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Dissociative electron attachment

H2 + e  → (H2¯)* →  H¯ + H

D2 + e  → (D2¯)* →  D¯ + D



Resonant electron collisions

AB + e  → (AB¯)* →  ...



Resonant electron collisions

AB + e → (AB¯)* → ...



Elastic scattering

... → AB (v = 0) + e

Resonant electron collisions

AB + e → (AB¯)* → ...



Vibrational excitation

... → AB (v > 0) + e

Resonant electron collisions

AB + e  → (AB¯)* → ...



Resonant electron collisions

AB + e  → (AB¯)* → ...

Vibrational excitation

... → AB (v > 0) + e



Dissociative attachment (DEA)

... →  A¯ + B

Resonant electron collisions

AB + e → (AB¯)* → ...



Situation in H2 (4 eV resonance)
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Situation in H2 (4 eV resonance)

m = 0

→ high autodetachment rate

→ low DEA cross section  

→ strong isotope effect
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Situation in H2 (4 eV resonance)

‘Reference’ number
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σ(D¯/D2)
= 200
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Situation in H2 (4 eV resonance)

σ(H¯/H2)

σ(D¯/D2)
= 325



Situation in H2 (higher-lying resonances)

Experimental DEA cross sections:

• Schulz, Asundi 1965, 1967

• Rapp, Briglia 1965

• Krishnakumar et al. 2011
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Effect of electron-beam resolution

Invariant: energy-integrated cross section

[σI] = pm2 eV

H¯/H2

1 pm2 = 10-20 cm2



Experiment    (Fribourg              Prague)

Quantitative negative-ion TOF spectrometer

Target chamber

TOF tube

Detector

2015



Experiment

Quantitative negative-ion TOF spectrometer

Recent upgrade: 

RoentDek time- and position-sensitive detector

MCP

↓
Resistive Ge screen

↓

External charge-pickup delay-line anode

Target chamber

TOF tube
Detector



Experiment

Position information
Timing information

O¯

Whole detector area

Only O¯ area

Only O¯ flight time

All flight times

O¯/CO2, Ee = 4.4 eV (σI = 13.3 eV pm2)



Results

σI(H¯/H2)

σI(D¯/D2)
= 780

1 pm2 = 10-20 cm2



Comparison with existing exp. data

H¯/H2, 14 eV D¯/D2, 14 eV

H¯/H2, 4 eV D¯/D2, 4 eV



Comparison with existing exp. data

σI(H¯/H2)

σI(D¯/D2)
= 510Schulz 1967:

σI(H¯/H2)

σI(D¯/D2)
= 780Present:

H¯/H2, 4 eV D¯/D2, 4 eV



Comparison with theory (4 eV resonance)

σI(H¯/H2)

σI(D¯/D2)
= 385Horáček 2004:

σI(H¯/H2)

σI(D¯/D2)
= 780Present:

Associative detachment: H¯ + H → H2 + e¯

H¯/H2, 4 eV



Comparison with theory (4 eV resonance)



Conclusion

H2 + e  → (H2¯)* →  H¯ + H

D2 + e  → (D2¯)* →  D¯ + D

Updated experimental cross sections for



Experimental uncertainty

± ?

Standard procedure: error budget
Systematic error (pressure, current, calibration compound)

Statistical error

Additionally: measure the same cross section in different ways

Total ion collection

TOF anion analysis

± 25 %



Significance: small cross section?

Dramatic increase at elevated temperature!



Ion source Acceleration (MeV) Neutralization Injection

Significance: neutral-beam injection heating for ITER

H− / D−

www.iter.org



Outlook

Prague electron collision laboratory fully operative 

DEA cross sections Scattering cross sections

Collaborations welcome!

2 Postdoc positions available (spring/summer 2017)



Acknowledgements

R. Janečková

J. Kočišek



Experiment

CPO3D simulations (2008) Time-and-position sensitive detector

(2014)
Signal-background

separation

O¯

Whole detector area

Only O¯ area

Only O¯ flight time

All flight times

O¯/CO2, Ee = 4.4 eV (σI = 13.3 eV pm2)


