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Abstract

Experimental results obtained in TCV electron Internal Transport Barriers (elTBs) show
a strong coupling between the plasma density and the electron temperature logarithmic
gradients [1]. The plasma density is sustained by an inward thermodiffusive pinch whose
theoretical understanding has not been achieved yet. The level of particle diffusivity, as es-
timated in transient transport experiments, indicates anomalous transport as the main mech-
anism to create this pinch. On the other hand, a clear improved heat and particle transport
confinement is observed. Gyrokinetic calculations of the pinch coefficients are performed in
the framework of quasi-linear theory neglecting core particle sources and impurities. The
role of non-adiabatic passing electrons is taken into account and shown to be negligible,
as well as the so called turbulent equipartition pinch. The coupling between density and
temperature is provided via trapped electrons driven thermodiffusion which is maximized
near the transition between ITG-dominated to TEM-dominated turbulence. This regime is
obtained in a plasma characterized by large temperature and density logarithmic gradients
through different stabilizing mechanisms discussed here.

Introduction

Peaked density profiles are usually observed during the steady-state operation of elTBs in
TCV [1]. The density logarithmic gradient is found to be correlated with the electron tempera-
ture logarithmic gradient with a robust, in the sense of experimental reproduction, ratio of about
0.4-0.5,i.eR/L, ~ 0.45R/Lte. Neoclassical transport is still negligible in these elTB scenarios
[2] and thus we will resort to turbulence codes to elucidate the background physics. The gyroki-
netic code GS2 [3] is employed to understand how steady-state density profiles are sustained by
the anomalous pinch for typical elTB parameters. The elTB scenario discussed here involves
the reversal of the magnetic shear and very strong electron heating, assessing the role of the
Trapped Electron Mode (TEM) that is usually associated with flattened density profiles [4].

Theoretical background

The steady-state density profile, in the framework of quasi-linear turbulence theory, is given
by the general formula:
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whereV andD are the pinch velocity and diffusion coefficient respectively. The temﬁL—'fe is
called turbulent thermodiffusion (THD), while the other off-diagonal term has been historically
called 'turbulent equipartition’ (TEP) [5]; in this context the latter contains all the off-diagonal
contributions to particle transport which are not linearly proportion&fiore. The two coeffi-
cients are evaluated with GS2 via a trace-particle method solving a linear system@ &nd



34th EPS 2007; E.Fable et al. : The role of electron-driven microinstabilities in particle transport during el... 20f4

Cp. Note that for a single ballooning mode (identified by the value of the poloidal wavenumber
kyoi) the two coefficients arendependentf the mixing length rule fof®|? (i.e. the turbu-

lence level determines fluxes but not source-less steady-state profiles), allowing a more strin-
gent comparison with the experiment without assumptions on non-linear saturation phenomena.
The sign convention, as seen from Eq.(1), is such that negative values of the coefficients give
inward pinch contribution, while positive values contribute outward. Without trapping it is pos-
sible to evaluate analytically the thermodiffusion coefficient for electrons te®e= 0.5, in
agreement with the experimental observations. However, the trapped fraction@s4 at mid-

radius where the maxima of the logarithmic gradients are usually located. Trapped electrons
contribute with a strong outward pinch for a mode rotating in the electronic direction, almost
reversing the sign d@t for a strong TEM. We therefore expect the TEM to be marginally stable
for the particle barrier to exist. As will be shown latég < CTL_F;’ allowing us to concentrate

on the behavior o€t only.

Under standing the density barrier

The GS2 simulations are done with input parameters from #29859, a typical elTB obtained
in TCV: R/Lte =16,Tg/Ty =25,8=-0.7,g= 2.7, ¢ = 0.11, aynp ~ 1.5. R/L, is scanned
to find the self-consistent steady-state point of zero particle Ryiky; andauyp are varied to
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Figure 1:a) Thermodiffusion coefficienCr versus the mode frequenayk for different values of
amnp Obtained with GS2, circles represdni./Lti = 0.5 and squarekre/Lti = 0.8; b) Steady-state

diagram forge = Lte/Ln: 05717 VTesz > giNPUTes2 jmplies an inward flux and subsequent increasesof

oQUTPUT < gINPUT implies an outward fluxgQUTPUT = g!NPUT (black dashed) provides the steady-state
value when intersecting the different curves (the intersectionstabdesteady-state points)

test the response of TEMs and their stabilization. The normalized poloidal wavenumber is fixed
atkyp; = 0.3 where the spectrum of/ < ki > peaks for these parameters (quasi-linear rule,
see [6]). We neglect impurity physics assumiige = 1, reminding that in the experimental
discharges analyzed we observe a glakal~ 3. The calculations are made in the electrostatic
(Br ~ 10-3) and collisionless limit, without core particle sources. The simulations indicate that
Cr is maximized, in the inward direction, around the ITG-TEM transition, i.e. wlgn<

0, figure 1(a). The maximum value efCy increases withayyp, which is thus a favorable
parameter. We note also that a higlwjup gives a sharper transition in the behaviorGyf

Figure 1(b) shows how to identify the self-consistent steady-state gtV represents the
value of R/L,, (R/Lte is fixed) given as input to the codeQVTPVT is calculated from Eq.(1)



34th EPS 2007; E.Fable et al. : The role of electron-driven microinstabilities in particle transport during el... 3o0f4

usingCr andCp as obtained by the code.dPVUTPUT £ gINPUT it means that the particle flux is

different from zero and it is directed inwarda©PVTPVT > gINPUT and outward ifg@VTPYT <

oNPUT. The steady-state points, stable$de”"VT/dog "7 < 1] __steady s, are located
e—Ye

at the intersection of the calculated curves anddfld TPUT = gINPUT |ine. At high values of
avHp the steady-state point moves towards higher values,dbut it appears as a 'threshold’
phenomena rather than a continuous procBgkr; seems to be fundamental in providing a
more efficient effect ofr. Figure 2(a) shows the real frequerwy for the most unstable mode
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Figure 2:a) Most unstable modex, versusde. Solid-squares fokte/Lti = 0.5 and dashed-circles for
Lte/Lti = 0.8; b) Pinch coefficient€r andCp divided into trapped&; andCl) and passmgO;r andC
electrons contributions vers&L,, for one specific case.

versusoe. The transition from ITG to TEM occurs neag = 0. This point shifts towards higher

Oe With an increase of the value ofyyp andLye/Ly; (Squares vs circles). Figure 2(b) shows
the two pinch termsrCTl_ andCp divided into trapped and passing particles contribution. The
TEP coefficienCp is found to be negligible, as well as the contribution of passing electrons.
The dominant part of the pinch comes from trapped particles driven thermodiffusion.

Combined s-auyp effect

The barrier existence is provided by the stabilizing effect of both reversal of magneticsshear
and increased plasma pressure viadiygp parameter [7]. The magnetic curvature drift in the
ballooning formalism is expressed agy ~ cosf + (S8 — a sin@)sind , which for 6 ~ 0 be-
comesup ~ 1+ (s— a —1/2)62. Stabilization becomes stronger as the parabola becomes more
'‘peaked’, i.e. ass— a — 1/2| = . However, the efficiency a§— o in changing the mode real
frequencywr depends on the value tfe/Lyi, while the growth rate seems to decrease sim-
ilarly in the two cases. In figure 3 we see that, at fixed gradients, the mode is more and more
stable combining magnetic shear reversal and increasing Shafranov shift. The mode being a
TEM at small absolute values ef- amnp, it switches to ITG whers— apyyp Stabilization is
sufficiently strong. It requires either a large negative shear or a large Shafranov shift. The transi-
tion from ITG-dominated to TEM-dominated turbulence is providedbyayyp stabilization
of TEM and a value of_1¢/Lyi < 1. It is interesting to note that, contrary to the temperature
barrier which is due to a decrease in the heat flux at constant input power, linked to the decrease
of the mode growth ratg, the density barrier sustainment is strongly related to the behavior of
the mode frequencgor and much less on the value pf
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Figure 3:Growth ratey (dashed) and frequeney (solid) versugs— aunp) for two casestre/Lti =
0.5 (blue) and_t¢/Ly; = 0.8 (red). Shear is fixed a&t= —0.7.

Theroleof impurities, collisionality and ions

Preliminary results show that TEMs are more unstable due to the impurity driver for values
of Zgs > 2, and thus the density logarithmic gradient is diminished. Collisionality seems to
play a similar role in decreasing the efficiency of trapped particles in carrying the thermodiffu-
sive inward pinch. lons experimental parameters are presently unknown; to make a quantitative
comparison with theory, a future experimental TCV campaign will be devoted to this issue.

Discussion of the results

The gyrokinetic simulations of particle transport in this elTB scenario are consistent with the
observed density if conditions are met such that turbulence is near the ITG-TEM transition. The
experimental results show thR¥/L, is sustained by a dominant anomalous thermodiffusive
inward pinch [1]. This inward pinch is maximized at the ITG-TEM transition, i.e. when the
mode real frequencir approaches zero, and the pinch coeffictépts found to be consistent
with the experimental values. We have shown ats only due to trapped particles. The TEP
and the passing particles contributions are negligible. The combination of negative magnetic
shear and high values afyyp stabilize the TEM and can shift the ITG-TEM transition point to
higher values oR/L,, near the experimental values. The ion to electron temperature logarithmic
gradients ratio is also important since it affects directly the ITG contribution. Values of order
Lte/L1i <1 are required.
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