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3 Department of Physics and Astronomy, Johns Hopkins University, Baltimore, Maryland 

21218, USA 

*y.li@fz-juelich.de 

Abstract: The neon impurity transport has been analysed by a multi-energy soft x-ray (ME-

SXR) diagnostic in the EAST tokamak. After the neon seeding the plasma temperature 

decreases while the plasma density increases and transports from the edge to the core plasma. 

The edge localized mode instability is changed after the neon seeding. The radial perturbation 

velocity of K-shell line emission emitted by neon impurity is measured about 40 m/s in H mode 

regime and originally propagated near the separatrix, while the perturbation velocity of 

continuum emission is hysteresis for 20 ms much slower and observed to begin to spread near 

the pedestal top. The mitigation of edge localized modes is synchronous with the continuum 

emission perturbation. The radial perturbation velocity of line emission decreases with the line 

average plasma density. 

Introduction: Neon seeding has been observed to enhance the pedestal electron temperature 

and improve the plasma confinement in the full metal wall tokamaks of JET [1] and AUG [2]. 

A spontaneous increase of the line-average density by a factor 2 after neon injection is observed 

in FTU. In EAST, neon gas has been injected to mitigate the edge localized modes. Different 

with the above tokamaks, the first wall in EAST is daily coated by lithium to clean the wall and 

enhance the wall adsorption. Since the K-shell line emission by neon ions is located at the soft 

x-ray range [3], a multi-energy soft x-ray (ME-SXR) diagnostic which roughly samples the soft 

x-ray spectrum is used to study the neon transport. ME-SXR has been successfully mounted for 

EAST in 2015 [4] to measure the edge soft x-ray emissivity and edge fast electron temperature 

where the spatial and temporal resolution of the diagnostic are 1 cm and ~10 kHz, respectively. 

ME-SXR contains five arrays, of which one non-foil is bolometric while four different foil 

filters (5 μm beryllium, Be, 15 μm Be, 25 μm Be and 50 μm Be foil) are used to measure the 

radiation spectrum of soft x-ray emitted by plasma. The lines of sight of these arrays are over-

lapping tangential view of the edge plasma region. For typical plasma temperature (~450 eV), 
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the bolometer signal is dominated by L-shell emission, 

while the 5, 15 and 25 μm Be filter arrays primarily 

measure K-shell lines and the 50 μm Be array measures 

continuum emission from fully stripped neon. This pa-

per preliminary reports the effect of neon seeding on the 

H mode plasma and the neon impurity transport inside 

the separatrix. 

Experimental set up: In EAST, the neon has been 

seeded by supersonic molecular beam injection (SMBI) 

from lower field side mid-plane of A port to the plasma 

to mitigate the edge localized modes (ELMs). During H 

mode discharge #69032, the neon impurity was injected at 4 s. In this discharge, the magnetic 

configuration is upper single null (USN). The plasma current Ip is 0.5 MA. The heating power 

are 1.6 MW 4.6 GHz lower hybrid current drive (LHCD), 0.6 MW 2.45 GHz LHCD and 1.3 

MW neutral beam injection (NBI). The L-H transition happens at 3.2 s and the line average 

plasma density is ~3.2×1019m-3 in H mode. After the neon seeding, both the total radiation 

measured by the bolometer and the edge soft x-ray radiation by ME-SXR are significantly en-

hanced. The plasma density begins to increase after 

20 ms later of the neon injection. The internal induct-

ance is slightly enhanced after the neon injection, 

while the plasma stored energy still keeps stable. The 

ELM frequency is significantly reduced and sustains 

stable after the neon seeding. This stable slow ELM 

frequency implies that the edge pedestal instability 

has been changed. The plasma density profile meas-

ured by Polarimeter-Interferometer (POINT) and 

temperature profile measured by Thomson scattering 

and ME-SXR have been affected by neon seeding and 

shown in fig. 2. Figure 2(a) shows that the edge 

plasma density begins to increase after 20 ms delay 

of the neon injection and the density increment trans-

ports from the edge plasma to the core region. In fig. 

2(b), the electron temperature measured by ME-SXR gradually decreases and sustains stable 

after 4.03 s, while the plasma density still increases from the edge to the core plasma. 

 

Fig. 2 (a) electron density profile measured 

by POINT; (b) electron temperature profile 

measured by Thomson scattering (TS) and 

ME-SXR 

 

 

Fig. 1 Time traces for #69032 discharge 

 

45th EPS Conference on Plasma Physics P4.1109



For the emissivity signals measured by ME-SXR, all the 

emissivity of five arrays calculated by Abel inversion from 

the brightness are significantly enhanced by the neon im-

purities. The dependence of the emissivity on the corre-

sponding filter’s cutoff-energy for soft x-ray transmission 

of 50% (Ec50%) has been shown in fig. 3(a). Based on this 

result, the emissivity difference of adjacent cutoff-energy 

filter arrays is calculated to estimate the soft x-ray emissiv-

ity between the cutoff-energies of the Be filters and shown 

in fig. 3(b). The relation of the emissivity difference with 

Ec50% could be roughly used to represent the emissivity 

spectrum in soft x-ray range. The result in fig. 3(b) shows 

that the neon injection would significantly enhance the soft x-ray emission with energy lower 

than 1.5 keV which is attributed to the K-shell line emission, while the increment of the emis-

sivity with energy larger than 1.5 keV is much delay and small, and probably attributed to con-

tinuous emission of plasma due to the density increment. The time derivation of the emissivity 

has been introduced to study the neon transport. The results for five different filter arrays are 

shown in fig. 4. In discharge #69032, the emissivity perturbation after neon seeding is first 

happened at the arrays which could detect the K-shell line emission emitted by neon impurity. 

The perturbation velocity is about 40 m/s and originally propagated near the separatrix. In con-

trast, the emissivity perturbation of the thick-

est 50 µm Be filter is hysteresis for 20 ms and 

observed to begin to spread near the pedestal 

top. This result implies that the emissivity per-

turbation in 50 µm Be filter is probably caused 

by the density enhancement from the edge to 

the core since the line emission from Be impu-

rity couldn’t be observed by this array. Inter-

estingly, the mitigation of edge localized 

modes is synchronous with the continuous 

emission perturbation. 

 

Fig. 4 Temporal evolution of (a) Dα signal and the 

time derivatives of the emissivity in (b) nonfoil, (c) 5 

µm Be, (d) 15 µm Be, (e) 25 µm Be and (f) 50 µm Be.  

 

 

Fig. 3 Dependence of (a) the meas-

ured emissivity and (b) the emissiv-

ity difference on the filter’s cut-off 

electron energy. 
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Since the emissivity perturbation could be used to reflect 

the K-shell line emission of neon ions inside the separa-

trix, a statistic is introduced to study the dependence of 

emissivity perturbation velocity Vneon on the plasma elec-

tron density, temperature and pressure. The result is 

shown in fig. 5. Here Vneon gradually decreases with the 

line averaged electron density <ne>  and the plasma pres-

sure P<ne> obtained by multiplying <ne> and electron tem-

perature at pedestal top Teped. The trend of Vneon on Teped 

measured by Thomson scattering is un-monotonic and 

maybe caused by the uncertain of Thomson scattering 

measurement.  

In conclusion neon seeding in H mode plasma in EAST 

tokamak has been observed to enhance the plasma density 

and radiation, and decrease the edge electron tempera-

ture. Electron temperature drop is probably caused by plasma radiation. The plasma density 

increment is observed to transport from the edge to the core plasma. The edge localized mode 

instability is changed after the neon seeding which is probably consequence of the significant 

enhancement of plasma radiation. The time derivative of the emissivity is introduced to describe 

the neon impurity transport. The radial perturbation velocity of K-shell line emission emitted 

by neon impurity is measured about 40 m/s in H mode regime and originally propagated near 

the separatrix, while the perturbation velocity of continuum emission is hysteresis for 20 ms 

much slower and observed to begin to spread near the pedestal top. The mitigation of edge 

localized modes is delayed for 20 ms after the neon injection which is synchronous with the 

continuum emission perturbation. The radial perturbation velocity decreases with the line aver-

age plasma density. 
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Fig. 5 Dependence of neon perturba-

tion velocity on (a) line averaged elec-

tron density, <ne>, (b) electron temper-

ature at pedestal top, Teped and (c) 

plasma pressure obtained by multiply-

ing <ne>× Teped . 
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