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EUTERPE is a global (full radius, full flux surface) gyro-kiic particle-in-cell (PIC) code
which is applied to the numerical simulation of plasmas ire¢hdimensional (3D) magnetic
field configurations. The code is capable of simulating ughted kinetic species (ions, elec-
trons and fast particles/impurities) and solves the fielshéigns for the electrostatic and paral-
lel vector potentials. EUTERPE can be operated in diffeneoties - e.g. electrostatic or fully
electromagnetic - and can also neglect or take into accbentan-linearity [1]. As the code is
applied by several users, different efforts have been madeglement a growing complexity
of physics. Recent developments included collisions [2] enpurity transport [3]. To study
energy transfer between fast particles and MHD modes, EWPEERas also coupled to the
reduced MHD code CKA [4], and an electron-fluid model was tigved [5]. In this manner,
EUTERPE has become a valuable tool for the analysis of a veidge of plasma instabilities
(ITG, ETG, TEM, GAE, TAE ...) which in particular can help tentify non-local effects. With
respect to the upcoming operation phase of the WendelstXistéllarator, there is a growing
interest to establish EUTERPE as a reliable modelling tduttvcan be used to assist the nu-
merical reconstruction and interpretation of experimkintdings.

This contribution gives a preliminary overview of resultst@ned from the simulation of lin-
ear ion-temperature-gradient (ITG) driven instabiliirestellarators, in particular Wendelstein
7-X (W7-X) and the Large Helical Device (LHD). The aim of tleefudies was to obtain basic
information on expected modes, e.g. growth rates, mode atsnimode structure, frequencies
etc., from systematic scans over both temperature andtgdegrsidients. As a starting point
for such investigations, the following simplifications amssumptions were made: (i) As men-
tioned above, only the linear regime was considered, thgteaeng all contributions to the
equations of motion for the gyrating particles that in gahdepend on the fluctuating electro-
static potentialp. (ii) Using adiabatic electrons resulted in further sirfipiition and allowed
for a larger time step to speed up the computations. (iiialyncertain assumptions were made
w.r.t. the temperature and density profiles used. EUTERIRE awe routinely performed using
3D equilibrium results from the VMEC code. As VMEC resultg #ased on prescribed equi-
librium pressure profiles, self-consistent EUTERPE rurmaghuse the same pressure profiles.
However, it is common practice so far to vary densities angpiratures independently, thus
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assuming that the magnetic configuration would not changenmese modifications. The re-
sults presented here were obtained following two diffesgyroaches. In a first step (“phase
I"), a prescribed equilibrium configuration was assumedadte sensitive to the modifications
applied to temperature and density profiles while scanriingugh their gradients over a cer-
tain range of scale lengths andL,. Profiles were described by piece-wise linear (triangular)
functions dIril /ds and dlm/ds, wheres is the normalized toroidal flux. Results obtained in
this way are rigorously speaking not consistent with theeulythg equilibrium configuration,
but provide a first picture of linear ITG behaviour. Figuredmpares the stability diagrams
obtained for W7-X 8 = 2%) and LHD 8 = 1.5%). In both cases the reference temperature at
the radial positiors, = 0.5 wasT, = 1lkeV.
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Figure 1:“Phase I” stability diagrams for W7-X (left) and LHD (right)The plots show the normalized
growth ratesy/(vr /a) for linear ITG instability as a function of the stability pametern; = (Ln/Lt)i ,
with thermal velocity ¥ and minor radius a= 0.5m (W7-X) and.6m (LHD).

The most obvious result is the existence of a clear thredbolihear ITG instability atn; ~ 1.
Furthermore, the absolute growth rates for the two devicefoaind to be similar. Besides their
growth rates, it is also of interest where the fluctuationseap and how far they extend.
Figure 2 shows a typical pattern for an ITG mode in W7-X oladiwith “phase I” profiles.
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Figure 2:Normalized electrostatic potential on a flux surface 6.5 for ITG in W7-X.
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The potential fluctuations are seen to reside on the outdidleeatorus, in the region of un-
favourable curvature, where they avoid the helical higkasledge limiting the toroidal exten-
sion of the mode.

In the interest of more realistic modelling, the profilesdut® the EUTERPE runs were mod-
ified in “phase II” in order to meet the requirement for cortamey with an underlying equilib-
rium. In a fully realistic calculation, an equilibrium walibe derived from experimental data or
transport simulations. The following results were obtdimgth “quasi-realistic” profiles being
consistent with the equilibrium (the ones already used ima§e 1”) but remain simplified w.r.t.

the actual shape of the profiles. We assyme pe + pi = 2nT and write

n_(p\ T_ Ll—x _dInT ydInn_ 1—x
no_(Zpo) and To_(zpo) - n= ds ds X ’ (1)

wherep = p(s) is the pressure profile used for the equilibrium configuratithere is then no

need to recalculate the magnetic field, agpds a constant over the radius determined by the free
parametery. The “phase II” results thus describe a “configuration cbi@dstic”, i.e. a scan
over different combinations of temperature and densitypdp@onsistent with one prescribed

equilibrium pressure profile.
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Figure 3:Linear growth ratesy/(vT/a) vs. gLt (left) and gL, (right) in LHD for the scan along a

configuration characteristic (red dots) as compared to “pbd” (black) results. (a= 0.6m)

Figure 3 shows the linear ITG growth rates for different camtions ofa/Lt anda/Ly for

a given pressure profilep(pp = 1 — 2s+ %) in LHD with 3 = 1.5%, covering a range of
0.5 < ni < 2.5. The profiles used in these simulations are not yet fullysiant with the
underlying equilibrium. The reason is that we had to intialfinite residual temperatures and
densities as = 1 to avoid infinite values fof /T andn’/n. Here, we used a residual pressure
op = 0.05pp, whereas the equilibrium was calculated assungng.; = 0. The growth rates
are found to be sensitive to the actual vafyg and for realistic modelling one needs to involve
physically reasonable equilibrium pressures at the bayrsia 1.

Figure 4 compares two cuts through the LHD plasma at consiamitlal anglep = 0. The left
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plot shows the structure of an ITG mode fgr= 2.0 with myg/np = 120/81 residing around
s~ 0.61. The right one correspondsp= 1.0 with my/ng = 160/92 ats~ 0.75. The growth
rates arey |p,—2.0 = 0.124vr /aandy |p,—10 = 0.021vr /a. As in fig. 2, the modes reside at the
outer mid-plane aroun@ = 0. Forn; = 2.0, the mode is clearly shifted below the equatorial
plane — a characteristic feature observed in all global Etrmns so far. Fon; = 1.0, the mode
is shifted outwards and the scale of the fluctuations is &m&llote that the potentials (absolute

values) are normalized to their maximum, and the mode isaigtalmost stable.

% -
) t
ai 02 03 o4 05 06 a7 a8 09 ol 02 03 04 05 08 a7 Dok 09

Figure 4:Normalized electrostatic potential gt= 0in LHD for n; = 2.0 (left) andn; = 1.0 (right).

Figure 5 shows the corresponding mode patterns on a fluxcauiridl HD. Again, the mode on
the right is almost stable. Similar studies for Wendels#e are underway.
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Figure 5:Normalized electrostatic potential ats0.61 (0.75) forn; = 2.0 (left) andn; = 1.0 (right).
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