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« ASDEX Upgrade: machine and programme



AUG Programme in support of ITER and DEMO W
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ASDEX Upgrade has a powerful H&CD system W

lon Cyclotron Electron Cyclotron

Resonance Heating: Resonance Heating:

8 MW @ 30-60 MHz 6 (8) MW @ 140 GHz
3 (6) MW @ 140/105 GHz
/

N

.
7,
.-

Neutral Beam Injection:
20 MW @ 70-100 kV

NBCD by tang. beams Exhaust studies at high P/R
B-limit accessible at any field

ECCD for MHD control




2 x 8 off-midplane saddle coils for MHD control W

New: rotating fields up to 150 Hz, continuous poloidal phase scan at constant n



Massive outer W-divertor and Bare Steel Tiles W

P92 tiles (chemistry
& - and ferromagnetism
AL similar to
EUROFER)

(iron mostly saturated,
typical p, =1.7)

massive tungsten
tiles

ks l‘ ]

Both enhancements
performed reliably
without problem
during 2014 campaign

A. Herrmann et al., this conference

+ switchable liquid He valve for reduction of pumping (high power scenarios)

+ new divertor manipulator allowing large area sample insertion
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» Edge: H-mode access and pedestal physics



H-mode operation: low density limit W
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F. Ryter et al., Nucl. Fusion 2014

Increase of P ,, at low density disappears when plotted versus g;

e points towards g; being main ingredient for edge E,
» unifies current and heating type dependence at low density

Reminder: P, about 20% lower with all-metal wall, also seen on JET




H-mode operation: low density limit W

F. Ryter et al., Nucl. Fusion 2014
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Transition to low density branch governed by e-i coupling

e assume that 1/ T = const. at ng i &2, =0.710%a B *(R/ a)*

* inserting 1z- and (medium density) P, ;-scalings leads to n, .., scaling

Scaling unifies experimental data, predicts ITER to be in linear regime



H-mode operation: high density limit W

WMHD [MJ]

n

[‘I 020 m-2]

[

time [s]

1: ‘Normal’ H-mode (density T)

3: H-mode breakdown (pedestal erodes) W

4 L'mOde (denSity T, MARFE’ disruption) M. Bernert et al., EPS 2014, to appear in PPCF




H-mode density limit by combination of 2 effects W

power balance
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Stagnation of core density build-up due to fuelling limit (source shifts to SOL)

High SOL density leads to strong filamentary transport there
« changed boundary condition at target can increase filament velocity



H-mode density limit by combination of 2 effects
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Stagnation of core density build-up due to fuelling limit (source shifts to SOL)

High SOL density leads to strong filamentary transport there

e changed boundary condition at target can increase filament velocity



H-mode operation at n/ng,, > 1
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Edge density stays below ng,, even with pellets at n = 1.5 ng

For DEMO: expect strong low collisionality anomalous particle pinch

« DEMO might be able to operate above n > ng,,



H-mode operation: ELM Mitigation at low v* W

W. Suttrop et al,, this conference
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Contrary to high v*-branch, poloidal spectrum is important

best ELM mitigation coincides with strongest density pumpout

note: also ‘classical’ ELM-free phase can be triggered




H-mode operation: ELM Mitigation at low v* W
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W. Suttrop et al,, this conference

At optimum phasing, significant type ELM mitigation is observed

ELMs still separate events, but much higher frequency, smaller AW

* due to strong density pumpout and T, .4 decrease, H is reduced

optimum mitigation when field is peeling resonant (MARS-F analysis)

A. Kirk et al., this conference
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» Core: transport and MHD stability



New Microwave Diagnostics for Turbulence Studies W
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U. Stroth et al,, this conference




Core transport: turbulence spectra during ECRH W
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Response of density fluctuations to mid-radius ECRH in H-mode
e low (k;=4-8 cm) fluctuations increase while high k ,does not

« radial amplitude dependence consistent with local flux matched
nonlinear GENE simulations that find ITG-regime

T. Happel et al., subm. to Phys. Plasmas




Core transport: Fast lons and NBCD
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FIDA finds deviation from neo-classical slowing down at high Pg,
* here, also NBCD not consistent with neo-classical prediction

e previous analysis indicated neo-classical slowing down at lower P g,

e cause not yet clearly identified (some MHD activity present)

B. Geiger et al., EPS 2014, to appear in PPCF




Core stability: NTM suppression by ECCD W
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M. Reich et al., this conference

Feedback system targets multiple mode control



Core stability: NTM suppression by ECCD
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Feedback system targets multiple mode control




Core stability: NTM suppression by ECCD W
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* Exhaust: operation at high Py ,/R and P, core/Piot



Broadening of divertor footprint W

A. Scarabosio et al., PSI 2014
B.Sieglin et al., PPCF 2013
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Midplane A, small, scales like p,, not with R - figure of merit P, /R

* broadening by perpendicular transport described by A, = A, + 1.64 S
 scaling: S ~ n/B, or 1/T, . — consistent with increased x/x;

Emphasizes need for detached divertor operation in ITER/DEMO



Broadening of divertor footprint

A. Scarabosio et al., PSI 2014
B.Sieglin et al., PPCF 2013
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 scaling: S ~ n/B, or 1/T, . — consistent with increased x/x;

Emphasizes need for detached divertor operation in ITER/DEMO




Partial detachment at high Pg.,/R W
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Feedback controlled N-seeding: g4, < 5 MW/m? at P, ., = 23 MW
* Pg,/R =10 MW/m (2/3 the ITER target) at H=0.9-1.0
« with higher stronger seeding, full detachment, but density rises, H drops



Exhaust: present and future capabillities W

1.07

0.8

0.6

0.4

Prad 2in Fheat

0.2

0.0 L

- partial detachment
$ attached

5

& pronounced detachment

— ~ ER

Pheat= 26 MW

DEMO |

AUG

8
Psep/R / MW/m

12

16

A. Kallenbach et al., this conference

Applying the ITER divertor solution to DEMO, high f_, is needed



Exhaust: present and future capabillities W
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Applying the ITER divertor solution to DEMO, high f_, is needed
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« Scenario development



ITER baseline scenario development
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J. Schweinzer et al., this conference

Time (8)

Stable discharges as long as enough gas puff and central heating

e match is in qgs, O, By, N/Ngy, @and hence not in v* (also not in p*)
 confinement reduced, H=0.85 at ITER [3

 ELMs are large and mitigation techniques do not work reliably




ITER baseline scenario development m

J. Schweinzer et al., this conference
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Due to changed operational window, target can only be met at higher 3
 gas puff needed to keep discharge stable, degrades pedestal
* with higher 3, and N-seeding H=1 is recovered (increased edge stability)



ITER baseline scenario development
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