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We have measured energy gain spectra for single-
electron capture in collisions of He-like C, N and O ions 
with H2 and N2 at 50 and 1000 eV/u. Energy gain spectra 
were examined with energy gain functions calculated 
from a classical over barrier model, and we obtained 
fairly good agreement between experimental and 
calculated results. We find that single electron capture 
occurs predominantly for C4++ H2, O6++ H2 and N5++ N2 
while for N5++ H2 double electron capture followed by 
transfer ionization is the dominant process in the 
formation of N3+ ions.
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Figure 3 : Measured energy gain spectra of C4+, N5+ and O6+ in collisions with H2, N2 at 50 and 1000 eV/u (Black lines).  
Calculated energy gain function (Red, blue and green lines) and energy states are also shown[3,4].

Figure 2 : Schematic diagram of experimental setup. 
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We calculated energy window functions in the COB frames by Niehaus.
（Assuming Gaussian distributions.）

Single and double electron capture collisions between 
a multiply charged ion Aq+ and H2 are written as
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FUTURE PLAN

Recently, we have studied that collisions between highly charged
ion and molecular target at collision energies below 500 eV/u to 
understand dynamics of molecular fragmentation at low energies.
・ We have measured TOF of  fragment ion from target molecules.    

=>  Figure 4

・ Single electron capture is the predominant process for C4++ H2, O6++ H2 and N5++ N2 while 
double electron capture into auto-ionizing states is predominant in the collision system of N5++ H2.

=> N5+ ions independent target molecular.

Figure 1 : Absolute total electron 
capture cross sections and state 
selective electron capture cross 
sections of He-like C, N and O ions in 
collisions with H2 molecule below   1 
keV/u [1,2]. 

Figure 4 : Measured TOF spectra 
of Ar6+ in collisions with N2 at 7.5 -
240 eV/u. There are 4 peaks, which 
correspond to N+, N2+, (N2)+ and 
(N2)2+.SEMB
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ABSTRACT

below 500 eV/u

・C4+ + H2 : σsc= Σσ(3,l)

・N5+ + H2 : σsc≠Σσ(４,l)

・O6+ + H2 : σsc= Σσ(４,l)

Molecular ion peaks (   and   ) move to the left-hand side 
with decreasing collision energy. This phenomenon is called 
the “Peak Shifting ”. 

The “Peak Shifting” can be explained by the transverse 
recoil momentum; eq.(1). The collision energy dependence 
of the scattering angle is eq.(2). Therefore, we obtain eq.(3). 
In other words, the transverse recoil momentum decrease 
with increasing collision energy.

In this work, in 
order to understand
these characteristics 
for above features, 
we have measured 
energy gain spectra 
for He-like C, N and O 
ions with H2 at 50 
eV/u. Results are 
examined within the 
framework of the 
classical over barrier 
(COB) model[3].   

PROGRESS REPORT

To understand more precisely for this work,
・ measurements of energy gain spectra with high resolution. 
・ coincidence measurements with fragment ions  from target molecules.

We have 
・ measured energy gain spectra for single-electron capture in collisions of He-like C, N and O 

ions with H2 and N2 at 50 and 1000 eV/u. 
・ reproduced measured results by estimated energy gain functions based on COB model.
・ confirmed that the predominant channels for C4++ H2, O6++ H2 and N5++ N2 were single electron 

capture but that for N 5++ H2 was TI process.
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・We are planning to measure coincidence TOF of fragment ion 
pair from target molecules with charge transferred HCI.

N4+ ions are produced 
predominantly via a 

transfer ionization (TI) 
process below energies 

500 eV/u.


