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Introduction 

Recently, the Lithium Beam Emission Spectroscopy (Li-BES) system [1,2] on the 

COMPASS tokamak (R = 0.56 m, a = 0.23 m, I < 400 kA) has reached its full diagnostic 

capabilities. The beam is operated standardly at 60 keV and the strong lithium emission line at 670.8 

nm is detected by an array of 16 avalanche photodiodes (APDs) with a spatial resolution of ~1 cm. 

It is used for routine automatic measurements in COMPASS discharges and serves as a standard 

tool for reconstruction of density profiles in the edge/SOL plasma region. High signal-to-noise ratio 

of the detected light signal along with a fast chopping technique (up to 250 kHz) for plasma 

background correction allows the reconstruction of density profiles with unique temporal resolution 

down to 2 s [3]. Here we report on a first study of statistical properties of type-III ELMs in H-

mode COMPASS plasmas [4] on the basis of Li-BES signals. Analysis of the waiting time, duration 

and density ELM distributions and their radial variation in the edge/SOL plasma region was 

performed. One of the main aims of the presented work was also to develop a reliable tool for 

automatic ELM event detection in the Li-BES data. For this purpose, the generalized Sequential 

Probability Ratio Test (gSPRT) technique [5] was successfully implemented for the COMPASS Li-

BES signals. 

H-modes on COMPASS 

Since 2012, COMPASS tokamak is routinely operated in ELMy H-mode with Type-I and 

Type-III ELMs. [4] ELMy H-mode on COMPASS is achieved both in ohmic regime and also in 

NBI heated discharges. Type-III ELMs are generated with 400 – 1500 Hz frequency, while typical 
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frequency range for Type-I ELMs is 80 – 400 Hz. The L–H transition generally appears when the 

normalized power across the separatrix reaches value of 15 kW. m−2 for BT = 1.2 T. 

gSPRT method 

Generalized Sequantial Probability Ratio Test (gSPRT) has been developed at COMPASS [5] 

to automatically detect different events (ELMs, blobs etc.) in diagnostic signals (Dα, Mirnov, Li-

BES). gSPRT is a statistical tool to distinguish between two processes in a measurement, in our 

particular case between the inter-ELM and ELM period. The key element of the method is the 

probability ratio , calculated as a logarithm of ratio of the amplitude distribution functions (ADF) 

of the two distinct processes. Systematic investigations of D diagnostic signals have shown that 

the inter-ELM periods can be well described by the Gaussian distribution G(z,0,0), while ELM 

periods can be reasonably well described by the Inverse Gaussian (Wald) distribution W(z,,). 

Extending the method to Li-BES light and density data showed that the same distributions can be 

also used, achieving good gSPRT performance.  

A threshold-based ELM detection method was implemented along with gSPRT in order to 

compare their performance. gSPRT was found to systematically detect the onset of ELM event 

earlier, the difference being in the order of 10s. The greatest difference between the methods is 

the greater reliability of gSPRT in detection of the end of an ELM process, which can be 

underestimated by the threshold method in the order of 100s.  

Statistical analysis 

Li-BES diagnostic on COMPASS works reliably since 2015. Database of approximately 400 

ELMy H-mode discharges (~ 10k ELM events) with fast Li-BES density profiles (2 – 10 s) was 

created over the course of 3+ years. For the presented analysis, only Type-III ELMs were 

investigated, as type-I ELMs discharges are comparatively rare and they usually lead to early 

disruption after several ELM events so their statistical description is more challenging. 

Waiting time between ELMs is the basic statistical property directly connected to ELMs 

frequency. Left column of Fig. 1 shows this statistics in Li-BES light signal (top), and in the 

reconstructed electron density signal (bottom). 
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 In both cases fitting of 

experimental data with 

analytically described density 

functions failed, thus we used non 

– parametric fit. The mean value 

for waiting times in light signals 

and density signals shows the 

same value (~ 2 ms). Duration 

times of ELMs (right column of 

Fig. 1) shows different behavior in 

Li – BES light signals and in 

reconstructed density signals. 

Experimental data derived from Li 

– BES light signals can be fitted 

with Generalized Extreme Value distribution with mean value ~ 350 µs. For data from reconstructed 

density signals best fitting distribution is the Gamma distribution with mean value ~ 115 µs. This 

difference can be explained by the smearing effect of the finite lifetime of the Li(2p) excited atomic 

states. 

For the analysis of the local density amplitudes of the ELM events defined as the difference between 

peak ELM density and the unperturbed inter-ELM density level, a statistic sample of 62 COMPASS 

discharges with 1492 type-III ELM events was studied. Three neighboring Li-BES channels located 

at the separatrix and towards the SOL plasma region were analyzed to describe the radial 

dependence of the observed ELM density distributions. 

The radial dependence of the investigated Li-BES SOL channels was found to be strong, the local 

ELM density amplitudes seem to be relatively well described by a linear decrease towards farther 

SOL region (see Fig. 2). 

Density amplitude distributions are positively skewed and their variance is decreasing towards 

farther SOL channels (see Fig. 3).   

Fig. 1. Statistics in time 
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Generalized extreme value (GEV) distribution 

was used to fit the experimental data, however, 

it was found inadequate to describe the strong 

peaking of the far-SOL channel (1.2–1.4). 

No significant difference between NBI-assisted 

and ohmic H-mode discharges was found. 

Summary and Outlook 

The gSPRT technique was developed for 

reliable automatic ELM detection in COMPASS 

Li-BES signals. First statistical analysis of 

Type-III ELM events was performed and ELM duration, waiting times and density amplitude 

distributions were determined for the studied samples. In the next steps, the analysis will be 

extended to the whole available Li-BES signal database, including Type-I ELMs. One of the main 

goals is to establish automatic ELM categorization based on the statistical parameters. 

 

Fig.3. Experimental and fitted distributions of local ELM density amplitudes for 3 neighboring 

SOL Li-BES channels. 
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Fig.2. Dependence of local ELM density 

amplitudes on the radial position of the Li-

BES observation channel. 
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