
IAEA Fusion Energy Conference 2004, Vilamoura Wolfgang Suttrop, Studies of Quiescent H-mode

1Max-Planck-Institut für Plasmaphysik, EURATOM Association, Garching, Germany
2EURATOM-TEKES Association, Helsinki University of Technology, Espoo, Finland
3Associação Euratom/IST, Centro de Fusão Nuclear, Instituto Superior Técnico, Lisbon, Portugal 
4Physics Department, University College Cork, EURATOM Association DCU, Cork, Ireland
5FOM Instituut for Plasmaphysika “Rijnhuizen”, Association EURATOM-FOM, Nieuwegein, The Netherlands
6Euratom/UKAEA Fusion Association, Culham Science Centre, Abingdon, Oxfordshire, U.K.
7Association Euratom-CRPP, Ecole Polytechnique Fédérale de Lausanne, Ecublens, Switzerland

Wolfgang Suttrop1, 
G D Conway1, H-U Fahrbach1, V Hynönen2, T Kurki-Suonio2, P T Lang1, M Maraschek1, 

R Neu1, A Stäbler1, S Hacquin3, P J McCarthy4, M Kempenaars5, P J Lomas6, M F F Nave3, 
R A Pitts7, K D Zastrow6,  

ASDEX Upgrade Team and contributors to the EFDA-JET workprogramme

������� 	
 ��� �������� ���	�� ������
�� ����� ������� ��� ���



IAEA Fusion Energy Conference 2004, Vilamoura Wolfgang Suttrop, Studies of Quiescent H-mode

Stationary ELM-free H-mode   (no density, impurity accumulation)

Discovered in DIII-D        K H Burrell et. al. PPCF 44 (2002) A253

Achieved with:
· Counter neutral beam injection (ctr-NBI)
· High clearance between plasma and wall
· Configuration for pumping 
     (divertor strike points near cryopump-entry)
· Low recycling – avoid external gas puff

Goal: Reproduce QH-mode behaviour in ASDEX Upgrade and JET
          Study properties of the regime and MHD that replaces ELMs
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To date, only H-mode regime
without large ELMs at low pedestal collisionality  (ν* < 1)
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1. Phenomenology  of Quiescent H-mode in ASDEX Upgrade

2. Quiescent H-mode experiment in JET

3. Nature of the MHD activity that replaces ELMs

4. Discussion – Why are ELMs suppressed ?
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• Extended ELM-free period with stationary (low) density and radiation

• Confinement (here: poloidal beta) at or above ELMy H-mode

• High ion temperature at pedestal and in core 
  often higher than in ELMy H-mode  (but same R/L

T
)

• Strong core toroidal rotation (ctr-I
p
) in the absence of sawteeth
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Near -Tangential injection: Near-Radial injection:
density drops after transition to QH density increases

Tangential injection:
Density drops below minimum density to avoid NBI shine-through
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High clearance 
configuration

Low recycling conditions:
- long He glow + pumping
- Be evaporation

Quiescent H-mode
phases observed with
up to 1.5 s duration

Longest phases after
fresh wall treatment.

Various combinations
of I

p
, B

t
 (q

95
 = 3.3-4.9)
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Anharmonic spatial structure:
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HFO frequencies: 300 – 500 kHz
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component

Modulation in time, n=0

in phase with EHO cycles
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Edge parameters in QH-mode can be very similar to ELMy H-mode

Similar edge current density 
(mainly bootstrap driven)

Similar Z
eff 

in QH-mode

and ELMy H-mode (ctr-NBI)

CLISTE reconstruction:
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despite lower density
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QH-mode : Higher yield
than in ELMy H-mode
with counter-NBI
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Self-alignment   of  “outward pointing” drift orbits with barrier region

Competition with enhanced orbit losses:  
    Higher population with ctr-NBI
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G D Conway et.al. PPCF 46 (2004) 951

QH-mode: peak Er  ~ -60 kV/m,
twice as  large as in ELMy phase

Significant |Er| found in DIII-D
(charge exchange 
recombination spectroscopy)
K H Burrell et. al. PPCF 46 (2004) A165

This large |Er|  can reverse the
precession drift from ion- to electron-
direction: Resonance with EHO
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“Quiescent H-mode” (QH-mode) 
- absence of ELMs, no penalty in confinement

QH-mode produced in ASDEX Upgrade and JET  with ctr-NBI, 
high clearance and good pumping.
Reproducibility good in AUG, unclear in JET

“Edge Harmonic Oscillation ”  (n=1)  and in-phase, bursts of 
“High Frequency Oscillation ” (n~5)  replace ELMs  -   
- quasi-continuous loss of heat, fast & thermal particles, impurities (Si)
- localisation in gradient region suggests ∇p or j drive

ELM suppression mechanism  not clear:
-   edge bootstrap current not suppressed in general
+  ctr-NBI creates “self-aligned”  fast particle population near barrier
+  observe large negative Er and Er shear in H-mode barrier region


