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Synopsis Charge transfer cross sections of 7Li+ ions in collisions with H2, HD, and D2 molecules have been 
measured in the energy range from 1.4 to 4.0 keV. Significant differences in these results between collisions 
with H2 and other hydrogen isotope molecules, the so-called target isotope effect, are observed below 2 keV. 
These observed cross sections for H2 target are compared with available experimental and theoretical data. 

Lithium are sometimes used for the purpose 
of plasma diagnostics in fusion devices. There-
fore, cross-section data and any knowledge of 
collision dynamics for the charge transfer pro-
cesses of lithium ions colliding with hydrogen 
molecules at low energies are known to be im-
portant the plasma modeling in controlled ther-
monuclear fusion research. However charge 
transfer cross section measurements of Li+ + H2 
collisions are sparse, particularly at low colli-
sion energies. To the best of our knowledge, 
Ogurtsov et al. [1], and Cabrera-Trujillo et al. 
[2] reported the cross section measurements be-
low 10 keV. Furthermore, few theoretical stud-
ies, e.g., Elizaga et al. [3] and Cabrera-Trujillo 
et al. [2], treated this charge transfer process.  

We previously investigated the isotope effect 
on charge transfer by slow hydrogen ions (H+, 
D+) from hydrogen molecules (H2, HD, D2) [4]. 
The cross section ratios σ(D2)/σ(H2) for the 
charge transfer decreased to a value smaller 
than unity below a collision energy of 1keV/u, 
and reached a value of about 0.6 at 0.18 keV/u. 
To establish the cross section data and obtain 
more general understanding of the isotope effect 
on the charge transfer in ion-molecule collisions 
of the hydrogen family, we have measured the 
charge transfer cross sections of 7Li+ ions col-
liding with H2, HD, and D2 molecules in the en-
ergy range from 1.4 to 4.0 keV [5]. 

The 7Li+ ion beam extracted from a surface 
ionization ion source was mass-analyzed with a 
Wien filter and was introduced into a collision 
cell in which target hydrogen gases of high pu-
rity were filled. The Li+ ions and product Li at-
oms emerging from the cell after the collisions 
were charge-separated and detected with a posi-
tion-sensitive micro-channel plate detector. 
Charge transfer cross sections were derived 
based on the growth rate method. 

Figure 1  shows  the  present  charge  transfer 
cross sections of 7Li+ ions colliding with H2, 

HD, and D2 molecules. Both the present charge 
transfer cross sections of HD and D2 molecules 
are almost the same, but they become gradually 
smaller with a decrease in incident energy than 
those of H2 molecules. 
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Figure 1. Charge transfer cross sections of 7Li+ ions 
colliding with H2, HD, and D2 molecules [5]. 

The present charge transfer cross sections in 
collisions with H2 molecules are found to rea-
sonably agree with the theoretical results for the 
total charge transfer cross sections to Li (1s2 2l) 
reported by Elizaga et al. [3]. The experimental 
results measured by Ogurtsov et al. [1] are 
about 50% smaller than the present experi-
mental data. Both the experimental and theoret-
ical results of Cabrera-Trujillo et al. [2] are 
larger than the present data.  

References 
[1] G.N. Ogurtsov et al 1966 Sov. Phys.-Tech. Phys. 
11 362  
[2] Cabrera-Trujillo et al 2010 Phys. Rev. A 82 
022718  
[3] D. Elizaga et al 2000 J. Phys. B: At. Mol. Opt. 
Phys. 33 2037  
[4] T. Kusakabe et al. 2004 Phys. Rev. A 70, 052710 
[5] T. Kusakabe et al 2013 Plasma Fusion Res. 8 
2401100

1 E-mail: kusakabe@phys.kindai.ac.jp 

XXIX International Conference on Photonic, Electronic, and Atomic Collisions (ICPEAC2015) IOP Publishing
Journal of Physics: Conference Series 635 (2015) 032097 doi:10.1088/1742-6596/635/3/032097

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd 1


