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Electron autodetachment of sulfur hexafluoride anions 
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Vibrational autodetachment (VAD) to SF6 [1] is energetically allowed for SF6
− 

anions 

with a total excitation energy above the electron affinity (EA). The process was 

previously studied at ELISA (Aarhus) finding a power law decay [2]. Here we report 

experimental studies on the process with rovibrationally hot SF6
− 

anions produced in a 

cesium sputter ion source and trapped as a 6 keV ion beam in the <15 K cryogenic ion 

beam trap CTF [3] in Heidelberg. The device offers highest sensitivity to low intensities 

of the SF6
− 

neutralization signal and long undisturbed ion storage times (>800 s) for 

stable SF6
− 

ions. This is achieved by extremely low residual gas densities near 10
4
 cm

−3
 

(few 10
−12

 mbar) in the trapping region, realized by cryogenic pumping of the residual 

hydrogen. Neutralization of the excited SF6
−
 anions due to VAD could be observed up 

to 100 ms after the ion production, covering almost five orders of magnitude in the 

intensity and dramatically improving on previous sensitivity [2]. 

The measured detachment rates reflect the vibronical coupling and the density of initial 

SF6
− 

excited states near the EA. Owing to the highly symmetrical geometric structure of 

the system (octahedral for SF6, slightly distorted for SF6
- 

[4]) the vibronical coupling 

was recently modeled in much detail [5]. The EA threshold itself is still controversial in 

a rather large interval around 1 eV [4-7] as a considerable theoretical challenge. 

At early decay times up to 10 ms we observe neutralization rates following a power law 

in time and exhibiting sensitivity to the SF6
− 

production
 
environment in the ion source. 

For later times and at previously unobserved low rates, we find an even steeper decline 

of the signal and attribute it to the strongly decreasing autodetachment rates of the near-

threshold states in SF6
− 

as well as to the depopulation of states by radiative stabilization. 

We developed a detailed model using detachment rates recently calculated by 

combining statistical rate theory with electron attachment data [3] and assuming a 

thermalized initial rovibrational excitation of SF6
−
. Systematic variations of the 

measured decay curves with the ionic internal excitation (varied by changing ion source 

parameters) could be interpreted by this model and allow us to deduce the adiabatic 

electron affinity of SF6 and the radiative stabilization rate of excited SF6
− 

near its 

detachment threshold. 
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