
IC WALL CONDITIONING IN W7-X

Progress with commissioning the ICRH system for the 
large optimized stellarator Wendelstein 7-X  (EX-H/P4-2834)

J.Ongena1, G.Amanakwe1, B. Buttenschön3, S. Bozhenkov, D.Castaño-Bardawil1, K.Crombé1,2, E.Delabie9, P.Dumortier1, T.Fornal7, O.Grulke3, D.A.Hartmann3, K.P.Hollfeld4, M.Isobe8, M. Jakubowski3, 
S.Jablonski7, J.P.Kallmeyer3, Ye.O.Kazakov1, C.Killer3, C.C. Klepper9, Yu.V.Kovtun10, A.Kraemer-Flecken5, I.Ksiasek6, M.Kubkowska7, A.Langenberg3, D.Lopez-Rodriguez1, V.E.Moiseenko10,11, 

B.Schweer1, I.Stepanov1, M.Verstraeten1, M.Vervier1, P.Despontin1, A. El-Faiz1, G.Jouniaux1, F.Louche1, Ch.Linsmeier5, D.Nicolai5, G.Offermanns4, K.Ogawa8, V.Lancelotti1, G.Satheeswaran5, G.Schlisio3, 
C.Slaby3, M.Stern3, S.Acheroy1, M.Jakubowski3, M.Vergote1, R.C.Wolf3, the TEC team1,5 and the W7-X team12

1Laboratory for Plasma Physics, Ecole Royale Militaire-Koninklijke Militaire School, 1000 Brussels, Belgium, Trilateral Euregio Cluster (TEC) Partner, 2Department of Applied Physics, Gent University, 
Belgium, 3Max-Planck-Institut für Plasmaphysik, Wendelsteinstraße 1, D-17491 Greifswald, Germany, 4Zentralinstitut für Engineering, Elektronik und Analytik – Engineering und Technologie, (ZEA-1), 
5Institut für Energie- und Klimaforschung Plasmaphysik (IEK-4), Trilateral Euregio Cluster (TEC) Partner, Forschungszentrum Jülich, D-52435 Jülich, Germany, 6Institut of Physics, Opole University, 
Poland, 7Institute of Plasma Physics and Laser Microfusion, Warsaw, Poland,8National Institute for Fusion Science, National Institutes of Natural Sciences and the Graduate University for Advanced 
Studies, SOKENDAI, Toki, 509-5292, Japan, 9Oak Ridge National Laboratory, 1 Bethel Valley Rd, Oak Ridge, TN 37830, USA, 10Institute of Plasma Physics of the National Science Center ‘Kharkiv Institute 
of Physics and Technology’ Ukraine, 11Ångström Laboratory, Uppsala University Uppsala, Sweden, 12See the author list in paper O.Grulke et al., Nucl. Fusion 62 (2024)112002          

email of responsible author:  j.ongena@fz-juelich.de

LAYOUT OF ANTENNA AND USE OF ICRH FOR W7-X

VIEW OF THE ICRH ANTENNA INSIDE W7-X

Signals detected with estimated 
~ 17% 4He and ≤ 1% of 3He in H plasma, 

as required for the 
three-ion scenario 4He-(3He)-H

Modulated 800 kW ICRH in 4He 
discharge W7-X #20250220.45 using two 

straps at 25 MHz in monopole phasing 

Particle energies:
P and R detector

up to 50keV
B detector 

larger than 64 keV

FAST ION STUDIES IN W7-X : PHYSICS REQUIREMENTS

➛ Fast-ion energies needed in W7-X:  (Z2/A)i-dependent
Eα (reactor) ≤ 1 MeV 1-2 MeV 2-3 MeV 3-3.5 MeV

H, 4He (W7-X) ≤ 17 keV 17-35 keV 35-52 keV 52-60 keV

D (W7-X) ≤ 9 keV 9-17 keV 17-26 keV 26-30 keV
3He (W7-X) ≤ 23 keV 23-46 keV 46-69 keV 69-80 keV

Ei ≈ 30-80 keV
Ion energies needed in W7-X to mimic fusion alphas of a future reactor:

Scaling criterion: orbit of fast ions must fit in the device

Other system have difficulties providing simultaneously the 
necessary high particle energies and large pitch angle; ICRH can !

• A two-strap antenna (without Faraday Screen !)
         →  3-D shaped (aligned with the LCFS for 
                 the standard configuration)

         →  flexible RF current phasing between the straps
               (k||-spectrum and coupling)

•    Frequency range f = 25-38 MHz

•    Pulsed mode operation: up to 10 s (every 3 minutes)

•    Main Aim: fundamental test of the confinement of fast       
         particles in view of a future fusion reactor of the  
         Wendelstein type

RESULTS OBTAINED WITH FIRST ICRH OPERATION ON W7-X
a. Single and double strap operation
b. Up to 800 kW launched in the plasma without breakdowns
c. Modulated operation demonstrated
d. ICRH assisted plasma startup at 300 kW (1.7 T) 
e. Despite absence of Faraday Screen: no visible wall interaction
f.  First observation of fast particle generation using 3 ion scenario

6s long pulse high power ICRH in H + 
2% 3He discharge W7-X #20241017.33 

with two straps at 25 MHz in dipole

Intensity of C5+ (3.4nm) and O7+ (1.9nm) 
impurity lines from the C/O monitor ICWC demo in 4He plasma 

W7-X #20250225.21 (dipole phasing, 37.5 MHz) 

Operational scenario for the 3-ion 
scenario 4He-(3He)-H to generate fast 3He 
particles in W7-X (W7-X #20250515.42). 

Layout of the FILD detector for 3He2+ ions 

FAST ION GENERATION WITH ICRH IN W7-X

LONG PULSE AND HIGH POWER ICRH IN W7-X

3-ion scenario In H plasma
 with 4He (~17%)  and 3He (0.5-1%)

RF frequency 
25 MHz

Fast 3He
Particles

Particle energies:
P and R detector

up to 50keV
B detector 

larger than 64 keV


