
OV/5-1: 3D Effects 
Ø  Advanced TJ-II Systems: Dual HIBP. Pellet 

injector. Liquid Li & Li Sn limiter -> New 
Physics available. 

Ø  Impurity transport: Affected by asymmetries 
of plasma potential and NC explanation of 
Impurity Hole. 

Ø  Plasma fuelling experiments: Core fuelling 
by off-axis ablated pellets. Turbulent 
neutrals (affected by plasma turbulence). 

Ø  Liquid Li & LiSn: TJ-II experiements show 
that Liquid Li & LiSn are promising PFCs for 
a reactor. 

Ø  lasma stability studies: Stable palsmas in 
Mercier-unstable configurations.  

Ø  Effect of 3/2 island on plasma flows. MHD 
palys a key role in L-H transitions.  

Ø  Alfvén modes mitigated by ECRH and 
modified by magnetic configuration (iotas 
and magnetic well). 
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Influence of ECRH on fluctuation levels.  

The influence of ECRH heating on the profile of total current fluctuation levels is 
illustrated in Fig. 3. In these studies HIBP-1 was in the radial scanning mode covering 
the whole TJ-II plasma cross-section (from the low to the high field side region). The 
level of density plasma fluctuations is significantly increased from the deep core (rho ≈ 
0) up to edge (rho ≈ 0.8) in the ECRH phase.  

The increasing in the level of fluctuations is due to the amplification of broad-band 
fluctuations in the range 1 – 300 kHz and is empirically correlated with the peaking in 
the electron temperature profile while keeping plasma density roughly constant in the 
ion root (negative radial electric field) regime. Thus, electron temperature driven 
instabilities (e.g. TEM) are candidates to explain the observed influence of ECRH on 
TJ-II fluctuation levels. 

It is interesting to note that previous experiments in the AUG tokamak [5] have shown 
that the influence of ECRH power on the turbulence level is only observed close to the 
ECRH deposition location, whereas in the TJ-II stellarator the influence of ECRH on 
the level of fluctuations is observed in the whole plasma cross-section.  

Influence of ECRH on LRC  

The amplitude of Long-Range-Correlations (LRC) increases for potential fluctuations 
but not for density and poloidal magnetic fluctuations as shown in Fig. 4. Furthermore, 
LRC in plasma potential are dominated by low frequencies (< 20 kHz) with cross-phase 
consistent with zero value in agreement with previous LRC studies using edge probes 
[9]. These results are consistent with the development of ZF structures that are 
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Fig. 3 Influence of ECRH in fluctuation levels and LRCs in core plasma potential fluctuations (shot 
41725) measured with HIBP-I in the scanning mode.  
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form appears to be quite fast, giving quite sharp borders for the 
ι window, coinciding for both ι increasing and ι decreasing 
as a function of time. Figure 5 shows furthermore that the ι 
windows, determining the chirping and steady-frequency forms 
of the modes are alternating. The slowing-down time τs for fast 
particles for the considered cases, highlighted in "gure 4(g), is 
different due to the slightly different densities ("gure 4( f )) and 
electron temperatures ("gure 4(h)): τs  =  75 ms for ι increasing 
while τs  =  125 ms for ι decreasing. The different time evol ution 
of τs illustrates clearly that the nonlinear evolution of the modes 
from the chirping state to the steady state cannot be due to a 
difference in the slowing-down evolution of the fast particles. 
Thus, we conclude that speci"c ι windows seem to be required 
for the appearance of the chirping modes for the present plasma 
characteristics, namely density and fast ion population.

The apparent paradox of having somewhat larger mode 
amplitude in the case of shorter slowing-down time (see  
"gures  4(c) and (g)) can be explained by considering the 
actual shape of the fast ion distribution. This family of con"g-
urations have similar plasma shapes and neoclassical transport 
properties, therefore the fast ion distribution depends on the 
actual plasma characteristics. It is possible that the population 
of resonant fast ions might be larger in the case of the shorter 
slowing-down time.

5. Discussion

In TJ-II we typically observe multiple modes, not single 
modes. In the present study the transition from chirping to 
steady mode was observed for one single mode. Indeed, as 
"gure  4 shows, there could be multiple modes, speci"cally 
chirping and steady-frequency modes coexisting at the same 
time in this shot. We used bi-coherence analysis to check 
quadratic nonlinearity for the mode interaction. For the set of 

shots used in this paper we did not "nd indications of three-
wave mode interaction, so we interpret the nonlinear effects 
as a result of the mode and fast ion interaction as described 
in [31].

The beam–AE interaction depends on the ratio between the 
Alfvén resonance energy, EAres, and the critical energy, Ecrit, 
the energy above which most of the NBI power is deposited to 
the electrons. If EAres/Ecrit  <  1, the beam particles at the reso-
nance interact with the plasma ions, so pitch-angle scattering 
and diffusion take place [32]. If EAres/Ecrit  >  1, the beam inter-
acts with the plasma electrons and electron drag takes place. 
The Alfvén energy, EA, and the critical energy are given by
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In the discussed experimental conditions at TJ-II, AEs are 
excited by 32 keV sub-Alfvénic fast particles from NBI. The 
modes are likely to be excited by a mixture of resonances 
with passing and trapped beam ions, with a passing par-
ticle–wave resonance at VNBI  =  VAres  =  VA/3 [24], and some 
trapped particle–wave resonances determined by poloidal 
and toroidal bounce frequencies, which have a complicated 
structure in the stellarator geometry. Estimates show that 
Ecrit  <  ENBI  <  EA/9, and EA/(9Ecrit) ! 1 in the considered 
conditions of NBI+ECRH, so electron drag is the dominant 
mechanism, replenishing the beam distribution function at 
the resonance between passing beam ions and the wave. In 
contrast, for the resonances between trapped beam ions and 
the wave, pitch-angle scattering may play a major role, thus 
enhancing the diffusive mechanism of replenishing the beam 
distribution function at the resonance. Basically, electron drag 
is expected to favor the generation of chirping [9, 10]. Figure 4 
contributes to the discussion of the role of electron drag in 

Figure 5. Nonlinear evolution of AEs as a function of ιvac. Bpol spectrograms from "gure 4, plotted with the time coordinate converted to ι, 
using model (2) at ρ  =  0.55. Note that in the upper box the evolution of time is opposite to that of ι. The borders separating the ι windows 
that favor the existence of the chirping modes and steady-frequency modes are marked with vertical red dashed lines. The two modes, 
marked in "gure 4 by yellow boxes, coincide in frequency and iota, and thus in fact represent the same mode.
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