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Synopsis  State-resolved cross sections of electron capture in collisions of swift C4+(1s2s 3S) ions with He and H2 

are determined to investigate the formation of doubly excited C3+(1s2s2p) 4P and 2P± states and the ratio R of 
their cross sections as a measure of spin statistics. Using ZAPS measurements and semiclassical close-coupling 

calculations, a long-standing puzzle and controversy on the value of R and the effect of cascades is resolved in-
validating the frozen core approximation generally used in the past when considering electron  capture in mul-
tielectron, multi-open-shell quantum systems.  

 
We provide experimental results for the 

1s2s2p 4P/2P± line ratio R for single electron 

capture in fast collisions of C4+(1s2s 3S) with 
helium and hydrogen targets [1]. Our measured  

 

 

Figure 1. Ratio R for C4+(1s2s 3S) collisions with He 

(top) and H2 (bottom) as a function of projectile energy 
[1]. Experiment (ZAPS): Squares (this work), circles [4]. 

Theory: Black lines (3eAOCC), red lines [5]. Results 
without (dotted) and with radiative cascades from 1s2snl 
4L states up to the indicated n (dashed) and extrapolated 

to n → (solid) are shown. The frozen 1s2s 3S core spin 
statistics and pure spin statistics values are indicated. 

R values shown in Fig. 1 are seen to be close to 2, 

in contrast to previous findings. In parallel, the ratio 

R calculated using a sophisticated multielectron 
close-coupling approach (3eAOCC) [2] is found to 

be in agreement, for the first time, with experiment, 

when postcollisional radiative cascades [3] are also 

taken into account. These results draw attention to 

the limited predictive power of the frozen core ap-
proximation regarding spin statistics in highly cor-

related dynamical atomic systems. To better under-

stand our findings, we propose an elegant Pauli 

shielding mechanism related to strong exchange 

effects which selectively (and counter-intuitively) 
obstructs specific reaction channels. Systematic 

isoelectronic studies should further validate  these 

conclusions in a  more general context. 
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