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Abstract

Different tokamak core turbulence scenarios are inveithavith respect to thg de-
pendence of the transport, and a strong amplification of tin&t® shift is found for ITG
turbulence. Moreover, radially global runs show moderaeéations from the local limit
for mid-size experiments. Lastly, nonlinear microtearsngulations are presented, focus-

ing on transport and magnetic fluctuation levels.

In recent, dedicated experiments, researchers have elitakxponents for the scaling of the
plasma confinement time: with the normalized plasma pressyfe= 3 = 8nne0Te0/Br2ef (with
electron densityeg and temperaturé,p, as well as equilibrium magnetic fieRjef). The results,
however, vary strongly, ranging from very little or no degence (DIII-D) [1] totg O B~%°
(ASDEX Upgrade) [2] and evere O B~14 (JET) [3], highlighting the need for a deeper under-
standing of the properties of finifg-transport phenomena. By presenting results from gyroki-
netic electromagnetic simulations, the present work aomshed some light on some of these
properties. First, previous studies [4] are extended bypemameter regimes [5], thus providing
[ scans for the most relevant core microturbulence scendg@serally, zonal flow dynamics
play a major role in determining the nonlinear transport or the ion temperature gradient
(ITG) case, a strong increase of the Dimits shift wihs observed. Second, (radially) global
simulations with finitg3 are presented, corroborating the applicability of locakrto the bigger
present-day and to future experiments. Lastly, nonlineaulations of the microtearing (MT)
mode are discussed, along with their magnetic transpaitifa corresponding coefficient for

the amplitude of magnetic fluctuations is reported.

The GENE Code

All simulations presented here were performed with the kgyretic Vlasov code GNE [6].
In its linear mode, this code may also be run as an eigenvaluersgiving access to subdomi-
nant and stable modes; it can be operated radially locallyfas tube code or globally; and it
is publicly available.

Next, different operation points are used to study the ihp&déinite-3 effects both on the
linear modes — including the onset of kinetic ballooning e®@dKBMs) — and the turbulent

transport. Details on the physical and numerical settigsbe found in Ref. [5].
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TEM Turbulence
The left plot in Fig. 1 shows the linear growth ratef the trapped electron mode (TEM) as a
function of B for multiple toroidal wave numbeis (in units of the inverse ion sound gyroradius

ps ). A small stabilizing effect with increasing can be observed. The KBM threshgBgl; is

determined by the lovik; range—a corresponding analysis yieftig: ~ é‘"ritHD = 2.03%.

Nonlinearly, however, the os

picture changes (see Fig. 1, Zi
right plot): with increasing3, ?"-S
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the transport grows steadily.  *
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minished role of zonal flows

in the nonlinear saturation proFigure 1: TEM case: Linear growth rates (left) fgr= 0.2, 0.4, 0.6;
cess: zonal flows are known t@nd nonlinear transport (right).

inhibit transport [7] and to decrease in strength witht is also to be noted that the nonlinear

KBM threshold agrees very well with the linear prediction.

I TG Turbulence

To avoid the complications that arise (mostly due to moderattion) when performing and
analyzing electromagnetic Cyclone Base Case [8] simulatjd], the parameters of the ITG
mode investigated here were chosen for the mode not to atterth other instabilities. In the
left plot of Fig. 2, the stabilizing effect g8 on y is visible (with Beit = 1.8%, significantly
deviating from the MHD valu@MHb = 2.449%).

Quialitatively, this result car- .-

- . 1.0
ries over to nonlinear runs, but N
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the stabilization occurs muchs o
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faster in the latter, see the right

20

plotin Fig. 2—while the KBM  °°
threshold agrees also quanti-

Q/ (vuppo/RE)

tatively with its linear coun- Figure 2: ITG case: Linear growth rates (left) igr=0.1, 0.2, 0.3,
terpart. The deviation in the0.4; and nonlinear transport (right).

transport behavior can again be explained by the zonal flavahycs: since here, the growth
rate declines more strongly than the zonal flow strengthrdlagive influence of the zonal flows

grows with3, resulting in lower transport.
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One can also observe this effect in the critical gradi-
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ents. As shown in Fig. 3, the so-called Dimits shift [8],

.
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i.e., the nonlinear upshift of the critical ion temperature

gradient, increases significantly at moderately hight 2T

is to be noted that the relatively sudden increase from 0 —— ]
B/ %
B = 0.25% to 05% is not accompanied by qualitative

changes in other standard diagnostics such as the speﬁgare 3: Linear/nonlinear critical gra-

Non-L ocal Effects dients and Dimits shift as functions of

To assess the influence of radially non-local effecésfor the ITG case.
GENE was operated linearly in its global mode (see, e.g., Rej. 49)Cyclone-like parame-
ters. As shown in Fig. 4, finite* = pref/a (with a denoting the minor radius) simulations agree
gualitatively with the local limitp* — 0. From the figure, it can be inferred that only small ex-
periments should observe strong deviations from that loo#, and that ITER-sized machines

will, at least in the core, almost certainly be described Wglocal physics alone.

As a consequence of the above results, it is no surprise 2 —— ;a1
1.8 *
e pF=1/500

that standard local properties of electromagnetic simu-ij o P =1/300
) o — b p*=1/150
lations carry over: ITG stabilization, largely unaffected '? p*=1/100

- 1
TEMs, and eventually KBMs—note that the KBM thresh=  °*

0.4
0.2

old hardly varies over a large range@f values.

Microtearing and Magnetic Fluctuations

Recently, microtearing (MT) modes have received in-
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creased attention, in part because they tend to appear Ei@yre 4: Growth rate &, = 0.28 as a
dominantly in many finite3 studies (see, e.g., Ref. [10])function of 3 for different values op”

Fig. 5 shows results from first nonlinear MT simulation

g)r Cyclone-like parameters.

namely, the dependence of the transport on the magnetiadiimh strength. Clearly, the

(quadratic) curve follows the standard model investigateRef. [4] based on an ansatz de-

tailed in Ref. [11].

The magnetic fluctuation stren@?g/Bref can also be used to determine the redistribution of

fast particles in turbulent magnetic fields [12]. Thus, ihedpful to specify coefficients to de-
scribe the fluctuation amplitudBy /Byet = %x(B/ Berit) (01/Ro), with the major radiu®y. While
it was found previously [5] that ITG turbulence tends to h&yge~ 0.8 and TEM turbulence

%x ~ 0.2—0.4, the corresponding result for MT obtained her&js- 0.2.
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25
Ref. [13] originally predictedd/Bet ~ Pe/LTe, With I XZSSNEM;(;)@ +

the electron temperature gradient lendthe. In the i 15| *

present simulations, this result is retained correctly, iil 1 + #

beit the underlying assumptignQ k§ is found notto e~ °5 ¥ - - a

fulfilled. % 005 01 o015 02

(6B2/Bo)/(ps/R)
Summary

In this work, a variety of finite studies was presentediguré 5: Nonlinear microtearing sim-

Generally, TEM and ITG turbulence exhibits qualitatiyiations: magnetic part of the electron

differences from the respective linear modes, and in bgfift difiusivity as a function of the

e ) magnetic fluctuation strength.
cases thg-modified strength of the zonal flows with re- g g

spect to the linear growth rate can explain the deviatioostilie ITG scenario, a study of the
critical gradients reveals a strong amplification of the @snshift, significantly extending the
nonlinear stability regime. Global simulations are useddwoborate the applicability of local
runs to the larger present-day and future experimentsewdhilysically accurate descriptions
of mid-size machines may require radially global studieastly, first nonlinear microtearing
results are used to show good agreement with a standard tragaasport model, as well as
to extend a previously reported list of coefficients desoglthe amplitude of magnetic fluctu-

ations in turbulent simulations.
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