   “Atomic data for neutral beam modeling”
                     IAEA 2017-2022

             Coordinated Research Project 
      “Atomic Data for Injected Impurities”
                     IAEA 2023-



  



  



  

Scarce and/or inaccurate data



  

Workplan for the CRP

      1st year state-resolved cross-sections for 
N2+ - H   

      2nd year state-resolved cross-sections for 
N3+ - H &  N2+* - H  

     3rd year
state-resolved cross-sections for 
N3+* - H

Impact energies from 1eV/u to 100keV/u 

1eV/u 1keV/u 100keV/u 

ASCC MOCC 

LZSH 



  

The impact parameter approach



  

Wavefunction ansatz

Close-coupling method (ASCC)



  

Wavefunction ansatz

Close-coupling method (ASCC)



  

Wavefunction ansatz

ETF

Close-coupling method (ASCC)



  

Close-coupling method (ASCC)



  

Our implementation

Multi-center Gaussian type orbitals (GTO)

Advantages of GTO
- Gaussian product rule
- Efficient algorithms for integrals evaluation
- Extension to multi-electron systems
  
Advantages of multicenter expansion
- Description of ionization 



  

Our implementation

Adams Bashford Moulton predictor-corrector 
method

Full code in FORTRAN 90

Parallelization with Open-MP 

Code for N-e systems (atomic and molecular) 



  

Thank you for your attention



  

Interparticle Coulombic Electron Capture

ICEC

K. Gokhberg & L.S. Cederbaum, J. Phys. B: At. Mol. Opt. Phys. 42, 231001 (2009)
K. Gokhberg & L.S. Cederbaum, Phys. Rev. A 82, 052707 (2010) 



  

Asymptotic formula

Ne+ He

R

Cross sections at R~Req?
K. Gokhberg & L.S. Cederbaum, J. Phys. B: At. Mol. Opt. Phys. 42, 231001 (2009)
K. Gokhberg & L.S. Cederbaum, Phys. Rev. A 82, 052707 (2010) 



  

Ab initio cross sections (R-matrix)

Inner region

Outer region

Wavefunction in the inner region

Wavefunction in the outer 
region

J. Tennyson Physics Reports 491,  29–76 (2010)



  

ICEC in Ne+ He 

ab initio

asymptotic form.

Ab initio cross sections (R-matrix)



  

ICEC in Ne+ He 

asymptotic formula
ab initio 



  

ICEC in Ne+@He20 

Electron energy loss spectroscopy 

ab initio
asymptotic form.
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