
 

EXTRA HEATING MECHANISM STUDIED VIA E × B ROTATION 

 
A.E. Shumack

(1), (*)
, J. Leijssen

(1)
, A.W. Kleyn

(1),(3)
, N.J. Lopes Cardozo

(1),(2)
,  

 D.C. Schram
(1),(2)

,  J. Rapp
(1),(4)

, G.J. van Rooij
(1)

 

 
(1) FOM Institute for Plasma Physics Rijnhuizen, Association EURATOM-FOM, Trilateral Euregio 

Cluster (TEC), Nieuwegein, The Netherlands, www.rijnhuizen.nl 

(2) Eindhoven University of Technology, Eindhoven, The Netherlands, www.tue.nl 

(3) Leiden Institute of Chemistry, Leiden University, Leiden, The Netherlands, www.surfcat.leidenuniv.nl 

(4) Forschungszentrum Jülich GmbH, EURATOM-Association TEC, Jülich, Germany 

shumack@rijnhuizen.nl 

 

Pilot-PSI is a linear plasma generator which produces plasma at conditions that are relevant for the 

study of plasma-wall issues for the ITER divertor. The ~1 eV hydrogen plasma is generated with a 

cascaded arc at densities of 10
20
-10

21
 m

-3
 in magnetic fields up to 1.6 T [1].  

 

In Pilot-PSI an additional heating effect has proved important for efficient plasma production. The 

magnetic field in Pilot-PSI, with a strength of up to 1.6 T, directed along the axis of the vessel, 

influences the working of the cascaded arc plasma source. Magnetic confinement hinders closure 

of the electric circuit between the source cathode and anode. Current flows out into the vessel 

before returning to the anode, inducing an extra voltage drop and thereby heating mechanism in 

the plasma. To study this effect, we investigate the potential distribution of the plasma. Our 

‘probe’ is the E × B azimuthal drift rotation of ions induced by the radial electric field in 

combination with the axial magnetic field. Rotation is studied by emission spectroscopy. 

 

Emission spectroscopy on hydrogen plasma yields only indirect information on the plasma ions 

because the light is emitted by neutral atoms. Especially a combination of high plasma density and 

strong magnetic fields, which is the case for Pilot-PSI, complicates the analysis severely. It was 

found that the measured line shapes are asymmetric, which is explained by the existence of two 

populations in the radiating species. The first one is well coupled to the ions whereas the second 

one carries the properties of the colder background gas. This picture was implemented in a fitting 

procedure to yield the temperature of the ions and the background gas (from the Doppler 

contribution to the line width), the electron density (from the Stark contribution to the line width), 

and the rotation velocity of the ions (from the Doppler shift). Rotation velocities approaching 

sonic speeds are measured at high magnetic fields. 

 

We have developed a simple model to describe the current flow and resulting potential distribution 

in the plasma. The radial potentials deduced from rotation measurements agree with this model. 

Furthermore, trends in radial potential drop match trends in the extra potential drop measured over 

the cascaded plates in the source. For the measurements presented, the potential distribution is 

manipulated by altering the magnetic field and by inducing extra axial current in the plasma. 

Insights obtained will be used to optimize the nozzle and anode shape of the source. 
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