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Laboratorio Nacional de Fusión CHALLENGE:  
Transport and impurity control 

Configura)on	  op)miza)on	  requires	  reduc)on	  of	  neoclassical	  
transport	  and	  understanding	  and	  controlling	  turbulent	  transport.	  	  

	  
Effec)ve	  impurity	  control	  seems	  possible	  in	  some	  regimes	  

TJ-II strategy:  
 

characterization of flux surface plasma POTENTIAL 
ASYMMETRIES  and NC model validation 

 
characterization of TURBULENCE ASYMMETRIES and GK 

model validation 
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Laboratorio Nacional de Fusión Asymmetries in radial electric fields: 
TOWARDS VALIDATION OF NEOCLASSICAL SIMULATIONS  

Predicted poloidal asymmetries in 
radia l e lectr ic f ie ld (Er) are 
comparable to those found in the 
experiments [Doppler reflectometry]  
 
T. Estrada et al.,  NF-2019 
E. Sanchez et al., NF-2019 

K N O S O S p r o d u c e s m o r e 
accurate calculations of the 
neoclassical energy flux for small 
values of the radial electric field.  
 
J. L. Velasco et al., IAEA-2021 
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Laboratorio Nacional de Fusión Asymmetries in plasma fluctuations: 
TOWARDS VALIDATION OF GK SIMULATIONS  

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 
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Laboratorio Nacional de Fusión 

TJ-II strategy: 
  

Influence of neoclassical and turbulence mechanisms 
during pellet ablation 

CHALLENGE:  
Physics of fuelling 

Is core fuelling feasible 
with shallow pellet 

penetration in reactor 
scenarios?  

 
Role of turbulent / 

neoclassical mechanisms? 
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Laboratorio Nacional de Fusión Plasma fuelling and impurities 

EXPERIMENTS AND VALIDATION 
 

ü  Post-‐injec+on	  par+cle	  radial	  distribu+ons	  can	  be	  understood	  qualita+vely	  from	  
neoclassical	  predic+ons.	  BUT	  pellets	  can	  also	  impact	  strongly	  MHD	  plasma	  
stability	  and	  plasma	  turbulence	  [N.	  Panadero	  et	  al.,	  NF-‐2018	  /	  K.	  McCarthy	  et	  al.,	  
IAEA-‐2021].	  

ü  Enhanced	  pellet	  abla+on	  due	  to	  fast-‐electron	  impacts	  can	  lead	  to	  higher	  fuelling	  
efficiencies	  (<40%)	  [K.	  McCarthy	  et	  al.,	  PPCF-‐2019	  /	  IAEA-‐2021]	  

	  
ü  Comparisons	  with	  HPI2	  simula+ons	  have	  revealed	  that	  interac+ons	  between	  

outward	  driNing	  pellet	  material	  and	  a	  resonant	  surface	  can	  lead	  to	  the	  abrupt	  
decelera+on	  and	  hence	  reduced	  pellet	  material	  loss	  [K.	  McCarthy	  et	  al.,	  NF-‐2021	  /	  
IAEA-‐2021].	  

NIFS,	  IPP-‐Greifwald,	  Centre	  
for	  Energy	  Research	  
[Budapest]	  collabora)on	  

TESPEL	   Hydrogen	  pellet	  
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Laboratorio Nacional de Fusión 2-D mapping of plasma profiles and fluctuations  
TOWARDS THE VALIDATION OF FUELLING PHYSICS 

	  
ü  2-‐D	  mapping	  of	  plasma	  poten)al	  and	  density	  paves	  the	  way	  for	  model	  valida)on	  

under	  posi)ve	  and	  nega)ve	  density	  gradient	  scenarios	  and	  asymmetries	  [Melnikov	  
et	  al.,	  EPS-‐2021].	  

ü  Density	  fluctua)ons	  appear	  both	  at	  the	  posi)ve	  and	  nega)ve	  density	  gradient	  regions	  being	  
stronger	  in	  the	  nega)ve	  gradient	  region	  in	  agreement	  with	  TEM	  GK	  simula)ons	  [Sharma	  et	  
al.,	  PoP-‐2020].	  

2-D  
Plasma-potential 
ECRH-plasmas 

Kurchatov – Kharkov collaboration 
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Laboratorio Nacional de Fusión CHALLENGE:  
Fast particle dynamics 

TJ-II strategy: 
  

Identification of AEs actuators (ECCD, ECRH, topology) 
Validation of fast ion induced stabilization (Zonal Flows) 

Upcoming	   fusion	   devices	  will	   explore	   plasma	   regimes	   fully	   dominated	  by	  FAST	  
PARTICLE	  DYNAMICS	  that	  are	  far	  from	  present	  devices	  in	  many	  aspects.	  	  
	  
Extrapola)ons	  from	  pure	  empirical	  data	  can	  be	  misleading	  and	  reliable	  data	  are	  
required	  to	  validate	  [fast	  par)cle]	  models	  in	  exis)ng	  plasma	  scenarios.	  
	  

Physics	  of	  AEs	  actuators?	  
Why	  fast	  par+cle	  EM	  induced	  stabiliza+on?	  	  
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Laboratorio Nacional de Fusión Alfvén Eigenmodes 
TOWARDS THE VALIDATION OF FAST ION CONTROL 

ü  The impact of ECRH and ECCD 
has been investigated 
demonstrating a clear effect of 
ECCD [due to rotational transform 
profile] on the observed mode 
spectrum 

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

 
 
A.  Cappa et al., NF 2021 / IAEA-2021 
S. Mulas et al., IAEA-2021  
 

Without	  ECCD	  	  

With	  counter-‐ECCD	  	  
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Laboratorio Nacional de Fusión Fast particle induced stabilization and AEs actuators 
TOWARDS THE VALIDATION OF FAST ION DYNAMICS 

Why fast particle EM induced stabilization? 
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Laboratorio Nacional de Fusión LRAlfvén	  Eigenmodes	  and	  Zonal	  Flows	  
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ü  LRC	  correla+ons	  are	  detected	  both	  at	  the	  AEs	  frequencies	  and	  low	  
frequencies	  (1	  –	  10	  kHz).	  

ü  LRC	  are	  observed	  in	  poten+al	  fluctua+ons	  but	  not	  in	  density	  fluctua+ons	  
[i.e.	  ZF-‐like	  structures]	  
It	  is	  an	  open	  ques+on	  whether	  those	  ZFs	  can	  be	  directly	  driven	  by	  fast	  par+cle	  effects	  

HIBP-‐1	  &	  	  HIBP2	  	  rho	  ≈	  0.3	  

ZF	  
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Laboratorio Nacional de Fusión CHALLENGE:	  
PHYSICS	  OF	  SELF-‐ORGANIZATION	  

Historically,	  transport	  simula)ons	  have	  first	  predicted	  the	  development	  of	  inverse	  
cascade	  of	  turbulent	  energy	  spectra	  to	  form	  Zonal	  Flows	  structures.	  
	  
This	  predic)on	  has	  been	  confirmed	  by	  experiments,	  providing	  the	  basis	  for	  the	  
development	  of	  predic)ng	  capability	  of	  transport	  in	  future	  fusion	  devices	  
	  

BUT,	  
Full	  valida)on	  of	  the	  plasma	  parameters	  affec)ng	  the	  amplitude	  and	  radial	  width	  of	  

ZFs	  is	  s)ll	  missing	  

TJ-II strategy:  
 

Interplay between neoclassical Er and zonal flows 
Role of isotope effect 

Influence of operational limits 
Role of fast particles 
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Laboratorio Nacional de Fusión Edge Zonal Flows:  
INFLUENCE OF PLASMA HEATING  ON  RADIAL SCALE 

 
4
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FIG. 5: [left column] Reconstructed waveforms of the low
frequency global oscillation in radial electric field (a) plotted
as a function of the frequency and (b) plotted on top of the
mean profile 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, respectively.

smoothing is performed for A and Θ to remove shot-to-
shot scatter of the points. Figures 5 (a) and (c) show the
reconstructed waveforms as a function of the frequency
and the radius for the instance of fτ = 0. In the NBI
case, a clear dipole structure of the oscillatory Er can be
seen. The amplitude is large only when the frequency is
low. In the ECH case, the radial structure of the oscilla-
tory Er seems to be wider. In ρ < 0.82, data is not avail-
able, but from a decreasing trend in the Vf amplitude
[Fig. 4 (a)], the counterpart of the dipole Er structure
is expected to exist, composing the dipole structure as
well. In contrast to the NBI case, the frequency depen-
dence of the Er amplitude is weak. From the series of
the analyses, it is confirmed that a preferential oscilla-
tory state exists depending on plasma conditions. Phase
inversion point of the dipole structure at the lowest fre-
quency range seems to approximately agree to the inner
shear region in both cases. An interpretation, the low-
est frequency structure is smoothly connected to the zero
frequency structure, i.e., the mean Er profile, is possible.

The bottom plots are snapshots of the Er profiles at
fτ = 0 and π. By the low frequency global Er oscillation,
the well depth of the Er profile is modulated in both
cases. Therefore, the Er shear and the Er curvature are
modulated by the oscillation, which can impact on the
transport regulation as discussed in [8, 9].

In this Letter, we investigated the spatial structure
of a low frequency global potential oscillation in TJ-II
plasmas. In two plasmas produced by different heating
schemes and characterized by different mean Er struc-
tures, frequency-space-decomposed spectra of the global
potential oscillation was analyzed. In both cases, the
oscillatory field has a monopole potential structure and
a dipole radial electric field structure in the edge re-
gion. The width of the oscillating Er structure depends
on its frequency as well as the heating scheme. As the
frequency decreases, the oscillating structure asymptoti-
cally approaches to the mean profile.

One of the author (T. K.) acknowledges Dr. K. Ida,

Dr. M. Yokoyama, Dr. N. Tamura and Dr. S. Sakak-
ibara for strong support. This work is supported by NINS
(National Institutes of Natural Sciences)/NIFS (National
Institute for Fusion Science) under the project, “Strate-
gic International Research Interaction Acceleration Ini-
tiative” and by the Grant-in-Aid for Scientific Research of
Japan Society for the Promotion of Science (17K14898).
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G. Grenfell et al

to connect strongly driven (unstable) to weakly driven (stable) 
regions [10]. Turbulence spreading has been observed from 
the X-point (unstable) to the O-point (stable) in magnetic 
islands [11] and in the SOL [12], where this effect is believed 
to be important to set the SOL width in future fusion devices 
[4, 6, 7]. In both cases, sheared radial electric fields have a 
clear impact on turbulence propagation [12, 13]. The present 
work attempts to clarify the situation by studying the impact 
of Er on turbulence in the edge-SOL region.

In stellarators, the edge Er depends on both neoclassical 
(NC) and turbulent mechanisms. Typically, Er changes its sign 
in a controlled and continuous way during the neoclassical 
electron (Er  >  0) to the ion root (Er  <  0) transition [14]. This 
converts stellarators in unique laboratories for studying the 
impact of radial electric fields on edge-SOL coupling. In pre-
vious experiments [12], we have shown how an edge Er field 
induced by external electrode biasing can modify the plasma 
periphery of TJ-II and decreases the level of edge-SOL cou-
pling. In this letter, we explore the spontaneous electron–ion 
root transition to study the impact of a slowly varying edge Er 
field on turbulence propagation.

2. Experimental setup

TJ-II is a flexible heliac with magnetic field on axis B0  <  1.2 T, 
major radius R0  =  1.5 m and minor radius a  <  0.22 m. The 
machine is equipped with two electron cyclotron resonance 

heating (ECRH) beam lines, delivering 300 kW each at a fre-
quency of 53.2 GHz (X mode).

The experiment discussed here was performed in the 
standard magnetic configuration, with rotational transform 
close to 1.6 (n/m  =  8/5) at r/a ≃ 0.8. Deuterium plasmas 
were started and sustained by ECRH, delivering a total power 
of PECRH ≃ 150 kW. The line averaged density varied in 
the range ne ≈ 0.3–1.0 × 1019 m−3 and the central electron 
temper ature in the range Te(0)  =  300–400 eV. Two elec-
trostatic Langmuir probes were used in the this experiment 
(figure 1) [15, 16]. Probe B (at toroidal position φ = 195◦) is 
inserted from the bottom of TJ-II, while probe D (at φ = 38◦) 
is inserted from the top. Probe B is a rake probe with eight 
tips, aligned radially with a mutual separation of  ∼2 mm. The 
tips were configured to measure the floating potential (φf ). 
Probe D is a two dimensional probe array, composed of five 
rows at radial intervals of  ∼5 mm, with four tips per row, hav-
ing a mutual poloidal separation of  ∼3 mm. The probe was 
set to measure φf , the ion saturation current (Is), and the elec-
tron temperature (Te) in the standard triple probe configura-
tion [17]. All probe signals were sampled at 2 MHz frequency 
rate. Both Langmuir probes were installed on a reciprocating 
system, allowing insertions of up to r/a ≈ 0.85 (on a shot by 
shot basis). In addition, TJ-II is equipped with a two-channel 
Doppler reflectometer [18], permitting to measure, with good 
spatial and temporal resolution, the plasma cross-field veloc-
ity in the range r/a ≈ 0.6–0.9.

3. Electron–ion–electron root transition

Figure 2 shows the evolution of some relevant plasma param-
eters during the slow electron–ion–electron root transition 
in TJ-II. The ECRH power was kept constant in the time 
window shown (PECRH ≃ 150 kW). The density rises and 
falls by varying the gas feed (figure 2(a)). In the first phase 
(1100 ! t ! 1160), the line averaged density was ramped up 
from about 0.4 to 1.0 × 1019 m−3. The edge Er changes sign 
from positive to negative (figure 2(b)) [19], as the plasma 
makes a spontaneous transition from the electron to the ion root 
at t ≃ 1155 ms [14]. The Doppler reflectometry measurement  
of Er assumes that the density fluctuation intrinsic phase 
velocity is negligible compared to the E × B velocity [18, 
20]. The edge electron temperature varied only slightly in the 
selected time window (figure 2(e)). As a consequence of this, 
the negative gradient of the floating potential is closely related 
to Er, as Er ≈ −∇rφf − 3∇rTe while ∇rTe < 0 in the edge 
and SOL. The temporal evolution of Er (from Doppler reflec-
tometry) and −∇rφf  is similar, noting that they were mea-
sured at slightly different locations. In the ion root phase, Is 
increases (figure 2(d)), while Te drops slightly (figure 2(e)), 
suggesting a local density increase, as Is ∝ neT−1/2

e . The 
whole process is approximately reversed at the ion–electron 
root back-trans ition where Er changes back from negative to 
positive, at t ≃ 1190 ms.

We draw attention to figure 2(f ), which shows the ampl-
itude of the largest mode computed from the decomposition 
of all φf  signals (from both probes B and D) in orthogonal  

Figure 1. 3D schematic view showing the TJ-II last closed flux 
surface (LCFS), where the colors represent the magnetic field 
strength |B|, and the position of the two probes (shown in detail at 
the bottom) used in this experiment.

Nucl. Fusion 60 (2020) 014001

ü  The radial width of LRC is strongly affected by plasma heating. 

ü  The radial scale of LRC structures (as proxy of ZFs) is in the range of 20 ion 
Larmor radius in NBI plasmas, which is comparable to the radial scale length 
of neoclassical radial electric fields. 

 
T. Kobayashi et al., NF-2019 

NIFS collaboration 
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Laboratorio Nacional de Fusión Edge Zonal Flows:  
INFLUENCE OF ION MASS AND  OPERATIONAL LIMITS 

 

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

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

 

NIFS / Kyoto University collaboration 

3.4.*Evolution*with*the*density*
*

The&spectral&power&of& low&frequency&fluctuations&as&well&as&coherence& levels&clearly& increase&
when&as&the&plasma&pulse&approaches&the&density&limit.&Previous&experiments&[37]&have&shown&
that&there&is&an&interplay&between&neoclassical&(mean)&radial&fields&and&the&amplification&of&low&
frequency&ZF4like&structures;&however,&any&relation&between&the&ZF&and&the&stored&energy&has&
not&been&proven.&Since&the&energy&is&dependent&on&the&density,&a&logical&step&is&to&study&if&low&
frequency& ZF4like& fluctuation& also& depends& on& it.& Figure& 6& shows& the& evolution& of& the& cross&
correlation& of& the& same& discharges& as& a& function& of& their& electron& densities.& Namely,& in& 6.a:&
36904& (B=1.0!!& );& 6.b:& 36905& (B=0.9!!);& 6.c:& 36911& (B=0.8!!)& and& 6.d:& 36913& (B=0.7!!).& The&
vertical& dashed& lines&mark& the& peak& of& stored& energy& in& each&discharge.& & Figures& 6.e& and& 6.f&
compare&the&evolution&of&the&cross&correlation&of&plasma&using& just&NBI1&(36902;&B=1.0!!)&or&
NBI1+NBI2&(36934;&B=1.0!!).&&

 

 
Figure*6:&Long&Range&Cross&correlation&as&a&function&of&the&density&for&different&magnetic& field&
strength:&6.a&36904&(1.0!!)&6.b&36905&(0.9!!);&6.c&36911&(0.8!!);&6.d&36913&(0.7!!)&and&LRC&as&a&
function&of&the&heating&scheme:&6.e&36902&(NBI1)&6.f&36934&(NBI1+NBI2).&

&

As&shown&in&all&figures,&the&correlation&starts&from&low&values&and&increases&gradually&with&the&
density& until& it& reaches& its& maximum& values.& The& correlation& keeps& this& maximum& until& the&
density&(operational)&limit&is&reached&(vertical&dotted&line).&Once&the&DL&is&surpassed,&the&self4
organized& structure& seems& to& collapse& leading& to& a& decrease& in& the& correlation.& Both& the&
magnetic&field&and&the&heating&scheme&play&a&key&role&in&the&exact&value&of&the&critical&density.&
This& becomes& apparent&when& comparing& figures&6.a& to& 6.d;& the&mentioned& critical& density& is&
displaced&to&lower&densities&as&the&magnetic&field&is&reduced.&In&the&same&manner,&heating&with&
NBI1&and&NBI2&produces&a&far&greater&value&of&the&critical&density&than&with&only&NBI1,&as&can&
be&observed&in&figures&6.e&and&6.f.&These&observations&seem&to&indicate&a&relationship,&though&
not&causality,&between&the&DL&and&the&amplitude&of&ZF.&

NBI	  1+2	  

NBI	  1	  	  

Density	  Limit	  
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Laboratorio Nacional de Fusión 

TJ-II strategy:  
 

Characterization of plasma Edge-SOL coupling and role 
of Radial Electric Fields on turbulence spreading  

CHALLENGE:  
EDGE – SOL coupling 

Plasma	  regimes	  of	  opera)on:	  
Development	  of	  	  integrated	  scenarios	  with	  controllers	  

CORE	   EDGE	   SOL	  

Er	  
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Laboratorio Nacional de Fusión Role of radial electric fields on EDGE–SOL coupling 
TOWARDS THE VALIDATION OF SOL WIDTH PHYSICS 
 

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

ü  The radial electric field was also found to have a profound impact on turbulence 
intermittence. This discovery opens up a new window for the study of the complex 
interactions between Er and turbulence [Milligen et al., NF-2020] 

5

G. Grenfell et al

flip that characterizes the root transitions. The transfer entropy 
calculation shows that T2−4 largely dominates T4−2 in the elec-
tron root phases (1100 ! t ! 1145 and 1200 ! t ! 1250), 
implying a predominance of the effective outward propagation 
over the inward one. The propagation velocity, deduced from 
the time delay, is  ∼1 km s−1. In the ion root phase (Er  <  0, 
1160  <  t  <  1190), the propagation ceases almost completely 
in both directions, implying that the Er profile in this phase 
essentially blocks the radial propagation of turbulence. The 
transfer entropy requires steady-state over the evaluated time 
intervals, so the transitions are not amenable to analysis, and 
the observable vertical stripes are likely an artefact. Therefore, 
we limit our conclusions to the stationary phases before, 
between, and after the two transition points.

Radial propagation can also be studied by taking the inner-
most pin of probe B (r − r0 ≈ −10 mm) as a reference and 
calculating the TE with all other pins. Figure 5 shows the TE 
versus time delay and radial position for three time frames, 
indicated by vertical dashed lines in the top figure. In frame 1, 
corresponding to the electron root phase (Er  >  0), one observes 
a propagation plume starting from the reference position in 
the edge plasma and extending outward, up to approximately 
the plasma boundary (r − r0 ≈ 0). The slope of this plume 
is a measure of the velocity at each position, while the color 
scheme, in which black is the lowest and red is the highest, 
represents the amplitude of transfer entropy on a logarithmic 
scale. The velocity is seen not to be constant but to slow down 
as the LCFS is approached. In frame 2, in the ion root phase 

(Er  <  0), the plume is virtually absent. A small propagation 
plume is visible near the innermost reference pin, but most of 
radial propagation seems to have stopped. In frame 3, electron 
root again (Er  >  0), the initial situation seems to have recov-
ered, although one could argue that the propagation plume is 
slightly more intense than before and penetrates deeper into 
the SOL. The horizontal spreading of T  at r − r0 ≈ 0 implies 
the existence of a minor transport barrier in this region, slow-
ing down propagation and reducing the amplitude.

4. Conclusions

In this letter, we studied the effect of radial electric fields 
(Er) on turbulence in the plasma edge of TJ-II stellarator. The 
experiment involved a plasma characterized by a spontane-
ous electron–ion root transition (from Er  <  0 to Er  >  0) and 
a corresponding back transition. The variation of the edge 
Er is consistent with expectations from neoclassical theory. 
Using the Singular Value Decomposition technique on float-
ing potential measurements from remote probes, we were able 
to identify the Zonal Flow amplitude unambiguously. The ZF 
amplitude was found to peak sharply at the transition times.

In the ion root phase (Er  <  0), the radial turbulence cor-
relation length was reduced strongly, implying that the edge 
Er affects the radial turbulence scale length significantly. The 
radial propagation of turbulence was studied by means of the 
Transfer Entropy. We found that the effective radial propaga-
tion was very nearly blocked in the edge region in the ion root 

Figure 5. Top: central line averaged density. Times corresponding to the frames below are indicated by vertical dashed lines. Transfer 
entropy versus time delay and radial position (using reference: r − r0 ≈ −10 mm) at the three indicated times: 1—electron root, 2—ion 
root, and 3—electron root with lower density.

Nucl. Fusion 00 (2019) 000000

EDGE	  

SOL  

RFX collaboration 

electron – root 
Positive Er  

ion – root 
Negative Er  

electron – root 
Positive Er  
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POWER	  EXHAUST	  AND	  LIQUID	  METALS	  

TJ-II strategy:  
 

LIQUID METALS USING CPS 
HIGH FLUX FACILITY 

Whether ITER baseline exhaust strategy can be extrapolated 
to DEMO is an open question. 

 
Therefore the development of alternative power exhaust 

solutions is necessary 
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Laboratorio Nacional de Fusión LIQUID	  METALS	  AND	  POWER	  EXHAUST	  
Spuiering,	  evapora+on	  and	  reten+on	  

D	  reten+on	  
	  
The	  reten)on	  of	  evaporated	  or	  plasma	  injected	  lithium	  on	  W	  was	  inves)gated	  to	  assess	  its	  
impact	  on	  a	  fusion	  reactor	  opera)ng	  with	  hot	  first	  wall	  (FW).	  	  
	  
It	  was	  concluded	  that	  an	  exponen+ally	  decaying	  reten+on	  as	  the	  FW	  temperature	  is	  increased	  
takes	  place,	  with	  negligible	  D/Li	  ra)os	  at	  T>350ºC.	  
	  
A.	  de	  Castro	  et	  al.,	  NF-‐2018	  /	  E.	  Oyarzabal	  et	  al.,	  NF-‐2021	  	  

Solid	  and	  liquid	  samples	  of	  Li/LiSn/Sn	  in	  a	  CPS	  
	  
The	  kine+c	  energy	  of	  ejected	  atomic	  species	  is	  
well	  correlated	  to	  the	  different	  rela)ve	  
contribu)ons	  of	  spuiered/evaporated	  atoms	  
given	  by	  the	  thermal	  spuiering	  model	  	  
	  
F.	  Tabarés	  et	  al.,	  JNM-‐2018	  /	  IAEA-‐2021	  



26 / 29  

Laboratorio Nacional de Fusión LIQUID	  METALS	  AND	  POWER	  EXHAUST	  
Secondary	  electron	  emission	  in	  Liquid	  surfaces	  

	  
ü  Oxida)on	  of	  Li	  leads	  to	  an	  increase	  in	  the	  

SEE	  yield.	  
	  
ü  Annealing	  of	  the	  Li	  sample	  at	  500	  0C	  was	  

enough	  to	  revert	  the	  values	  to	  those	  
corresponding	  to	  clean	  surfaces.	  	  

ü  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	  	  
	  

SEE	  of	  liquid	  Li	  surfaces	  in	  a	  CPS	  arrangement	  was	  inves)gated	  for	  the	  first	  )me	  	  
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Laboratorio Nacional de Fusión POWER	  EXHAUST	  
OLMAT:	  High	  heat	  flux	  facility	  

The	  OLMAT	  facility,	  aimed	  at	  tes)ng	  prototypes	  under	  DEMO-‐relevant	  heat	  loads	  
was	  constructed	  and	  installed.	  	  
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TJ-II  programme:  

towards model validation in fusion plasmas 
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[AEs control]  

Using	  its	  unique	  flexibility	  and	  advanced	  plasma	  diagnos)cs,	  	  
the	  TJ-‐II	  stellarator	  is	  contribu)ng	  to	  	  

the	  understanding	  of	  cri)cal	  challenges	  in	  fusion	  plasmas.	  
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