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Abstract—ASDEX Upgrade is an ITER shaped divertor toka-
mak with versatile heating, fueling, exhaust and control sgtems.
All plasma facing components are coated with tungsten layast
Plasma scenarios have been adopted that avoid central turtgs
accumulation, which can lead to an H-L transition due to
excessive central radiative losses. Compared to a carborFE
tokamak, the AUG operational space is slightly more weighte
towards higher densities and collisionalities. Actual andfuture
planned extensions aim towards reducing the core collisiality
while maintaining good power and particle exhaust. These ex
tensions include a solid tungsten outer divertor target, inproved
pumping, higher ECRH power and modified ICRF antennas
that reduce tungsten sources. The newest element for advaeat
plasma control is the first set of 8 magnetic perturbation cds,
which already achieved type-I ELM mitigation in multiple pl asma
scenarios. Another 8 coils have been installed in autumn 2@1
allowing the production of mode spectra with n> 2. In parallel to
the improved actuator set, an increasing number of diagnosts
are brought into real-time state, allowing versatile profile and
stability control.
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Fig. 1. AUG in vessel view autumn 2010 with fully tungsten teshplasma
facing components.

Index Terms—Fusion devices, ECRH, ICRF, divertor, plasma

: higher divertor peak power loads, both of which allow the ex-
facing components, tungsten

tention of the operational space towards lower collisitiezsl
These extensions should also result in a gain in performasice
. INTRODUCTION well as an improved capability for local plasma control. Ado

ASDEX Upgrade (AUG) is an ITER-like tokamak Withthese lines, the planned future extensions of ASDEX Upgrade

about 1/4 of its linear dimensions [1]. The poloidal fieldlcoi € MOtvated by the results achieved with the recent upgrad

system is mounted outside the toroidal field coils, maki | the 2010711 experimental campaign. These are comprised o

. ; additional long-pulse, double frequency (105 and 140 GHz)
shaping and plasma control more demanding compared 10 :

. : ) ) ) rotrons, an ICRF antenna with reduced tungsten release, a
machines with shaping coils close to the plasma. Since 20

. . grade of the outer divertor with solid tungsten tiles and a
all plasma facing components are coated with tungsten [ : : . S
i : ; . Imcreasingly versatile system of magnetic perturbatioifsco
see figure 1. The experimental requirement to avoid tungsten
accumulation results in the AUG typical operational domain
being situated at higher collisionalities compared to &imi Il. DIVERTOR DEVELOPMENT
sized carbon devices [3] [4]. Feedback controlled radéativ.e ASDEX Upgrade has undergone a series of divertor mod-
cooling using nitrogen has become an integral element df higications which are shown in figure 2. The present divertor
heating power scenarios to avoid target power overload [5]version is Div Ild. Versions Ilb and llc are not shown since
The main actuators used to achieve low core tungstéreir large scale shapes differ only slightly from version
concentrations are central wave heating and deuterium dlas The original divertor configuration Div I, which is dtil
puffing, the latter mainly acting via an increased edge lsedl present in the upper divertor, is a quite open configuration
mode (ELM) frequency resulting in pedestal impurity flughinwith approximately horizontal plates situated in the highfl
[6] [7]. expansion region close to the X-point. Divertor 1l was chethg
The most recent plasma control tool is ELM mitigation bynto a vertical configuration with originally highly shaped
magnetic perturbation coils, where the first set of 8 coils waurfaces to obtain relatively flat field line impact for opisexd
installed and commissioned in 2010 [8]. Future planned egewer load. Div Il has also been equipped with a roof baffle
tensions aim towards increased central heating capabibind for better neutral compression and a cryopump which added
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\ AUG divertor modification (Div IIl) will be the change of
-'| I/— Z the outer vertical target to solid tungsten PFCs, schedoled

installation in autumn 2012 [11]. The solid tiles will feag¢u
a sandwich structure with graphite plates attached bel@w th
I/—| — solid tungsten plates for weight reduction, see figure 2sThi
will allow for higher surface temperatures and overcome the
DIV (1991-1997) DIVIl (1997-2000) limitations of tungsten coatings, resulting in a better pow

handling capability, as shown in figure 3. Some of the solid

1\ — e tiles may also get castellations grooved in, to test the ohpa
! L e heat loads on such structures and to measure fuel retention b
\ N co-deposition in small gaps. In parallel, the neutral catidn
/4/ o I from the divertor to the pumping chamber will be increased
.

to obtain a higher effective pumping speed.

TZM bolts

DIVIld (2010-...) massive tungsten (2012-)

I11. HEATING AND CURRENT DRIVE SYSTEMS

A. Neutral beam injection

Fig. 2. Development of ASDEX Upgrade divertor design versiorhe next . . . S
scheduled modification is the exchange of the tungsteredotites of the ~ AUG iS equipped with 2 neutral beam injection (NBI) boxes

current Div Ild with solid tungsten tiles, labeled Div Il. each with 4 sources and a total of 10 MW heating power. Box
| has 60 kV, box 11 93 kV ion acceleration voltage. The power
solidtungsten of a source can be reduced by decreasing the voltage or by
30000 raphite .- [ TTTTIIIIIIII beam modulation. The voltage reduction is also used to shift
« 2500 Heatimpact limits the deposition range further out_side. Two_ sources of i_ojec_:t
= = box Il have been tilted to provide off-axis current drive in
£ 20005 sating = the co-current direction [12]. While the total driven cuite
© 1500 o coul_d be verlfled,_a radial de-localization of the drivenreut .
g Jomyvimz] 1| at high total heating powers was observed [13]. Whether this
E 1000 A effect is due to anomalous fast ion transport is currentlyenn
- VAV investigation using the new fast ion,D(FIDA) diagnostic
500// — |W_C_sandwich ARK [14]. The NBI system provides the basic heating used in the
0 —|3em.C majority of AUG discharges. After upgrading the charge ex-
0 2 4 6 8 10 12 change recombination spectroscopy (CXRS) diagnostiat sho

time /s beam blips (of the order of 10 msec duration) are used for
_ _ _ _ diagnostic purposes in ECRH or ICRF heated discharges for
Fig. 3. FEM calculation ofthg impact ofa 10 I\/_I\/\/ﬁnerpendlpular heat flux ion temperature and rotation measurements with onIy small
on a tungsten/carbon sandwich tile for the solid tungstearttir Ill. Surface

temperatures for a 10 s heating interval are shown for the W&@wich Plasma perturbation.
compared to a graphite tile. The maximum acceptable suti@cgerature
for tungsten, graphite and tungsten coatings are also shown

B. ICRF status and extensions

The ICRF system has four 2-strap antennas (see figure
to the pumping speed of the turbomolecular pumps (23sn 4 left), connected as 2 pairs to the HF generators with
another 100 y/s. In the subsequent divertor modificatiorBdB couplers allowing good power coupling under ELMy
to Div llb, the detailed poloidal shaping of the surface wad-mode conditions. Since ICRF operation has been found
relaxed and the roof baffle was shortened to allow mote cause strong tungsten influx from neighboring limiters
flexible plasma shaping, in particular with higher triaragity.  [15], its use has been restricted to high density scenarios
The more shallow angles of incidence introduced with Digr limited power in the all-tungsten clad AUG. Figure 4
Il were given up with Div llb, changing to simpler, flatshows an experiment where two antenna pairs were powered
target plates. Ordinary fine grain graphite was chosen fer talternately [16]. Powering antennas 3+4 (first and thircsel
outer strike point region instead of the carbon-fibre-@ioéd a current is measured to flow into the corresponding antenna
carbon (CFC) used in Div Il. Tile edge shadowing by roofframe which indicates a modified sheath potential caused by
like tilting and polygonal shaping are used to avoid therm#the antenna action. Powering antennas 1+2 (middle pulse),
overload on leading edges. No significant degradation afrectified positive plasma potential of the order of 100 V
neutral compression or power exhaust behaviour was oliterie measured by a floating probe tip in a position 4 m away,
in the modfication to Div Illb [9]. With Div llc, 200um  but magnetically connected to the antenna 1+2 pair vicinity
thick vaccum plasma sprayed (VPS) tungsten coatings wdree spectroscopic measurements on the limiters of antennas
introduced on divertor PFCs. Due to delamination eventeund+4 reveal a drastically increased tungsten sputterint yie
high heat fluxes, the thick VPS coatings were replaced hile powered (lowest graph). The signals shown suggest the
tiles with thin (= 10 um) CSMII coatings [10]. The next occurence of a rectified sheath potential caused by the ICRF
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Fig. 4. left: Positions of the ICRF antennas and antennddinsipectroscopic
observations in the AUG torus. right: measurement of sheattage and
corresponding rise in tungsten erosion yield.
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Fig. 5. Comparison of tungsten accumulation behaviourgutiie old (blue)
and the new, broadened (red) ICRF antennas. The occurréacewmulation
at a lower gas puff level indicates a better ratio of centeadting to tungsten
source.

Original antenna

ReE, [kv/m], 1 MW

Fig. 6. HFSS code calculations of antennas near E-fieldshadne supposed
to cause the W-source at the ICRF limiters.

calculations which highlight the importance of the antenna
box mirror current. Figure 5 compares the W accumulation
behaviour of this modified antenna with the old design. The
W accumulation onset is taken as a measure for the balance
of central heating and connected additional tungsten sourc
Ramp-down of the deuterium gas puff (see upper graph of
figure 5) was used, since the minimum deuterium puff required
to avoid W accumulation was previously found to be a good
figure of merit for W-compatibility of a heating scenario [16
The tungsten accumulation with the modified antenna occurs
reproducibly later, pointing to a moderate improvement of
its W-compatibility. Further antenna development seeksafo
higher degree of improvement, with the final goal to make
ICRF fully high-Z compatible. The favourite future antenna
design candidate is currently a 3-strap antenna, with tie cu
rent in the central strap being about 2 times higher compared
to each of the side straps, allowing for a compensation of
the mirror currents caused by central and side straps. &@ur
shows calculations of the antenna near fields for the oldjdesi
the modified broad antenna and a possible 3-strap antenna.
Development and installation of the new antennas is foresee
to follow a step-wise approach, with subsequent validatioin

the antenna modelling predictions. The final antenna sét wil
be integrated into a possible conductive wall design in 2015
or later.

C. ECRH status and extensions
The ECRH system comprises currently two systems. The

operation, which leads to plasma and impurity ion acceitemat old ECRH | system consists of four 140 GHz, 0.5 MW
to the antenna limiters causing enhanced tungsten smgterigyrotrons with 2 s pulse length. The new ECRH Il system
Currently, an improved antenna design is being developkds 3 two-frequency (105 and 140 GHz), 10 s gyrotrons with
with the aim to reduce the W source during ICRF operatioap to 1 MW each, a fourth gyrotron is expected to be installed
An important ingredient is the reduction of mirror currentsn spring 2012. Different ECRH heating and current drive
in the antenna box, which contribute significantly to thecenarios have been developed. In addition to the standard
near field causing the W influx. In the previous vent, ICRK2-mode, O2 heating has been developed to avoid the cutoff
antenna 4 was modified and equipped with broader limitersam high densities (cyt077(X2)= 1.22 16° m=3 for B;,= 2.5
order to reduce the tungsten source and to validate the cddd= 140 GHz, T.= 2 keV). To overcome the low single-
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side to improve absorption of O2 heating. C
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the inner wall have been replaced with holographic focusing
mirrors, allowing an increase in the absorption of up to’20 Fig. 8. Comparison of plasma profiles in a NBI-heated H-moieldrge
Figure 7 shows a reflector and the typical ECRH beam paf, 26 it diens) ECRE, Shoun re e sirn tioron
for the O2-scheme. X3-heating with f= 140 GHzat=1.8 T Currem L= 0.6 MA, toroidal field B= 2.5 T.
is used for scenarios with reduced safety factp~3 at |, =
1.1 MA. Here, the X2 resonance at the high field side pedestal
top acts as a beam dump for the X3 shine through. Finallphis is explained by the plasma transport being dominated
the ITER like O1 scheme has also been successfully testebatTEM rather than by ITG modes [18]. AUG discharges
AUG with B;= 3.2 T and 105 GHz gyrotron frequency. with higher plasma current and higher density are typically
The newly upgraded ECRH capability has been used fofG dominated, and central ECRH leads to a flattening of the
central heating for tungsten accumulation avoidance cdéelil electron density profile. This effect is also used for réaket
transport studies and MHD control. Transport studies takeedback control of the electron density profile in AUG [20].
advantage of the exclusive heating of the electrons by ECRH.Another interesting feature of ECRH is the fact that there
Of particular interest are scans of thg/T; in the transition re- is no direct momentum input allowing, in the combination
gion between dominant ion temperature gradient driven JIT@ith neutral beam heating, an independent variation of heat
modes and trapped electron modes (TEM), where pronoundleck and momentum flux. Spontaneous plasma rotation without
changes of the electron density profile peaking as a resditect momentum input has been found to exhibit a rich
of ECRH are observed [17] and reproduced by theoretigahenomenology in Alcator C-Mod [21]. Figure 9 shows radial
predictions [18]. An example of such drastic changes of thofiles of the toroidal plasma rotation in AUG with varying
profile shapes due to ECRH is shown in figure 8 [19]. Thieeating power and no external momentum sources, using short
centrally deposited ECRH causes a strong rise of the centkl beam blips for the CXRS diagnostic. The first spectrum
electron temperature, decoupling it from the ion tempeeatutaken during the blip can be regarded as unperturbed by the
a pronounced reduction of the central toroidal rotation armbam momentum in good approximation [19]. For the present
a peaking of the electron density profile. The peaking of tlenditions, the central plasma rotates in the counter otirre
density profile with ECRH in this low plasma current dischearg(negative) direction, while the edge rotates co-currefite T
is opposite to what is usually observed with higher currentsentral rotation gets more negative with increasing hgatin



IEEE TRANSACTIONS ON PLASMA SCIENCE

[T T T T T )
[ ne=3-3.5¢19m? ]
10 ne=3-4e19m™ 3
F ne=3.4-4.4¢19m> ]
. F ne=5.5-6.5¢19m E
2) C ]
E e it v aebeindy | N Sl -
= 1
S ]
3 E ]
o -10F —
~ [ . ]
E Ohmic L-Mode
F ECRH L-mode (0.5MW)
—zoi ECRH L-Mode (0.75MW) 1
F ECRH H-Mode (1.4-2.2MW 1
7 . Y R PN
Major Radius (m)
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momentum input measured with CXRS using NBI blips.

Fig. 10.
final setup after the next 2 stages.

Current installation of 8 magnetic perturbationlscand planned

IV. ELM CONTROL WITH MAGNETIC PERTURBATIONS

The first set of 8 magnetic perturbation (MP) coils (hamed
B-coils) was installed in 2010 with the major aim to obtain
mitigation of type-I ELMs [23] [24]. The arrangement of the
coils in the torus is shown in figure 10. Experiments on ELM
mitigation were performed for various plasma scenarios and
heating mixes [8]. Figure 11 shows an example for such an
experiment. About 200 ms after switching on the MP cails,
the large type-I ELMs completely vanish, they reappear soon
after coil switch-off. During the phase without type-1 ELMs
small, periodic, high frequency burst-like events appetin w
one fifth or less of a type-I ELM power amplitude. They are
best resolved in the pedestal electron temperature mehsure
by electron cyclotron emission (ECE) shown in figure 11.
Time dependent power load profiles from the inner and outer
divertor are shown in figure 12. During the mitigated phase,
strike point splitting in the outer divertor can be clearges.
The splitting is compatible with field line tracing calcuéats
without screening of the perturbation. The power load in the
outer divertor rises slightly during the MP phase, which may
be explained by the omission of the power flux carried by
type-1 ELMs. No density or energy pumpout is observed for
standard H-mode plasma conditions.

ELM mitigation is obtained with the magnetic perturbation
coils in AUG above a critical pedestal density, which
scales approximately linearly with the plasma current.e®th
parameters like heating power, plasma rotation and safety
factor appear to be of minor importance. Surprisingly, the
magnetic configuration of the coils (resonant or non-restjna
is also not important. Although strike point splitting ineth
divertor is observed during ELM mitigation, the magnetic
perturbations seem to be screened by the bulk plasma,
since no change of rotation has been observed during MP
experiments so far. Because the critical density lies in
the medium-high density H-mode operational space, first
experiments with pellets combined with MP were performed.
During the ELM mitigated phase, the pellets led to a density
increase, but did not trigger ELMs. The tungsten content
of the main plasma does not increase during the ELM
mitigated phase, often even a moderate reduction is olxserve
This suggests that the prevailing small, burst-like evemes
efficient enough to flush out tungsten from the pedestal regio

So far, no theoretical explanation for the ELM mitigation
mechanisms in ASDEX Upgrade exists. In particular, the lack
of influence of both the MP on the plasma rotation as well as

power in L-mode. In H-mode, at higher ECRH power, &e edge rotation on the ELM mitigation effect are surpgsin

positive offset velocity shifts the profile towards the agrent

direction.

Further experiments are required and foreseen to disdetang
the response of the plasma edge to the applied perturbations

The combination of central heating by ECRH and simultaAs the next extension of the AUG magnetic perturbation coils
neous active control of neoclassical tearing modes (NTM) system, another 8 B-coils have just been installed above and
planned for the near future [22]. Provided sufficient finahcibelow the midplane, resulting in full toroidal coveragewii6
resources, exchange of the old ECRH | gyrotrons by higheils in total. These will enable a more flexible mode speautru
power, long pulse gyrotrons is planned, and will be namédite n=4. Further on, AC-amplifiers are foreseen for studies
ECRH lll. This extension could be finished in 2016 and resultith rotating fields, which can be used with frequencies up
in up to 6.5 MW deposited ECRH power for 10 s pulse lengtio about 800 Hz for the present B-coils. The MP coil scheme

and 2-frequency step-tunability.

will be accomplished around 2015/16 by another set of 8 "A-
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key element. Figure 13 shows a discharge which combines
feedback-control of the divertor heatflux by nitrogen segdi
and ELM mitigation by magnetic perturbations at 14 MW
heating power. Under these conditions moderate energy and
density pumpout are observed, approximately retractireg th
improvement caused by the N seeding. The already quite small
ELMs due to N seeding [5] are even further reduced in size
by the additional MP action, resulting in ELM energies below
10 kJ. As a result of the N seeding, the time averaged peak
heat flux in the outer divertor stays around 1.5 M\WW/ifor a
future ITER or DEMO, control of only one radiating species
will not be sufficient. Simultaneous and independent cdntro
of the target heat flux/divertor radiation and the core rialia

will be required to dissipate the enormous power flux, which
may be a factor of 5 higher in DEMO compared to ITER
[25]. First experiments with 2 seeding species (N, Ar) were
started in AUG. The core radiation was increased by a pre-
programmed Ar puff while the divertor heat flux was feedback-
controlled with nitrogen seeding. [26]. The reduction oé th

coils’, which will be positioned in the midplane around theore heat flux by a medium-Z radiator leads to a decreased
large A-ports. These coils can handle AC frequencies up type-I ELM frequency, which may become too low to prevent
3 kHz and will be used for various MHD studies, includingentral W accumulation in the all-tungsten AUG. Therefore,

resistive wall mode control.

V. SCENARIO DEVELOPMENT FOR INTEGRATED POWER
EXHAUST CONTROL

With the finalization of the ITER design, the ASDEX
Upgrade programme develops a new focus on ITER opera-

combination with ELM control is essential. Corresponding
experiments are planned for the near future, implememtatio
of a double-feedback for core radiation and divertor headl lo
are planned for the 2012.

VI. SUMMARY AND EXTENSION SCHEDULE

tion and DEMO studies. High power exhaust studies, inte- The AUG extension schedule is shown in figure 14. The
grated with real-time control of various parameters, is orsehedule reflects the actual construction and financial, plan
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Fig. 14. Gantt chart of the AUG extension planning.

which may be subject to changes in the future. The next set
of eight MP coils has recently been mounted and is ready for
the 2012 experimental campaign. Solid tungsten tiles &mes

for the Divertor Il upgrade which is scheduled for winterl20 1.5e+05
have been successully tested in IPP’s GLADIS high heat flux ideal wall y
facility, two tests tiles are installed in the AUG divertor the .""4‘ R
current campaign. Divertor Il will also be equipped with a / +4ICRH
larger version of the current divertor manipulator, allogi 1.0e+05 ¢ # » 1
in-situ tests of complete high heat flux components or to / AT

#»

¥ [

investigate operation with damaged tungsten divertos t@e
requested by ITER. The ECRH Il extension which could be i #

CW + 4ICRH

completed in 2016 will lead to a total gyrotron power of 8 MW S0er04 (unconnected)
and about 6.5 MW deposited in the plasma. It will facilitate P

strong electron heating and provide the flexibility to congbi & s
tasks like power modulation experiments, active NTM sta- 0.0e+00 ¥ . o e, AR
bilisation, current profile tailoring and tungsten accuatioin 25 30 35 4.0
prevention. The final part of the mid-term extensions is the Bn

implementation of a conducting wall, as shown in figure 15. _ . i
Fig. 15. Sketch of a posssible conducting wall design for EXDJpgrade,

Its realisation will depend on the occurence of resistivél W8&ith 4 ICRF antennas integrated. The lower graph shows RWdwtr rates
modes (RWM) in ASDEX Upgrade, which may itself depencbr different wall coverage scenarios.

on the current drive capabilities. Also shown are RWM growth

rates for different wall coverage schemes. The RWM stabilit

can be increased up t& 50 % in advanced scenarios, the [2] R. Neu, M. Balden, V. Bobkov, R. Dux, O. Gruber, A. Herrman
best values are expected if the Faraday screens of the ICRF A. Kallenbach, M. Kaufmann, C. F. Maggi, H. Maier, H. W.
antennas are connected to the conducting wall. In addition t \’)/'vf‘"ghnkp'?“té‘?”;hﬁ gghf“g”c’v V&Eﬁ?\i& AW.CégékSrl?sk.méfrr{l o
the two 'current drive’ beams of neutral beam box Il which K. Behringer, A. Bergmann, T. Bertoncelli, R. Bilato, A. Bab,
are focused at mid-radius, the ECRH system with its fully M. Brambilla, F. Braun, A. Buhler, A. Chankin, G. Conway,
steerable launchers has current drive capability, albéit w ?' ;'Chlcoit_er'E n%elggrd':laﬂ.e-b.Si:aa:r?otggrr:,’ 5_‘ E;T;\,/a'L.Ri:ag{;:ibe'

moderate efficiency and preferably at high electron tempera j. Fink, R. Fischer, A. Flaws, P. Franzen, J. C. Fuchs, K.. Gal

tures. The ECRH 1l extension will improve the current prefil g GarC':_f'i IVIGui02, M. Sergis:jC—AdSamgv, L. GiénnoHne. S.JGo|_r|i, ﬁ da
H H HA H : H H raca, . reuner, . uae, . Unter, . aas, J. arnausen
tailoring ability in particular in the central plasma regid-or B. Heinemann, N. Hicks, J. Hobirk, D. Holtum. C. Hopf, L. Hont

current drive in the outer plasma region, a lower hybrid (LH) M. Huart, V. Igochine, S. Kalvin, O. Kardaun, M. Kick, G. Ksis,

system has also been considered. Plans for installationobf s E Ii<o|||§>tzek,pC.T Klfmz, Kb KLrie%er, LI Turki-sgonﬂqk, B. KtIJ_rfi
H : H . Lackner, P. 1. Lang, P. Lauber, . Laux, J. Likonen, L. LIu,
a system have been put aside for financial and manpower Lohs, K. Mank, A. Manini, M.-E. Manso, M. Maraschek, P. Mar

reasons, but may be revived on long term if resources become v, martin, M. Mayer, P. McCarthy, K. McCormick, H. Meister, Feo,
available. The ongoing upgrade of the ICRF antennas will P. Merkel, R. Merkel, V. Mertens, F. Merz, H. Meyer, M. Mlynek

; : F. Monaco, H. Murmann, G. Neu, J. Neuhauser, B. Nold, J.-M.
depend on the success of the intermediate steps to reduce Noterdaeme, G. Pautasso, G. Pereverzev, E. Poli, M. PiihRaupp,

the tungsten sputtering. For a limited period starting id120 M. Reich, B. Reiter, T. Ribeiro, R. Riedl, J. Roth, M. Rott, Fyter,
coverage of the limiters of 2 antennas with boron tiles is W. Sandmann, J. Santos, K. Sassenberg, A. Scarabosio, @ll,Sch

: o J. Schirmer, A. Schmid, W. Schneider, G. Schramm, R. Suheer,
planned’ to re-establish full operablhty of two ICRF syste W. Schustereder, J. Schweinzer, S. Schweizer, B. Scott, diles

with about 3 MW power. The final optimized antenna version F Serra, M. Sertoli, A. Sigalov, A. Silva, E. Speth, A. Seib
may be integrated into the conducting wall around 2016. K.-H. Steuer, E. Strumberger, G. Tardini, C. Tichmann, W\euTterer,
C. Troster, L. Urso, E. Vainonen-Ahlgren, P. Varela, L. ivare,
D. Wagner, M. Wischmeier, E. Wolfrum, E. Wirsching, D. Yadi
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