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P 11.1 Tue 16:15 Redoutensaal
Investigation of the pump-out effect by resonant magnetic
perturbations in ASDEX Upgrade — eNiLs LEuTHoLp!, WoLF-
cANG SuTTROP!, MATTHIAS WILLENSDORFER!, MARCO CAVEDON!,
Mike Dunne!, Luis GiL2, Luis GuiMaRrals?, THE ASDEX UPGRADE
Tram!, and THE MST1 TEaM® — Max-Planck-Institut fuer Plasma-
physik, Boltzmannstr. 2, 85748, Garching, Germany — 2Instituto de
Plasmas e Fusao Nuclear, Instituto Superior Tecnico, Universidade de
Lisboa, Portugal — 3see H. Meyer et al 2017 Nucl. Fusion 57 102014

Future fusion reactors are foreseen to run in the high confinement
mode at low collisionality due to the confinement requirements for
self-sustained fusion power generation. However, this regime is accom-
panied by edge localized modes, which expell particles and energy in
a pulsed manner. Since this instability has the potential to damage
the first wall material, it has to be mitigated or suppressed. While
resonant magnetic perturbations (RMPs) can achieve this, they have
the drawback of causing a strong reduction of density. Theories trying
to explain the transport mechanism underlying this ”pump-out” effect
are tested experimentally in ASDEX Upgrade. The results indicate
that the resonance between the location of penetrating RMP fields
and resonant surfaces is not crucial for the pump-out. Reflectometry
measurements reveal the presence of toroidally asymmetric turbulence
in the steepest gradient region. Those fluctuations correlate well with
D-alpha light measurements in the scrape-off layer. Experiments with
a modulation of the RMP field strength show, that the change in den-
sity happens first also in this region of asymmetric turbulence.

P 11.2 Tue 16:15 Redoutensaal
Towards nonlinear simulations of full ELM cycles — ¢ ANDRES
CATHEY, MATTHIAS HOELZL, and FraNcois OrRAIN — Max Planck
Institute for Plasma Physics, Boltzmannstr. 2, 85748 Garching, Ger-
many

Edge localized modes (ELMs) in tokamak fusion plasmas have been
studied extensively both experimentally and theoretically in particu-
lar due to the strong associated heat fluxes which potentially exceed
material constraints in ITER. Presently, ELM crash simulations are
typically started from a peeling-ballooning unstable equilibrium re-
constructed from experiments just before an ELM crash occurs. This
way many aspects of single ELM crashes have been reproduced suc-
cessfully in numerical simulations, but their characteristic periodicity
still needs to be simulated consistently. In order to produce a more
complete description of ELMs including inter-ELM phase and ELM
onset, the full cyclic behaviour has to be consistently modelled. An
overview of ELM physics will be given along with plans and first steps
towards investigating full ELM cycles using the non-linear MHD code
JOREK.

P 11.3 Tue 16:15 Redoutensaal
Energy-conserving Implicit Time Discretisation for the
GEMPIC Framework — eBENEDIKT PERSE?, KATHARINA
KormMann®2, and Eric SoONNENDRUCKER? — IMax-Planck-
Institute for Plasma Physics, Garching, Germany — 2TU Miinchen,
Zentrum Mathematik, Garching, Germany

For this poster, we consider an energy-conserving implicit time discreti-
sation for the GEMPIC framework by reviewing the "Exactly energy
conserving semi-implicit method” of Lapenta.

We adapt the method for the finite element discretisation of the
GEMPIC framework, modify the splitting to gain higher order of ac-
curacy for the electromagnetic fields and examine the performance of
an 1d2v code in some test cases in regard of the conservation of energy
and Gauss’ law and the dependence of the accuracy on the time step.
Furthermore, we compare the method to the explicit time stepping
based on a Hamiltonian splitting proposed for the GEMPIC frame-
work and another semi-implicit method using an average vector field
scheme.

P 11.4 Tue 16:15 Redoutensaal
Trot and T,;;, determination in a COy plasma — eFEDERICO
AnTonio D’Isal, E. CarBone!, A. Hecmmovic!, S. Gaiser?, A.
ScuuLz?, M. WALKER?, S. SoLparov?, G. Link3, J. JELONNEKS,
N. Brrtun?, and UrseL Fantz! — 'IPP, 85748 Garching, Germany

— 2IVGP, 70569 Stuttgart, Germany — SKIT, 76344 Eggenstein-

Location: Redoutensaal

Leopoldshafen, Germany — 4University of Mons, B7000 Mons, Bel-
gium

Energy storage on demand is of critical importance for an energy grid
with proper integration of renewable energies. The power to gas con-
cept aims to store energy in excess into gas by conversion of COq
into chemical fuels such as syngas or methanol. To achieve a conver-
sion effiency high enough to make the process advantageous, the CO2
molecule must be preferentially dissociated by means of vibrational
excitation which requires less energy than direct electron impact dis-
sociation. The determination of the vibrational and rotational temper-
atures of the molecule in COg plasma is crucial for understanding the
conversion mechanism. In this work several CO2 plasmas excited by
microwaves have been studied by optical emission spectroscopy. The
emission of the excited states of the Co (d3Hg state) molecule and of
the CN (B2Z7 state) molecules is used to determine the rotational
and vibrational temperature at pressures between 0.3 to 1 bar by fit-
ting the measured spectra with a simulation done using on PGOPHER
and MassiveOES. From the emission of the CO (B! 7 state) the rota-
tional temperature has been determined at a pressure of 2 mbar. The
results with the fitting routine will be presented and discussed.

P 11.5 Tue 16:15 Redoutensaal
Beam asymmetry and homogeneity characterization at the
large negative ion source ELISE — elsaBeLLa Mario, DIrRk
WUNDERLICH, URSEL FANTZ, and FEDERICA BoNOMO — Max-Planck-
Institut fiir Plasmaphysik, Garching, Germany

The ITER neutral beam injection (NBI) system is based on RF sources
for production of negative ions (H~/D~). The ELISE test facility
(source size is half the size of the source for ITER NBI) is an interme-
diate step in the European R&D roadmap towards the full size ITER
source. The aim of ELISE is to fulfill the basic ITER requirements
regarding extracted ion current, electron ion ratio at low filling pres-
sure (< 0.3Pa) up to one hour pulse. On the beam side, at the exit
of the acceleration stage, local maximum deviation from the averaged
beam power density must be less than 10% in order to ensure good
beam line transmission. For ELISE, with a beam of about 1m?, the
lowest achievable beam divergence is about 17 mrad and vertical asym-
metry and inhomogeneity are mainly caused by the interplay of plasma
drift, non-uniform negative ion production as well as beam deflection
by magnetic field. Aim of this work is to improve the understanding
of the correlation between locally resolved beam properties with global
electrical measurements from beamline components and source param-
eters. For this purpose we make use of two beam diagnostics: beam
emission spectroscopy placed at 2.7 m downstream the extraction sys-
tem, with a vertical resolution of 5cm, and the infrared calorimetry
on a diagnostic calorimeter at 3.5m, with a resolution of 4cm. Both
diagnostics provide beam divergence and accelerated current.

P 11.6 Tue 16:15 Redoutensaal
Magnetic field configurations for reducing co-extracted elec-
trons from an ITER NBI relevant ion source. — eIvAR MAURI-
c10 MONTELLANO, S. MocCHALSKYY, D. WONDERLICH, and U. FANTZ
— Max- Planck-Institut fiir Plasmaphysik, 85748 Garching, Germany

The ITER NBI system is based on powerful large-scale RF sources
for negative hydrogen or deuterium ions. In order to improve the in-
sight into the complex physics of the low pressure, low temperature
plasma close to the extraction system of the ion source the application
of self-consistent models is mandatory. The presence of two different
magnetic fields, the filter field and the electron deflection field, which
are perpendicular to each other, breaks the symmetry of the system
making the application of a 3D model necessary. The 3D Particle in
cell (PIC) code ONIX is capable to simulate the plasma volume close
to one extraction aperture of the ITER prototype source. So far, ONIX
has been applied in order to reproduce the generation and extraction
of negative hydrogen ions and of co-extracted electrons. Of particular
importance is the ratio of co-extracted electron current to extracted
ion current which has to be kept below one for ITER. In the experi-
ment several parameters can be modified to reduce and stabilize the
co-extracted electrons, for example the strength topology of the mag-
netic fields. In order to improve the physical insight and as first step
towards predictive calculations, different magnetic field configurations
are simulated with ONIX to determine their effect in the co-extracted
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electron current. Presented are the results of these simulations and
the discussion about the influence of different magnetic field configu-
rations.

P 11.7 Tue 16:15 Redoutensaal
Spectral discretization for the Vlasov Equation — eANNA
Yurova and KaTHARINA KoORMANN — Max-Planck-Institut fir
Plasmaphysik, Garching b. Miinchen, Deutschland

Solving the full kinetic equations can help in understanding possible
shortcomings of gyrokinetics. We consider a Galerkin method with
Fourier discretization in space and generalized Hermite functions in
velocity. The generalized Hermite functions allow for exact integration
and resemble the structure of the solution in velocity space. Therefore,
it is possible to simulate an unbounded domain in velocity instead of
cutting it as it is currently done in mesh-based methods. We investi-
gate the influence of the scaling and shift of the basis functions on the
numerical solution of the Vlasov equation. We study different choices
of the parameters in order to find a setup with a good representation
of the initial distribution and, at the same time, long-term numerical
stability.

P 11.8 Tue 16:15 Redoutensaal
Investigation of optically grey electron cyclotron harmonics
in Wendelstein 7-X — eNEHA CHAUDHARY, MATTHIAS HIRSCH,
Hans OosTERBEEK, RoOBERT WoLr, and W7-X Team — Max-
Planck-Institut fiir Plasmaphysik, Wendelsteinstrafte 1, 17491 Greif-
swald, Germany

Electron cyclotron emission (ECE) is a standard diagnostic to mea-
sure electron temperature profiles in magnetized plasmas. In W7-X
with a magnetic field of 2.5T, ECE from the second harmonic X-mode
(120-160GHz) is scanned using a heterodyne radiometer. For the X2
mode, re-absorption of microwaves in the plasma is strong enough for
the plasma to be considered as optically thick. Hence ECE can be
taken as blackbody emission representing an electron temperature.

Other than the optically black X2 mode the ECE spectrum also
has higher harmonics. Due to lower absorption coefficients these har-
monics are optically grey. In case of overdense plasmas the X2 mode
reaches its cutoff. Then higher harmonics provide the only access to
ECE emission and hence the physics of core electrons.

The aim of this work is to perform a broadband scan of the ECE
spectrum using a Michelson Interferometer in W7-X and compare it to
the already existing radiation transport calculations (TRAVIS). Stray
radiation from non-absorbed electron cyclotron resonance heating is an
issue as it is in the middle of the X2 emission spectrum. Therefore a
stray radiation filter is required. The design for such a filter consisting
of multiple dielectric layers has been tested and will be presented.

P 11.9 Tue 16:15 Redoutensaal
Characterisation of the Wendelstein 7-X divertor plasma with
Langmuir probes — eLukas RupiscHHAUSER!, KENNETH CHARLES
Hammonp!, MicHaEL ENDLER!, BoyD DoucLas BLACKWELL?, and
THE W-7X TEAM! — !Max-Planck-Insitute for Plasma Physics, Greif-
swald, Germany — 2Australian National University, Canberra, Aus-
tralia

During the operation phase 1.2a of the stellarator Wendelstein 7-X,
40 Langmuir probes embedded in the newly installed divertor were
used to investigate the scrape-off layer. Temperatures, densities and
plasma potentials were measured over a range of distances from the
pumping gap, sampling different topological regions of the magnetic
island divertor field.

Capabilities and limitations of the diagnostic are briefly introduced.
The data are combined with observations of optical and spectrographic
diagnostics as well as upstream probes to characterise the behaviour
of the divertor plasma with respect to global plasma parameters. We
present results of experiments on impurity seeding, pellet fuelling, ra-
diative edge cooling and discuss indications for detachment in detail.

P 11.10 Tue 16:15 Redoutensaal
Radial Electric Field Studies in the Near Scrape-off Layer
of ASDEX Upgrade using Charge Exchange Recombina-
tion Spectroscopy — eULRIKE PLaNk!'2, THomAs PUTTERICHDZ,
Marco CavepoNn!, MicHAEL GRIENER!', ELEONORA VIEzzER3, UL-
ricH StroTH!, and ASDEX UpcraDE TEAM! — 'Max Planck Insti-
tute for Plasma Physics, Garching, Germany — 2Faculty of Physics,
Ludwig Maximilian University of Munich, Germany — 3Department
of Atomic, Molecular and Nuclear Physics, University of Seville, Spain

The high confinement mode (H-mode) is a regime of magnetically con-
fined fusion plasmas with improved particle and energy confinement.
It exhibits a transport barrier in the confined region, close to the last
closed flux surface (LCFS). This barrier is caused by a shear of the
radial electric field (E,). However, it is still discussed whether the
E; shear in the near scrape-off layer (SOL), i.e. outside the LCFS,
influences the formation of the transport barrier and, therefore, the
transition into H-mode. In order to measure E, in the near SOL, a
new charge exchange (CX) recombination spectroscopy diagnostics was
installed at ASDEX Upgrade, which is capable of measuring E, with
high radial resolution by investigating CX reactions of low-Z impurity
ions with injected neutrals. The new system utilizes a piezo valve for
the injection of neutrals, which provides locally high neutral densities
in the near SOL. The characterization of different CX lines from fully
and partially ionized impurities will be presented together with first
measurements of the new diagnostics.

P 11.11 Tue 16:15 Redoutensaal
Semi-Lagrangian drift-kinetic simulations in toroidal ge-
ometries — eEpoArRDO Zoni2, Yaman GuogLtl, and Eric
SONNENDRUCKER!'2 — 1Max-Planck-Institut fiir Plasmaphysik, 85748
Garching, Germany — 2Zentrum Mathematik, TU Miinchen, 85748
Garching, Germany

A semi-Lagrangian simulation code is currently under development
within the framework of the SeLaLib object-oriented Fortran library
[1], in order to perform global electrostatic simulations of drift-kinetic
ions and adiabatic electrons in toroidal geometries. The code employs
field-aligned interpolation and splitting [2] to reduce significantly the
number of poloidal planes and hence the memory footprint of the sim-
ulations.

The curvature of the background magnetic field in toroidal geome-
tries causes complications in setting up initial conditions correspond-
ing to a stable kinetic equilibrium, in applying non-constant boundary
conditions for the interpolation in the radial and the velocity domains,
and in the treatment of the O-point.

Solutions to these problems are presented and discussed, including
the development of the corresponding computational tools in SeLaLib.

Verification tests in cylindrical geometry with a screw-pinch mag-
netic field configuration as well as preliminary results of standard test-
cases in toroidal geometries are presented. Helpful collaboration with
the GySeLa team is acknowledged.

[1] SeLaLib: Semi-Lagrangian Library, http://selalib.gforge.inria.fr/.
[2] Latu et al., Journal of Scientific Computing, 2017, ISSN 1573-7691.

P 11.12 Tue 16:15 Redoutensaal
ELM heat loads on the ASDEX Upgrade divertor in high den-
sity discharges — eDAVIDE SivagNi'2, THoMas Eicu!, MIicHAEL
Farrscu!, BERNHARD SIEGLIN', DomMINIK Bripal:2, PIERRE Davip!,
and ASDEX UprGRADE TEAM! — Max-Planck Institute for Plasma
Physics, Boltzmannstr. 2, 85748 Garching, Germany — 2Physik-
Department E28, Technische Universitdt Miinchen, 85747 Garching,
Germany

A reliable prediction of the Edge Localised Mode (ELM) induced heat
loads on the divertor of larger devices such as ITER is crucial, since it
defines the operational range of future devices as well as the need for
mitigation techniques. A recent scaling of the ELM (peak) energy flu-
ence predicts unacceptable heat loads on the ITER divertor tiles in the
@ = 10 scenario, if no mitigations are applied. For this reason, in this
work the ELM power loads on the divertor of ASDEX Upgrade will
be studied in discharges with high plasma edge density and detached
divertor to discern whether a reduction of the ELM energy fluence can
be found. However, in the presence of detachment the measurement
of the divertor target temperature with standard infrared cameras is
not possible because of the enhanced Bremsstrahlung radiation nearby
the divertor tiles. For this reason, in 2018 ASDEX Upgrade will be
equipped with a new infrared diagnostics that is expected to provide
more reliable measurements of the divertor temperature (and heat flux)
in plasma scenarios with high edge density. In this work, the new in-
frared diagnostics is presented as well as the most recent studies on
ELM heat loads.

P 11.13 Tue 16:15 Redoutensaal
Assessment of particle and heat loads to the upper open di-
vertor in ASDEX Upgrade and comparison with SOLPS sim-
ulations — eIvaN ParaDELA PEREZ!'2, MATHIAS GROTH!, ANDREA
ScaraBosio?, and ASDEX Upcrape Team? — lAalto University,
Finland — 2IPP Garching, Germany
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Drifts and divertor geometry play a fundamental role in power, momen-
tum and particle transport. An experiment has been carried out in the
upper open divertor of ASDEX Upgrade to characterize their impact.
Infra-red thermography measurements of the heat flux profiles in up-
per single-null, low confinement mode discharges in ASDEX Upgrade
show that the heat loads onto the upper low-field side target increase
by factors up to ~ 8 when changing from unfavourable (By < 0, VB
drift downwards) to favourable (Br > 0, VB drift upwards) toroidal
field directions. The evolution of the heat loads with increasing plasma
current and core density is different for both field directions. Increasing
plasma current has a greater impact on heat flux profiles in favourable
direction while the effect of increasing core density (in attached con-
ditions) is more pronounced in unfavourable direction. Power detach-
ment is observed for both Br directions. This dependence on the Br
direction of the evolution with increasing plasma current and core den-
sity of the target profiles has also been observed in the collected ion
saturation current, Isq¢, measured by the Langmuir probes. However,
the roll-over of Is4+ is only observed for By < 0. Lower closed divertor
AUG discharges and SOLPS simualtions will be used to improve the
understanding of the large impact of drifts and divertor geometry.

P 11.14 Tue 16:15 Redoutensaal
SOLPS Modeling of Partially Detached Plasmas in AS-

DEX Upgrade — eFERDINAND HiTzLER'?, MARCO WISCHMEIER',

FeLix RemmMorp®, MarTHIiAs BERNERT!, XAviErR BonnNiN?, ARNE
KaLLenBacH!, THE ASDEX UpcrabpE TEaM!, and THE EURO-
rFusioN MST1 Team® — IPP Garching, Germany — 2TU Miinchen,
Garching, Germany — 3Forschungszentrum Jiilich, Jiilich, Germany
— 4ITER Organization, St. Paul-lez-Durance, France — 5See author

list "H. Meyer et al 2017 Nucl. Fusion 57 102014"

Power exhaust will be a critical issue for future tokamak fusion devices.
The unmitigated power loads at the divertor targets can easily exceed
the foreseen material limit of 10 MWm™2. To prevent severe damage
of plasma facing components these power loads have to be reduced
significantly. This can be achieved by increased fueling and controlled
seeding of impurity species like nitrogen or argon. The resulting high
densities and low target temperatures lead to the so-called detachment
state, which is characterized by strongly reduced target power fluxes.
In this contribution impurity seeding of nitrogen and argon is inves-
tigated via SOLPS modeling. The radiation efficiencies of the seeded
impurities are discussed and compared to expectations from atomic
databases. It can be observed, that the effective radiation efficiencies
in the simulation are enhanced due to impurity transport which leads
to a deviation from the coronal equilibrium. The code results will be
validated with selected ASDEX Upgrade H-mode discharges with a
particular focus on the comparison of the impurity radiation patterns
using spectroscopic data and synthetic diagnostics in the simulation.

P 11.15 Tue 16:15 Redoutensaal
The bolometer diagnostic at the stellarator Wendelstein 7-
X — ePumLipp Hackerb2, Damnonc Znanc!, RAINER BURHENN!,
BIRGER BuTTENscHON!, THoMAs KLINGER!, and W7-X Team! —
IMax-Planck Institut fiir Plasmaphysik, EURATOM Association, D-
17491 Greifswald, Germany — 2Ernst-Moritz-Arndt Universitit Greif-

swald, D-17491 Greifswald, Germany

The bolometer diagnostic at the stellarator Wendelstein 7-X (W7-X),
using metal resistive detectors, aims to investigate the features of the
plasma radiation mainly from the impurities and to provide the to-
tal radiated power loss for global power balance study. A two-camera
system consisting of detector arrays with blackened gold-foil absorbers
has been installed at W7-X. They view the plasma at a triangular
cross section horizontally and vertically, respectively. The fan-shaped
lines of sight provide full coverage of the studied plasma with a spatial
resolution of 5cm. Based on their line-integrated measurements the
total radiated power loss of the divertor plasma has been estimated
independently. The initial results for helium and hydrogen plasma at
different magnetic configurations and heating powers will be presented.

P 11.16 Tue 16:15 Redoutensaal
Calibration and Operation of the Soft X-ray Tomography
System (XMCTS) and the Mirnov Diagnostic in the Wendel-

stein 7-X Stellarator — eNaTALIE LAUr!, CHRIsSTIAN BRANDT!,

KiaN RaHBARNIA!, HENNING THOMSEN!, JONATHAN SCHILLING!,
TorsTEN Broszar!, ALExanDErR CARD!, RaLpu LAuBE!, MIrRkO
MARQUARDT!, TimMo ScHRODER!, TorsTEN Bruam!, TAMARA
ANDREEVA!, ULricH NEUNER!, MANFRED ZILKER?, and THE W7X

Team! — Max-Planck-Institut fiir Plasmaphysik, Wendelsteinstr.

1, 17491 Greifswald, Germany — 2Max-Planck-Institut fiir Plasma-
physik, Boltzmannstrafle 2, Garching, Germany

The soft x-ray multi-camera tomography system (XMCTS) is a new
diagnostic implemented for operational phase 1.2a (August - Decem-
ber 2017) of the Wendelstein 7-X fusion experimental stellarator. In
current operation, 18 pinhole cameras mounted within the vacuum
vessel cover 324 lines of sight and will measure x-ray emission from
the plasma. The shape of the magnetic flux surfaces and instability
dynamics are reconstructed from this data. Supplementary to this di-
agnostic are 125 poloidally arranged Mirnov coils measuring changes in
the poloidal magnetic field component. Phase differences between coils
allow mode numbers to be extracted. Calibration and operation of the
XMCTS and the Mirnov diagnostic will be presented here facilitating
work during following operational campaigns to correlate the recon-
structed dynamics from data acquired by the XMCTS and the Mirnov
diagnostics with the associated magnetic configuration and data from
complementary diagnostics.

P 11.17 Tue 16:15 Redoutensaal
Core temperature collapses driven by ECCD at WT7-X stel-
larator — eMARco ZANiINI, HEINRICH LAQUA, TORSTEN STANGE,
RoBerRT WoLF, and W7-X TEAM — Max-Planck-Institut fiir Plasma-
physik, Wendelsteinstrafse 1, D-17491, Greifswald, Germany

The superconducting optimized stellarator Wendelstein 7-X is
equipped with a flexible electron cyclotron resonance heating (ECRH)
system, that allows up to 7 MW of power to be delivered to the plasma.
A localized power deposition is possible and the ECRH itself can be
used to drive a net current (ECCD). The negligible presence of toroidal
currents makes W7-X a perfect testbed for ECCD experiments.

During ECCD operations, repetitive and periodic collapses of the
central electron temperature have been observed; these collapses dis-
play a similar behavior to the well known ”sawtooth oscillation” present
in tokamaks.

An initial 1-D model has been developed to study the current dif-
fusion in the plasma. An ECCD profile is simulated using the ray
tracer code TRAVIS, developed at IPP. Due to Lenz’s law a counter
current is induced, whose time evolution is studied and analyzed. Lo-
cal changes in the current density profile generate a local modification
of the rotational transform, which can reach resonant values usually
associated with appearance of plasma instabilities.

The characteristic timescale between the collapses is compared to
the time needed by the rotational transform to reach the assumed res-
onant values.

P 11.18 Tue 16:15 Redoutensaal
Power balance analysis of the geodesic acoustic modes. —
oIvaN Novikau!, ALEssANDRO BiancaLani!, ALBerro BorTiNo!,
GARRARD D. Conway!, PETER Manz!, PIERRE MoreL2, OzgUR D.
Gorcan?, and EMANUELE PoLi! — Max-Planck-Institut fiir Plasma-
physik, 85748 Garching Germany — 2LPP, CNRS, Ecole polytech-
nique, UPMC Univ. Paris 06, Univ. Paris-Sud, Observatoire de Paris,
Université Paris-Saclay, Sorbonne Universités, PSL Research Univer-
sity, F-91128 Palaiseau, France

Turbulence in tokamaks generates radially sheared zonal flows (ZFs).
ZFs are zero frequency electrostatic ExB modes, damped mainly by
collisional processes.The action of the magnetic field curvature on the
ZFs gives rise to oscillations of radial electric field called the geodesic
acoustic modes (GAMs). GAMs are mainly damped by collisionless
wave-particle resonance, i.e, Landau damping. Zonal structures can
regulate and suppress turbulence, thus reducing the radial transport.
Collisional ZF and collisionless GAM damping rates constitute cru-
cial linear parameters in the nonlinear interaction between the zonal
structures and the turbulence.

In this work, the dynamics of linear and turbulence-driven GAMs is
investigated with the GK electromagnetic particle-in-cell code ORB5.
The development and extension of the power balance diagnostics for
the contribution of different particle species in ORB5 are described.
Moreover, different reduced models derived from the GK theory are
used to study the efficiency of the zero-frequency zonal structures,
ZFs, and their oscillatory part, GAMs, in the turbulence suppression.

P 11.19 Tue 16:15 Redoutensaal
Deep Learning for Plasma Diagnostics — eFrancisco Maros,
FroriaN HeEnDRICH, FrRANK JENKO, and Tomas ObpSTRCIL — Max
Planck Institute for Plasma Physics, Garching, Germany

At the ASDEX-Upgrade Tokamak, a Soft X-ray diagnostic exists which
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can be used to perform tomographic inversion (that is, reconstructing
the 2D emissivity profile) of the plasma. However, state of the art
tomographic algorithms require manual tuning to detect faulty mea-
surements, can be too slow for real-time use, and do not always produce
the most accurate profiles.

Our focus is on exploring the application of Deep Learning to con-
vert this soft-x ray data into the full images (reconstructions) of the
plasma emissivity profile, with the ultimate goal of producing accurate,
noise-resistant, tomographic reconstructions at real-time speeds. The
current approach consists in turning the concept of a Convolutional
Neural Network upside down, with fully-connected layers processing
the input signal, and transpose convolutional layers responsible for
learning the image features to generate. We train this network by cal-
culating the loss as the absolute error with respect to the pixels of
existing tomograms. For this, we have a dataset consisting of approx-
imately 120 000 measurement/image pairs.

P 11.20 Tue 16:15 Redoutensaal
Minerva neural network based surrogate models for real time
inference of ion temperature profiles at Wendelstein 7-X
— eANDREA PavonNE!, JAkoB SVENSsON!, ANDREAS LANGENBERG!,
NoviMmiR PaBLaNT?, RoBERT C. WoLF!, and W7-X TEaM! — 'Max-
Planck-Institut fiir Plasmaphysik, Teilinstitut Greifswald, D-17491
Greifswald, Germany — 2Princeton Plasma Physics Laboratory, 08540
Princeton, NJ, US

At the Wendelstein 7-X stellarator, tens of diagnostics produce a mas-
sive amount of data relevant to the measurement of plasma param-
eters. Forward models of many diagnostics are implemented in the
Minerva framework where Bayesian inference is applied to complex
systems constituting multiple diagnostics and physics models. Con-
ventional inversion routines can take hours for a single data point, but
Artificial Neural Networks (ANNSs) can reduce the time by several or-
ders of magnitude, making real-time analysis possible and providing
a reliable alternative to such routines. We have trained ANNs exclu-
sively on data synthesized within the Minerva framework, so that the
trained ANNSs constitute a surrogate model of the full physics model.
We also focused on the quantitative estimation of the uncertainties of
the ANN*s output, based on the stochastic properties of the optimiza-
tion and the limited parameter space coverage of the training set with
respect to novel measured data points. Results from applying ANNs to
ion temperature profile inference from 2D X-ray spectral measurements
will be compared with standard inversion routines, showing robustness
and reliability for real time plasma parameter inference.

P 11.21 Tue 16:15 Redoutensaal
Hybrid drift kinetic electron - kinetic ion computations
for electrostatic fluctuations in astrophysical plasmas —
eKArREN Powmmors!, Simon LauTenBac?, DanieL Torp!, and
RAINER GRAUERZ — !Max Planck Institut fur Plasmaphysik, Garch-

ing, Germany — 2Ruhr Universitit, Bochum, Germany

Kinetic numerical simulations, applied to study local heating in the so-
lar wind [1], are computationally expensive due to the different evolu-
tion scales involved in the dynamics. The dispersion relation of Alfvén
wave and fast magnetic mode were found with different simplified mod-
els, such as hybrid fluid-kinetic and gyrokinetic, and were compared
in a recent work [2]. It has emerged that hybrid kinetic is well suited
to describe high frequency waves, on the other hand it misses elec-
tron kinetic effects even at ion scales. Instead, gyrokinetics is able to
capture kinetic electron effects but limited to wave frequencies below
the cyclotron frequencies of the species involved. Hence, to enlarge
the range of frequency of validity of gyrokinetic model for simulations
of astrophysical plasmas, we aim to implement a hybrid model that
involves a gyrokinetic description for electrons and kinetic for ions. In
this poster we will show the first results, where we implemented this
new hybrid model in the case of electrostatic dynamics and drift-kinetic
electrons in muphy (3|, a framework designed to couple different nu-
merical codes for solving plasma problems. References: [1] R. Bruno
and V. Carbone. Living Rev. Solar Physics, 2(4), 2005. [2] D. Told et
al. New J. Phys., 18(6):065011, 2016. [3] M. Rieke et al. J. Comput.
Phys., 283:436-452, 2015.
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Gyrokinetics of electron-positron plasmas — eDANIEL
KENNEDY, ALEXEY MisHCHENKO, and PeEr HELANDER — Max-
Planck-Institut fiir plasmaphysik
The prospects of creating electron-positron pair plasmas magnetically
confined in dipole geometries have been discussed since early 2000*s

(Pedersen et al. 2003). In the immediate future, the first experiment
aiming at this goal will be constructed (Pedersen et al. 2012). Re-
cently, efficient injection and trapping of a cold positron beam in a
dipole magnetic field configuration has been demonstrated by Saitoh
et al. (2015). This result is a key step towards the ultimate aim of cre-
ating and studying of the first man-made magnetically-confined pair
plasma in the laboratory.

It has been shown by Helander (2014) and Helander and Connor
(2016) that the pair plasmas possess unique gyrokinetic stability prop-
erties due to the mass symmetry between the particle species. For
example, drift instabilities are completely absent in pure pair plasma
in a slab geometry.

However, in creating and confining a pair plasma experimentally,
there will be a timescale, during the positron injection, on which
plasma quasineutrality has not yet been established. This could lead
to interesting behaviour in the plasma. Here we will present the first
steps in the analytical theory of non-neutral pair plasma stability.

We will also present the first steps towards the first numerical sim-
ulations of pair plasmas in a dipole geometry using the GENE code.
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Dependence of small Edge Localized Modes on Plasma Pa-
rameters — oG. F. HAarRrer!2, E. WorLrruM2, T. Eicu?, M. G.
Dunne?, P. Manz2, P. T. Lanc?, H. MeveEr?, M. BErRNERT?, B.
Lapit?, G. BIRkENMEIER?, J. SToBER?, F. AumavRr!, THE EURO-
FUSION MST1 Team®, and THE ASDEX UpGrRADE TeaM? —
ITU Wien, Austria — 2IPP Garching, Germany — 3CCFE Culham,
United Kingdom — 4SPC Lausanne, Switzerland — %see H. Meyer et
al. 2017 Nucl. Fusion 57 102014

The development of small Edge Localized Mode (ELM) scenarios is
important in order to understand how to reduce the strain on plasma
facing components. One such scenario can be found at high densities,
in highly shaped, close to double-null plasmas as small ELMs or type-
II ELMs in ASDEX Upgrade, which are characterized by a frequency
fELym > 300Hz and a low power loss. Comparing deuterium gas and
pellet fuelling showed that this small ELM regime is dependent on
the separatrix density, by decoupling it from the pedestal top density.
This strong local dependence of small ELMs on the scrape-off layer
parameters is in agreement with a ballooning model for the separa-
trix region. It has also been shown, that changing the vertical plasma
position and with that, the plasma shape, the small ELMs shrink in
size and get replaced by large type I ELMs. One hypothesis to explain
this behavior is a strong dependence of these ballooning modes on the
magnetic shear (global and local).
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An algorithm for stellarator coil optimization that takes engi-
neering tolerances into account — eJiM-FELIX LoBSIEN, MICHAEL
DRrREvVLAK, THOMAs SUNN PEDERSEN, and W7-X TeAM — Max-
Planck Institut fiir Plasmaphysik, Greifswald, Germany

Recently designed optimised stellarator experiments have suffered from
very low construction tolerances. Deviations of the central coil system
are unavoidable during fabrication of the coils, and assembly of the coil
system. In this paper, we present a new approach that incorporates
reduced sensitivity to construction tolerances of the coil system into
the optimization routine. The approach was tested within the frame-
work of the existing coil optimization scheme for Wendelstein 7-X. The
results are compared with those of a coil set obtained by the original
optimisation. The result is a coil system with higher tolerances, such
that small deviations do not cause deterioration of the properties im-
portant for fusion performance.
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First results of the Coherence Imaging Spectroscopy Sys-
tems on Wendelstein 7-X — eVALERIA PERsEO!, RaLF KoEeNig!,
OLivEr Forp!, DoroTrHEa GRrapIc!, FLORIAN EFFENBERGZ,
CurisTOPH BIEDERMANN!, GaBor Koosis®, ThHoMAS SUNN
PEDERSEN!, and W7-X Team! — Max Planck Institute for Plasma,
Physics, Greifswald, Germany — 2University of Wisconsin, Madison,

USA — 3Wigner RCP, Budapest, Hungary

The Coherence Imaging Spectroscopy (CIS) system is a camera based
interferometer able to measure 2D impurity flow velocities for a se-
lected visible line from the plasma. A modulation pattern encoding
the spectral line properties is generated by the usage of birefringent
crystals. The CIS system 2D measuring capability and high optical
throughput made the diagnostic attractive for the complex magnetic
island topology of Wendelstein 7-X (W7-X). Two CIS systems have
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been designed and set up to face the challenging experimental condi-
tions of W7-X. Their views is on the same island divertor, which is
observed with nearly perpendicular lines of sight for an easier emission
and flow interpretation in the W7-X geometry. First measurements
have been performed during the second part of the last experimental
campaign OP1.2a, observing the plasma at different magnetic configu-
rations, densities and heating powers. The behavior of multiple impu-
rities, mainly carbon and helium, have been studied. The diagnostic
output will be compared with dedicated EMC3-EIRENE simulations.
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First gas balance studies of Wendelstein 7-X — ¢ GEORG ScCHLI-
sio, UweE WENZEL, THOMAS SUNN PEDERSEN, and W7X TEAM —
MPI fiir Plasmaphysik, Wendelsteinstrafe 1, 17491 Greifswald, Ger-
many

The advanced optimized stellarator Wendelstein 7-X (W7-X) is cur-
rently in its second operation phase (OP 1.2), featuring now a graphite
island divertor. The first wall consists of graphite tiles and stainless
steel panels. Both divertor and first wall are inertially cooled. With
a divertor, plasma-wall interaction changes significantly compared to
the first operation with a graphite limiter.

The first wall can act as a source or sink for particles depending on
the conditions. This has great influence on the plasma particle balance.
The overall gas balance consists of all sources and sinks of particles.

We discuss the methods of the gas balance of OP1.2a with an as-
sessment of all sinks and sources. Since the wall source is not directly
accessible, it has to be determined indirectly via the other terms of the
balance.

A major part of the gas balance is determined by the particle re-
moval rate Q given by Q=p*S, wherein p is the divertor pressure mea-
sured by a set of ASDEX pressure gauges at different locations in the
sub-divertor region of W7-X, and S is the effective pumping speed.

Experience from OP1.1 and OP1.2a shows the critical importance of
these studies for density control already for the plasmas in OP1.2b but
especially for the long-pulse discharges in the upcoming next opera-
tional phases with discharge lengths that eventually will exceed 1000s.
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Analysis and Modelling of Neon Seeded JET Discharges
with High Radiative Power Fraction — eSTEPHAN GLOGGLER!"2,
Marco WiscuMEIER!, and JET ConTriBUTORS3 — IPP, Garching,
Germany — 2Physik-Department E28, TUM, Garching, Germany —
3See the author list of ”X. Litaudon et al 2017 Nucl. Fusion 57 102001”

In future fusion devices as ITER and DEMO the power flux onto the
divertor target plates will have to be reduced by impurity radiation.
In DEMO a major fraction of the induced radiative power losses must
originate inside the last closed flux surface. As radiative power losses
within the confined plasma might impact the plasma confinement and
the discharge stability it is crucial to determine and understand the
underlying physical processes in high radiative discharges.

At JET it could be measured that with the seeding of neon the ra-
dial pedestal temperature and densisty profiles degrade at the edge but
recover towards the core. An increase of the energy confinement time
is observed. An inter-relation of these pedestal profiles with the radial
radiation distribution is analyzed.

Numerical simulations with the code package SOLPS-ITER (plasma
fluid code B2.5 coupled with the Monte Carlo neutral code EIRENE)
of unseeded and neon seeded discharges complement the experimental
findings. The impact of neon seeding on the pedestal profiles and on
the divertor conditions will be investigated within these simulations.
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SOLPS modelling for future snowflake- and X-divertor con-
figurations in ASDEX Upgrade — ¢Ou Pan!2, TiLMaNN Lunt?,
Marco WiscuMEIER!, Davip CosTER!, and THE ASDEX UPGRADE
Team! — IMax-Planck-Institut fiir Plasmaphysik, Boltzmannstr. 2,
85748 Garching, Germany — 2Physik-Department E28, Technische
Universitat Miinchen, 85747 Garching, Germany

High heat loads on the plasma facing components of tokamak divertors
impose serious constraints on the achievable performance of future fu-
sion reactors. Instead of a standard single null (SN), an alternative
divertor configuration such as snowflake- (SF) [1] or X-divertor (XD)
[2] may mitigate these problems. Here we focus on a LFS SF- con-
figuration where a secondary X-point is located at the low field side
scrape-off layer (SOL) near the primary one. The geometrical split-
ting of the SOL as well as the enhanced divertor volume may help to
reduce the maximum heat flux. The XD could enhance the divertor

thermal capacity through a flaring of the field lines only near the diver-
tor plates. In this work, the SOLPS code package is used to model the
L-mode edge plasma for LFS SF- and XD configurations of ASDEX
Upgrade upper divertor that will be upgraded in the near future [3].
With sufficient input power and nitrogen gas puff, simulations predict
lower heat fluxes to the targets and higher radiative fractions in the
LFS SF- case than that in the SN case with similar impurity concen-
trations at the separatrix. [1] D. Ryutov, et al., Plasma Phys. Control.
Fusion 54 (2012) 124050 [2] M. Kotschenreuther, et al., Phys. Plasmas
14 (2007) 072502 [3] T. Lunt, et al., Nucl. Mat. Energy 12 (2017) 1037

P 11.29 Tue 16:15 Redoutensaal
Fast-ion transport study in the plasma periphery of ASDEX
Upgrade using FIDA spectroscopy — eA. JANSEN VAN VUUREN,
B. GEIGER, P.A. SCHNEIDER, A. JacoBsEN, T. LunT, and THE AS-
DEX UprcrRADE TeEAaAM — Max-Planck-Institut fur Plasmaphysik, D-
85748 Garching, Germany

Good confinement of fast-ions is mandatory in fusion plasmas since
these supra-thermal particles are responsible for plasma heating and
current-drive. However, plasma perturbations such as edge localized
modes (ELMs) might degrade the fast-ion confinement and the corre-
sponding losses could even damage plasma facing components.

One powerful tool to study confined fast ions in fusion experiments
is fast-ion D-alpha (FIDA) spectroscopy which makes use of Doppler
shifted radiation, emitted by fast ions after charge exchange reactions.

The FIDA method has now been applied to study the fast-ion distri-
bution function in the plasma edge of ASDEX Upgrade. A specialized
FIDA spectrometer has been designed to acquire simultaneously the
FIDA emission and the un-shifted D-alpha emission from background
neutrals. The latter allows to estimate the background neutral density
profile, the main reaction partner for the charge exchange reaction at
the edge. The new system can be operated through a burst mode,
allowing measurements with exposure times down to hundreds of mi-
croseconds. First measurements show strongly reduced FIDA signal
intensities after ELMs that can in part be explained by fast-ion losses.
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Integrated modelling of tokamak plasma confinement com-
bining core and edge pedestal physics — eTEoBALDO LuUDA,
CLEMENTE ANGIONI, MIKE DUNNE, EMILIANO FABLE, GIOVANNI TAR-
pINI, Francois RyTer, and ASDEX UpGrRADE TEaM — Max-
Planck-Institut fiir Plasmaphysik, Garching

A new theory-based approach to the integrated modelling of tokamak
plasma confinement is being developed, which aims at predicting the
total stored energy, and the plasma kinetic profiles, only using global
plasma parameters of the discharge as inputs, such as the plasma cur-
rent, the density and the heating powers. As a first step in the develop-
ment of the model, we use the TGLF model to evaluate the turbulent
transport fluxes in the core region, while in the pedestal region, trans-
port is assumed to be purely neoclassical. With the transport code AS-
TRA, we investigate the applicability of the TGLF transport model to
the plasma periphery, and how different assumptions on the pedestal
transport affect the core, when the boundary conditions of the simu-
lation are set at the last closed flux surface. We then check with the
MISHKA MHD stability code that the heights and widths we are evalu-
ating are consistent with the constraints imposed by peeling-ballooning
modes. The long term goal is to obtain a robust model for the entire
plasma which can be applied to large experimental databases, in order
to identify important hidden dependencies affecting the global plasma
confinement, which are difficult to capture by statistical regressions on
global parameters.
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Experimental Characterisation of Parametric Decay Insta-
bilities at ASDEX Upgrade — ¢SgrEN KiER HANSEN!'2, STEFAN
KrAaGH NIELSEN?, JORG STOBER!, JESPER RASMUSSENZ, MORTEN
StrJNER?, and THE ASDEX Upcrabpe Tream! — !Max-Planck-
Institut fiir Plasmaphysik, D-85748 Garching bei Miinchen, Germany
— 2Department of Physics, Technical University of Denmark, DK-2800
Kgs. Lyngby, Denmark
When high power wave beams are injected into a plasma, e.g. for
heating, current drive or diagnostic purposes, the wave amplitude may
become so large that the linear approximation breaks down and a para-
metric decay instability (PDI) is excited. The present work concerns
PDIs occurring for gyrotron radiation near the upper hybrid resonance
at the ASDEX Upgrade tokamak, and is motivated by observations of
strong anomalous (PDI generated) scattering made using the collec-
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tive Thomson scattering (CTS) diagnostic. We measure the frequency
power spectrum generated by the PDI with the high resolution fast
receiver CTS system installed at ASDEX Upgrade and characterise its
dependence on the injected gyrotron power by means of fast analog
modulation of said power. The experimental observations are in rea-
sonable agreement with previously published theoretical results. Apart
from characterising anomalous scattering during CTS experiments, the
present results may also have relevance for O-X-B heating experiments,
planned for Wendelstein 7-X, and 1st harmonic electron cyclotron res-
onance heating, planned for ITER.
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Impurity studies with Charge Exchange Spectroscopy on W7-
X — eLiLLA VANO, JUERGEN BALDzUHN, OLIVER FORD, ROBERT
C Wour, and THE W7-X TEAM — Max-Planck-Institute for Plasma
Physics, Greifswald, Germany

Wendelstein 7-X (W7-X) is an optimized stellarator with the goal of
demonstrating the stellarator as a promising candidate for a future fu-
sion power plant. Apart from the main plasma species, hydrogen, im-
purities enter the plasma from the surrounding walls and cause power
loss by increasing plasma radiation. Understanding the transport of
these ions can help us optimise the stellarator configuration to reduce
impurities.

There are several diagnostics that investigate impurity transport,
one of them is the Charge Exchange Recombination Spectroscopy
(CXRS). On W7-X, neutrals from the Neutral Beam Injection (NBI)
will transfer an electron to the fully-stripped low-Z ions in the plasma
(e.g. carbon). This allows the characteristics of these ions to be exam-
ined. Until the NBI is available, the emission of the passively excited
low-Z ions near the plasma edge can also be measured but with lower

intensity and as line integrated measurements.

In this work, data from the passive system is analyzed, delivering the
temperature profile and the distribution of the Carbon-VI ions. These
results will provide information about the primary plasma impurity in
the first W7-X campaign with a fully carbon divertor.
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Relaxation of fluid theories by metriplectic dynamics: a
method based on a generalization of the Landau collision op-
erator — eCaMILLA Bressan!2, MicHAEL Kraus!2, PHILIP JAMES
Morrison3, and OMaR Mas!?2 — Max-Planck-Institute for Plasma
Physics, Garching, Germany — 2Technische Universitit Miinchen,
Zentrum Mathematik, Garching, Germany — 3The University of Texas
at Austin, Physics Department and Institute for Fusion Studies, USA

The computation of general 3D MHD equilibria plays a fundamental
role in Stellarator as well as in Tokamak simulations in which 3D ef-
fects (namely islands, ripples and resonant magnetic perturbations)
are increasingly important.

A novel relaxation method based on the paradigm of metriplectic
dynamics [P.J.Morrison, Physica D, 18, 410-419 (1986)] is proposed.
This specific relaxation mechanism has the same structure as the Lan-
dau collision operator, so that its equilibrium points can be understood
in terms of local extrema of an entropy functional. No restrictive as-
sumption on the topology of the magnetic field is made. In fact it
allows for the formation of magnetic islands and stochastic regions,
while maintaining a control on relaxed equilibrium profiles.

The new approach has been numerically tested on both the Eu-
ler ideal fluid equations in two dimensions and Grad-Shafranov MHD
equilibria. First steps toward a proof of concept for 3D MHD are
discussed.



