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Abstract: The dependence o f divertor particle and power deposition widths on plasma current (Ip) for lower hybrid 

current driven (LHCD) L- and H-mode plasmas was initially studied in the Experimental Advanced 

Superconducting Tokamak (EAST) under a lower single null (LSN) divertor configuration. And the profile widths 

were obtained from the divertor triple しangmuir probe array and an infra-red (IR) camera. It is shown that the 

deposition widths o f divertor particle and heat flux profiles both display a strong negative dependence on increasing 

plasma current, in L-mode, ELM-free H-mode and ELMy H-mode scenarios. The experimental results show good 

agreement with the heuristic SOL width model proposed by Goldston [R. J. Goldston 2012 Nucl. Fusion 52, 

013009].
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1 .Introduction
The widths o f particle and power deposition on 

divertor targets are critical parameters for operation o f 

many present tokamaks and ITER. Characteristic 

widths affect many issues related to divertor targets 

such as particle and power exhaust, recycling, and the 

upper lim it o f peak heat flux to avoid material damage.

Definitions on the width o f divertor heat flux profiles, 

include the FWHM, the simple e-folding decay length 

in the near SOL, and the integral decay length o f 

しoarte I1】. Scaling o f the SOL width as a function o f

various operational parameters has been studied for 

many years on JET, ASDEX-U, D III-D  and others. In 

2010, coordinated experiments were performed in 

H-mode scenarios on NSTX (2], Alcator C-Mod and 

D III-D  aiming at improving the prediction o f 

divertor heat flux profile for next step devices 

including ITER and beyond. Analysis o f the combined 

dataset reveals that the primary dependence o f the 

parallel heat flux width is strongly inverse with I p • 

A ll three tokamaks independently demonstrate this
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dependence, pointing to a common transport dynamic

and projects a much narrower SOL for ITER than 

relations currently in use. The exportation to ITER 

needs to be revised with more data on other tokamaks, 

though much progress has already been achieved 卜6丨. 

Also in 2010， stationary H-mode plasmas were 

achieved successfully on EAS1 in both lower single 

null (LSN) and double null (DN) configurations either 

by using lower hybrid current drive (LHCD) alone or 

combined with ion cyclotron resonance heating (ICRH) 

with lithium wall conditioning. Detailed divertor 

particle and power behavior during various H-mode 

scenarios on EAST were reported in 丨7_81. The divertor 

particle and power deposition widths were also studied 

in the campaign, mainly using divertor triple Langmuir 

probe (LP) arrays embedded in the target plates, along 

with an infra-red (IR) camera viewed the lower 

divertor region. In this work, the dependence o f 

divertor particle and power deposition widths on I p

in LHCD LSN L- and H-modes on EAST was 

investigated. Initial experimental results show that like 

recent results in Refs. 12 51 the divertor particle and 

power deposition widths in EAST also have strong 

negative dependence on I p , both in L-mode and

H-mode scenarios. The divertor conditions o f this 

study were all in attached regimes. In this paper 

experimental results for the lower outboard (LO) 

divertor only are presented, since the behavior at the 

inboard strike point is greatly affected by the 

secondary separatrix in the present LSN configuration
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l?1. To reduce the uncertainty inherent in LP evaluation,

e.g., the effect o f a non-Maxwellian fast electron 

population leading to over-estimation o f electron 

temperatures, coherent averaging o f a number o f 

similar EしMs was employed in the ELMy H-mode 

phases. This averaging method was also conducted in 

both L-mode and ELM-free H-mode intervals in each 

discharge to minimize the scatter o f data arising from 

fluctuations.

2. D ivertor heat flux diagnostics and experiments

EAST is the first fu lly  superconducting tokamak with a 

modem divertor configuration, starting operation in 

2006. A t present, two diagnostics on the machine can 

evaluate the heat flux on the divertor targets in EAST,

i.e., the divertor triple LP arrays 17 and the IR camera 

which is tilted downward toroidally to view the lower 

divertor region. The divertor LPs can also provide 

valuable information on the plasma density, electron 

temperature and particle fluxes in the divertor region. 

Parallel heat fluxes measured by LPs are calculated 

using the standard sheath model. The IR camera can 

directly measure the surface temperature o f divertor 

target plates, and a 2D rimte element code called 

DFLUX is used to calculate target heat flux from the 

surface temperature. Figure 1 shows the poloidal 

layout o f the two diagnostics, as well as a typical LSN 

configuration with dRscp <  0 . The spatial resolution

o f triple LPs along the target plates is 10-15mm 

poloidally, while the temporal resolution is 0.2ms. The

______________________________ Liang WANG
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power supplies for each group o f divertor triple LPs 

are all 200V DC. The IR camera system has a target 

poloidal resolution o f 6 mm and a framing rate o f 

50Hz.

Category II

F ig .1 The poloidal layout of divertor triple LPs and 
the field of view of the IR camera in EAST. 
UO(I)-Upper Outboard (Inboard) divertor; 
LO(I)-Lower Outboard (Inboard) divertor; 
LP-Langmuir Probe. Also shown is a typical LSN 

configuration with dRscp <  0 .

In this study, experiments were carried out in LHCD 

driven LSN H-mode discharges by varying the plasma 

current. The temporal evolutions o f some key 

parameters in three representative type-III H-mode 

discharges at different I p levels are shown in Figure

2. The shaded time windows which cover both L-mode 

and H-mode regimes are selected for later profile 

analysis, with the green window for shot #34407

(0.5MA), and the cyan window for shots #34388

(0.8MA) and #34397 (0.6MA), respectively. In the 

shaded windows, the values o f dRsep for the three

shots are about -1.3cm•し ine-averaged densities during 

the selected time windows o f the three shots are similar, 

in both L-mode and H-mode phases, i.e.,

〜 2 . 7 x l〇19m _3in L-mode and 〜 3 . 5 x l〇19m _3in 

H-mode regime. Auxiliary LHCD heating power 

plotted is the injected power minus the reflected power, 

which is about 1MW for all the three shots except the 

H-mode regime o f shot #34388, due to the 

auto-protection o f the LHCD system. Note that the 

toroidal field o f  shot #34397 is about 1.8T, a little less 

than that o f shot#34388 and shot #34407 (2T).

__________________________Liang WANG

Fig. 2 Time traces of plasma current, line-averaged 

density, LHCD power, and divertor Da emission

in three representative discharges at different I p

levels. Shaded time windows are used for profile 
characterization in the text.
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3. Results and discussion

In each discharge, the particle and power deposition 

profiles o f three different regimes were investigated, 

that o f an L-mode phase, an ELM-free H-mode phase, 

and an ELMy H-mode phase. To better contrast the 

difference between L-mode plasmas, the L-mode
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with consistent line-averaged densities. As

aforementioned in Section 1 , the data selected to 

generate each single profile were averaged over a time 

interval, i.e., 20 ms for both L-mode and H-mode 

regimes. For the LPs, each representative profile is the 

average on the data o f 100 time points during the 20

______________________________ Liang WANG

phases were all taken just prior to the L-H transition, ms interval (sampling rate: 5kHz).

i.e., 20ms before the L-H transition in each discharge,

しmode Lower Outboard ELM-free H-mode Lower Outboard

Outer mid-plane R-R ^(mm) Outer mid-plane (mm)

ELMy H-mode Lower Outboard

Fig. 3 Profiles of ノ、 at the LO divertor target, mapped to the LFS mid-plane with the EFIT code in しmode

(a, b and c), ELM-free H-mode (d, e and t), ELMy H-mode (g, h and i) phases. The solid symbols are 
experimental data, and the bold curves are exponential fittings in the SOL.

3.1 Dependence o f XJS on I p

Figure 3 shows the ion saturation current densities ( j s )

at the LO divertor targets for L-mode, ELM-free 

H-mode and ELMy H-mode phases in three discharges 

o f different I p . A ll profiles are mapped to the outer 

mid-plane using the EFIT magnetic equilibrium

reconstruction code. Data points are from the 

experiments, with the instrument error o f about ±10% 

Bold lines represent the simple exponential fitting 

to the profile outboard o f the separatrix, which is 

expressed in the form o f d ノ、e x p [- ( /? - /? max) / A ノ、]

using the least square fitting method, where /?max is
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the major radius o f the maximum 人 mapped to the

outer mid-plane and AJS is a fitting constant for the 

amplitude. The ion flux to the divertor plates in terms

〇f Js is r i〇n = n,Csl = js / e  ̂ where n, and Q

are the electron density and ion sound speed at the 

target respectively, i.e.,

r ion[nt~2s~]] = 6 .2 4 x \0 n  j s[Acm"2]. Note that on

Category II ______________________________
the near-SOL region and a long flatter tail in the

far-SOL region.

As can be seen, the outer mid-plane decay length o f 

ion saturation current density (A /v) decreases inversely

with I f) in both L-mode and H-mode regimes. In the 

same discharge, the L-mode data has a maximum peak 

j s value, while the ELM-free H-mode has the

_____________ _ Liang WANG

the SOL side, the j s profiles decay smoothly in the

region measured by the divertor LPs, which is the 

reason that simple e-folding length to describe the 

particle deposition width on the divertor targets is 

employed, and also in the parallel heat flux profiles to 

be presented in Section 3.2. This profile pattern is 

different from profiles measured in Alcator C-Mod レ1 

and NSTX [I0J, both o f which observe a sharp decay in

minimum peak j s value. The peak j s in the ELMy

phase is only slightly more than that in the ELM-free 

phase, which arises because each ELMy H-mode 

profile is generated by averaging the inter-ELM and 

during-ELM profiles in a given time window (20ms).

Also in the same discharge, the j s profile during the

ELM-free H-mode phase is steeper than that during 

ELMy H-mode phase.

L-mode Lower Outboard ELM-free H-mode Lower Outboard ELMy H-mode Lower Outboard

Fig. 4 Same as Fig. 3 fo r profiles o f parallel heat flux at the LO  d iverto r target.
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3.2 Dependence o f on 1 p

Figure 4 illustrates the parallel heat flux {q ,,)  at the

LO divertor targets for L-mode, ELM-free H-mode and 

ELMy H-mode phases as in Fig. 3. The parallel heat 

fluxes are obtained from divertor LPs, and are 

calculated using the standard sheath model

( ( } / , = /  j sT, I  e ) by assuming ^  =  7 , which is 

discussed in detail in Ref. [7]. The exponential fitting 

on the SOL side is A(f - Rm；iX) I using

the least square fitting method, where 7?ll)ax is the

major radius o f the maximum q!f mapped to the outer

mid-plane. These experimental results suggest the 

power deposition widths on divertor target also display 

strong negative dependence on I p , in both L-mode

and H-mode regimes, showing good agreement with 

the heuristic SOL width model proposed by Goldston 

In the 20ms-averaged time widows o f each 

discharge， the divertor targets in L-mode and 

ELM-free H-mode phases exhibit the maximum and 

the minimum peak heat flux, respectively. The 

discrepancy o f peak heat flux in different discharge 

phases is consistent with the measurements o f the IR 

camera, which w ill be shown later. In the profiles o f 

#34388 (0.8MA) and #34397 (0.6MA), the LO heat 

fluxes on the SOL side display a secondary peak.

However, in the LO j s profiles shown in Fig. 3, no

such secondary peaks were observed. The secondary 

peaks in the heat flux profiles may result from the
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secondary separatrix o f the upper X-point, as

illustrated in F ig .1 .And the influence o f the secondary 

separatrix on the cross-field transport between particle 

and power may be different at high I p .

_  ____________  Liang WANG

Fig. 5 Profiles of target heat flux along the LO 
divertor target in L-mode (a), ELM-free H-mode 
(b), and ELMy H-modc (c) phases as measured by 
an IR camera.

To verify the power deposition widths between 

cross-diagnostics, Figure 5 shows the target heat flux 

profiles measured by IR camera in shot #34388 and 

shot #34397. Unfortunately, results from the IR camera 

in shot #34407 are unavailable. The profiles obtained 

from the IR camera exhibit a significant departure 

from an exponential. For these IR heat-flux width 

studies, we employ the integral power width defined 

by Loarte ⑴，
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lin, L ^ 2nR^ ds ⑴

q 2《 vで f m
where A lqnl refers to the outer mid-plane, qJiv is the

measured power flux onto the divertor, s is the 

poioidal distance along the LO target plates, and

f m is the poioidal

magnetic flux expansion factor. As shown in the legend 

o f Fig. 5, the integral power deposition widths 

obtained from IR camera also depend strong inversely 

on the plasma current, again both in L-mode and 

H-mode regimes. The comparison o f peak heat fluxes 

between different phases in one shot is similar to the 

results o f divertor LPs, i.e., the L-mode imposes the 

maximum and the ELM-free H-mode imposes the 

minimum heat flux on divertor target plates. 

Furthermore, the IR results also suggest that the peak 

heat fluxes o f I p =0 .8A ^4  are higher than that o f

1 p =  0.6M A  during the same corresponding phases.

4. Summary
In summary, the initial measurements o f the 

dependence o f divertor particle and power deposition 

widths on the plasma current in EAST have been 

shown. Experiments were carried out in LHCD LSN 

L- and H-mode plasmas with lithium wall conditioning, 

with results presented from divertor LPs and an IR 

camera. Experimental results from the lower outboard 

divertor suggest that both the particle and power 

deposition profiles display a strongly negative
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dependence on I p in L-mode, ELM-free H-mode

and ELMy H-mode regimes. Particle and power 

deposition widths measured by divertor LPs were 

estimated using a simple e-folding decay length on the 

SOL side, while the power deposition width measured 

by IR camera was calculated using the Loarter integral 

width. The experimental results show good agreement 

with the heuristic SOL width model.
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