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Introduction 

The Motional Stark Effect (MSE) diagnostic is widely applied to determine the 

current distribution in high temperature plasmas. The MSE measurement is based on the 

detection of the polarised Balmer-! light, emitted by the NBI (hydrogen or deuterium) 

atoms, which is related to the direction of the magnetic field in the plasma. The 25 

channels MSE diagnostic on JET [1-3] covers the center and outer side of the plasma 

(major radius 2.68-3.88 m) with a spatial resolution of 0.05-0.07 m and channel-to-

channel separation of ~0.05 m. The safety factor, q, is determined from the most Doppler 

shifted ∀+ component (selected by interference filters with ~0.4 nm bandpass) measured 

with avalanche photo diodes. The detection of the polarisation of the measured light is 

made by two photo-elastic modulators and a linear polariser. The measured light is 

analysed using a Stokes vector (derived from the amplitudes of the APD harmonics): the 

total intensity (FDC), two linearly polarised light components (40 kHz, 46 kHz) and a 

circular component (23 kHz). 

The q-profile on JET is reconstructed with the EFIT equilibrium reconstruction code 

[4]. EFIT solves the Grad-Shafranov equation using as constraints measurements (external 

magnetic probes, external poloidal flux loops, polarimetry and MSE) and searches for the 

minimum least-square solution. 

During H-mode operation the plasma is affected by Edge Localized Mode (ELM) 

instabilities. The ELMs appear as intense light flashes from the D-! radiation. Their 

influence on the MSE measurements can extend across the full field of view of the MSE 

diagnostic. In most of the discharges with the ELMs the light components detected by the 

MSE diagnostic show periodic disturbances, which are correlated in time with the ELM 

bursts appearing at the plasma edge. This behaviour of the MSE data prompts the question 

about the impact of the disturbances on the polarisation angle measurement and thus on 

the reconstruction of the q-profile using EFIT. Furthermore it is important to understand 

whether the MSE data during the ELM can be included in the analysis, for example to 

investigate whether the ELM actually causes loss of current and a new equilibrium as has 

                                                 

*
  See the Appendix of M.L.Watkins et al., Fusion Energy (Proc. 21st Int. Conf. Chengdu) IAEA, (2006) 
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Shot Time [s] 
q0  

(non filtered) 

Total !2  

of MSE fit 

q0 

(filtered) 

Total !2  

of MSE fit 
Time [s] 

q0 

(no ELM) 

Total !2  

of MSE fit 

70016 68.664 0.7 154.4 0.8 76.8 68.89 0.9 47.2 

70221 60.9005 0.6 102.2 0.7 33.3 60.858 0.8 33.7 

 60.9695 0.6 120.1 0.8 46.5 60.858 0.8 33.7 

 60.9755 0.6 128.4 0.8 63.7 60.858 0.8 33.7 

 61.0075 0.8 58.4 0.8 42.3 60.858 0.8 33.7 

 61.320 0.6 151.6 0.8 66.3 61.078 0.8 71.6 

 61.329 0.6 215.3 0.7 70.1 61.078 0.8 71.6 

70222 61.410 0.6 11.1 0.7 26.0 61.400 0.7 46 

70229 61.776 0.7 31.7 1.0 22.4 61.737 1.0 6.4 

Table 1: Examples of differences between ELM filtered/non filtered safety factor at the 

axis (q0) calculated at the moment of, before or after an ELM appears in the plasma. 

Calculations are done for MSE data averaged over 20 ms. All reconstructed profiles are 

smooth and monotonic or ‘near‘ monotonic as shown in Figure 2b. !2 is calculated for all 

the measurements used by EFIT, including both magnetics and MSE measurements. 

  

Conclusions 

Bursts of radiation caused by ELMs affect the MSE measurement on JET, therefore 

a method of eliminating the ELM influence has been proposed (ELM filter). This 

technique  extends the scope of timeslices amenable to MSE analysis allowing data to be 

analysed which would otherwise have been rejected. The scatter of the polarisation angle 

data, which increases with decreasing  averaging time, is reduced using the ELM filter. 

With the ELM filter applied MSE channels can still be distorted by the ELMs and have to 

be manually excluded from the analysis, but the number of reliable channels increases.  

q-profiles  reconstructed with EFIT using the ELM filter for the MSE data at the ELM 

time give comparable values to the q-profiles from the pre- or after ELM phases of the 

discharge. Within the error bars of the polarisation angle measurements we can not detect 

a change in the q-profile caused by the ELMs for the monotonic (non-reversed) q-profiles 

studied in this work.  
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