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Abstract: Significant progress has been made in EAST since last IAEA FEC on both technology and 

physics fronts, particularly towards high performance, long pulse plasma discharges. The following key 

results have been achieved under a strongly lithium coated wall condition: fully steady-state long pulse 

diverted plasma entirely driven by Lower Hybrid Current Drive (LHCD) over 400 s, and stationary 

H-mode discharges over 30s with a combination of LHCD and Ion Cyclotron Resonant Heating (ICRF). 

H-modes with various type of ELMs have been realized at an H factor of HIPB98(y,2) ranged from 0.7 to 

over unity, providing great opportunities for H-mode physics study. New and exciting physics with 

dominant RF heating has been emerged, such as new findings on LHCD-induced 3D edge magnetic 

topology and its effect on manifestation in the heat and particle flux and influence on ELMy 

characteristics; the role of zonal flows limit cycle for the L-H transition or the occurrence of the I-phase; 

and new small Edge Localized Mode (ELM) regime, etc. Various means for mitigating ELMs have also 

been demonstrated to facilitate long pulse operation, including SMBI, as well as innovative solid Li 

granule injection.  

 

1. Introduction 

 

EAST (Experimental Advanced Superconducting Tokamak) has been operated for 

five years since completion of its engineering construction and achievement of the 

first plasma [1,2]. EAST has a flexible poloidal field control system to accommodate 

both single null (SN) and double null (DN) divertor configurations [3]. At initial 

operation phase, 2MW at 2.45GHz LHCD and 1.5MW ICRH systems in CW were 

equipped and recently upgraded to 4MW and 6MW respectively. Effective ICRF 

heating, 1 MA plasma current aw well as fully steady long pulse diverted plasma in 

minute scale have been achieved after intensive lithium evaporation conditioning to 

control the hydrogen concentration in deuterium plasma before last IAEA-FEC [4,5]. 

Just after that, EAST has achieved its first H-mode plasma typically with type-III edge 

localized modes (ELMs) at an H factor of H98(y,2) ~ 0.8 with about 1 MW LHCD 

power. The role of neutral density near the lower X-point due the effect of lithization 

for H-mode access [6] and Zonal Flows for the L-H transition at marginal input power 

[7] have been investigated, which might have significant implications for ITER 

operations. With a combination of ICRF and LHCD under a low recycling wall 

condition, a new type of stationary H-mode discharges could be sustained longer than 

several ten times the energy confinement time [5]. 

Recently, EAST capabilities have greatly been augmented. Graphite tiles on the low 

heat load area were replaced by molybdenum, except for the divertor regions. This 
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modification allow to reduce Hydrogen concentration significantly from previous 

~10% to ~4% in deuterium plasma after intensive Li wall coating, which allow more 

effective ICRF heating in minority heating scheme. Nearly 10MW CW H&CD 

sources power, a CW Supersonic Molecular Beam Injection (SMBI) and pellet 

injector and over 40 different diagnostics have been used in EAST experiments. These 

thus enable to extend our investigation on many specific physics issues. EAST aims 

long pulse high performance plasma operations [8] and has been recently well 

progressed, including: fully steady long pulse diverted plasma and stationary H-mode 

discharges, control of ELMs by SMBI and injected lithium granules, new features of 

H-modes generated by combination of ICRF and LHCD different from the typically 

NBI and ECRF heated H-mode et al. This paper will report the main progress of long 

pulse and H-mode experiments on EAST for last two years.  

 

2. Experiments on LHCD and ICRF heating  

 

2.1 LHCD coupling and efficiency at high density 

LHCD is applied for achieving long pulse plasmas and H-mode alone or with ICRF 

heating together on EAST. Coupling and power deposition at high density of H-mode 

and L-mode plasmas are main issues for the present EAST experiments [9,10]. Recent 

experiments focused on effect of local gas puffing from electron- and ion-side of the 

LHW antenna on coupling improvement with and without Li conditioned wall. 

Typically, LHCD generated H-mode needs local gas puffing to prevent multi-L-H-L 

transitions, routinely applied from electron-side due to higher efficient as proved by 

dedicated experiments. Experiments of LHCD density dependence fixed at N//
peak

 

=2.1 and DN configuration were performed by density scanning under poor and 

strong lithization as well as with gas puffing or SMBI. It is shown that best LH effects 

are obtained with strong lithization, consistent with previous studies in FTU [11], 

where lithium coating beneficial to high density LHCD, may be due to low recycling 

and high temperature at the edge.  

 

2.2 Edge magnetic topology change induced by LHCD 

LHCD appears to induce a profound change in the magnetic topology by driving 

currents in the edge plasma [12], as evidenced by the non-rotating Helical Current 

Filaments (HCFs) flowing along the magnetic field lines in the SOL, shown in Fig. 1. 

HCFs induce a 3D distortion of the edge magnetic fields, as confirmed by Mirnov 

probe measurements in LHCD power modulation. It leads to the splitting of divertor 

strike points with similar effects to the resonance magnetic perturbations (RMPs). 

Figure 2 compares the heat flux profiles at the outboard divertor target plate with and 

without LHW, clearly exhibiting a multi-peak structure for the case with LHW. The 

change in edge magnetic topology has been qualitatively modeled by including HCFs 

in a field line tracing code with actually measured filament currents (~100’s A), as 

shown in Fig. 1 as an insert.  The code predicts that HCFs can generate striated heat 

flux (SHF) footprints on the outer divertor target plate, in agreement with 

experimental observations.  
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Figure 1:(left and right) HCFs 

induced by LHCD in the plasma 

edge; (middle) Connection length 

plot of the poloidal cross-section 

at 𝜑 = 0∘ of EAST discharge 

#29100 at 3.5s with modelled 

HCFs.  

Fig. 2. Comparison of 

heat flux profiles at the 

outer divertor target 

with and without LHCD 

for shot 42327 with Ip = 

450 kA. 

Fig. 3. Contour of divertor 

heat flux on the outer 

divertor target. The red 

dashed line indicates the 

boundary of the outer 

divertor target plate. 

It appears that the 3D edge topology can be greatly affected by SMBI [13]. Figure 3 

shows the contour of heat fluxes on the outer divertor target plate obtained from an IR 

camera, which clearly shows an SHF pattern with a large heat flux peak in the far 

SOL outside the outer strike point (OSP).  Note that this second large heat flux peak 

has not been observed in ohmic modes or discharges with only ICRH auxiliary 

heating. It appears that application of SMBI reduces the peak heat flux near the strike 

point, while further enhances SHF, thus shifting power deposition from the primary 

strike point to the far SOL region.  

 

2.3 Experiments on ICRF heating 

In 2010 campaign with lowest hydrogen concentration of about 10%, both electron 

and ion heating were clearly demonstrated by ICRF, but with relatively lower 

efficiency [14]. At high electron density, normally ne  4 × 10
19

 m
3
, effect of density 

pump-out by ICRF power was observed with higher heating efficiency, as evidenced 

by higher stored energy increment compared to those at lower density without 

pumping-out effect at same ICRF power [4].  

In recent campaign of 2012, ICRF heating is more effective with further reduced 

hydrogen concentration to 3% as shown in Fig. 4 for a typical shot at 27MHz in an 

ohmic target plasma with Ip~0.5MA and Bt~1.9 T. The hydrogen fundamental 

resonant layer is located near the plasma center, where power deposition is peaked as 

calculated with the 2-D full wave TORIC code and indicated by the 2-dimensional 

ECE imaging [15]. The ICRF coupling efficiency was simply derived by calculating 

dWdia/dt at the time of the ICRF power turn-on or/and off. The estimated energy 

confinement time follows the ITER89P L-mode scaling in L-mode plasmas. In 

addition, an increase of toroidal rotation velocity in the co-current direction has been 

observed during ICRF pulse. The magnitude of toroidal rotation velocity increment is 

strongly correlated with injected power and positively correlated but not proportional 

to increment of plasma storage energy, which is discussed in details in [16]. 

The first effective ICRF heating was demonstrated with helium 3 as minority particles 

in the deuterium target plasma [17]. In Fig.5, time traces of two discharges with and 
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without Helium 3 gas puff are compared, where Ip=400 kA, Bt=3.0 T and hydrogen 

concentration is about 5%. Greatly different neutron rates and the stored energy have 

been observed. For the discharge with helium 3 injection, the neutron signal is more 

than two times comparing to reference shot without helium 3 injection during ICRF 

Heating phase. These observations show very weak power absorption for the 

discharge without Helium 3 gas puff. 

 
 

Fig.4 A typical ICRF heated plasma 

discharge show effective electron and ion 

heating, as well as increment of toroidal 

rotation velocity 

Fig. 5 Two identical discharges for ICRF 

heating with （black） and without (red) 

Helium-3 gas puffing. 

 

3. Experiments on H-mode operation 

 

3.1 Access condition of H-mode 

To date, H-modes have mostly been obtained with neutral beam injection, ion 

cyclotron heating, electron cyclotron heating, or Ohmic heating; only very limited 

data exists on H-mode access with LHCD alone. LHCD has produced dithering 

ELMy H-modes on JET in single null divertor plasmas [18] and ELM-free H-modes 

on JT-60 in limiter plasmas [19]. In 2010 autumn experimental campaign of EAST, 

the first H-mode with type-III edge localized modes (ELMs) at an H factor of 

HIPB98(y,2) ~ 0.80.2 has been obtained using LHW as the only auxiliary power source 

and at a power level close to the threshold power (~1 MW) predicted by the 

international tokamak scaling [20]. To access the H-mode at this power level, 

extensive lithium (Li) wall coatings were used. H-modes have been produced with 

DB or intentionally unbalanced DN as well as LSN (with the favorable B drift 

direction) configurations but not with USN. LHW coupling improvement by 

optimizing the outer gap and local gas puffing near the LHW launcher are necessary 

to reduce reflection and achieve reproducible stationary H-mode. 

With increasing Li accumulation the H-mode duration could be progressively 

extended up to the limitation of attainable durations of the current flat top with a 

gradual increase of stored energy during H phase. It was found that the neutral density 

near the lower X-point was reduced by a factor of 4 with increasing Li accumulation, 

while the required minimum LHW power to access H-mode was gradually reduced. 

These results strongly indicate that the neutral density near X-points could be a key 
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‘hidden variable’ behind the H-mode access and performance. Reduced transition 

threshold power was only observed coinciding with reduced edge neutral density and 

thus we presume the edge neutral density to be the main factor for the observed 

behavior in the power threshold. Detail discussion has been made in ref. [6]. 

H-mode can only be accessed by ICRF heating in the LHW driven L-mode 

plasmas due to lower power absorption with relative high Hydrogen concentration as 

discussed in section 2.3. In recent campaign of 2012, H-mode plasmas have been 

reliably obtained by LHCD or ICRF power alone and their combination with 

improved lithium coating and much more effective ICRF heating. 

 

3.2 H-mode operation 

By increasing ICRF heating power in LHW driven plasmas, stationary ELMy H-mode 

with mixed type-I and small ELMs was achieved in EAST, as shown in FIG. 6. This 

H-mode regime is obtained at low density (ne/nG~0.46) by applying 1.2MW LHCD and 

1.6MW ICRF, in LSN configuration with bottom triangularity δ ~ 0.48. The H-mode 

operation appears to be more stable with LSN configuration, i.e., the unfavourable BB 

direction with reversed direction of toroidal magnetic field. It could be because the strong 

particle control provided by the internal cryogenic pump beneath the out lower divertor 

plate. The type-I ELMs occur at a frequency of ~ 10 Hz, mixed with small ELMs at a 

frequency up to 1 kHz. The origin of these small ELMs will be discussed later. Good 

density control in this H-mode regime, however only a modest energy confinement 

improvement has been achieved, H98,y2 ~ 0.8, even for higher heating powers. 

  
 

FIG. 6. Stationary H-mode 

with mixed type-I and small 

ELMs. Ip~0.4MA, Bt~1.88T, 

LSN, PLHW~1.2MW, 

PICRF~1.6MW, f=27MHz, 

ne/nG~0.46. 

FIG. 7. Type-I ELMy H mode 

with H98y,2~1, ne/nG~0.41. 

Ip~0.3MA, Bt~1.9T, LSN, PLHW 

~1.2 MW, PICRF up to 2 MW, 

f=27MHz. 

FIG. 8. H mode with edge 

coherent modes and small 

ELMs. Ip~0.4MA, Bt~1.9T, 

LSN, PLHW ~1.2 MW, 

PICRF~1.6MW, f=27MHz, 

ne/nG~0.62. 

By reducing plasma density at Ip~0.3MA and increasing ICRF heating power, type-I 

ELMy dominated H mode with good confinement, i.e. H98,y2~1, was achieved. Figure 7 

shows such a typical H-mode discharge with the central-line-averaged density at 

ne/nG~0.4 during the H-mode period. A profound loss of plasma-stored energy up to 

~10% was observed to be induced by the type-I ELMs.  

By increasing the density to ne/nG~0.62, an enhanced D (EDA) H-mode regime was 

obtained with LSN configuration and bottom triangularity δ ~ 0.43, which is 

characterized by two coherent mode at the plasma edge with frequency ~ 30 kHz and 
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~200 kHz, enhanced D emission and small ELMs, as shown in Fig. 8. The coherent 

modes have been detected by low-field-side Mirnov coils, as shown in Fig. 9. The 

low-frequency mode appears shortly after L-H transition with frequency quickly 

decreasing from 100 kHz to 30 kHz during pedestal buildup, and then stay near 30 

kHz till the end of the H-mode period. This low-frequency coherent mode has also been 

detected by reflectometry, as well as reciprocating Langmuir probe, in the steep gradient 

region of the H-mode pedestal. Figure 10 shows a fluctuation power spectrum measured 

by the reflectometry at 54 GHz (with cut-off at  ~0.95). The results show that the divertor 

Dα emission increases along with the growth of coherent-mode amplitude, strongly 

suggesting that significant particle transport has been driven by the edge coherent mode. 

 

 

 

FIG. 9. Power spectrum of 

low-field side Mirnov signal, 

showing edge coherent modes 

at ~190kHz and ~30kHz for 

EAST shot 39467. 

FIG. 10. Density fluctuation 

level (n/n) and spectrum at 

54 GHz (reflectometry 

~0.95) in a similar shot as 

in Fig.9 

FIG. 11. PLoss and Pth 

predicted Martin scaling at 

dithering L-H transition 

plotted as a function of en  

 

3.3 L-H transition power threshold 

Most L-H transitions occurred in the low density range, ne = 1.7~3.410
19

 m
3

. In 

Fig. 11 the loss powers Ploss through the separatrix at dithering transitions and the 

threshold powers predicted by Martin scaling [20] are plotted as a function of 

line-averaged density,
 en , showing that its lower boundary follows the scaling. H 

modes were obtained with a big range of Bt = 1.35~2.07 T and Ip=0.3~0.8MA. We 

didn’t see density rollover for H-mode access for en > 1.710
19

m
3

, while lower 

density reduced LHW and ICRF coupling and heating efficiencies. In Fig. 12 Ploss at 

dithering transitions are plotted versus the threshold powers predicted by Martin 

scaling for three different heating schemes, which shows that as solely heated by 

LHW or ICRF the power threshold is very close to the scaling. Some dithering L-H 

transition occurred with the power significantly above the scaling, when the two 

powers were both applied. However, low boundary still follows to the scaling. 

 

3.4 ELM characteristics 

In EAST, a number of ELM types have been observed. Figure 13 illustrates 

characteristics of five types ELMs achieved in EAST H-mode plasmas, i.e., Type I 

ELMs, compound ELMs, Type III ELMs, very small ELMs, and strange unknown 

ELMs. These ELM types except Type III ELMs were all achieved with combined 

LHCD and ICRH. The present Type I ELMs on EAST were observed in LSN when 

the total heating power is about 1.5 times the L-H threshold power, with the 
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line-averaged density ne/nG ~ 0.47 and the triangularity δ ~ 0.4. The compound ELMs 

characterized by an initial ELM spike followed by few small ELMs were observed at 

higher density (ne/nG ~ 0.55) in DN, with a higher triangularity (δ ~ 0.45) and a little 

lower heating power than Type I ELMs. The small ELMy H-mode regime was also 

achieved in highly shaped plasma at high density (ne/nG ~0.6), while disappeared for δ 

 0.4. The Type III are the most common ELMs obtained in EAST around the L-H 

threshold power both in DN and LSN, showing no special dependence on the plasma 

shape. The repetition frequencies for the presented Type I ELMs, compound ELMs, 

Type III ELMs, and very small ELMs are fELM~20Hz, ~50Hz, ~350Hz, and 

0.8-1.5kHz, respectively. The strange ELMs are observed at very high density (ne/nG 

~ 0.65) and low triangularity (δ = 0.33-0.36) in LSN together with edge coherent 

modes, and comparable heating power to that of Type I ELMy H-mode. The 

behaviours of these strange ELMs are much different from other type ELMs. A 

significant loss of the plasma-stored energy (8~10%) were produced by Type I ELMs, 

while no or very little change of the plasma stored energy had been observed for the 

small and Type III ELMs. The energy loss can also be seen from compound ELMs 

(~5%). Characterizations of power load on divertor targets for these ELMs are 

reported in detail in [21]. Statistically, the peak heat flux on divertor targets caused by 

Type I ELMs are about 10 MWm
-2

, which poses a great challenge for the next step 

long-pulse H-mode operation of EAST. The peak heat flux for the very small ELMs is 

generally below 1 MWm
-2

, which may provide a potential scenario for ITER. 

 

 

 

 

FIG. 12. PLoss versus 

predicted  Pth for three 

different heating schemes  

FIG. 13. Characterization of 

different ELMs in EAST 

Fig. 14. ELM pacing in EAST 

using the new Li-injection 

technique. Each pellet triggers 

an ELM 

 

3.5 ELM mitigation 

We have explored various techniques for the active control of ELMs in EAST, 

including innovative solid Li pellet injection newly developed at PPPL [22], SMBI, D2 

pellet injection from both high field and low field sides, modulation of LHCD power, as 

well as conventional gas puffing.  

EAST has demonstrated, for the first time, ELM pacing using the innovative solid 

Li-pellet injection technique. Small Li granules, ~ 0.7 mm, are injected from the outer 

midplane into the plasma using a rotary motor with a tunable velocity to actively 

control the depth of penetration. Fig. 14 shows the time evolution of an H-mode 

discharge with the injection of Li granules. The Li granules are injected into the plasma 
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at a speed of ~45 m/s with a repetition rate of ~ 25 Hz. It appears that Li pellet injection 

is highly efficient at triggering ELMs, at nearly 100% efficiency. ELM mitigation with 

SMBI has also been demonstrated recently in EAST, achieving a quasi-steady state 

small ELM regime with a slight increase in density and little degradation in 

confinement [23]. SMBI appears to prevent the formation of large, low frequency 

ELMs, while triggering small, more frequent ELMs with a strong decrease in amplitude 

by a factor of ~3, and increase in frequency over a factor of 5 − 10, much higher than 

previous SMBI results from other experiments [24].  

In addition, LHCD tends to generate small ELMs, compared to the H-modes with 

similar ICRH power. This has been verified by modulating LHCD power. Fast 

switching-on of LHCD (at 10 Hz with 50% duty cycle) appears to trigger small 

amplitude, high frequency ELMs, or even completely suppress ELMs as shown in fig 

15 for an ICRH dominated H-mode plasmas. A drop in the pedestal density profile has 

been observed during LHCD application. Furthermore, LHCD appears to drive 

co-current toroidal rotation in both core and edge plasmas without obvious momentum 

input [25]. Although the underlying physics mechanism for this is still unclear, it has 

been observed that the rotation at the edge precedes that in the core, and core rotation 

drops upon each ELM crash, thus suggesting momentum transport from the edge. 

These may also be related to the LHCD-induced topology change as discussed above, 

although further investigation is needed to assess this effect.  

 
  

Figure 15: The effect of 

modulating the LCHD 

power on ELMs indicated 

by the D emission 

measured from the outer 

divertor 

FIG. 17. (a) D
div

 shows a 

small-amplitude dithering at 

~2kHz just prior to the L-H 

transitions, (b) zoom of the 

D
div 

FIG. 18. Long pulse divertor 

discharge entirely driven by 

LHCD with Li wall conditioning, 

active water cooling and 

periodic configuration 

sweeping.  

 

3.6 Power deposition profile and SOL width 

The basic divertor in-out asymmetry was investigated and modeled. However, the 

result suggests that the classical drifts may not play an important role in the observed 

in-out divertor asymmetry as discussed in [26]. In addition, study on the power 

deposition width scaling with the plasma current has been carried out in both DN and 

SN divertor configurations[27]. The profiles were obtained from the measurements of 

triple Langmuir probe arrays embedded in the lower outboard target plates, averaged 

over a time interval of 20 ms. Clearly, the SOL width of ELMy H-mode clearly shows 

a strong negative dependence on the plasma current, in good agreement with the 

drift-based SOL width model proposed by Goldston [28] and the joint experimental 
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FIG. 16. A dithering L-H 

transition in EAST, (a) 

D
div

 , (b) Isat, and (c) its 

power spectrum, (d) Pe in 

the SOL, (e) Pe gradient, 

(f) Er, (g) RS radial 

gradient, (h) 

turbulence-driven particle 

flux. All are near the 

separatrix except for 

specified 

results of DIII-D, NSTX and Alcator C-Mod [29].  

 

4. Progress in understanding of the L-H transition and I-phase  

Dedicated experiments have been carried out on EAST to 

study the dynamics of L-H transition and I-phase near the 

transition power threshold based mainly on two 

reciprocating Langmuir probe systems, toroidally separated 

by 89. Strong evidence has been obtained that the zonal 

flow limit-cycle oscillations plays an important role in 

mediating the L-H transition and generating dithering cycles 

during the I-phase [30]. In the shot shown in FIG. 16, the 

probe stopped at a radial position with the inner tips slightly 

inside the separatrix and stayed there for ~100 ms during 

which the probe captured a dithering L-H transition. 

The I-phase is characterized by a series of quasi-periodic 

dithering cycles. For each dithering cycle, it starts from a 

peak in the divertor D emission, passes through a decay 

phase, and then followed by a fast growth phase. Probe 

measurements show that the fast growth is induced by an 

abrupt outburst of turbulence, as indicated in FIG. 16(b) and 

(c) for ion saturation current, and its time-frequency power 

spectrum, respectively. Each outburst is followed by a quiet 

period, during which fluctuation level is substantially 

reduced, and slowly recovers [FIG. 16(b) and (c)]. Positive 

pressure pulses are seen in the SOL, induced by the 

outbursts of turbulence[FIG. 16(d)], suggesting that 

significant radial transport is driven by the turbulent 

outbursts, which replenishes the SOL with fresh particles 

and heat, leading to a quick recovery of the SOL pressure. 

Decay of the pressure pulses is on the same time scale of the 

SOL parallel particle loss. The time-averaged pressure gradient near the separatrix 

increases progressively during the I-phase [FIG. 16(e)], which may suggest a 

progressive enhancement in the edge confinement towards the H-mode. The pressure 

gradient near the separatrix accumulates during the quiet periods, then rapidly released 

by strong turbulent ejections of particles and heat during the outbursts. The 

turbulence-driven particle flux displayed in FIG. 16(h), demonstrates that turbulent 

outbursts drive sizeable outflow of particles. The radial electric field near the separatrix 

grows more negative during the I-phase [FIG. 16(f)], suggesting an increase in the 

mean flow. Negative spikes appear in the Er and the radial gradient of the turbulent 

Reynolds stress near the separatrix, correlated with the turbulent outbursts [FIG. 16(f) 

and (g)], which demonstrates that the turbulent outbursts drive EB flows near the 

separatrix. 

In addition, near the transition power threshold, small-amplitude dithering, 

manifested by quasi-periodic oscillations at a frequency of < 4 kHz, much lower than 
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the GAM frequency, frequently appears hundreds of milliseconds before the L-H 

transition or the occurrence of the I-phase, behaving like a transition precursor [31]. An 

example is shown in FIG. 17. The small-amplitude dithering is usually less regular 

compared to the large-amplitude dithering, but has similar features of turbulence-flow 

modulation interaction. Measurements with two reciprocating probes show that the 

small-amplitude dithering is associated with an oscillation in Er and Reynolds stress at 

the plasma edge. The measurements indicate quasi-periodic suppression of turbulent 

fluctuations by the Er oscillation when the Er shearing rate transiently exceeds the 

turbulence decorrelation rate. Wavelet bicoherence analysis shows a strong three-wave 

coupling between the edge turbulence in 30~100 kHz and the low-frequency Er 

oscillations. Just prior to the L-H transition, the Er oscillation often evolves into 

intermittent negative Er spikes, which could promote the transition. These new finding 

strongly suggests that near the transition conditions, zonal-flow limit-cycle oscillations 

with much smaller amplitude compared to those during I-phase could exist well before 

the L-H transition or the occurrence of the I-phase, behaving like a transition precursor. 

  

5. Demonstration of high performance, long pulse operation 

 

5.1. Demonstration of over 410 s long pulse divertor operation 

 Long pulse operation over 400 s has been achieved in EAST, entirely driven by 

LHCD, as shown in Fig. 18, by carefully controlling heat exhaust and neutral 

recycling. Since the present steady-state power handling capability is limited to 2 

MW/m2, plasma configuration was varied from USN via DN to LSN during the 

discharge with strike point sweeping to further improve power handling at the divertor 

target plates, thus minimizing divertor heat load, impurity influxes and plasma wall 

interactions under the steady-state condition. Real-time plasma control was also 

applied to maintain plasma shape to ensure effective coupling for LHW. Power of 

injected LHW was feedback controlled by flux loop, to minimize the flux 

consumption and maintain the plasma current. Furthermore, one key issue is to keep 

all PF coil currents at a minimum level (< 2 kA), well below the critical current limit 

(14.5 kA) to maintain a large safe operation margin for superconducting coils, which 

is crucial for future ITER long pulse (400 s) operations. 

   

5.2. Demonstration of over 30 s long pulse H-mode operation 

 The first H-mode was achieved in 2010 

at marginal input power with Li coating. The 

H-mode has now been further extended with 

enhanced heating capacities during the 

recent EAST experimental campaign in the 

spring of 2012, achieving reproducible, long 

pule H-modes over 30 s, with combination of 

LHCD and ICRH. Figure 19 shows a typical 

long pulse H-mode plasma discharge 

obtained under the DN divertor 

 

FIG. 19. H-mode discharge over 30 s, 

achieved with combined LHCD and 

ICRH operation.  
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configuration in EAST. The plasma has the following discharge parameters: Bt ~ 1.9T, 

Ip = 0.28MA, line-averaged density ne ~ 2.210
19

 m
-3

, q95 ~ 6.8, triangularity δ ~ 0.48 

and elongation κ ~ 1.7. This particular discharge is dominated by small ELMs, with 

H98,y2 ~ 0.80.1, with total injection power of ~ 2.5 MW. LHW and ICRF were 

applied during current ramp phase to reduce the loop voltage and L-H transition 

occurred during the current flattop, accompanied with dithering phase. The plasma 

density and total radiation power were comparable to that in L mode, suggesting the 

possible high particle transport, especially no impurity accumulation in core plasma, 

which is beneficial for the sustainment of the long pulse H mode.  

 

6. Summary and near future plan 

Since last IAEA meeting, significant progress has recently been made on EAST 

on many physics and technology fronts. EAST has achieved H modes with different 

type ELMs and extended H mode to long pulse operation. The improved capabilities 

have enabled study of new features of H-mode physics in RF dominated regimes and 

issues related to long pulse operations. 

By end of 2013, new 4MW LHCD at 4.6GHz and 2~4MW at 50~80keV NBI 

systems will be in operation. RMP system with 2(poloidal)8(toroidal) coils will be 

available. To facilitate operation of high performance long pulse plasmas with much 

higher heating power, the upper divertor will be modified by using ITER-like 

Monoblock targets and W Flat type dome. Maxima heat flux capability of divertor 

targets will be increased to ~10MW/m
2
. With greatly augmented diagnostic 

capabilities, EAST will certainly produce more exciting results and open a variety of 

new research issues and opportunities. 
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