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KSTAR is a superconducting tokamak aiming to explore the long-pulse high beta 
confinement. In the 2012 experimental campaign, the duration of the H-mode flattop has 
been extended up to 16 s at 0.6 MA and plasma current level in H-mode reached at 0.9 MA 
by adopting the real-time plasma shape control and 3.5 MW neutral beam injection. The 
equilibrium operating space could be extended surpassing the n=l ideal no wall limit with 
betaN and betaN/li up to 2.9 and 4.1, respectively. The pedestal formation and characteristics 
were investigated according to L- and H-mode transition and during the edge localized mode 
(ELM). As one of the ITER high priority research topics, exploring the ELM mitigation or 
suppression by applying n=l or n=2 resonance magnetic perturbation (RMP) field or by 
injecting the supersonic molecular beam. The toroidal rotation changes were inspected for the 
ohmic and H-mode plasma by applying the ECH or 3D magnetic field. Various experimental 
researches were conducted according to the proposals including the disruption mitigation by 
using massive gas injection, fast ion loss detection under the edge perturbation, plasma wall 
interaction and others.

1 . Introduction

The Korea Superconducting Tokamak Advanced Research (KSTAR) device has a 
mission to explore the scientific and engineering research under the high performance and 
steady-state plasma confinement, which are essential for ITER and K-DEMO [1].The key 
designed parameters of the KSTAR are compared recent achievement in the table 1 .The 
basic designed parameters are toroidal field (TF) of 3.5 T? plasma current of 2 MA, and pulse 
length up to 300 s. The plasma shape is single null or double null with elongation up to 2.0. 
The achieved parameters are plasma current up to 1 MA, normalized beta up to 2.9, plasma

KSTAR Parameters Designed Achieved 
in 2012

Toroidal field, B〇 [T] 3.5 3.5
Plasma current [MA] 2.0 1.0
Pulse length [s] 300 21
Normalized beta 5.0 2.9
Plasma shape DN, SN DN, SN
Major radius, R0 [m] 1.8 1.8
Minor radius, a [m】 0.5 0.5
Elongation, k 2.0 1.9
Triangularity, 6 0.8 0.8
Plasma volume [m3] 17.8 17.8
Plasma fuel H, D H, D
Superconductor Nb3Sn, NbTi Nb3Sn, NbTi
Heating /CD [MW] 28 〜 5.5

Table 1 .Designed KSTAR parameters compared 
with achieved values in 2012 campaign

Fig.1 .The picture of the KSTAR device with 
installed heating and diagnostic systems in 2012
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Key features of the KSTAR device for the high performance steady-state plasma 
researches are fully superconducting magnet system for the higher toroidal field and larger 
plasma current operation by using NbaSn superconductor in TF and PF magnets as like as 
ITER magnets [2]. Other features for the high performance plasma control are passive 
stabilizer and in-vessel control coils (IVCCs) with 12 modules (4 arrays in toroidal and 3 
arrays in poloidal) which have flexible controllability such as vertical and radial position 
controls, edge localized mode (ELM) control with resonant magnetic perturbation (RMP)? 
field error correction (FEC), rotation control, or resistive wall mode (RWM) control. Figure 2 
shows the in-vessel components including divertor and passive stabilizer and the IVCCs are 
shown in figure 3.

The KSTAR heating and current drive (H&CD) system contains the NBI, ICRF, 
ECH/ECCD, and LHCD systems [3]. The available beam power of NBI was 3.5 MW in 2012. 
The ICRF system with 2 MW source power at 30-60 MHz is under conditioning for the 
reliable power coupling into plasma. Three types of ECH/CD systems are in operation with 
various frequencies, 84 GH z,110 GHz, and 170 GHz. Two ECH systems with 84 GHz and 
110 GHz have a short pulse operation capability for about 2 s and were used for flux saving 
during the plasma startup. Another one is 170 GHz ECH/CD system with 0.7 MW and 
steady-state operation capability, which was developed for the ITER prototype. The 
diagnostic systems to supply the information of plasma for the analysis and control have been 
developed in collaboration with domestic and international collaborators. To study edge and 
pedestal physics, some diagnostics are dedicated for the profile measurements. Ion 
temperature and toroidal rotation profile variation according to the L- and H-modes were 
measured by X-ray imaging crystal spectrometers (XICS) and charge exchange spectroscopy 
(CES). To visualize and analyze the MHD instabilities, multi-chord fast frame detectors has 
been developed such as ECE imaging system (ECEI), beam emission spectroscopy (BES), 
and soft X-ray array (SXR). By the ECEI system the growth and burst of the edge localized 
filaments in H-mode could be visualized in two-dimension [2].

Fig. 2. The bird eye view of the in-vessel 
components including passive stabilizers and 
divertor.

Fig. 3. The schematic view of the in-vessel 
control coils with 4 toroidal and 3 toroidal 
arrays.

2. Progress of the KSTAR experiments

Since the first plasma generation, the operation of KSTAR is dedicated to the 
development of operational capabilities for superconducting device with relatively short pulse. 
Brief history of the KSTAR experiments are; first plasma achievement in 2008 with plasma 
current at 108 k A ,1.5 T [3], first H-mode discharge in superconducting tokamak in 2010 at
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0.6 MA [4], successful ELM suppression in 2011 by applying n=l RMP [5], and extended H- 
mode at 0.6 MA up to 16 s in 2012.

In the 2012 experimental campain, real-time shape control task forth was launched to 
extend the H-mode plasma over 10 s to investigate various physics during the same plasma 
shot. To save the runtime, a magnetic control simulator, TOKSYS, was developed to find out 
the the target control logics. ISO-flux shaping could be achieved with accuracy within 2 cm. 
By properly controlled plasma shape and particle control, the pulse length of H-mode at the 
flattop was extended over 15s and 3.5s at 0.6MA and 0.9 MA, respectively as shown in figure
4. Typical ELMy H-mode discharges have been obtained in the KSTAR since 2010 [8]. 
Several H-mode characteristics have been investigated such as the L-H power threshold, 
characteristics of ELMs and confinement, and the inter-ELM pedestal profile evolution.

One of the urgent issues for ITER is to control the ELMs to meet the material 
requirements on diverter. KSTAR also showed three distinctive types of ELMy H-mode [6]: 
Several methods have been conducted such as resonant magnetic perturbations (RMPs), 
supersonic molecular beam injection (SMBI), plasma vertical jogging/kicking, and edge- 
localized current drive by ECCD [7]. Especially successful ELM suppression was achieved 
by applying the RMPs in n=l as shown in figure 5 and n=2 types of non-axisymmetric 
magnetic perturbations. The ELM mitigation by SMBI was found with increased ELM 
frequency and loss energy per peak. The change in profile of density, temperature, and 
toroidal rotation according to ELM were observed from a CES and reflectometer. Detailed 
ELM dynamics were analyzed by visualization of the edge filaments from ECEI.

Fig. 4. Extended H mode plasma discharge up to Fig. 5. Successful ELM suppression in KSTAR by 
16 sa t 0.6 MA applying n=1 RMP.

The operating regime expressed in stability relevant parameter space, normalized beta 
versus internal inductance (li, Pn) as shown in figure 6. The equlibria for the first H-mode 
achieved in 2010 are ル =1.3, // = 0.94• In 2012 the plasma y^has reached 2.9 transiently, 
sustained /?v = 2.5 for programmed pulse lengths of 6 s. Plasma li were in the range of 0.65 to
0.8. The pjyii exceeded 4 and surpassed the computed n =1  ideal no-wall stability limit 
computed for H-mode pressure profiles, a key threshold defining advanced tokamak 
operation [8]. Other researches were conducted such as MHD instability analysis, plasma
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wall interaction, disruption analysis, runaway electron, and other subject according to the 
experimental proposals.

Fig. 6. KSTAR equilibrium and operating space su Fig. 7. The projection of the planned KSTAR operation 
rpassed the no wall limits. (Courtesy of Y.S Park a space in normalized beta and pulse lenqth 
nd S. Sabbagh)

3. Plan for next operation

The future researches will be concentrated on several topics, which are more urgent and 
relevant to ITER and DEMO due to the limited human resources. Expected key research 
topics are solving the ITER relevant and urgent physics issues such as ELM suppression by 
using the KSTAR intrinsic tools, 3-D physics, and disruption prediction, avoidance, and 
mitigation. And integrated operating scenarios will be developed in preparation for the 
advanced tokamak operation by utilizing the various type of heating systems.

In the next five year, plasma performance in KSTAR will be extended to H-mode 
operation at 2 MA for longer pulse about 50s. KSTAR will be an effective research device 
for exploring the scientific and technological breakthrough in preparing the era of ITER and 
DEMO as shown in figure 7.
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