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Introduction 

An H-mode is one of the most promising operation scenarios for the future tokamak. Its 

confinement capability is attractive, but the operation stability needs a complement due to 

heavy heat loads on the plasma facing material caused by bursts of particle and energy during 

edge localized modes (ELMs). Many researches are focused on suppressing the ELM and on 

finding more stable operation regime without ELMs. It requires deeper understanding on the 

mechanism of the ELM, which is still not clear due to its anomalous nature. The ELM can be 

explained by a peeling-ballooning instability governed by gradient of particle density and 

current density on the edge transport barrier[3]. There are many theoretical and experimental 

reports that an ELM burst is related with evolution of filamentary structure which is highly 

elongated along the field line and its sudden burst[4][5]. Before the burst, increasing 

oscillations of plasma parameters named as precursors are frequently measured on the steep 

gradient region of the pedestal[6]. This oscillation can be explained by a poloidal rotation of 

the filamentary structure. These features were investigated with two-dimensional time 

evolutions of the electron density measured by a two-dimensional (8 radial x 4 poloidal) beam 

emission spectroscopy (BES) diagnostics on Korea Superconducting Tokamak Advanced 

Research (KSTAR). The system has spatial resolution of 1 cm, temporal resolution of 2 MHz, 

and its beam source is a heating deuteron beam operating at total power of 2 MW and beam 

energy of 100 keV[1][2]. Since the KSTAR BES has very low background intensity under 2% 

of beam emission intensity, the photon intensity can be directly converted to the electron 

density without any background subtraction which requires a modulation of the beam power. 

This enables to detect time evolutions of fast transient events. 

 

Time evolution of electron density during ELM phases 

Figure 1 shows a time evolution of the electron density during ELM phases with other plasma 

parameters. The precursor oscillations were clearly seen on the channels positioned at 
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pedestal during several hundred μs before the ELM burst. There are other oscillations which 

appear on most channels placed inside separatrix during entire inter-ELM phases with fixed 

frequency of 5 kHz. These oscillations are possibly resulted from radial plasma movements 

caused by control noises on the power supply. It seems that these are characteristics of 

KSTAR plasma and can be named as background oscillation. The precursor oscillations are  

 

  

Fig. 1 Time evolutions of edge electron density measured by BES are presented with other 

plasma parameters. Precursor oscillations are marked by dashed line. 

Fig. 2 Time evolutions of poloidal density profile over several radial positions. An ELM was 

burst on 3.0365 sec. Radial channels of #3-5 were positioned on the pedestal. Precursor 

oscillations are marked by dashed line. 
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discriminated from the background oscillation in regard that these appear only on pedestal 

during just before the ELM burst with varying frequency in the range from 2 kHz to 10 kHz. 

The most prominent feature of the precursor is that its phase shows a time delay between 

poloidally distributed channels. Figure 2 shows time evolutions of poloidal density profile 

over several radial positions. The precursor oscillations are clearly seen with time delay 

between poloidal channels. This feature can be explained by a poloidal rotation of filamentary 

structures with a poloidal mode number. 

 

Calculation of quantitative characteristics for ELM precursors 

Poloidal rotation of ELM precursors can be clearly seen by slanted structure on time evolution 

of poloidal density profiles from figure 2. To obtain quantitative characteristics for the ELM 

precursors, background oscillation of 5 kHz were suppressed by averaging over its period and 

DC component were subtracted. Processed precursor oscillations for several cases of ELMs 

were presented on figure 3. Several characteristics such as intensity, frequency, and time 

delay between poloidal channels can be quantitatively obtained from the processed 

oscillations. From these measured characteristics, several parameters on the precursor 

structure such as propagation speed, wavenumber and mode number can be calculated. 

Characteristics of precursors for an ELM are presented on Table 1. 

 

Calculated characteristics of precursors showed irregular properties for each ELM. Some 

ELM was even not accompanied with the precursor. Some precursor-like oscillations were 

diminished with small bursts and not resulted in the ELM. However, there were features 

consistently repeated over several ELMs. Intensity of the precursor was higher on radially 

outside than inside and suddenly disappeared on the outside of pedestal. Propagation speed 

was slightly higher on the outside while frequency was kept constant. This suggests that the 

filament keeps rigid structure by rotating poloidally until before the ELM burst. 

intensity ~ 13% propagation speed 0.23 km/s 

time delay 44 μs poloidal wavenumber 0.1 cm
-1

 

frequency 2.28 kHz poloidal mode number ~ 47 

radial position 0.84 in r/a toroidal mode number ~ 8 

channel gap 1 cm safety factor 6 

Table. 1 Characteristics of precursors for an ELM on 3.0357 sec. Red shade means a 

measured value, blue shade a pre-known value and green shade a calculated value. 
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Future Work 

Since a toroidal rotation can make propagation of the filamentary structure on the poloidal 

plain, more detailed information on the poloidal rotation of the structure will be obtained from 

an analysis with the toroidal rotation measurements. Using advanced analysis techniques 

providing higher temporal resolution, transition of the rotation speed on the onset of an ELM 

burst will be determined. These characteristics confirmed from survey over sufficiently large 

number of ELM events could reveal a triggering mechanism of the ELM. 
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Fig. 3 Processed precursor oscillations for several cases. Different colors represent different 

poloidal channels (left). Time trace of precursor parameters. Different colors represent 

different radial channels (right). 
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