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Ro-Vibrational (de)Excitation: RV(d)E 

Dissociative Recombination: DR 

Dissociative Excitation: DE 



Fusion edge plasma 
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Fusion edge plasma 

Vincenzo 
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Fusion edge plasma 

Zsolt  
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Fusion edge plasma 

Ioan  
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…BUT !.... 
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Hidekazu TAKAGI, 
1951-2016, 
my «competitor»(?) & my brother in arms 
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Steve GUBERMAN 

DR2010 @ Lake Tahoe 
Hidekazu TAKAGI, 
1951-2016, 
my «competitor»(?) & my brother in arms 
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Ro-Vibrational (de)Excitation: RV(d)E 

Dissociative Recombination: DR 

Dissociative Excitation: DE 



Electron-cold molecular ion reaction: Dissociative Recombination 

HD+ (2Σg
+) 

HD+ (2pσu) 

H(1s)+D(2l) 

D(1s)+H(2l) 

e- 

Direct process Indirect process 

Interference 

Kinetic 
Energy 
Release 

HD+ + e- ⇒ H(n) + D(n’) + KER 

Rydberg state 
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Total (direct & indirect) vs direct mechanisms 
in H2

+ dissociative recombination 

Energy of the incident electron (eV) 
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H2
+: DR xs 

Quantum Interferences 
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The relevant  
POTENTIAL ENERGY CURVES 

(PEC’s) 
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** 

H2
* 
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H2
** 

H2
* 

 ! One of the NUMEROUS symmetries ! 

  
 P. Burke, C. Noble, B. Schneider, I. Shimamura,  
 J. Tennyson, S. L. Guberman, Ch. Jungen,  
 F. Martin, P. Schmelcher, M. Telmini … 
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H2
** 

H2
* 

ION states 
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H2
** 

H2
* 

Valence  
DISSOCIATIVE  
super-excited 
states: 
Feshbach 
resonances 

ION states 
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H2
** 

H2
* 

Valence  
DISSOCIATIVE 
super-excited  
states: 
Feshbach 
resonances 
 

Rydberg  
BOUND 
super-excited 
states: 
Rydberg 
resonances 

ION states 
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H2
** 

H2
* 

Quasi-DIABATIC 
representation 
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H2
** 

H2
* 

Quasi-DIABATIC 
representation 

BEYOND  
Born-Oppenheimer context 
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H2
** 

H2
* 

Quasi-DIABATIC 
representation 

BEYOND  
Born-Oppenheimer context 

Rydberg/valence 
COUPLING 



Main THEORETICAL approach: MQDT 

a 

        DIRECT 
 

            état dissociatif 
 

           AB**  
 

     e- + AB+          A* + B 
 

            AB*
 

 

          état lié 
 

        INDIRECT	

Multichannel Quantum Defect Theory 
Seaton (1958-1983), Fano, Jungen, Greene, Giusti -Suzor  (1970-…),…   

Quantum Interferences CHANNEL interactions 

Electron/molecular cation reactive collisions 

Dissociative state 

Bound (Rydberg) state 

Dissociative excitation 
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MULTICHANNEL QUANTUM DEFECT 
THEORY (MQDT): 

 
 



 

  “Very” Low Energy:  
ROTATION and Vibration, 

DISCRETE ro-vibrational spectrum, 

“Fano”resonances,  
maximum ACCURACY 
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H2
** 

H2
* 
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 HD+ + e-  
 
 HD*,HD** 
 
 

    H + D 
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HD+ + e-     HD**, HD*   
                        H + D 
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How important is the 
target excitation ? 
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HD+ + e-     HD*,HD**  
                        H + D 
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N. De Ruette, X. Urbain, O. Novotny, A. Wolf,…. @ TSR vs MQDT 
H2

+(Ni
+,vi

+) + e-           H + H 
1st state-to-state comparison experiment/theory 
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N. De Ruette, X. Urbain, O. Novotny, A. Wolf,…. @ TSR vs MQDT 
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+(Ni
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+) + e-           H + H 
1st state-to-state comparison experiment/theory 



2019/06/06-Vienna-IAEA-CM 42 

How important are the  
   RESONANCES ? 

How important are the 
   ROTATIONAL effects ? 
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H2
+(Ni

+=0)+e-     H2
**, H2

*     H+H 
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Focus on ISOTOPIC effects 
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  “Moderately” Low Energy:  
“NO rotation”, 

DISCRETE vibrational spectrum, 

“Fano” RESONANCES 
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H2
** 

H2
* 
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H2
** 

H2
* 
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Moulane 2017, Colboc 2016 
H2

+ 



 
 

  
High Energy:  
“NO rotation”, 

DISCRETE & CONTINUUM 
vibrational spectrum, 

NO “Fano” RESONANCES 
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High Energy:  
NO rotation, 

DISCRETE & CONTINUUM 
vibrational spectrum for H2

+, 
NO “Fano” RESONANCES 
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H2
** 

H2
* 
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H2
** 

H2
* 



2019/06/06-Vienna-IAEA-CM 55 

H2
** 

H2
* 

Vibrational CONTINUUM 
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H2
** 

H2
* 

Vibrational CONTINUUM 



HIGH energy: 
vibrational continuum

effective, Dissociative Excitation 
57 2019/06/06-Vienna-IAEA-CM 



2019/06/06-Vienna-IAEA-CM 58 

Moulane 2017 

H2
+ 
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Perspectives 
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HD+ @ high energy  
RECENT:  
Abdoulanziz, Laporta,…, 
2018 
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Vincenzo: 
Galileo project 



�����������
��������
��	� 

HD+ @ LOW energy  
F. Iacob & N. Pop 

62 

Vincenzo: 
Galileo project 
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C.Argentin @ Havre,  
N. Pop & F. Iacob @ Timisoara 

J. Zs. Mezei @ Debrecen, 
2019 

HD+ @ LOW energy  
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Vincenzo: 
Galileo project 



Need of NEW molecular structure data 
 

? Jonathan  
 

? M. Telmini, Ch. Jungen, Zsolt  
PhD @ Tunis & Le Havre, 2019-…  
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Branching Ratios 
NOT very precise with MQDT 
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And … 

the “experimental “ 
FUTURE 
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SUPPORT, CONTRATS 

20190530-Timisoara-TIM19 



 
Project 2009-2010: Reactive Collisions in the Fusion Plasma Edge  

SUPORT 

20190530-Timisoara-TIM19 



PicoLIBS (2014-2018) 

Financement 

EMoPlaf (2017-2019) 

RIN-VIRIDIS-CO2 (2018-2019) 

PCMI/INSU (2018-2020) 

20190530-Timisoara-TIM19 



Thank you for  
your attention ! 
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