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PWI

Diagnostic and simulation need atomic and molecular data

Motivation
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Single electron capture by a proton

Authors Years Energy(keV) Target gases

Stier and Barnett 1956 3-200 H2,N2,O2,He,Ne,Ar
Barnett and Reynolds 1958 250-1000 H2,N2,He,Ar
Szostak et al. 1961 4000 N2

Gordeev and Panov 1964 1-40 H2,N2,Ar
Hollricher 1965 1.5-30 H2,D2

Berkner et al. 1965 6450-10000 N2,He,Ar
de Heer et al. 1966 10-140 H2,N2,O2,He,Ne,Ar,Xe
Schryber 1967 1000-4400 H2,N2,O2,He,Ne,Ar,Xe
Toburen et al. 1968 100-2500 H2,N2,O2,He,Ar,Kr,CO,CO2,H2O,CH4,C2H6

Acerbi et al. 1969 32500-37700 N2,O2,Ar

Single electron capture 
Cross Section

Motivation
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Absolute charge exchange cross sention

C. L. Cocke et al, PRL 1981, 46, 1671

Motivation
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02 Charge Exchange of HCI



150 kV HCI platform

Molecular fragmentation COLTRIMS

Collision cross section CS measurement device 

Surface interaction ……
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 Absolute single and double electron capture

cross section

Absolute Cross Section 
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Absolute Cross Section 
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Absolute Cross Section 

y = 0.2684x + 0.0081

y = 0.0284x + 0.0012
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Absolute Cross Section 
Single and Double EC Cross Section for O6+.
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Absolute Cross Section 
Single and Double EC Cross Section for O6+.
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Absolute Cross Section 

Astrophys. J. Supp. Series (2021) 253:6

Single Electron Capture Cross Section of O6+ - H2
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Absolute Cross Section 

Astrophys. J. Supp. Series (2021) 253:6
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Absolute Cross Section 
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 Rapp(GG)
 Rapp(11eV)
 Friedman2017
 Bloemen1982
 Flaks1958
 Hasan2005
 Justiniano1984
 Kase1984
 Suk1978
 Nikolaev1961
 Winter1977
 present: pure LDA

Ne2+ - He

Simulation: time-dependent DFT coupling with MD

Many-electron systems with large spacial scale

Phys. Rev. A 97, 032706 (2018)
Phys. Rev. A 103 032816 (2021)
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COLTRIMS

Beam

Recoil Ion

x, y 

TOF

y

x

z

Extraction 
Field

Detector

x, y   横向动量
TOF 纵向动量
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COLTRIMS

X
TOF

Y
5   Deflectors
6   Movable Faraday cup 
7   Cold gas target
8   TOF spectrometer
9   Position-sensitive detector
10 Electrostatic analyzer

1   ECR ion source
2   Magnetic analyzer
3   Faraday cup
4   Slit

Y. Zhang et al, PRA (2018) 
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State-resolved measurements
O6+ (1s2)+HeO5+ (1s2 nl)+He+(1s)

1.2 MeV0.6 MeV

From Dr. Yong Gao and Dr. Shuncheng Yan
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120 keV Ar8+ - CH4

Coincidence TOF map
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KER spectra
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120 keV Ar8+ - CH4

Y. Zhang et al, JCP 150, 204303 (2019) 
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KER spectra 120 keV Ar8+ - CH4

Y. Zhang et al, JCP 150, 204303 (2019) 
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KER spectra
120 keV Ar8+ - C2H6
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KER spectra

Channel

Average KER (eV)
300 eV

e-
3 keV/u

Ar8+
Intense laser 

field
H3

+ + CH+ 6.4 6.2 5.4
H3

+ + C2H+ 5.2 5.1 5.0
H3

+ + C2H3
+ 4.8 4.9 4.6, 4.0, ~4.3 

K. Hoshina et al, JCP 134, 064324 (2011)
R. Kanya et al, JCP 136, 204309 (2012)

The matching mean KERs in the present 
collisions tend to be larger than those 
obtained in intense laser fields.

KER is a good observable or not, when 
contrasted with field-free theoretical 
predictions？
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Reaction path

• Gaussian16 program
 density functional theory (DFT)
 B3LYP/aug-cc-pVTZ basis set

• Reverse activation barrier
 Substantial structural rearrangement

• Loosely bound transition state
 [CxHy-2]2+…H2

Channel
H2 moiety

Charge Bond length

H3
+ + CH+ +0.39 e 0.84 Å

H3
+ + C2H+ +0.34 e 0.79 Å

H3
+ + C2H3

+ +0.19 e 0.78 Å

PRA 100, 052706 (2019)
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Reaction path
1. Initial conditions: Zero point vibration

2. Simulation: Ab initio molecular dynamics (AIMD), using 

the Atom-Centered Density Matrix Propagation (ADMP) 

method B3LYP/cc-pvdz

Commun. Chem. (2020) 3:160



Joint IAEA-FZJ Technical Meeting on Tungsten and Hydrogen, 29 March - 1 April 2021

Reaction path

Commun. Chem. (2020) 3:160
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Proton migration channels 

Y. Zhang et al, JCP (2019) 
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Summary

 The absolute EC cross section for O6+ interaction with atom and

molecule has been measured.

 The charge-transfer cross sections for the Ne2+ - He collision has

been calculated by the molecular dynamics with time-dependent

density-functional theory.

 We have studied the fragmentation of Hydrocarbon molecule

induced by HCI and electrons.


