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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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Storage ring measurements: concept 

• radiative relaxation 
  of internal excitations  
  (rotation, vibration) 
 
 
•  direct measurement 
•  100% detection efficiency 
•  high resolution 
  

Advantages 

 
Holger Kreckel  

• Vibrations cool 

• Rotations stay forever 
 

Kreckel et al., PRA A 66, 052509 (2002), 
Kreckel et al., New J. Phys. 6, 151 (2004) 2016/12/12-Paris-HydrideToolbox 3 



 
 

  
Benchmarking: 

a NOT-SO-Hydride system,  
H2

+ (or isotopologues) + e- : 
maximum ACCURACY 
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HD+ + e- 
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HD+ + e-   
     HD* 

     H + D 
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         + 
Average 
on  
ROTATIONAL 
distribution,  
Trot …+... 
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Best parameters: 
Tlong  =   20 µeV= 0,23 K=0,16 cm-1 

Ttrans = 500 µeV= 5,80 K=4,03 cm-1 
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      …+ 
Convolution 
with 

ANISOTROPIC 
Maxwell  
Distribution:  
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HD+ + e-      HD*   
                        H + D 
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Comparison 
with 

Adiabatic Nuclear 
Rotation  
approximation-based 
Computations. 



For the modelers: 
Maxwell  

rate-coefficients 
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H2

+ + e- 
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H2
+  + e- 
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CH+ + e- 
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CH+  + e- @ low energy: 
ROTATIONAL effects.  
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Used in the kinetic model of  
Alex FAURE et al  
(previous talk before coffee-break !) 



CH+: BOUND ionic cores:  
c1, c2, c3 

+ 
electron 

CH+  + e- @ high energy 
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CH+  + e- @ high energy: rotational efects neglected,  
but account of the core-excited Rydberg states: 



 
 

  
SH+ + e- 
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SH+  + e- : rotational efects neglected,  
account of the core-excited Rydberg states: 

Bock-diagonalization method, Talbi et al 2015:  



2016/12/12-Paris-HydrideToolbox 23 

SH+  + e- : rotational efects neglected,  
account of the core-excited Rydberg states: 



SH+  + e- 
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BeH+ + e- 
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And … 

the FUTURE 

2016/12/12-Paris-HydrideToolbox 
30 



2016/12/12-Paris-HydrideToolbox 31 



 
 
 

 
Are we prepared ? 
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H2
+(Ni

+,vi
+) + e-           H + H 

1st state-to-state comparison experiment/theory ever ! 
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Perspectives: 
 

OH+ + e- 
 

HCl+ + e- 
 

ArH+ + e- 
 

Polyatomic+ + e- 
 
… 
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Thank you for  
your attention ! 
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