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Local Complex Potential Model

First time (in my knowledge) of using this approach to calculate
vibrationally-electronically-excited collisions

Electron-D2
+ results will be presented by Ioan Schneider



𝐃𝟐 / 𝐃𝟐"

𝐃𝟐#

𝐃𝟐
𝐃𝟐"



𝐃𝟐 / 𝐃𝟐"

𝐃𝟐#

𝐃𝟐
𝐃𝟐"



𝐃𝟐 / 𝐃𝟐"

𝐃𝟐#

𝐃𝟐
𝐃𝟐"



𝐃𝟐 / 𝐃𝟐"

𝐃𝟐#

𝐃𝟐
𝐃𝟐"



Local Complex Potential model for electron-molecule scattering

Processes occurring for resonant electron-molecule scattering:
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𝑒" + 𝐴𝐵 𝑣 → 𝐴𝐵" → 𝐴𝐵 𝑤 + 𝑒" 𝑉𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝐸𝑥𝑐𝑖𝑡𝑎𝑡𝑖𝑜𝑛
→ 𝐴" + 𝐵 𝐷𝑖𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑖𝑣𝑒 𝐴𝑡𝑡𝑎𝑐ℎ𝑚𝑒𝑛𝑡
→ 𝐴 + 𝐵 + 𝑒" 𝐷𝑖𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑖𝑣𝑒 𝐸𝑥𝑐𝑖𝑡𝑎𝑡𝑖𝑜𝑛

𝑒" + 𝐴𝐵# 𝑣 → 𝐴𝐵∗ → 𝐴 + 𝐵 𝐷𝑖𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑖𝑣𝑒 𝑅𝑒𝑐𝑜𝑚𝑏𝑖𝑛𝑎𝑡𝑖𝑜𝑛

MQDT approach for electron-D2
+ will be presented by Ioan Schneider



� � � � � � �
�

�

�

�

�

��

��

������������ �������� (����)

��
��
��
��
��
��
��
�
(�
�)

��(��Σ+)

��-(��Π)

�(��) + �(��)

�(��) + �-(��)

�� = �

�� = ��

�

�
��

��

��
�

e + AB(vi) → AB- → e + AB(vf)
Local Complex Potential model 



Some theoretical details
Let’s consider electron-molecule scattering with the presence of two interacting resonances:

𝑒" +𝑀 → 𝑀%", 𝑀&
" → 𝑒" +𝑀∗

The process can be described by two discrete electronic states, ⟩|𝑑% and ⟩|𝑑& , embedded-in and
interacting-with a single electronic continuum @|𝑘

⟩|Ψ ~ ⟩|𝑑% + ⟩|𝑑& + @|𝑘

Resonant bound state
Interaction between

electron and neutral molecule



The electron-molecule effective Hamiltonian

𝑯 = 𝑯𝟎 +𝑼 + 𝑽

𝐻' = ⟩𝑑% 𝑇( +𝑉' +𝜖% H𝑑% + ⟩𝑑& 𝑇( +𝑉' +𝜖& H𝑑& + ∫𝑑 𝑘 @|𝑘 𝑇( +𝑉' +𝜖) J𝑘 |

𝑈 = ⟩𝑑% 𝑈%&H𝑑& + h. c.

𝑉 = ∫𝑑 𝑘 ⟩|𝑑% 𝑉%) J𝑘 + ⟩|𝑑& 𝑉&) J𝑘 + h. c.

- 𝑉' is the neutral molecule potential
- 𝜖%,& are the resonance energies respect to 𝑉'
- U describes the coupling between the discrete states
- V couples the discrete states with the continuum states
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R-matrix
calculations



+𝜎(𝜖) ∝

Local Complex Potential model 

Resonant contribution
“non-resonant”

contribution
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Beyond LCP model…



𝒆 + 𝑫𝟐(𝑿, 𝒗) → 𝒆 + 𝑫𝟐 𝑿,𝒘 elastic, VE1



𝒆 + 𝑫𝟐 𝑿, 𝒗 → 𝑫 𝟏𝒔 + 𝑫"(𝟏𝒔𝟐) DA1
𝒆 + 𝑫𝟐 𝑿, 𝒗 → 𝑫 𝒏 = 𝟐 + 𝑫"(𝟏𝒔𝟐) DA2



𝒆 + 𝑫𝟐 𝑿, 𝒗 → 𝒆 + 𝑫 𝟏𝒔 + 𝑫 𝟏𝒔 DE1
𝒆 + 𝑫𝟐 𝑿, 𝒗 → 𝒆 + 𝑫 𝟏𝒔 + 𝑫 𝟏𝒔 DE2
𝒆 + 𝑫𝟐 𝑿, 𝒗 → 𝒆 + 𝑫 𝟐𝒑 + 𝑫 𝟏𝒔 DE3



𝒆 + 𝑫𝟐(𝑿, 𝒗) → 𝒆 + 𝑫𝟐 𝑩,𝒘 VE2
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𝒆 + 𝑫𝟐(𝑩, 𝒗) → 𝒆 + 𝑫𝟐 𝑩,𝒘 elastic, VE3



𝒆 + 𝑫𝟐 𝑩, 𝒗 → 𝑫 𝒏 = 𝟐 + 𝑫"(𝟏𝒔𝟐) DA3



𝒆 + 𝑫𝟐 𝑩, 𝒗 → 𝒆 + 𝑫 𝟐𝒑 + 𝑫 𝟏𝒔 DE4
𝒆 + 𝑫𝟐 𝑩, 𝒗 → 𝒆 + 𝑫 𝟏𝒔 + 𝑫 𝟏𝒔 DE5
𝒆 + 𝑫𝟐 𝑩, 𝒗 → 𝒆 + 𝑫 𝟏𝒔 + 𝑫 𝟏𝒔 DE6



Comparison with data in literature



Vibrational relaxation of D2(X)

𝒆 + 𝑫𝟐(𝑿, 𝒗) → 𝒆 + 𝑫𝟐 𝑿,𝒘
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LCP (this presentation) and MQDT (Ioan Schneider’s presentation) models are the only serious
theoretical frameworks - completely ab initio - to describe state-resolved electron-molecule
collisions which are able to take into account correctly nuclear vibrations (and rotations).

I showed the LCP extension to calculate the vibrationally and electronically excited cross sections.

LCP and MQDT models are the only approaches able to calculate Dissociative Attachment and
Dissociative Recombination processes.

Molecular input data come from ab initio quantum chemistry approaches, e.g. R-Matrix.

Conclusions



Outlook…

Inclusion of the other electronically excited states

H2 cross sections and isotopic effects (work in progress…)

Including rotational motion

Inclusion of ‘non-resonant’ contributions

Extension of the LCP model for ionization cross sections 

Thank you for your attention


