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Abstract: As the low energy ion facilities are being constructed there is an urgent need for 
electron capture cross sections data to be collected. In this report current experimental data, 
empirical predictions and theoretical models of electron capture cross sections will be 
presented. Experimental data from various articles will be given in The Appendix. 

 

 

1. Motivation 
 

One of the most important processes that occurs in collisions between highly 

charged ions (HCI) and atoms or molecules at low velocity is the electron capture or charge 

transfer. Information on electron capture cross sections of various multiply charged ions in 

the collisions with different targets at low and intermediate energy is needed for 

the construction of low energy ions facilities such as HITRAP at GSI, Darmstadt and 

a differentially pumped gas cell that is being constructed at the Institute of Physics, 

Jagiellonian University, Cracow. 

Charge exchange between ions and atoms or molecules determines the ion beam 

lifetime in ion storage rings and ion beam lines. Knowledge on the cross sections for those 

processes is necessary to predict suitable vacuum conditions in the beam line, in order to 

minimize the charge loss and, consequently, lengthen the ion beam lifetime. 

Calculations of target gas density, which are necessary for avoiding multiple 

collisions in the target volume, also require information about capture cross sections. 

In this report current experimental data as well as empirical approximations of 

electron capture cross sections will be presented. 
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2. Experimental data results for single and double electron capture 

cross sections 
 

Most of the experiments concerning electron capture processes were performed in 

the seventies and the early eighties. Those experiments focused on ion - H and ion - H2 

interactions, there are only few papers regarding other target atoms, such as He [1] and only 

recently experiments with Ar or Xe targets were performed [2]. A large amount of data 

involves single electron capture processes [3-8] but there are also some papers giving 

double electron capture cross sections values [1, 2, 9-11]. Triple electron capture for 

Xeq++Xe 20≤q≤32 is given in [12]. 

Data from all the papers mentioned above is presented in the Appendix with 

a short description of experiment parameters (i.e. ions charges, species and energies, target 

used). There is a variety of ion species given, from hydrogen up to zinc, with different 

charge states – from highly charged to bare ions for light elements (Z≤8) but only singly 

and doubly ionized heavy elements. For the energies presented here (0,01 keV to 15 MeV) 

the cross sections range 10-16-10-14 cm2. A strong energy dependence can be observed for 

low energy ions, for example in [3] cross sections for the lowest energies are about two 

orders of magnitude higher than for the fastest ions concerned in that paper. 

In the low energy regime electron capture processes are strongly state selective. 

This case is presented in [12] where strong ion energy dependence is visible for final 

electron state. This is especially visible for C4+ electron capture to 3p state in comparison to 

capture into 3s or 3d states. 

Charge dependence for single electron capture cross sections in low energy 

regime is also visible [4, 5, 9, and 11]. 

 

3. Theoretical calculations and empirical predictions of electron 

capture cross sections 
 

Electron capture processes for low energy ion-atom collisions are still not very 

well understood, especially multiple electron capture processes. But there are many 
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empirical predictions as well as theoretical calculations regarding this problem given by 

different authors. Some of the models are presented in this section. 

One of the first empirical formula was given by Salzborn and Müller [13]. They 

investigated electron capture cross sections for Ne, Ar, Kr and Xe ions collisions with rare 

gas atoms and molecular gases (H2, O2, N2, CH4, CO2) in the energy range from few keV to 

100 keV. Following Olson and Salop they assumed that electron capture cross sections in 

low energy regime do not depend significantly on the projectile energy and for ion charges 

q>4 do not depend on ion species and should depend only on the initial ion charge state. 

They used a simple function of initial charge state and ionisation potential: 

kk IiAkkii
βασ =−,  

where k is the number of electrons captured and Ak, αk and βk are the fitting parameters, 

which strongly depend on the number of electrons captured. (Table1). 

 
Table 1 
Salzborn-Muller formula fitting parameters. 

k Ak αk βk

1 1,43±0,76·10-12 1,17±0,09 -2,76±0,19 

2 1,08±0,95·10-12 0,71±0,14 -2,80±0,32 

3 5,50±5,8·10-14 2,10±0,24 -2,89±0,39 

4 3,57±8,9·10-16 4,20±0,79 -3,03±0,86 

 

Another empirical formula was given by Schlachter at al. in [14]. They used 

reduced values of cross section and projectile energy per nucleon given by the following 

equations: 
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where q is the projectile initial charge state, Z2 is the target atomic number, with σ in cm2 

and energy in keV/u.  

Fitting function is given in [14] and the best fitting to the data they present is: 
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This estimation of cross section works only if some strictly specified conditions 

are fulfilled: E≤10 and , which mean that this formula does not work well for single 

and double electron capture nor for collisions in low energy regime. 

3≥q

The simplest model describing electron capture processes in low energy ion –atom 

collisions is Classical Over-Barrier Model (CBM) which was widely described by many 

authors, for example [16]. 

Here the cross section can be expressed as σ=0,5πRC
2, where RC is the inter-

nuclear distance given by [15]: 
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where IP is the projectile ionisation potential and q is the ion initial charge state. 

 

4. Summary 
In this paper a summary of cross sections for electron capture processes was 

presented and a brief description of empirical and theoretical calculations was given. 

Experimental cross sections for various species of ions and atoms are presented in 

the Appendix. 
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APPENDIX: Summary of single and double electron capture cross sections 
for ion-atom collisions at low and medium energy 

 
T. V. Goffe, M. B. Shah and H. B. Gilbody, J. Phys. B 12 (1979) 3763: 
Single electron capture σq,q-1 and loss σq,q+1 cross sections by boron ions ranging from singly ionized 
to bare ions. Measurements carried out for energy range 100-2500 keV for H and H2 targets. 

 
Single electron capture and loss cross sections by carbon ions ranging from singly ionized to bare 
ions. Energy range: 100-2500 keV for H and H2 targets. 
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G. Lubinski, et al. J. Phys. B 33 (2000) 5275: 
State selective electron capture cross section for molecular hydrogen target are presented, for He-like 
C4+, N5+ and O6+ ions at the energy range 5-4000 eV/u. 
 
C4+: 
 
 
 
 
 
 
 
 
 
 
 
 
N5+: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
O6+: 
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R. A. Phaneuf, et al., Phys. Rev. A 26 (1982) 1892: 
Total electron capture cross section for O+q, 2≤q≤6 interactions with atomic and molecular hydrogen 
in the energy range 0,01-10 keV/u. 
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Total electron capture cross section for C+q, 3≤q≤6 interactions with atomic and molecular hydrogen 
in the energy range 0,01-10 keV/u: 
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Cuneyt Can, Phys. Rev. A 31 (1985) 72: 
Single electron capture cross sections for Ne+q 2≤q≤7 from atomic and molecular hydrogen target in 
the energy range 50-3000 qeV. Cross sections σq,q-1 are given in 10-15cm2 
 

 

 
 
Double electron capture cross sections for Ne+q from molecular hydrogen target in the energy range 
50-3000 qeV. Cross sections σq,q-2 are given in 10-15cm2

 

 
 
Single electron capture cross sections for Ar+q 2≤q≤10 from atomic and molecular hydrogen target in 
the energy range 50-3000 qeV. Cross sections σq,q-1 are given in 10-15cm2 
 

 

 
 
Double electron capture cross sections for Ar+q from molecular hydrogen target in the energy range 
50-3000 qeV. Cross sections σq,q-2 are given in 10-15cm2 
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H. D. Betz, et al., Phys.Rev. A 3 (1971) 197 
Cross sections for charge exchange processes of Brq+ and Iq+ ions collisions with H2 and He at the 
energy 6-15 MeV. σ the values are given in 10-16 cm2/molecule and relative errors δσ/σ are in 
percent: 
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D. H. Crandall, et al., Phys. Rev A 19 (1979) 504 
Single electron capture cross sections for He- and  Li-like B, C, N, O ions on molecular and atomic 
hydrogen target for the energy range 4-25 qkeV 
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R. W. McCullough, et al., J. Phys. B 12 (1979) 4159 
Cross sections for one-electron capture by Ba2+, Ti2+, Mg2+, Cd2+, Zn2+, Kr2+ and B2+ in both H and 
H2 have been determined in the energy range 0.8-40 keV. 
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W. L. Nutt, et al.,J. Phys. B 11 (1978) L181 
Cross sections for electron capture by C2+ and Ti2+ ions in H and H2 have been determined within the 
energy range 0.5-14 keV 

 
 
 
 
K. H. Berkner, et al., Phys. Rev A 23 (1981) 2891 
Single and double electron capture cross sections for Feq++H2. 3≤q≤25. All the values are given in 
10-16cm2/molecule 
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K. H. Berkner, et al., J. Phys. B 11 (1978) 875 
Experimental single-electron-capture cross sections σq,q-1 Feq+ + H2 collisions. All cross sections 
have an absolute uncertainty of  10% except for the one marked † , for which the uncertainty is 15%. 
Cross sections (10- l7 cm2/molecule) 

 
 
R. A. Phaneuf, Phys. Rev. A 28 (1983) 1310 
Single electron capture cross sections of Feq+ 3≤q≤14 on the H and H2 target in the energy range 10-
95 eV/u 
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N. Selberg, Phys. Rev. A 56 (1997) 4626 
Absolute charge-exchange cross sections for the interaction between slow Xeq+ .15<q<43 projectiles 
and neutral He, Ar, and Xe for ion energy 3,8 qkeV. 
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