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  Transport and asymmetries 
 Physics of plasma fueling 

  Fast particles: actuators and stability 
 Turbulence control: Zonal Flows 
  Edge – SOL coupling physics 

  Power exhaust 

1. TRANSPORT AND ASYMMETRIES 

 
 
 
 
 
 
 
 
 
 
 
Predicted poloidal asymmetries in radial electric field (Er) are comparable to those found in the 

experiments [Doppler reflectometry]. 
T. Estrada et al.,  NF-2019; E. Sanchez et al., NF-2019 
 
Different intensity in the density fluctuation spectra can be related to the poloidal locatlization 

of instabilities found in GK simulations.  
T. Estada et al., NF-2019; E. Sánchez et al., NF-2019 / IAEA-2021 
 
  
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

TJ-II research areas 

2. PLASMA FUELING 

3. FAST PARTICLES 

 
 
 
 
 
 
 
 
 
 
 

 
The impact of ECRH and ECCD has been investigated demonstrating a clear 
effect of ECCD on the observed AE mode spectrum [A. Cappa et al., IAEA-2021]. 
 
LRC are observed in potential fluctuations but not in density fluctuations [i.e. 
ZF-like structures]. It is an open question whether those ZFs can be directly 
driven by fast particle effects. 
 

 
 
 

•Moreover, linear stability analysis, using  STELLGAP [MHD] and FAR3d 
[gyrofluid] codes, has allowed AEs identification in different heating scenarios. 
 
 

•Cappa et al., NF 2021 / IAEA-2021 
•S. Mulas et al., IAEA-2021  
•Zonal Flows arise/interact from/with turbulence self-organization and could 

act as 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

•Ghhhh 
 

4. ZONAL FLOWS 

  
 
 
 
 
 
 
 
 

The radial width of LRC is strongly affected by plasma heating and isotope mass 
[Losada et al., PPCF- 2021 / IAEA-2021] 

 
Amplification of  ZFs in the vicinity of the density limit [D. Fernández-Ruiz  et al., 
NF-2021] 

 
 
 
 
 
 
 
 
 
 
 

5. EDGE – SOL COUPLING 

Turbulence radial spreading 
controlled by edge radial electric 
fields has been experimentally 
identified during the electron-ion 
root transition and edge biasing 
[Grenfell NF-2019 / NF-2020]. 

 
The radial electric field was also 
found to have a profound impact 
on turbulence intermittence [B. 
van Milligen et al., NF-2020] 
 

6. POWER EXHAUST 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Secondary electron emission in Liquid surfaces 
Oxidation of Li leads to an increase in the SEE yield. Annealing of the Li sample 

at 500 0C was enough to revert the values to those corresponding to clean 
surfaces.  

These results have a direct impact on the development of LM-based divertor 
targets in fusion [E. Oyarzabal et al., Nucl. Mater. and Energy 2021]. 

D retention 
 It was concluded that an exponentially decaying retention as the First Wall 

temperature is increased takes place, with negligible D/Li ratios at T>350ºC 
[A. de Castro et al., NF-2018 / E. Oyarzabal et al., NF-2021].  

 
The OLMAT facility, aimed at testing prototypes under DEMO-relevant heat 
loads was constructed and installed.  
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FIG. 5: [left column] Reconst ructed waveforms of the low

frequency global oscillat ion in radial elect ric field (a) plot ted
as a funct ion of the frequency and (b) plot ted on top of the

mean profi le in the ECH discharges. [right column] (c) and
(d) Those in the NBI discharges. Frequency ranges used for

(b) and (d) are 3.5-6.5 kHz and 0.5-3.5 kHz, respect ively.

smoothing is performed for A and Θ to remove shot -to-

shot scat ter of the points. Figures 5 (a) and (c) show the

reconst ructed waveforms as a funct ion of the frequency

and the radius for the instance of f τ = 0. In the NBI

case, a clear dipole structure of the oscillatory E r can be

seen. The amplitude is large only when the frequency is

low. In the ECH case, the radial st ructure of the oscilla-

tory E r seems to be wider. In ρ < 0.82, data is not avail-

able, but from a decreasing t rend in the Vf amplitude

[Fig. 4 (a)], the counterpart of the dipole E r st ructure

is expected to exist , composing the dipole st ructure as

well. In cont rast to the NBI case, the frequency depen-

dence of the E r amplitude is weak. From the series of

the analyses, it is confirmed that a preferent ial oscilla-

tory state exists depending on plasma condit ions. Phase

inversion point of the dipole st ructure at the lowest fre-

quency range seems to approximately agree to the inner

shear region in both cases. An interpretat ion, the low-

est frequency structure is smoothly connected to the zero

frequency st ructure, i.e., the mean E r profile, is possible.

The bot tom plots are snapshots of the E r profiles at

f τ = 0 and π. By the low frequency global E r oscillat ion,

the well depth of the E r profile is modulated in both

cases. Therefore, the E r shear and the E r curvature are

modulated by the oscillat ion, which can impact on the

t ransport regulat ion as discussed in [8, 9].

In this Let ter, we invest igated the spat ial st ructure

of a low frequency global potent ial oscillat ion in TJ-I I

plasmas. In two plasmas produced by different heat ing

schemes and characterized by different mean E r st ruc-

tures, frequency-space-decomposed spect ra of the global

potent ial oscillat ion was analyzed. In both cases, the

oscillatory field has a monopole potent ial st ructure and

a dipole radial electric field st ructure in the edge re-

gion. The width of the oscillat ing E r st ructure depends

on its frequency as well as the heat ing scheme. As the

frequency decreases, the oscillat ing st ructure asymptot i-

cally approaches to the mean profile.
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Zonal Flows arise/interact from/with turbulence self-organization and could act asPost-injection 
particle radial distributions can be understood qualitatively from neoclassical predictions. BUT 
pellets can also impact strongly MHD plasma stability and plasma turbulence [N. Panadero et 
al., NF-2018 / K. McCarthy et al., IAEA-2021]. 

 
Enhanced pellet ablation due to fast-electron impacts can lead to higher fuelling efficiencies 
(<40%) [K. McCarthy et al., PPCF-2019 / IAEA-2021] 
 
Comparisons with HPI2 simulations have revealed that interactions between outward drifting 
pellet material and a resonant surface can lead to the abrupt deceleration and hence reduced 
pellet material loss [K. McCarthy et al., NF-2021 / IAEA-2021]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

2-D mapping of plasma potential and density paves the way for model validation under positive 
and negative density gradient scenarios and asymmetries [Melnikov et al., EPS-2021]. 

 
Density fluctuations appear both at the positive and negative density gradient regions being 
stronger in the negative gradient region in agreement with TEM GK simulations [Sharma et al., 
PoP-2020]. 


