
Measurement of Charge Exchange Cross Section for HCI 

Collision with Atom and Molecule

WEI Baoren

Fudan University

brwei@fudan.edu.cn

Charge exchange X-ray Universe, 17-21 June 2024, Volos, Greece



Contents

01

02

03

04

Motivation

Charge Exchange Cross Section

Summary and Outlook

Experiment setup



01 Motivation



Chem. Rev. 2012, 112, 5578 

life 2018 8 8020018

Motivation

4

Collision experiment (atomic, molecular and cluster)  

available comprehensive data and parameters

Benchmarking theory
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Nature, 2016, 535: 117 

Spectrum of the Perseus cluster obtained 

by the Hitomi observatory.

Science, 1996, 274: 205

the high-resolution astrophysical spectrum needs the accurate atomic data

Charge Exchange Cross Section
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Charge Exchange Cross Section

Science 300, 1558 (2003)         
http://umtof.umd.edu/pub/full_spectrum.html

Solar Wind Mass Spectrum
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Motivation
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02 Experiment setup



Shanghai EBIT
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Ar, Xe, 

W(CO)6 gas

Data acquisition system



Molecular fragmentation COLTRIMS

Collision cross section CS measurement device 

Surface irradiated interaction ……

Setup: 150 kV HCI platform
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Setup: 150 kV HCI platform

12

Total EC 
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State-selective EC 
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O6+ + He → O5+(1s2nl) + He+(1s) 

𝜎𝑞,𝑞−𝑗 =
𝑘𝑇
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Charge Exchange Cross Section
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Setup: COLTRIMS
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Q Value (eV)



Setup: COLTRIMS
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O6+ + He → O5+(1s2nl) + He+(1s) 
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 峰拟合 2
 峰拟合 1
 累积峰值拟合
 H

模型 Gauss

方程 y=y0 + (A/(w*sqrt(pi/2)))*exp(-2*((x-xc)/w)^2

绘图 Peak1(H) Peak2(H)

y0 174.21747 ± 14.34945 174.21747 ± 14.34945

xc -4.68122 ± 0.00222 -4.23451 ± 6.32363E-4

w 0.19878 ± 0.0046 0.27797 ± 0.00138

A 1688.07144 ± 34.24821 9638.94569 ± 40.26623

Reduced Chi-Sqr 27380.63241

R平方(COD) 0.9987

调整后R平方 0.99864

5kV

FWHM=0.24 a.u. 

3s

3p+3d

Setup: COLTRIMS



03 Charge Exchange Cross Section
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Charge Exchange Cross Section

19

√

√
√



Charge Exchange Cross Section
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Source of Error Relative error (%)

Error in temperature 1

Error in pressure 3

Error in effective collision length 2

Error in detection efficiency of PSD 5.8

Statistical error  𝑁𝑞−1 1.8

𝑁𝑞−2 3.8

Stability of beam 4

Total error      σ𝑞,𝑞−1 8.2

σ𝑞,𝑞−2 8.7 Nucl. Sci. Tech. 34 (2023) 156

SEC He2+ - He

DEC He2+ - He



Charge Exchange Cross Section
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Single Electron Capture Cross Section of O6+ - H2

Astrophys. J. Supp. Series (2021) 253:6
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O6+-He
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Charge Exchange Cross Section

O6+ + He → O5+(1s2nl) + He+(1s) 

Two-electron semiclassical atomic 

orbital close-coupling method

New J. Phys. 25 (2023) 093026



Charge Exchange Cross Section

Astrophys. J., 933:207 (2022) 24

Ar8+ + He



Charge Exchange Cross Section

Astrophys. J., 933:207 (2022) 25

Ar8+ + He
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Summary and Outlook

➢ A HCI platform for the charge exchange 

process studying in a wide energy range.

➢ The absolute electron capture CS and 

State-selective Charge Exchange CS have 

be measured. 

➢ The energy range could be extended. 

➢ It is still a challenge for complicated collision 

system in theory. 
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O6+ + He
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