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The main goal of the IShTAR (Ion Sheath Test ARrangement) device is studying antenna 
near-fields in the presence of a magnetised plasma. The measurements will serve to assess 
theoretical predictions on RF sheaths. For antenna studies it is favourable to operate at 
tokamak edge-like conditions for density and temperature. While IShTAR has already been 
operated extensively in Ar and indeed shown that densities up to 1017 m-3 and temperatures 
of about 5 - 10 eV are achievable [1, 2, 3], the E-field measurements will need to be done 
in He or H to allow modelling of the Stark and Zeeman effects on the spectral lines. The 
work presented in the paper concentrates on characterising the plasmas parameters - in the 
upgraded magnetic configuration [1]  - that are accessible in He. For that purpose 
spectroscopic measurements as well as data from Langmuir and B-dot probes are used [1, 
2]. Time evolution and profile information are combined to study the behaviour of the 
helical plasma source and the resulting plasma properties in the main vessel. Parametric 
scans of the helicon power, the neutral pressure and the magnetic field strength are 
performed. It was found that by tailoring the magnetic field intensity it is possible to 
improve the performance of the helicon source.  
The distribution of the E-fields in the plasma and around the antenna components is a 
crucial input to all RF sheath models, but they are poorly diagnosed in the big fusion 
experiments, because of constraints in accessibility to install proper diagnostics and the 
challenging methods that are needed to measure the E-fields. Therefore the IShTAR project 
is testing different approaches, a theoretical benchmark can be found in [3], most of them 
are based on the Stark effect, which causes an E-field dependent splitting and shifting of 
selected wavelengths in the passive optical spectrum. The difficulty however is to get a 
good spectral resolution to isolate the effective shift caused by the E-field, since it is 
disturbed by the static magnetic field [4].  An alternative, but more complicated approach, 
is to use Doppler-free saturation spectroscopy to eliminate disturbing effects and highlight 
the E-field influence only. The modeling of the Zeeman and Stark effects on the selected 
transitions of HeI for IShTAR plasma parameters based on the fully quantum mechanical 
code – Explicit Zeeman Stark Spectral Simulator (EZSSS) [5]  – will be presented for both 
methods, together with preliminary results.  
 
[1] K. Crombé et al.: “IShTAR: a helicon plasma source to characterize the interactions between ICRF and 
plasma”, 22nd IAEA Fusion Energy Conference (FEC), 17 – 22 October 2016, Kyoto, Japan 
[2] M. Usoltceva et al.: “IShTAR ICRF antenna field characterization in vacuum and plasma by using probe 
diagnostic”, 22nd RF Topical Conference, 30 May – 02 June 2017, Aix-en-Provence, France 
[3] R. D’Inca, A. Kostic et al.: “Characterization of the RF plasma on the IShTAR testbed”, 43nd EPS 
Conference on Plasma Physics, 4 – 8 July 2016, Leuven, Belgium, ECA Vol. 40A (2016), O5.129 
[4] A. Kostic et al.: “Feasibility study of Passive Optical Emission Spectroscopy for the electric field 
measurements in IShTAR”, 22nd RF Topical Conference, 30 May – 02 June 2017, Aix-en-Provence, France 
[5] E. H. Martin: “Electric field measurements of the capacitively coupled magnetized RF sheath utilizing 
passive optical emission spectroscopy”, PhD Thesis (2014), North Carolina State University 

44th EPS Conference on Plasma Physics P5.144


