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Developing successful tokamak operation scenarios, as well as confident extrapolation of present-
day knowledge requires a rigorous understanding of plasma turbulence, which largely determines the
quality of the confinement. In particular, accurate particle transport predictions are essential due
to the strong dependence of fusion power or bootstrap current on the particle density details. Here,
gyrokinetic turbulence simulations are performed with physics inputs taken from a JET power scan,
for which a relatively weak degradation of energy confinement and a significant density peaking is
obtained with increasing input power. This way physics parameters that lead to such increase in
the density peaking shall be elucidated. While well-known candidates such as the collisionality are
also recovered in this study, it is furthermore found that edge ExB shearing may adopt a crucial
role by enhancing the inward pinch. These results may indicate that a plasma with rotational shear
could develop a stronger density peaking as compared to a non-rotating one, because its inward
convection is increased compared to the outward diffusive particle flux as long as this rotation has a
significant on ExB flow shear stabilisation. The possibly significant implications for future devices,
which will exhibit much less torque compared to present day experiments, are discussed.

I. INTRODUCTION

In magnetic confinement fusion experiments,
highly complex and nonlinear plasma turbulence
determines the dominant fraction of cross-field
heat, particles, and momentum transport. The
performance of future fusion devices, for instance
in terms of the confinement time, or the fusion
power, are often estimated by means of empiri-
cal scaling laws. However, interplays between pa-
rameters like the local normalised pressure β, the
collisionality, the safety factor q, or sheared ExB
flow are known. Designing new promising opera-
tion scenarios as well as confidently extrapolating
present-day knowledge to future devices thus re-
quires a rigorous understanding of the underlying
physics.

Significant advances have been achieved in re-
cent years, many of them obtained through ab-
initio gyrokinetic simulations and mainly address-
ing the heat transport as subject of interest. The
significant suppression of Ion Temperature Gradi-
ent (ITG) dominated plasma turbulence via elec-
tromagnetic fluctuations and fast ions [1, 2], for
instance, has opened up the scope of turbulence
reduction by alternative mechanisms to the well-
known ExB shearing. Such effects have also been
shown to play an important role in the so-called
isotope effect [3, 4].

However, particle transport has received much
less attention in ab-initio gyrokinetic simulations.
This is a significant drawback given that in com-
parison to the temperature profile, the density pro-
file seems to be more affected by the turbulence
regime. The reason is the possible existence of a

particle pinch due to transport convection which
can produce peaked or hollow density profiles, even
if the net heat flux is outwards. This has been ex-
tensively studied in the framework of the linear or
quasi-linear gyrokinetic theory [5–10] as well as
from the experimental point of view [11–14]. In
particular, the dependence of the pinch, outward
or inward, on the turbulence regime, Trapped Elec-
tron Modes (TEM) or ITG and its dependence on
other physical parameters, such as collisionality,
has been highlighted as one of the main reasons for
the change of density peaking in different plasma
regimes. However, the question whether the physi-
cal mechanisms reducing heat transport, in partic-
ular those recently discovered, play a similar role in
particle transport or particle pinch, still remains.
The answer to this question is essential as accurate
particle transport understanding and predictions
are required since fusion power or bootstrap cur-
rent, whose contribution are crucial for the future
tokamak reactor, enormously depend on them.

In order to analyse what physical mechanisms
play a role on particle confinement, and partic-
ularly on density peaking, JET discharges with
a relatively weak energy confinement degradation
and increased density peaking (at constant line-
averaged density) with input power [15] have been
chosen for analysis. This work extends a pre-
vious study [16] with the gyrokinetic turbulence
GENE [17], which was mainly focused on heat
transport in the inner plasma region, by covering
outer radial positions as well as adding the analy-
sis of particle transport including pinch effects. It
is often concluded from experiment and quasilin-
ear models that a particle pinch exists, however,
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non-linear gyrokinetic simulations covering both
the inner and outer part the of the core plasma
are still missing. The paper is organised as fol-
lows: the modelling set-up is discussed in section
II, heat particle at two radial locations is studied
in section III, a review of previous particle trans-
port analyses is given in section IV, a first analysis
of particle transport is done in section V whereas
the new interplay between inward particle pinch
and ExB is shown in section VI. In section VII the
conclusions are given.

II. SIMULATION SETUP

Two discharges are selected for the analysis of
the JET-ILW power scan: 84798 at 6MW NBI
power and 84792 at 13MW NBI power. For each
of these, an interpretative power balance analy-
sis with experimental data as input has been per-
formed with the CRONOS suite of codes [18].
This allows to determine the NBI power deposi-
tion profiles, the magnetic geometry, as well as
the power balance turbulent heat fluxes Qs and
particle fluxes Γs, which are consistent with the
calculated source profiles of each species s. The
fluxes are averaged over a sufficient time window
t = 45.2s-45.45s at a given flux surface. In a sec-
ond step, these fluxes are compared with the ones
obtained from nonlinear GENE simulations. The
work at hand extends previous studies documented
in Ref. [16] by the analysis of particle transport and
density peaking. Furthermore, GENE simulations
at the radial position ρtor = 0.65 (outer core) are
added to 0.33 (inner core) results. We make use
of the local (flux-tube) version of GENE, taking
up to three plasma species (electrons and thermal
+ NBI fast ions) into account. Dedicated tests
have demonstrated that adding impurity species
(C, Be, W) only marginally affects the results. At
least {192, 96, 24, 32, 12} grid cells in {x, y, z, v‖, µ}
phase space are employed in the nonlinear GENE
simulations and numerical convergence tests have
been performed in all dimensions for selected runs.

For gaining insights into relevant physics in these
inner and outer core cases, parameters are var-
ied around the experimental operation point. The
nominal parameters (Tab. I) are extracted from in-
terpretative CRONOS simulations. Some choices
made in this procedure are detailed in the follow-
ing. In Ref. [16], a q-profile sensitivity study has
been performed, considering magnetic equilibria
with q = 1.24 and q = 0.92 at ρtor = 0.33, re-
spectively. Here, only the q = 0.92 equilibrium
which is more consistent with MSE measurements
is taken into account. For the discharge 84798,
Ti = Te is assumed due to the uncertainties on the
charge exchange (CX) ion temperature measure-

ρ = 0.33 ρ = 0.65

6MW 13MW 6MW 13MW

ν?i 0.04 0.01 0.09 0.02

1/ρ? 300.72 242.41 432.69 343.07

βe[%] 1.26 2.00 0.50 0.74

q 0.98 0.92 1.67 1.55

ŝ 0.30 0.18 1.45 1.71

R/m 3.00 3.03 3.00 3.03

αMHD 0.13 0.27 0.24 0.35

γE×B/(cs/R) 0.19 0.23 0.36 0.53

Zeff 1.16 1.26 1.16 1.31

T0e/keV 2.08 3.17 1.01 1.58

n0e/m3 4.37 4.35 3.59 3.21

R/LTi 4.53 5.65 6.21 5.65

R/LTe 4.53 4.07 6.21 5.59

R/Lne 0.69 1.54 2.50 3.44

〈QiV
′〉/MW 1.02 2.86 2.36 5.99

〈QeV ′〉/MW 0.49 1.40 1.60 4.47

Table I. Local parameters obtained from CRONOS
for the 6 and 13MW NBI power depositions in the
JET power scan at low triangularity δ. A finer reeval-
uation of the CRONOS interpretative simulations was
performed compared to Ref. [16].

ment which lead to Ti<Te. With this assumption,
the total energy content is well fitted within the in-
terpretative CRONOS analysis. Even though also
the high power discharge 84792 suffers from er-
ror bars on the ion temperature, we decide to use
the Ti measurements. Uncertainties exist also in
the plasma rotation and the rate of flow shear, to
which the turbulence level is very sensitive, partic-
ularly at outer radii. In any case, the sensitivity
of the results obtained in the following sections to
these parameters will be analysed by performing
corresponding scans.

III. GENE RESULTS AND POWER
BALANCE

In Ref. [16] it was shown that at ρtor = 0.33,
both discharges are in the ion temperature gra-
dient (ITG) driven regime, in which electromag-
netic stabilisation plays a significant role at high
heating power. Extending this study to the more
outward radial position ρtor = 0.65, we find micro-
instabilities rotating in the ion diamagnetic direc-
tion as well, as depicted in Fig. 1(a) for the 13MW
discharge. The ratio of particle to quasi-linear
heat flux ΓeTe/Q is larger than in the experiment
over the full unstable ky wavenumber range. It
is found that Density Gradient Trapped Electron
Modes (DGTEM) highly contribute to the mode
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Figure 1. Growth rate spectra (a) and (b) the flux
ratio at kyρs = 0.33 as function of R/Lne for various
gradient variations of the 13MW discharge at ρ = 0.65.
The scans reveal a DGTEM contribution to both mode
growth and quasilinear particle flux.

as in R/Lne scans at artificially suppressed ITG
drive R/LTi = 0, we find a transition from Mi-
cro Tearing Modes (MTM) to DGTEM below the
experimental value of R/Lne. The DGTEM is
characterised by strong R/Lne drive, propagation
in electron diamagnetic direction and strong out-
ward particle flux, as depicted in Fig. 1(b). There-
fore, this plasma is found in an ITG+TEM regime
due to the relatively high density peaking or gra-
dient, respectively. The reliable determination of
density gradients in experiments is therefore es-
sential for a correct flux evaluation. Consider-
ing impurities (Hydrogen, Carbon, or Beryllium)
with Zeff . 1.3 and various density gradients can
somewhat change the growth rates, but the ratio
ΓeTe/Q is not affected.

The power through a given flux surface 〈Qs〉V ′
as obtained from CRONOS roughly increases pro-
portional to the input power, as can be seen in
Fig. 2. Assuming a Gyro-Bohm-like turbulent
transport scaling Q ∼ QgB = cspe(ρs/R)2 T 5/2,

doubling the input power would result in 22/5 =
1.3 higher temperature and almost unchanged log-
arithmic temperature gradient R/LT = −R∇T/T
if the transport stiffness is preserved. Here, the
sound velocity cs = (Te/mD)1/2 and the gyrora-
dius ρs = csΩi are defined, with cyclotron fre-
quency Ωi = mDc/(eB0) and pe denotes the elec-
tron pressure. However, in the present scan, the
temperature increases by a significantly larger fac-
tor and appears to be more peaked in the core,
see Refs. [15, 16]. This implies that the flux-
gradient relation Q(R/LT ) is modified by addi-
tional physics, such as electromagnetic (β-) effects,
equilibrium E × B flow shear, increased Ti/Te, or
the presence of fast ions. In the present set of JET
experiments, all of the mentioned effects simulta-
neously increase with NBI beam power. Theoreti-
cal analysis is desirable to disentangle their impact,
and thus establish more confident extrapolations to
higher heating power and future devices, in which
the relation between relevant parameters will be
different.

As depicted in Fig 2 and Fig 3, the CRONOS

heat fluxes can be largely matched by GENE
within the error bars of the logarithmic ion temper-
ature gradient R/LTi which represents the main
driving gradient at both radial positions. How-
ever, the ratio of the particle-to-heat-flux ΓeTe/Q
is found to be significantly larger in GENE than in
CRONOS, especially at the outer radial position.
The trend of higher ΓeTe/Q at higher power is
captured, though. Interestingly, the ratio ΓeTe/Q
decreases with R/LT for both discharges show-
ing that the thermodiffusion pinch might be neg-
ative. This will be further discussed in section V.
Generally, the discrepancies between GENE and
CRONOS may be due to input uncertainties. The
fact that such discrepancies increase towards the
edge may be evidence for associated uncertainties
in the evaluation of the interpreted particle flux
in that region. The latter may be less accurate if
particle sources or sinks – for instance, by means
of gas injection or Edge Localized Modes (ELMs)
– play a role at outer radial position but are not
considered in the CRONOS simulations. This will
be analysed in the future. Before further param-
eter scans in linear and nonlinear simulations are
presented in Sec. V, it is useful to briefly review
the present knowledge concerning particle fluxes
in fusion plasmas.

IV. PARTICLE FLUX IN GYROKINETICS

A rather complete overview in this context is
given by Angioni and co-workers, [6–9] who showed
the strong impact of collisionality on the particle
flux through a change of the particle pinch. Most
of the previous studies have, however, been per-
formed in the electrostatic limit (β → 0). Also
more recent nonlinear simulation work falls into
this regime [19]. An early extension to the electro-
magnetic regime is presented in Ref. [20], where in-
creased particle flux due to larger β is found. This
effect can be mainly related to the non-adiabaticity
of passing electrons and it is partially balanced by
considering a self-consistent equilibrium pressure
gradient (αMHD). The above reference furthermore
confirms the validity of the collisionality depen-
dence of the ITG caused outward particle flux in
the electromagnetic regime. However, the direct
applicability of such studies to NBI heated plasmas
is difficult as as higher β is obtained with simulta-
neously increased particle source, which is known
to play a role on the density peaking [14, 21–24]
and that may counteract β-enhanced fluxes. Ad-
ditionally, the NBI tend to increase the torque
and plasma rotation which can have significant im-
pact on the shearing flows which, at least in the
ITG/TEM mixed turbulence regime, sheared flows
can indirectly change the balance between those
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Figure 2. (a) Power balance is matched by GENE simulations (data from R/LTi scans of Fig. 3). (b) In the same
GENE simulations, ΓeTe/Qi has larger values than CRONOS, especially in outer radial positions.
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Figure 3. Same simulation data as in Fig: 2: R/LTi scans for 6MW and 13 MW discharges at two radial positions.

two types of turbulence, since they more strongly
affect ion modes. The direct impact of the rota-
tion terms on the particle flux has been studied
in Ref. [25, 26]. In an ITG example, Deuterium
particle transport is found to be dominated by
the convective flux (Cp), which is hardly affected
by plasma rotation. The roto-diffusion coefficient
(Cu) is small and inward. However, the depen-
dence of the particle flux on flow shear has not
been intensively studied, partially because it is not
easily accessible with the quasi-linear approach.
Such analysis is specially important in highly elec-
tromagnetic regimes as the aforementioned JET
power scan in order to disentangle the impact of
different effects collinear with NBI heating.

V. PARAMETER SCANS IN NONLINEAR
SIMULATIONS

In the following, we perform nonlinear parame-
ters scans to assess the scaling of turbulent trans-
port with focus on the 13MW high power discharge
with high density peaking. In line with expecta-
tion, lower collisionality and reduced density gra-
dient are found to yield lower ΓeTe/Qi,e. Off-
diagonal terms play a role as well: thermodiffusion
tends to be inward as could already be concluded
from the R/LTi scans in Fig. 3. Increased β has no
significant impact on ΓeTe/Qi, e, in contrast to the
ASDEX Upgrade hybrid case discussed in Ref. [20].
While flow shear is very efficient in quenching the
turbulence at outer radii, it has no strong impact
on the ΓeTe/Qi,e ratio at ρtor = 0.65. However,
its impact is significantly increased at outer radii
as will be demonstrated for ρtor = 0.75 where a
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strong pinch reversal is observed.

A. Collisionality scans

Reaching lower collisionality can strongly in-
crease the turbulence level and somewhat lower the
ΓeTe/Qi flux ratio, as can be seen in Fig. 4. In the
13MW discharge the collisionality is about a factor
of two lower than in the 6MW discharge. When
multiplying the collisionality by a factor of two
with otherwise 13MW at ρtor = 0.65 parameters
will completely suppress turbulence, because the
stabilising factors β and γE×B are stronger than in
the low power case. In the other limit of νei = 0,
ΓeTe/Qi is about 25% smaller at ρtor = 0.65 and
more than 50% at the inner radial positions. In
these nonlinear simulations, the transport fluxes
peak around ky ∼ 0.35 (ρtor = 0.33) and ky = 0.4
(ρtor = 0.65) and radially outward particle flux
is observed at all considered ky wavenumbers –
regardless of the collision rate. Altogether, the
stronger impact of collisionality on particle than
on heat transport is recovered here.
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Figure 4. Impact of collisionality on the heat flux and
the flux ratio in the 13MW high power discharge at
ρ = 0.33 (R/LTi = 5.5) and ρtor = 0.65.

B. Electromagnetic effects, β

Regarding the impact of finite β, a strong turbu-
lence stabilisation can be observed at the inner ra-
dial position in the high power case while β seems
to play a less important role at ρtor = 0.65. The
linear simulations shown in Fig. 5 confirm the ex-
pected increase of ΓeTe/Qi. In the nonlinear sim-
ulations, however, the reduction of the overall tur-
bulence level is found, but ΓeTe/Qi remains basi-

cally unchanged.
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and (d) flux ratio for the 13MW discharge at ρ = 0.33,
fixing R/LTi = 5.25.

C. Density gradient R/Lne variations

Although the heat fluxes at ρtor = 0.33 are found
to respond non-monotonically to dedicated scans
in the electron density gradient R/Lne, the ratio
ΓeTe/Qi clearly increases, as can be seen in Fig. 6.
The figure furthermore demonstrates a similar be-
haviour at the ρtor = 0.65 position. Often, the
peaking factor is computed by matching the out-
ward flux with the particle source by only scan-
ning R/Ln, without considering other physics in-
put. This procedure would predict a significantly
more flat density peaking.

D. Flow shear impact

To our knowledge, no nonlinear gyrokinetic sim-
ulations are documented regarding the impact of
flow shear on particle confinement. Here, we close
this gap by varying γExB and γpfs, the parallel ve-
locity gradient (PVG), in dedicated nonlinear runs
for the JET power scan. In Fig. 7, only γExB is
scanned, keeping γpfs constant. Note that the in-
put coefficients are defined such that γpfs = γE×B
in case of purely toroidal flow, while geometry re-
lated factors are multiplied within the code. In the
electromagnetic cases at ρtor = 0.33, ExB shear re-
duces the heat flux only at values somewhat larger
than the nominal one. The particle flux per heat
flux remains almost unchanged. At ρtor = 0.65 the
overall flow shear stabilisation is more pronounced,
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Figure 6. Impact of R/Lne on the heat flux and the
flux ratio at ρ = 0.33 ((R/LTi = 5.5)) and ρtor = 0.65.

in line with previous research [27], but ΓeTe/Qi is
still not strongly affected (a slight reduction can be
noted). For these ρ = 0.65 cases, we show also the
result for keeping γpfs = γE×B in the scan, which
leads to reduced stabilisation in line with [28], but
does not alter ΓeTe/Qi. However, in order to de-
velop a better idea on the role of ExB on density
peaking, a more extended study on its impact on
the particle pinch has to be carried out. This will
be done in the next section. Additionally, the ra-
dial location ρ = 0.75 will be considered.

VI. PARTICLE PINCH IN NONLINEAR
GYROKINETICS

Some possible indications concerning the impact
of ExB on particle transport and density peaking
have been suggested both from modeling [23] and
experiments [29]. However, so far no clear pic-
ture regarding the nature of such process could be
drawn. Particle transport can be separated into a
diffusive part ΓD = nDR/Ln and a non-diffusive
particle part, ΓV as

Γe = ΓD + ΓV = neDne
a

Lne
+ neV (1)

with neV denoting a convective contribution with
V the particle pinch. However, the non-diffusive
particle part can also have a diffusive contribution
from the temperature gradient drive (thermodiffu-
sion). The final flow can be therefore decomposed
as

Γe = neDne
a

Lne
+ neDTe

a

LTe
+ neV (2)

In this paper, an approximation to the ratio of
pinch to diffusion is obtained by adding a passive
electron species with a/Ln = 0, which removes
pure particle diffusive transport and yields the par-
ticle flux ΓV . We expect that this approach of
determining ΓV and ΓD captures the main pinch
physics although the coefficients V and D of active
electrons would depend on the density gradient to
some extent.

In a first step, the particle flux separation as de-
scribed in Eq. 1 shall now be employed to results
at more outer radial positions where ExB shear ef-
fects tend to be even more relevant. Fig. 8 displays
the dependence of the ratio ΓeTe/Qi on the ExB
shear at ρ = 0.75 in the case of a pure γExB scan
and in the alternative case with γPV G accordingly
changed with the ExB shearing. Clearly and unlike
the case at ρ = 0.65 the ExB shearing has a strong
effect on the ratio ΓeTe/Qi leading to ΓeTe/Qi ∼ 0
for γExB/γExB,exp = 1.4. Such trend is modulated
when the PVG is included, which prevents the full
stabilization of the particle flux.

The corresponding diffusive and convective
fluxes spectra are analyzed in Fig. 9. For the diffu-
sive part, ΓD, the ExB shearing acts as expected,
shifting the spectrum towards higher kyρs (and
therefore reducing the global transport) compared
to the case with no ExB and PVG effects. The
cases with only PVG or nominal ExB and PVG are
in between these two extreme cases. Compared to
this expected behavior, the convective flux ΓV has
some unexpected features. Comparing the cases
with no ExB and PVG and the case with only
ExB we also observe a shift towards higher kyρs
but this shift is accompanied by a general reversal
of the flux, which becomes significantly negative
(therefore of inward pinch nature). The effect of
PVG is somehow surprising as well as it decreases
the inward pinch when added to the simulation
with only ExB but it definitely increases such neg-
ative pinch when added to the simulation with no
effects.

V(m/s) RV/χi ΓV /ΓD

ExB=0 PVG=0 1.29 0.09 0.12

ExB=0 PVG=nom -0.49 -0.12 -0.15

ExB=nom PVG=nom -0.75 -0.24 -0.29

ExB=nom PVG=0 -2.19 -0.42 -0.5

Table II. Non-linear simulation results for different
combinations of ExB and PVG values including nom-
inal values (refereed as nom) with χi the ion heat dif-
fusivity.

A summary of the changes on ΓD and ΓV

is presented in Tab. II. The particle pinch be-
comes strongly inward with increasing ExB shear-
ing. This fact leads to a much stronger impact of
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Figure 7. Impact of ExB rotation shear on heat flux (left), particle flux (center), and their ratio (right) for the
q = 0.92 geometry at ρtor = 0.33 (top) and 0.65 (bottom). The CRONOS values are added as black-solid or
gray-dashed lines for reference.
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Figure 8. ΓeTe/Qi for the case with only ExB shear-
ing γPV G = 0 and with equal ExB and PVG shearing
γExB = γPV G at ρtor = 0.75.

ExB shearing on the particle than the heat trans-
port as demonstrated by means of the factor RV/χi

in Tab. II. The density peaking would indeed bene-
fit from such trend as can be derived from the ratio
ΓV /ΓD which increases in absolute value and be-
comes negative from the case without to the case
with ExB shearing. The role of PVG is complex
as it can be stabilizing or destabilizing depending
on the plasma conditions. Nevertheless, in nomi-
nal conditions for both ExB and PVG, the pinch

is inward and the ratio ΓV /ΓD clearly shows that
flow shearing plays a role on the increased density
peaking obtained in those JET plasmas.

In order to shed light on the origin of the strong
inward pinch with ExB shearing an alternative
simulation has been performed by removing the
thermodiffusion part of the pinch, i.e. by setting
LTe = 0. The spectra for the cases with and with-
out thermodiffusion contribution for the simula-
tion with solely ExB shear but no PVG are dis-
played in Fig. 10. Clearly, the strong inward pinch
with ExB shearing disappears if thermodiffusion
is removed, implying that, as it happens with col-
lisionality, the change of direction of the particle
pinch with ExB shearing is also linked to ther-
modiffusion. This has profound implications on
the way experiments could be planned as a way to
study the dependence of density peaking with col-
lisionality is to use NBI heating, which in addition
to the fuelling leads to an extra collinear effect by
increasing the toroidal rotation (the main source
of ExB shearing). Decoupling such effects is essen-
tial for the extrapolation of present-days tokamak
devices to futures ones as ITER, which will have
presumably less toroidal rotation due to the weaker
NBI torque.
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Figure 9. ΓD and ΓV spectrum for different combinations of ExB and PVG flow shearing at ρtor = 0.75.

Figure 10. ΓV spectrum comparison between the case
with only nominal ExB shearing and nominal LTe or
LTe = 0 at ρtor = 0.75.

VII. SUMMARY AND CONCLUSIONS

The particle transport in JET plasmas with a
significant increase of density peaking with NBI
power has been studied by means of non-linear gy-
rokinetic simulations.

Linear simulations show that these plasmas are
ITG dominated and no transition to TEM is ob-
served when the NBI power is changed although
subdominant TEM are present due to the high
density peaking. While well established parame-
ters playing a role on particle transport and density
peaking could be recovered with the GENE simu-
lations, some new factors have also been identified
to be important. In particular, ExB flow shearing
can enhance the inward particle pinch leading to
a significant decrease of the ratio ΓeTe/Qi. This
effect is stronger at outer radial locations which

means that it can be particularly significant close
to the pedestal region. Therefore, in the outer part
of the plasma, ExB shearing may have a stronger
impact on particle than on heat transport.

These findings are further substantiated by an
analysis of the ratio ΓV /ΓD which demonstrates
an enhanced inward pinch with ExB shearing. The
latter may, for instance, be found to be significant
in the outer part of rotating plasmas and therefore
cause visible density peaking in such scenarios. On
the other hand, it is also found that PVG can limit
the inward pinch generated by the ExB shearing to
some degree.

The results shown in this paper may have pro-
found consequences on the way density peaking is
understood. Whereas the dependence on collision-
ality has been highlighted as the main cause for
generating a particle pinch, the experimental evi-
dence leading to such conclusion were based in a
non-negligible part on NBI-heated plasmas where
the NBI can collinearly increase the plasma torque
and therefore change the ExB shearing. Therefore,
experiments decoupling collisionality and rotation
shearing should be encouraged. This could lead
as well to the change of some scaling laws used for
the extrapolation of present day experiments. This
is an essential step towards the proper evaluation
of density peaking in future tokamak devices with
different plasma conditions.

However some drawbacks have also been encoun-
tered in this study. In particular, it remains dif-
ficult to match the source balance particle flux in
the outer part of the plasma which leads to a over-
estimation of the ratio ΓeTe/Qi. This shows that
the proper evaluation of the particle sources and
sinks in that plasma region is essential.

Further rotating frame effects like centrifugal
and coriolis drifts have not been considered here,
and may be candidates for some extra missing
physics ingredients.
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