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The ion velocity profile in Inertial Electrostatic Confinement 
(IEC) fusion reactors governs the fusion rate performance. 
Due to the complex, non-thermal nature of the discharge, 
spatially resolved measurements are required to gain insight 
in these plasma conditions.
By means of Doppler-shifted laser-induced fluorescence, 
the ion velocity distribution profile is measured with the 
following intentions:

• Characterize local velocities ion the fusion region
• Investigate detailed potential profile shape
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Overview

The ion velocity distribution function in the central cathode region has been measured 
successfully by laser induced fluorescence in both star- and halo mode argon plasmas.

Conclusions and Outlook

LIF Diagnostic Setup

Results

Doppler LIF technique
The velocity distribution function of a specific probing species can 
is determined by using the Doppler-shifted LIF principle.
• Excite an electronic ‘probing’ state with laser light
• Absorption wavelength depends on the projected particle 

velocity along the laser according to the Doppler equation 
• Intensity of subsequent spontaneous fluorescent emission 

versus spectral shift gives the velocity distribution

Absorption wavelength λabs corresponds 
to  the natural transition wavelength λ0

according to the Doppler equation

Conclusions
• High-energy ions not detected: probed 

state not sufficiently populated due to 
widely distributed ionization

• The probed ions in the focus region 
shows a Maxwellian velocity distribution 
equivalent to approx. (4.5±0.5)·104 K

• Spatially resolved measurements require 
improvement of SNR 

Main Principles
• Electrostatic ion acceleration
• Electrostatic ion confinement
• Ion source: electric discharge
IEC plasma characteristics
• Non-thermal ion population
• Transparent tungsten cathode grid 

(recirculation of positive ions)
Performance
• Table-top neutron source
• DC sustained operation
• D-D fusion rate: ~ 107 s-1

• Q-factor << 1 : not suitable for net 
energy production

Schematic of the IEC setup

IEC fusion
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Outlook
• Fast ion detection via LIF in IEC 

plasmas relies on high probing state 
population -> Consider alternative LIF 
schemes or injection of ions

• Study of thermal ion temperatures 
may provide new insight in loss 
mechanisms and reactor design 

< 120 kV DC plasma discharge 
< 100 mA plasma current
Operation pressures 0.1-25 Pa

Detection threshold: 
1013-1014 m-3
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Ar+ LIF excitation scheme

The obtained LIF spectra show a 
purely thermal Gaussian distribution

Average ion temperature as function of discharge 
voltage. Discharge power indicated in red
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