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Abstract. This paper presents an overview of experimental results and progress made in investigating the link
between magnetic topology, electric fields and transport in the TJ-II stellarator. The smooth change from
positive to negative electric field observed in the core region as the density is raised is correlated with global
and local transport data. A statistical description of transport is emerging as a new way to describe the coupling
between profiles, plasma flows and turbulence. TJ-II experiments clearly show that the location of rational
surfaces inside the plasma can, in some circumstances, provide a trigger for the development of core
transitions, providing a critical test for the various models that have been proposed to explain the appearance of
transport barriers in relation to magnetic topology. In the plasma core, perpendicular rotation is strongly
coupled to plasma density, showing a reversal consistent with neoclassical expectations. Contrarily,
spontaneous sheared flows in the plasma edge appear to be coupled strongly to plasma turbulence, consistent
with the expectation for turbulent driven flows. The local injection of hydrocarbons through a mobile limiter
and the erosion produced by plasmas with well-known edge parameters opens the possibility of performing
carbon transport studies, relevant for understanding co-deposit formation in fusion devices.

1. Introduction
The magnetic topology is an important ingredient of plasma confinement in magnetic traps.
Plasma flows also play a crucial role in transport in magnetically confined plasmas, and
clarifying the contribution of neoclassical effects and turbulence to flows is a key
outstanding issue. Due to the flexibility of stellarator devices, like TJ-II, these are ideal
laboratories to study the relation between magnetic topology, electric fields, flows and
transport. The results presented in this paper were obtained in plasmas created and heated by
Electron Cyclotron Resonance Heating (ECRH) (2 x 300 kW gyrotrons, at 53.2 GHz, 2nd
harmonic, X-mode polarisation) and Neutral Beam Injection (NBI). The ECRH was coupled
to the plasma via two quasi-optical transmission lines, placed at stellarator-symmetric
positions, equipped with an internal steered mirror. Beams of 400 kW port-through (H0)
power at 30 kV, were injected into target plasmas created using one or both ECRH lines.
Recent improvements in plasma diagnostics have led to a better understanding of the
confinement properties of TJ-II, including a test of the collisional-radiative model by a
supersonic He beam [1], the development of a dedicated neutral beam injection system and
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charge-exchange diagnostic [2], two-colour infrared interferometer [3], and spectroscopy [4].
The paper is organised as follows: In section 2, properties of transport and electric fields in
ECRH and NBI plasmas are discussed. In section 3, the link between core transitions and
magnetic topology is studied. Plasma rotation and momentum re-distribution mechanisms
are discussed in section 4. MHD studies are reported in section 5. Plasma-wall studies are
presented in section 6. Finally, some conclusions are presented in section 7.
2. Confinement and electric fields in ECRH and NBI plasmas.
Global and local transport studies. The global energy confinement time of TJ-II follows the
new ISS04 scaling [5], which is based on data from nine major stellarators, and shows robust
dependencies on density and heating power. Dependencies on other operational parameters,
i.e. the major and minor radii, magnetic field and the rotational transform, have been
included based on inter-machine analysis. It turns out that there is a systematic offset of
energy confinement between magnetic configurations, and its size correlates with the
effective helical ripple of the external helical field.
A local analysis of electron heat diffusion, assuming pure diffusion and negligible
convective heat fluxes, has been also performed. A density scan indicated that there is no
significant change of χe with density inside ρ=0.4 in the studied ne range (0.4 ≤ <ne> ≤ 1.0
1019 m-3), whereas in the region 0.5<ρ<0.8, χe decreased with density. A rotational transform
scan showed an overall decreasing trend of χe with iota. Moreover, χe was found to decrease
in regions containing a low order rational. The observations of plasma potential and radial
electric fields reveal a direct link between electric fields, density and plasma confinement.
Electric fields in ECRH and NBI plasmas.
The direct measurement of the electric
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"
It is well known that the plasma potential in
Fig. 1 Plasma potential profiles as density increases
stellarator devices (and the electric field)
from the pure ECRH phase (red) to the ECRH+NBI
one(grey) .
changes from positive to negative values as
the density is increased [6]. Recent TJ-II
experiments have investigated (shot by shot in stationary plasmas, as well as dynamically)
the evolution of plasma potential profiles versus plasma density in a systematic way. Fig. 1
shows the variation of the plasma potential as the density rises during an ECH+NBI
discharge. The smooth change from positive to negative plasma potential in the core plasma
region is now known to be a systematic feature, not dependent on TJ-II configuration.
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Kinetic studies. The electron distribution function has been investigated in different
confinement regimes, as well as changes in direct losses. The intensity and spatial
distribution of the direct losses showed a strong dependence on plasma parameters [7]. Fig. 2
shows direct losses versus plasma density, in a discharge with transitions between two
confinement regimes, with high (black dots) and low (green circles) convective losses. The
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observed direct losses decrease with increasing plasma density and also depend on plasma
confinement regimes. In addition, the response of convective particle losses to induced fast
changes in the radial electric field was studied, through their effect on total plasma radiation.
The observed up-down and in-out radiation changes during electrode biasing and ECRH
power switch on-off experiments (see fig. 3 [8]) are consistent with calculated electric fieldinduced particle drift modifications [9].
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Fig. 2. Time evolution of:
suprathermal electron losses to the
inner chamber wall, as monitored
with a soft x-ray detector (33 µm
Be foil), chord integrated soft xray emission (8 µm Be foil), line
averaged electron density and
central ECE signal. The inset
shows the dependence of the
direct loss intensity with average
density for high and low
convective loss regimes.
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Fig. 3. Left: Temporal evolution of the radial profiles (along the horizontal plasma axis) of the emissivity
perturbation induced by electrode biasing. Right: radiation asymmetry induced by ECRH modulation and
simultaneous change in central plasma potential

Next, the effect of suprathermal electrons on impurity ionization states has been
investigated, using iron impurities injected using the laser ablation technique. Recent
experimental observations have shown evidence of a shift to higher charge states of iron
when non-Maxwellian electron distributions are present. This phenomenon could help
understanding why modelling of impurity transport coefficients, using theoretical ionization
and recombination rates obtained by averaging over Maxwellian electron distributions, need
adjustable anomalous diffusion and convective velocity coefficients to correctly reproduce
the experiments [10].
Statistical description of transport. The improvement in plasma modelling tools allows a
better study of the complex coupling between profiles, plasma flows and turbulence. In
particular, the statistical description of transport processes (a new way of thinking in the
fusion community) in terms of probability distribution functions replaces the calculation of
effective transport coefficients and this is an active area of research in Ciemat.
A probabilistic model of particle transport has been developed, based on the use of
probability distributions to describe particle kinetics on the mesoscale, leading to a
Generalized Master Equation [11]. The model offers a framework to combine neoclassical
and turbulent transport consistently, while clarifying underlying assumptions (e.g. regarding
locality) and complex effects (e.g. regarding criticality [12]). A toy model based on these

OV/4-2

4

5

1.2

140

4

1

120

3

1
0
-1

0.6

e

2

100

0.8

Ti (eV)

T (keV)

e

19

-3

n (10 m )

ideas, incorporating a critical gradient mechanism, was shown to exhibit a range of
properties very similar to the behaviour of actual fusion transport experiments. Studies of the
resulting system show that a straightforward approach based solely on average transport
coefficients is probably insufficient to capture the essence of this type of systems, which has
important consequences for transport modelling, in general, and transport scaling, in
particular.
It has been observed that the ion temperature profile of low density ECR heated TJ-II
plasmas is almost flat and that energetic ions are present well outside the last closed
magnetic surface. Ion trajectories with different pitches and starting points have been
calculated. The trajectories of ions in TJ-II are computed by considering the actual 3D
geometry and the usual drifts due to electric field and gradient of magnetic field are
considered. It has been found that a feasible explanation for such a flat mean energy profile
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Figure 4: Density and electron and ion temperature profiles in ECH (read) and NBI (blue) plasmas
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giving
plasmasan effective flat ion temperature profile for low density plasmas. The distribution
function is also obtained without considering collisions and non-Maxwellian features are
found. The experimental data show that the ion temperature shows a gradient in NBI
plasmas in which plasma density and collisionality are higher. In this situation, the electron
temperature decreases and approaches the ion value (see Fig. 4). As both temperatures
approach, the energy transmission between both species becomes more efficient, so ion
orbits will have less importance for transport and more peaked ion temperature profiles are
expected, in accordance with experimental results.
3. Transitions and magnetic topology.
A transition to improved core electron heat confinement (known as CERC: Core Electron
Root Confinement) can be triggered when low order rational magnetic surfaces are located
in the core plasma region. Experiments showed a dependence of the threshold density (and
the barrier quality) on the order of the rational (n/m= 3/2 versus 4/2).
The characteristics of CERC triggered by the n=3/m=2 rational surface have already been
described in [13,14] and can be summarized as follows. At the transition, the electron
temperature increases in the plasma core region (ρ <0.3), while the radial electric field
increases substantially –by a factor of three-. The HIBP beam current profile indicates that
the plasma density profile changes to a slightly more hollow profile during the transition.
Quasi-coherent modes are observed as the ErxB shear flows develop at the CERC formation.
The mode can exist before or after the CERC phenomenon but vanishes when the barrier is
developed fully [15]. Finally, transitions triggered by the 3/2 rational have no effect on the
ion temperature. Recently, a CERC triggered by the n=4/m=2 rational has been studied in
TJ-II ECH plasmas. At the barrier formation, an increase in the ion temperature measured by
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CX-NPA diagnostic [16] and a reduction in the Hα
signals was observed, synchronized with the
change in the electron temperature (Fig. 5). The
change in the ion temperature was relatively
modest (about 10-15 %), but had not been
observed previously either in TJ-II or in the other
helical devices [17]. As the barrier was lost, ECE
traces showed a heat pulse propagating radially
outwards. The SXR tomography diagnostic
showed a flattening of the profiles localized
around ρ ≈ 0.4 with a m=2 poloidal structure (see
Fig. 6).
,.

0

Figure 5 Time evolution of (a) line density
and Ha signal; (b) electron temperature at
several radii and ion temperature measured
along a central plasma chord; and (c) net
plasma current, in a discharge with OH
induction.

Effective radius

1

Figure 6 SXR profile evolution and difference between the
tomographic reconstructions of the profiles before and
after the transition. Results show a m=2 poloidal structure
around ρ ≈ 0.4.

This observation, together with the absence of
quasi-coherent oscillations, indicates that the
magnetic island associated to the “natural”
resonance n=4/m=2 does not rotate in these discharges. A possible mechanism for the ion
temperature change would involve resonances of the radial electric field that modify ion
orbits and ion confinement.
4. Plasma rotation and momentum re-distribution mechanisms
Comparison of impurity poloidal rotation in ECRH and NBI plasmas. The poloidal
rotation of C V ions has been deduced from spectral line shifts measured using a high
spectral resolution spectrometer and a nine fiber-channel system.
Figure 7 presents results of C V poloidal rotation for two reference ECRH discharges
(ne=0.63 and 0.67×1019 m-3 –open triangles–) and for two ECRH+NBI discharges with
increasing line-averaged-density (0.94 and 1.72×1019 m-3 –full circles and squares–,
respectively). The peak CV rotation corresponding to the upper plasma half is also plotted as
a function of the line-averaged electron density. For ECRH plasmas with densities below 0.7
–1×1019 m-3 the radial electric field is positive.
Analysis of the data obtained has shown that a change of sign of the poloidal rotation
direction occurs that depends abruptly on plasma density, no matter the heating method.
Whereas in low-density plasmas the poloidal direction corresponds to a positive radial
electric field, at higher densities negative radial electric fields are deduced from the
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Fig. 7 Cord averaged data for CV poloidal rotation and maximum CV rotation versus line-averaged density

measured poloidal rotation. These measurements, consistent with HIBP results, are in
qualitative agreement with neoclassical theory calculations that predicts that the change of
sign of the radial electric field is mainly due to a change in the ratio of the electron to ion
temperature [18]. The influence of rotational transform on poloidal rotation has been
investigated in the iota range 1.6 – 2.2. There is a small but systematic dependence of core
rotation on iota.
Properties of spontaneous sheared flows in TJ-II. Experiments showed that the generation
of spontaneous perpendicular sheared flows (which self-organize, via fluctuations, to a value
close to marginal stability) requires a minimum plasma density.
Near this critical density, the level of turbulent edge transport
and the turbulent kinetic energy increases significantly in the
plasma edge [19]. The development of edge sheared flows, first
reported by means of Langmuir probe measurements, has been
recently visualized in 2-D by means of Ultra Fast Speed
cameras, reflectometry and HIBP measurements.
Bright, long-living structures are frequently seen with a spatial
extent of few centimetres. Those structures, previously referred
to as “blobs”, show predominant poloidal movement with
typical speeds in the range of 103 - 104 m s-1, in agreement with
the expected ExB drift rotation direction. In addition, the
plasma potential measured by HIBP shows a strong
dependence on the plasma density. At plasma densities near the
threshold value, evidence of inward radial electric fields has
Fig. 8 During the development
been observed at the plasma edge, whereas in the plasma core
of spontaneous edge sheared
the radial electric field (as measured by the HIBP system)
flows, fluctuations in the
remains positive. This result implies the simultaneous
angular distribution of blobs
are reduced and the elongation
development of two sheared flows at the threshold density: one
of blobs increases.
located in the proximity of the LCFS (r/a ≈ 1) (the one
investigated by means of probe measurements and fast
cameras) and the other one near r/a ≈ 0.7. Reflectometry measurements show that the inner
shear layer moves inwards as density increases above the threshold. A wavelet-based method
was used to characterize turbulent structures geometry and polarity in different poloidal
velocity shear regimes [20]. As sheared flows develop, turbulence structures become
stretched which can be interpreted as a modification in the perpendicular degree of
turbulence anisotropy. This result is consistent with a basic prediction of the shear
decorrelation model (put forward more than 15 years ago).
Recently, it has been shown that experimental results concerning the emergence of the
plasma edge shear flow layer in TJ-II can be explained using a simple model for a second
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Fig. 9 Evolution of the level of turbulence (E) and averaged poloidal velocity shear from the model, in
which the basic mechanism for the emergence of the shear flow is the Reynolds stress, and experimental
results in the edge of TJ-II stellarator.

order transition based on shear flow amplification by Reynolds stress and turbulence
suppression by shearing. In the dynamics of the model, the resistive interchange instability
was used (Fig. 9). This model predicts a power dependence on density gradients before and
after the transition, consistent with experiment [21]. In the framework of this interpretation,
the observed spontaneous transitions to improved confinement [22], triggered by edge
sheared flows which organize themselves near marginal stability, could be interpreted as the
first step (second order phase transition) leading to an H mode transition.
Finally combined ECRH and NBI experiments reveal that, once ECRH heating power is
turned-off, a confinement regime characterized by a strong reduction in ExB turbulent
transport, an increase in the perpendicular velocity (by about a factor of two) and a
significant increase in plasma density is achieved. Whether this transition can be related to a
fully developed H mode transition, in which perpendicular flows are dominated by pressure
gradients, still remains an open question.
Relaxation of electric fields during electrode biasing experiments. The effect of electrode
biasing on plasma confinement, turbulence and plasma flows has been studied. Experimental
results show that it is possible to modify global confinement and edge plasma parameters
with biasing, and evidence of electric field induced improved confinement has been found.
The plasma response is different at densities below and above the threshold value needed to
trigger the spontaneous development of ExB sheared flows in TJ-II.
FIG. 10. Fit of the
floating
potentials
decay measured at
different radial probe
positions in TJ-II.
Biasing was switch off
at Time=0. The decay
time, in the range of 10
– 40 µs, decreases in
the
plasma
edge
region.
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Two time scales have been found for the decay of the edge plasma potential, measured when
applied electrode potential is turned off. On the fast time scale (10 -50 µs) the plasma
potential changes by about 50 - 100 V after biasing in the edge region; on the slow time scale
(comparable to the particle confinement time) plasma potential modifications are linked to
the evolution of the plasma density. No clear relation between the fast decay time and
plasma density has been found so far, but results might suggest an increase in decay times
above the threshold density value. These results can shed some light on neoclassical and
anomalous damping mechanisms in fusion plasmas.
Energy transfer between flows and turbulence. Experimental results also show significant
parallel turbulent forces (proportional to quadratic terms in fluctuating velocities) at plasma
densities above the threshold value to trigger perpendicular ExB sheared flows [23].
Recently, a new method has been applied for the quantification of the local energy transfer
between flows and turbulence, by computing the production term (P) [24,23]. The radialparallel contribution to the turbulence production term is proportional to the radial derivative
of the mean parallel velocity and the radial-parallel component of Reynolds stress (Fig. 11).

Fig.11 Parallel-radial component of the turbulence
production term during edge sheared flow development
in the TJ-II stellarator [4]. Evidence of significant
energy transfer between turbulence and parallel flows
at the on-set of sheared flows was found.

Experimental
results
show
that
turbulence can act both as an energy sink
and an energy source for the mean flow
near the shear layer. These parallel
turbulent forces are mainly localized at
the radial location where sheared flows
develop. Present findings are consistent
with numerical simulations, emphasizing
the role of turbulent forces on both
perpendicular
and
parallel
flow
components during the development of
zonal flows [25]. TJ-II results show that
shear flow physics involves 3-D physics
phenomena in which both perpendicular
and parallel dynamics play a role.

5. MHD studies.
Previous experiments have shown an increase in fluctuation levels in configurations with
magnetic hill in the plasma edge region.
However, although the magnetic well is the main
stabilizing mechanism in TJ-II, plasma profiles
are not dramatically affected when the magnetic
well is removed in the plasma edge. This result,
consistent with recent findings in the LHD
stellarator [26], calls into question stability
calculations based on the assumption of smooth
pressure profiles.
ELM-like events have been reported in TJ-II
magnetic configurations with rational magnetic
surfaces (3/2, 5/3, 8/5) in certain plasma
parameters windows (e.g. high density). An
Fig. 12 Frequency vs. density in NBI plasmas
analysis of ELM-like events, based on the
coupling of ion-temperature-gradient modes to
Alfvén and acoustic modes has been made [27].
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Magneto-hydro-dynamic instabilities in the TJ-II stellarator are being characterized
experimentally in various plasma parameter regimes and heating scenarios [28]. The
appearance of low frequency modes (some tens of kHz) in ECH plasmas depends on the
rotational transform profile and plasma density. In NBI plasmas, high frequency (150-300
kHz) modes have been found in plasmas with line densities in the range of 0.6 – 3 × 1019 m-3
and heated with on/off-axis electron cyclotron heating. They are likely Global Alfven
Eigenmodes (GAEs) related to the low order resonance. These high frequency modes are
found in different configurations and related to several low-order rationals, n/m=3/2, 5/3. The
Alfvén modes appear as coherent and continuous oscillations whose frequency shows a clear
dependence with plasma density ( f ≈1/n0.5 ) (Fig. 12).
6. Plasma-wall studies.
Deposition and erosion of carbon films from hydrocarbon puffing in TJ-II. Following
previous studies on impurity screening in TJ-II, comparative studies of the injection of
methane (CH4), ethylene (C2H4) and hydrogen (H2) through a mobile, instrumented graphite
limiter were investigated [29]. Gas pulses of 12- 15 ms, corresponding to the injection of 4–
8×1018 particles, were produced at a fixed time during the discharge. The plasma density,
local Hα emission and central carbon density (CV) showed a more or less significant increase
as the species were injected, whereas no significant changes in the edge electron temperature
were recorded by the He line ratio method. When comparing C2H4 and H2 injection, a much
lower fuelling efficiency was deduced for ethylene, in spite of its higher electron/molecule
content. This is also true for the increase of local Hα emission, regardless of the higher
H/molecule ratio of C2H4. For this species, the relative Hα photon yield per injected H atom
is only 15% that of hydrogen. If CH4 and C2H4 are compared with respect to their
spectroscopic signatures, it is found that the ratio of CH/Ha emission intensities is a factor of
3 higher for the case of C2H4 at the typical edge conditions of the plasma, Te =30 eV and
ne=2×1012 cm-3. All this information can be understood from the point of view of the prompt
deposition of carbon layers with high H content when ethylene is fed into the plasma.
The topic of local contamination by
Limiter C IN
Lim A IN
the injection of hydrocarbons is
3
H ! C3/ne
Isat 1/ne (Lim.A)
H ! A3/ne
specifically
addressed
in
the
Isat 5/ne (Lim.A)
2
experiments of limiter insertion
shown in Fig. 13. Ethylene was
1
injected using 15 ms pulses during a
a)
radial scan of the limiter position. In
0
CV/ne
Te (eV)
each scan, the symmetric limiter was
60
0.8
kept at the location of the nominal
30
LCFS. Thus, limiter C (the one that
0.4
carries the gas inlet) was gradually
b)
0
inserted from the normalized minor
deltane/ne
0.6
radius r=1 up to 25 mm inside the
0.3
LCFS (r~ 0.8) in discharges < 13575.
c)
From 13576 to 13582, the reverse was
0
13560
13565
13570
13575
13580
done, i.e., limiter A was inserted
shot number
while limiter C remained at the LCFS
Fig. 13 Effects of limiter insertion in the plasma
depending on hydrocarbon deposition. Limiter C,
contaminated. Limiter A, clean

position. Data shown in parts a) and
b) of the figure refer to the parameter
value before the pulse is produced (t
< 1120 mS). As seen in the figures, a

10

OV/4-2

local enhancement of recycling is observed only at the inserted limiter. It must be kept in
mind that the total displacement of the limiter is more than twice the corresponding density
decay length of the SOL (~1 cm) of this type of plasmas. As ethylene is being puffed during
the whole scan, a local amorphous carbon layer may be created near the injection point.
Evidence of this is shown by the systematic increase of the plasma carbon content as limiter
C is inserted shot by shot (fig. 13b). Conversely, a constant value (although higher than the
initial one) of this plasma impurity is found when the carbon limiter A is moved inside the
LCFS, thus indicating that simple erosion of the graphite limiter is not responsible for the
enhancement. Figure 13c shows the fuelling effect of the injected ethylene. It is seen that a
fairly constant value is reached for all limiter settings and only for the innermost locations of
the limiter (>2 cm in) an enhanced effect takes place. This value, however, represents only
2% of the available electrons in the pulse.
The formation and erosion of films created by hydrocarbon injection was studied in a new
experiment. First, a single pulse of the hydrocarbon species (2–4×1018 molec) was injected
through the limiter into the plasma. Then, the gas was replaced by hydrogen and a series of
repetitive pulses were made. The process was repeated at several positions of the limiter and
for both hydrocarbons. Alternatively, hydrogen was fed into the plasma through a valve far
from the observation region, so that no extra neutral density increase, aside from that
expected from local recycling, was foreseen. The ratio of enhanced CH emission to that of
local Hα was found to be independent of the type of molecule used as precursor of the film
depending on hydrocarbon deposition. Secondly, and contrary to simple expectations, a
higher erosion efficiency by plasmas fed away from the limiter is also observed. As physical
sputtering is the major contribution to carbon contamination in TJ-II [30], this result seems to
be due to the contribution of other contaminated parts of the vessel. In consequence, the
expected increase of chemical erosion by enhancing the atomic H density near the injection
port could not be detected.
EIRENE simulation of Helium plasmas. The EIRENE Montecarlo code has been applied
for the first time to the simulation of a He plasma produced in the TJ-II stellarator by ECRH
[31]. Edge ne and Te profiles have been deduced by the supersonic He beam, but obtained in
similar H plasmas. A search for the Eirene parameters that produce agreement between the
experimental data for chord integrated He emission lines at 3 different wavelengths was
carried out. The most sensitive parameters correspond to the shape of the radial profiles near
the plasma periphery. Optimal values, well within the experimental error limits and the
Monte Carlo statistical uncertainty, have been found (maximum difference 15%, average
9%), and the corresponding neutral profiles have been obtained and analysed. Absolute
calibrated emissivity values, as well as signal ratios, have been used in the fits. However, the
present simulation cannot solve uncertainties on the ratio of the edge/central neutral density
and the concomitant uncertainty in the kinetic energy of the recycling neutrals.
Neutral hydrogen profile modeling in TJ-II. The profiles of the neutral molecular
hydrogen, H2, and that of atomic hydrogen, H, in front of a poloidal limiter of TJ-II have
been modelled using a simple 1D model and the EIRENE Monte Carlo Code [30] and
compared to Hα plasma imaging with a CCD camera. Very similar profiles were obtained
with both methods if the product energy of the hydrogen atoms after the molecular
dissociation is taken ~0.3 eV. For ECRH plasmas, the screening of neutrals by the plasma is
rather low in TJ-II, and the neutral penetration to the core plasma can be responsible for high
CX losses of hot ions when NBI is switched on.
Lithiumization of TJ-II. In order to explore, for the first time in a stellarator, the plasma
behaviour under a low Z, low recycling scenario, full coating of the inner walls of TJ-II by
Li has been made. This was achieved by feeding a Ne GD plasma with lithium vapour from
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a set of 4 effusive ovens, symmetrically located in TJ-II. A total of 4 g of Li were injected,
that should provide good density control for ECRH and NBI plasmas in the next campaign.
New techniques for tritium inventory control. The development of several techniques of
different applicability to the in-situ, non-perturbative control of the tritium inventory in
ITER, an important item in the Plasma-Wall activity at CIEMAT, is described in another
paper at this conference [32].
7. Conclusions
• The investigation of plasma potential profiles reveals a direct link between electric
fields, density and plasma confinement. The smooth change from positive to negative
electric field observed in the core region as density is raised is correlated with global
and local transport results, showing a confinement time improvement and a reduction
of electron transport. The statistical description of transport is emerging as a new way
to describe the coupling between profiles, plasma flows and turbulence.
• TJ-II experiments clearly show that the location of rational surfaces inside the plasma
can, in some circumstances, provide a trigger for development of core transitions. TJII findings provide critical test for different models proposed to explain the
appearance of ITBs linked to magnetic topology.
• The investigation of momentum transport mechanisms in the core and edge region is
emerging as a key area of research in the TJ-II stellarator. In the plasma core,
perpendicular rotation is strongly coupled to plasma density, showing a reversal
consistent with neoclassical expectations. Contrarily, spontaneous sheared flows
appear to be strongly coupled to plasma turbulence in the plasma edge, consistent
with expectations for turbulence-driven flows.
• The local injection of hydrocarbons through a mobile limiter and the erosion by
plasmas with well-known edge parameters opens the possibility of carbon transport
studies relevant to co-deposit formation in fusion devices. The erosion pattern of the
resulting hydrocarbon films was studied and compared to that of bulk graphite.
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