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Abstract
A recent characterization of core turbulence carried out with a Doppler reflectometer in the
optimized stellarator Wendelstein 7-X (W7-X) found that discharges achieving high ion
temperatures at the core featured an ITG-like suppression of density fluctuations driven by a
reduction of the gradient ratio ηi = Ln/LTi (Carralero et al 2021 Nucl. Fusion 61 096015). In
order to confirm the role of ITG turbulence in this process, we set out to establish
experimentally the relation between core density fluctuations, turbulent heat flux and global
confinement. With this aim, we consider the scenarios found in the previous work and carry out
power balance analysis for a number of representative ones, including some featuring high ion
temperature. We also evaluate the global energy confinement time and discuss it in the context
of the ISS04 inter-stellarator scaling. We find that when turbulence is suppressed as a result of a
reduction of ηi, there is a reduction of ion turbulent transport, and global performance is
improved as a result. This is consistent with ITG turbulence limiting the ion temperature at the
core of W7-X. In contrast, when turbulence is reduced following a decrease in collisionality, no
changes are observed in transport or confinement. This could be explained by ITG modes being
combined with TEM turbulence when the latter is destabilized at low collisionalities.

Keywords: turbulence, transport, stellarator, Doppler reflectometry, Wendelstein 7-X

(Some figures may appear in colour only in the online journal)

1. Introduction

Optimized stellarators are regarded as a potential pathway for
fusion reactors in which the general advantages of the stellar-
ator approach (such as stationary pulses, absence of disrup-
tions, etc) are conserved while neoclassical (NC) fluxes, that

∗
Author to whom any correspondence should be addressed.

traditionally dominate transport in stellarators, are reduced to
acceptable levels. The most advanced device of this kind is
currently Wendelstein 7-X (W7-X), which started operation
in 2016 [1], and has recently achieved 200 MJ discharges and
complete detachment in the island divertor [2]. While the res-
ults of the first experimental campaigns confirm that NC trans-
port in W7-X has been reduced with respect to non-optimized
stellarators [3], comparison of NC predictions with experi-
mental measurements of the total energy transport implies that,
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at least under a wide range of scenarios, turbulence accounts
for a large fraction of the total transport, even in the core
[4, 5]. As a result, plasma performance has been below expect-
ations from simulations which assumed mostly NC transport
[4, 6]: ion temperature at the core, Ti,core remains ‘clamped’
to a value of Ti,core ⩽ 1.7 keV regardlesss of heating power or
configuration [7] and energy confinement time, τE, falls typic-
ally below the scaling [8] when compared with the stellarator
ISS04 database [9]. Fortunately, a number of scenarios have
been reported during the divertor campaign in which these
limitations were overcome. The most relevant of them is the
so called ‘High Performance Regime’ (HP) in which plasma
density is rapidly increased in a ECRH discharge by means
of a series of injected pellets [10]. In this scenario, turbulence
is suppressed [11, 12], and transport drops to NC levels, thus
achieving high central temperatures Ti,core ≃ Te,core ≃ 3 keV
and improved confinement levels, τE/τISS04 ≃ 1.4. Core ion
temperatures exceeding the clamping value have also been
reported in other regimes involving the use of NBI [13, 14]
or the injection of impurities in the plasma [15, 16]. What all
these scenarios have in common is the formation of a steep
density peaking leading to the suppression of turbulence and
improved performance. This kind of scenario is not unique to
W7-X: the HP regime is reminiscent of the ‘optimized con-
finement’ [17] found on its predecessor, W7-AS, and similar
regimes have been reported from other stellarators such as
LHD [18] or Heliotron-E [19]. As well, the equivalent ‘pellet-
enhanced performance’ in tokamaks is almost universal and
has been identified in almost every major machine (for some
examples on this, see the references listed in the Introduction
of [10] or [12]).

A widely accepted explanation for these enhanced regimes
is based on the destabilization mechanism of ITG turbulence
[20], which is often related to a threshold on the gradient ratio
ηi = Ln/LTi , where Lα is the local radial gradient scale length
of the parameterα, 1/Lα =−∂rlnα. Therefore, the build-up of
a strong density gradient would reduce the ηi parameter, thus
stabilizing the ITG mode, which is typically expected to dom-
inate transport in the ion-scale. This effect has been recently
described in W7-X in a work which carried out a systematic
characterization of microturbulence in the core of the machine
[21]. In it, a databasewas created of ion-scale turbulencemeas-
urements carried out with Doppler reflectometry (DR) in the
standard configuration [22], including data representative of
most relevant scenarios accessible to the DR during the last
experimental campaign, as well as a number of examples in
which high Ti,core was achieved. The density fluctuation amp-
litudes were then compared with local measurements of gradi-
ents, finding that core density fluctuations drop substantially
when ηi drops below a certain value. This ηi-driven suppres-
sion of core turbulence was found in all the analysed scen-
arios in which Ti,core exceeded the clamping value, suggest-
ing a link between the reduction of fluctions and the enhanced
performance. However, this point remained mostly speculat-
ive as no attempt was made to relate the amplitude of density
fluctuations and turbulent transport. In this work we aim to
close that gap by analysing global turbulent transport, study-
ing its relation to fluctuation amplitude in the different regimes

reported in previous work. The purpose of this is twofold. In
the first place, to confirm the ηi stabilization of ITG turbu-
lence as the mechanism leading to the enhanced performance
in W7-X. On a more general level, to investigate the rela-
tion (or lack thereof) between core microturbulence, turbulent
transport and plasma global performance.We have ordered the
remainder of this paper as follows. In section 2, we review
the main core turbulence regimes previously investigated. In
section 3 we estimate global NC and turbulent transport val-
ues at the core for the different regimes and compare them to
the fluctuation levels. Finally, we analyse the relation between
core fluctuation levels and global performance in section 4 and
discuss the main implications of these results in section 5.

2. Core fluctuation regimes

As already outlined in section 1, core density fluctuations have
been recently characterized in the core of W7-X by means of a
DR [12, 21]. As explained in detail in these references, this dia-
gnostic launches a microwave beam into the plasma and meas-
ures the power backscattered, Pscat, at the cut-off layer, which
under certain approximations is roughly proportional to the
squared amplitude of density fluctuations, Pscat ∝ ñ2 [23, 24].
To a good degree of approximation, this power backscatter-
ing typically happens at a certain, well known radial position,
and is caused by density fluctuations of a certain wavenum-
ber, k⊥. This means that the flux surface and the wavenum-
ber of the measured turbulence can be narrowly selected by
setting the proper microwave beam wavenumber and incid-
ence angle. In particular, these were set to probe the plasma
core 0.5< ρ < 0.75 and to remain in the ion scale k⊥ρi ≃ 1,
where ρ≡ (Ψ/ΨLCFS)

1/2 is the radial magnetic coordinate
defined using the toroidal flux through a given magnetic sur-
face, Ψ, and ρi is the ion gyroradius. Measurements were car-
ried out with the V-band DR system installed in the AEA-21
port of W7-X (toroidal angle ϕ= 72◦) [25, 26] with the fixed-
angle antenna below the equator. This system overlooks the
outer midplane of the elliptical section of the plasma, where
curvature terms are strongest and therefore ITG modes are
expected to be most unstable [27]. The characterization was
carried out by constructing a database of discharges selected
to cover most of the operational space accessible to the dia-
gnostic. With this aim, three main groups of discharges were
analysed in the standard configuration: first, the bulk of the
data consists of ECRH gas puff-fuelled shots, which was by
far the most common operation mode of the campaign. For
this kind of discharges, data points cover the whole density
and heating power parametric space compatible with DR core
fluctuation measurements and were divided into low and high
density subgroups (‘LD ECRH’ and ‘HD ECRH’ in the fol-
lowing), following the discussion in [21]. As explained in that
reference, ion temperature at the core as measured by CXRS
and XICS, Ti,core, remains below the clamping for all those
discharges. On top of these data, discharges from two scen-
arios with Ti,core exceeding the clamping value were analysed:
first, a number of ECRH, pellet-fuelled high performance dis-
charges (‘HP’ in the following). Second, an NBI-improved
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Figure 1. Summary of core turbulence regimes. (Left) Measured scattered power, Pscat ∝ δn2, is represented by colorcode as a function of
the temperature to density gradient ratio ηi and the normalized electron collisionality ν∗

e . (Right) Core ion temperature is represented as a
function of Pscat. In the right plot, colors and symbols stand for the different regimes. In the left plot, only symbols are kept. In both cases,
the high a/Ln/low collisionality pathways for reduced fluctuations are highlighted using black/blue arrows. These figures correspond
respectively to figures 14 and 15 in [21], where further details can be found.

scenario comprising a phase heated with both ECRH and
NBI power (‘ECRH+NBI’ in the following) with Ti,core still
below the clamping, and a NBI-dominated phase (‘NBI’ in
the following) in which ECRH heating was reduced to around
0.5 MW and higher Ti,core values were achieved. More details
on the scenarios and examples of particular discharges can
be found in [21]. In total, the database consisted of over 150
points from 18 different discharges.

The main results from the turbulence characterization are
summarized in figure 1, in which discharges from the different
scenarios are represented using different symbols. On the left
plot, discharges are represented as a function of ηi and electron
normalized collisionality ν∗e := νeffτo, where νeff := νeR/a is
the effective collision frequency of trapped electrons, τ−1

o ≃
ϵ1/2vth,e/R is the typical trapped electron orbit time, vth,e is
the thermal velocity of electrons and ϵ= a/R is the inverse
aspect ratio. A colour code is used to indicate the amplitude
of fluctuations, measured in the 0.5< ρ < 0.6 radial region
using the Pscat proxy. As can be seen, points can be classified
in three main groups: discharges featuring both high ηi and
collisionality values display strong density fluctuations. Then,
fluctuations seem to be suppressed below two threshold val-
ues: one for the gradient ratio and another for the collisional-
ity, with critical values around ηi ≃ 4 and ν∗e ≃ 1/3 respect-
ively. On the right plot of figure 1, the evolution of Ti,core
with fluctuations is displayed for the same scenarios. In it, two
different trends can be seen: in the cases when fluctuations
are reduced along with a low ηi value—the ‘ηi pathway’—
such reduction leads to an increase of Ti,core, which can go
above the clamping value (indicated in the figure as a dashed
line). Instead, in the LD ECRH case ηi remains unchanged

and fluctuations are reduced along the collisionality—the ‘ν∗e
pathway’. In this second case, Ti,core does not improve sig-
nificantly and remains below the clamping value. It must be
pointed out that, although the light/dark blue color used to
indicate respectively LD ECRH and HD ECRH scenarios is
lost on the left plot, each of them corresponds roughly to the
clouds of points below/above the ν∗e ≃ 1/3 threshold, as the
lower densities also correspond typically to higher Te values.
These results were interpreted in [21] as follows: HD ECRH
and NBI+ECRH discharges would fall in the ‘baseline’ scen-
ario, in which ITG turbulence would dominate transport due to
the high ηi values, leading to the observed high Pscat, degrad-
ing confinement and limiting the value of Ti,core. When ηi is
reduced below the threshold—as in NBI and HP discharges-
, ITG turbulence would be stabilized and this would explain
the reduced fluctuations and improved performance. In these
two cases, the high values of ν∗e would keep TEM turbu-
lence stable. However, when ν∗e < 1 values are achieved, these
modes could be destabilized (see e.g. [28] for the description
of a similar effect in tokamaks). Since bad curvature regions
do not overlap with trapping regions in quasi-isodynamic stel-
larators like W7-X to the extent they do in tokamaks (see [29]
for details), it can be expected that TEMs are destabilized in
a different toroidal region than ITG modes (namely, in the tri-
angular section, where trapped particle population is higher).
One possible outcome of this would be that, due to the interac-
tion of TEM and ITG modes, the strongest fluctuations would
no longer be found at the elliptical section, thus moving away
from the region probed by the DRwhile not necessarily affect-
ing global transport. It must be pointed out that this mechan-
ism remains a working hypothesis, as its confirmation would
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require turbulence measurements in different sections of W7-
X, which are planned for future campaigns but not currently
available. This picture would be consistent with the observed
drop in Pscat while Ti,core still seems to be bounded by the
clamping. However, as already pointed out in section 1, since
the DR can only measure local density fluctuations and not
heat fluxes, this interpretation remained speculative. In order
to support it, it would be required to show how the reduction
of fluctuations along the ηi pathway corresponds to a reduc-
tion of turbulent transport in the same flux surfaces. Similarly,
if the TEM destabilization hypothesis is correct, the reduction
of fluctuations along the ν∗e pathway should lead to no sub-
stantial changes of transport instead.

3. Evaluation of core heat transport

In order to evaluate local turbulent transport, we resort to a
power balance analysis. This technique, already applied in
W7-X [10] and other stellarators [30, 31], provides the flux
surface-averaged heat flux,Qα for a given speciesα by assum-
ing a stationary state and integrating source and sink terms in
the energy conservation equation inside said flux surface. This
total heat flux is considered to be the combination of NC and
turbulent transport. NC transport,QNC, can be calculated from
plasma density and temperature profiles using numerical mod-
els [32], so turbulent transport can be estimated as the remain-
ing part of total transport, Qturb

α = Qα −QNC
α .

In this analysis, we take a subset of the discharges
included in the DR measurement database presented in [21],
including examples of the previously introduced HD ECRH
(# 180920017), LD ECRH (# 180920013), HP (# 180918041),
NBI+ECRH (# 180919039, t≃ 3.5 s) and NBI regimes
(# 180919039, t≃ 4.5 s). For each of them, we calculate NC
transport using both Neotransp code (using tabulated mono-
energetic coefficients from DKES [33]) and KNOSOS code
[34, 35] (which recalculates coefficients in order to take prop-
erly into account the tangential magnetic drift in the low colli-
sionality cases [36]), both of which provide similar results in
the analysed cases. Then, energy source terms are calculated
for each of the heating systems: In the case of ECRH, Travis
code [37] is used to determine the microwave power depos-
ition profile. In the case of NBI, this is calculated with the
BEAMS3D code [38, 39]. Once these source terms are known,
a simplified power balance can be calculated at the flux-surface
simply by integrating them along with the electron-ion colli-
sional thermalization term, which is typically the only remain-
ing sink/source relevant at the plasma core. This simplified
analysis has its limitations, however: in the first place, there
are several sink terms which may become relevant as the edge
is approached (such as radiation losses in electrons or CX
in ions). As well, the reliability of the calculated QNC values
depends on the quality of the density and temperature gradi-
ent measurements used as an input, which tends to deterior-
ate close to the plasma centre. Furthermore, while the station-
ary plasma hypothesis is typically appropriated, in some cases
(namely, the HP scenario) the evolution of profiles is signi-
ficantly faster than typical energy transport times, and may

thus play a relevant role. As a result, the results of this sim-
plified calculation are only valid for a limited radial range,
which will limit the scope of the discussion. A conservative
estimation, based in more detailed analysis of the topic presen-
ted in [10], would yield a radial valid range of 0.2< ρ < 0.7.
Finally, a word of caution is in order regarding the NBI scen-
ario: in this case, Ti ≃ Te for most of the profile. However,
differences of the order of tens of eV are within the error bars
of the diagnostics which, given the strong collisionality of this
high density scenario, would lead to unreasonably high inter-
species heat transfer, particularly for the outer mid-radius. Fol-
lowing the discussion in [14], where this problem is examined
in greater detail, Qi is assumed to be properly bounded by
assuming QNC

i < Qi < Qt
i, where Q

t
i is the heat flux obtained

assuming thermalization and no inter-species heat exchange.
These bounds substitute diagnostic errorbars (less conservat-
ive) for the NBI scenario in figures 2 and 3.

The results of the analysis are represented in figure 2, where
QNC and Qturb are represented for both electrons and ions in
each of the discussed scenarios. As can be seen, electron trans-
port is dominated by the turbulent contribution for the whole
radial profile, with the NC contribution well below it in all
cases. Interestingly, the NBI case features low Qe values at
the core (as only 0.5 MW of ECRH power is injected), fol-
lowed by a monotonous increase up to the separatrix (NBI
power is deposited on both species across the whole radius):
Since ions and electrons are likely close to thermalization—as
discussed before—the large reduction of Qe as a result of the
transfer to the ions in theHD/LDECRHorNBI+ECRH scen-
arios is not observed in this case. Regarding the ions, a sim-
ilar picture is observed in the valid radial range for the ECRH
and NBI+ECRH scenarios. Similarly, the NBI case displays
a much slower increase of Qi, reflecting the reduced transfer
from the electrons. Turbulent transport dominates over NC at
an outer radial position than in the ECRH and NBI+ECRH
scenarios (0.35⩽ ρ⩽ 0.65), although a precise determination
is not possible due to the large errorbars. Finally, turbulent
transport is strongly suppressed in the HP case [10], which
features NC levels of Qi up to ρ≃ 0.6.

In order to better quantify the importance of turbulent trans-
port, these profiles are used to calculate the flux-surface aver-
aged turbulent heat transport coefficient,

χturb,α =−2
3

Qturb
α

nα∂rTα
. (1)

This can then be compared to the local DR measurements
of scattered power in the radial region 0.35< ρ < 0.65, which
can be taken as a proxy for density fluctuations asPscat ∝ ñ2, as
already explained. The results are displayed in figure 3, where
the relevant region is highlighted by the dashed-dotted black
box: As can be seen, the ion transport coefficient roughly mir-
rors the already described trends for Qturb

i : NBI and HP scen-
arios display substantially reduced coefficients. When both
ions and electrons are considered together, a similar picture is
obtained, although the differences are strongly smoothed. This
is consistent with the results displayed in figure 2 and indicates
that the main differences in transport between scenarios are
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Figure 2. Heat flux profile comparison for electrons (left) and ions (right). As in figure 1, colour indicates scenario. Dashed/solid lines
stand for turbulent/neoclassical flux.

related to the ion channel. When the resulting coefficients are
compared to fluctuations, two different trends can be observed
in the data: whenHDECRH, NBI+ECRH, NBI andHP scen-
arios are considered, the reduction of fluctuations—which was
linked to a reduction of ηi and to enhanced performance in the
previous study [21]—leads to a clear reduction of the ion tur-
bulent transport coefficient. When the transport of both spe-
cies is considered the same trend is observed, although the
effect is considerably weaker, indicating again that this effect
does not affect electrons (or at least, affects them consider-
ably less). This result is in qualitative agreement with recent
numerical results from gyrokinetic simulations, which show
lower turbulent heat flux and turbulence amplitude as ηi is
decreased by increasing the density gradient. In particular, flux
tube simulations show the reduction of turbulent ion heat flux
from the standard ECRH to pellet-fuelled enhanced confine-
ment [40]. Also, order-of-magnitude reductions in the amp-
litude of the potential fluctuations were found with increas-
ing density gradient [41]. Instead, when the evolution between
HD and LD ECRH discharges is considered, the decrease of
turbulence amplitude is not related to a variation of the flux
surface-averaged turbulent transport in either species. A final
note regarding the NBI scenario is in order: Given the previ-
ously discussed problem with error estimation for Qi in these
shots, there is no lower bound for Qi,turb. As a result, while
the central values of the observations suggest that χturb(i) is
higher in the NBI scenario than in the HP one, this can not
be stated with certainty within the error bars. In any case,
this is unlikely to affect the qualitative trend relating χturb(i)
to Pscat, which seems to hold in any case for χturb(e+i) (total
transport does not need to take into account inter-species heat
transfer and is therefore properly bounded also in the NBI
scenario).

4. Impact on global performance

Once the relation between local fluctuations and transport
has been established at the flux-surface level, this analysis
can be complemented by evaluating the impact of core fluc-
tuations on global confinement. For this, the density fluctu-
ation proxy Pscat measured at the previously discussed 0.5<
ρ < 0.6 radial region is compared to the global energy con-
finement time, τE, calculated over the duration of the DR
frequency ramp. While most of the data points are station-
ary over this interval, that is not always the case: as previ-
ously discussed, HP discharges undergo fast changes in pro-
files (and therefore in the stored energy,Wdia) over this period,
thus yielding large error bars. In this sense, the HP points
must be regarded as a conservative estimation of τE, with
values potentially lower than those achieved at the time of
maximum Wdia (which would be closer to the upper value
of the errorbars). Since the detailed power balance calcu-
lation required in the previous section to evaluate χ is no
longer necessary, all the discharges in the data base could
be included for this. The results, displayed in figure 4, are
consistent with the picture provided in the previous section:
when lower fluctuations are achieved reducing ηi and thus core
turbulent transport, global confinement is improved. Instead,
when fluctuations drop following a reduction in collision-
ality, neither turbulent transport nor global confinement are
improved. This observation is also consistent with the relation
between Ti,core—which was advanced in [21] as a proxy for
global confinement—and the amplitude of core turbulence, as
seen in figure 1. However, figure 4 presents an overly simpli-
fied picture, as it is potentially ignoring general dependencies
of confinement on other plasma parameters, such as heating
power or density. For example a degradation in confinement
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Figure 3. Transport coefficients. (Top) Ionic and total profiles of turbulent transport coefficient χturb. (Bottom) χturb is represented as a
function of the local amplitude of fluctuations measured by the DR.

is observed for the LD ECRH and NBI+ECRH scenarios
with respect to the HD ECRH, all of which displayed similar
transport coefficients in figure 3, but feature rather different
densities.

In order to disentangle the impact of turbulence with other
parameters potentially affecting τE, it has been normalized
using the ISS04 stellarator scaling, which for a given W7-X
configuration can be stated as:

τE,ISS04 ∝ n̄0.54e P−0.61
h , (2)

where n̄ is the line averaged density and Ph is the heating
power. This is represented on the left plot of figure 5: in
it, the usual clear improvement of the HP scenario is con-
served and the normalized confinement of the ECRH phases
decreases now with fluctuation amplitude, which suggests that

the reduction of confinement of the LD ECRH scenario in
figure 4 is probably explained by the density dependency of
τE. However, LD ECRH and NBI scenarios now seem to
increase similarly with the reduction of fluctuations, while
the NBI+ECRH scenario still stays below the HD ECRH
for similar fluctuations. This apparent inconsistency can be
explained by taking into account the previously mentioned
work on the subject [8], which has shown that typical values of
τE/τE,ISS04 ≃ 0.8 can be found for low and intermediate dens-
ities, with the ratio degrading down to τE/τE,ISS04 ≃ 0.6–0.7
for high plasma density, depending on the level of radiation.
Indeed, this picture is recovered when τE/τE,ISS04 is represen-
ted as a function of density, as in the right plot of figure 5:
in it, all gas-puffed scenarios using ECRH align roughly as in
the mentioned reference (the trend is marked in a dashed line).
However, the NBI and particularly the HP scenarios stand out
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Figure 4. Global performance as a function of measured fluctuation amplitude. Energy confinement time, τE, is represented o as a function
of core density fluctuations. Colours and symbols stand for the different scenarios, as in figure 1.

Figure 5. Evaluation of normalized global performance. Confinement ratio with respect to the ISS04 scaling is represented respectively as a
function of the core fluctuation values and line averaged plasma density on the left/right plot. Colours and symbols stand for the different
scenarios, as in figure 1. On the right plot, the confinement degradation typically associated to density (see [8]) is highlighted as a dashed
line.

of that trend achieving higher τE/τE,ISS04 values despite their
high density. Once again, when the ηi pathway is followed, the
reduction of fluctuations leads to a clear improvement in global
confinement with respect to the usual scaling. Instead, when it
is achieved following the ν∗e pathway, performance seems to

remain unaffected. Note that the right plot in figure 5 contains
less points than the left one, as the latter sometimes includes
several Pscat values for each τE/τE,ISS04 value, corresponding
to all DR measurements in the 0.5< ρ < 0.6 radial range for
that scenario.
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5. Conclusions

In summary, we have been able to establish a clear link
between core microturbulence amplitude, turbulent transport
and global performance in the optimized stellarator W7-X. In
particular, in discharges with high Ti,core values, the forma-
tion of strong density gradients leads to the reduction of the
ITG-driving gradient ratio ηi, causing a clear suppression of
density fluctuations in the k⊥ρi ≃ 1 ion scale. In this case, a
strong reduction of the ion heat transport coefficient, χturbi , is
observed and the global confinement rises over the values typ-
ically reported for similar densities. All these findings are con-
sistent with the hypothesis of ITG turbulence limiting Ti,core
and thus performance. On the other hand, it is also found that,
while such reduction in core fluctuations seems to be a neces-
sary condition for HP, it is not a sufficient one: this is exem-
plified by the LD ECRH scenario, in which the drop in fluc-
tuations is associated to a drop in ν∗e rather than to ηi, and
thus has no effect in χturbi nor in confinement equivalent to the
turbulence reduction. This different global effect is consist-
ent with the proposed hypothesis of a change in the dominant
turbulent modes that would now include a contribution from
TEMs, which would be destabilized by the low collisionality.
In this case, the observed reduction in fluctuations would be
mostly instrumental (as the unstable region would move away
from the DR beam) and thus not necessarily affect transport.
Whether this combination of TEM and ITGmodes could drive
turbulent transport without significantly affecting χturb or τE,
remains an open question andwill be addressed in future work.
Beyond W7-X, this result is of great importance for the future
understanding of the fundamental physics of turbulence, as it
indicates how global gyrokinetic codes being used to describe
turbulent transport can be properly validated by local meas-
urements of fluctuations.
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