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Outline

 Experimental setup at Fudan University

 Experiment result

 New Project: Cross section measurement



Experimental setup
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Experimental setup

H, C, N, O and inert gas

beams could be supplied.

Beam energy: 5~150 qkeV.

Beam current：nA ~ μA.
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Y5   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

Experimental setup
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120 keV Ar8+ - CH4

Experiment with HCI
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Then no reaction related CH3
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Experiment with HCI
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The momentum of H depends on 

the fragmentation mechanism.

Experiment with HCI



Experiment with HCI

Y. Zhang, et al, Phys. Rev. A 97, 022703 
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Experiment with HCI
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Experiment with HCI
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120 keV Ar8+ - CH4



Experiment with HCI
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100 eV e- - C2H4
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Experiment with e-



DeVine et al., Science 358, 336–339 (2017)

Proton migration



Two-step mechanism

I. A long-lived neutral moiety of H2 is formed.

II. The H2 moiety abstracts a proton to form H3
+.

Proton migration

Potential-energy diagram

Given by Prof. C. Yang



Experiment with e-



Experiment with e-

100 eV e- - NH3



Cross section
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Cross section

 Absolute single and double electron capture

cross section

𝜎𝑞,𝑞−𝑗 =
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150 keV Ar10+ — Ar
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Cross section
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Ref I, PRA-75-032704,  Ref II, PRA-63-062707

7 kV O5+ - CO2
7 kV O6+ - CO2

7 kV O7+ - CO2



Cross section: Experimental uncertainties

T Cell temperature change 0.10%

P

Temperature different about guage and cell 

center
1%

Accuracy of Capacitive manometer  (MKS 

627D) reading 
0.25%

Pressure attenuation causes systematic 

correction errors 
2%

Pressure fluctuation 3%

L The efficient length of gas cell 3%

Background particle (10-5torr——10-7torr)  2%

Relative Detection efficiency of different 

Position
6%

n Statistical errors 2%

Total errors 9%



Cross section

320 kV



Cross section

The absolute charge exchange cross section

for HCI interaction with atom and molecule will

be measured in an international collaboration.

Xinwen Ma

and his Group 

Hongqiang Zhang,

Ximeng Chen 

Yong Wu, Junwen Gao,                                               

Jianguo Wang 

Michae Roy FogleLinfan Zhu
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