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Figure 1: Carbon density for an ELM-free discharge (left) and a discharge with 30 Hz triggered ELMs (right)  
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The response of kinetic plasma profiles to 3D-field triggered edge localized modes (ELMs) and 

the inter-ELM impurity transport were analyzed in lithium-conditioned H-mode discharges in NSTX. The 

ability to control the size and frequency (fELM) of ELMs will be critical in future devices, such as ITER, in 

order to avoid impurity accumulation and damage to wall and divertor plasma facing components (PFCs) 

due to large ELMs. Edge impurity flushing increased with fELM, with a progressive reduction in the 

carbon density nC inside the pedestal top. The ELM effect on the nC profiles was reproduced in MIST 

simulations with an inward convective perturbation and an outward diffusive/convective perturbation 

(inside and outside normalized volumetric radii RVOL =0.6, respectively). The increase in fELM progressively 

affected inter-ELM kinetic profiles, with electron pressure pe inside the pedestal top reduced up to 40% 

for fELM=60Hz. The agreement of inter-ELM carbon transport with neoclassical estimates improved with 

the increase in fELM, similarly to what observed in naturally ELMy discharges [1].  

ELM-free lithium-conditioned H-mode discharges in NSTX were characterized by core 

accumulation of impurities as a result of near-neoclassical impurity transport, an edge inward impurity 

pinch and the absence of edge flushing mechanisms (e.g., ELMs) [1]. Accumulation of metallic impurities 

led to core radiated power reaching up to 50% of the injected power, while accumulation of carbon led to 

uncontrolled ne. The combined use of lithium coatings for deuterium control and ELM-triggering (via 3D-

fields or granule injection) to flush core impurities is one of the candidate density control strategies for 

the NSTX-Upgrade (NSTX-U). Non-axisymmetric magnetic perturbations (n=3) were applied in NSTX 

to trigger ELMs (fELM=10-62.5 Hz), and mitigate core impurity buildup maintaining the positive effects of 

lithium on energy confinement [2, 3, 4].  

The increase in fELM progressively increased impurity flushing and modified edge plasma profiles. 

For ELMs triggered at 10Hz, carbon flushing was observed following the ELM crash for RVOL larger than 

0.6. Up to a 30% drop in nC was observed at the pedestal top, with comparable effects in the ne, Ti, vΦ 

profiles. While nC profiles recovered within the 100 ms ELM cycle, the increase in fELM led to a reduction 

in the overall core carbon inventory NC progressively affecting nC at inner radii (Figure 1). In particular, 

NC decreased by up to a factor of two for RVOL>0.5 with the increase in fELM while no decrease was 

observed inside RVOL~0.5. While Te profiles were mostly unchanged by the fELM increase, ne and pe were 

reduced up to 40% at ΨN=0.6 but unaffected in the steep gradient region (Figure 2).  
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Figure 2: Evolution of inter-ELM kinetic 

profiles for fELM = 10-60 Hz 

 

Figure 3: Carbon convective velocity as 

estimated from NCLASS for fELM = 0-60 Hz 

 
Figure 4: Experimental peaking factors (LnC

-1) in black and neoclassical predictions for the v/D ratio based on 

NCLASS calculations in red: ELM-free (left), 40 Hz (center), 60 Hz triggered ELMs (right).  

 

Transient perturbations to the steady state particle 

diffusivity DC and convective velocity vC were applied in the 

impurity transport code MIST to simulate the response of the nC 

profile to ELMs. The equilibrium v/D ratio was inferred from the 

steady state nC profiles and the absolute values were scaled by the 

neoclassical diffusivity. The experimentally observed increase in 

core nC following the ELM was simulated with an inward 

convective perturbation for RVOL<0.6. An outward 

(diffusive/convective) perturbation for RVOL>0.6 was used in the 

simulation to reproduce the edge ELM flushing.  
The agreement of inter-ELM carbon transport with 

neoclassical estimates improved with the increase in fELM. In 

NSTX H-mode discharges, intrinsic carbon transport was 

consistent with neoclassical estimates in ELMy discharges with 

boronized PFCs. Changes in Ti, nD profiles due to the application 

of lithium led to changes in carbon neoclassical convection. 

However, a deviation of carbon transport from neoclassical 

estimates was evident at the top of the pedestal, where a predicted 

inward pinch was not observed experimentally [1]. The 

application of 3D-field triggered ELMs to naturally ELM-free 

discharges led to changes in ne, Ti, vϕ with the vϕ and Ti 

normalized gradients increased by up to a factor of 3 at RVOL ~0.6 

and 0.7, respectively. The changes in Ti and nD profiles due to 

triggered ELMs led to changes in carbon neoclassical transport 

coefficients comparable and opposite to those observed with the 

transition from ELMy boronized discharges to ELM-free lithium-

conditioned discharges (Figure 3), resulting in a sign change in vC  

at the top of the pedestal (from inward to outward convection). 

Concomitantly, better agreement between the neoclassical 

transport predictions (via the NCLASS code) and experimental nC 

profile shapes was observed in lithium-conditioned discharges 

with triggered ELMs in a similar way to naturally ELMy 

discharges, as shown in Figure 4 from the comparison between 

experimental peaking factors ( CC nn / ) and the neoclassical v/D. 
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