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Helicon 

Experiments performed at SPC (EPFL, Switzerland) 
and IRFM (CEA, France) 

Plasma column  
1.5 m in length

4.3.Helicon plasma generator development for cybele (SPC-EPFL)
SPC laboratory andHelyssen Sarl are developing for Cybele a 10 kWhelicon plasma generator operating at
13.56 MHz on the resonant antenna ion device (RAID) test bed at SPC. Although a single 10 kWhelicon
generator will probably not achieve the relevant plasma density required for ITER orDEMO
( JD−∼300 Am−2), the 10 kWhelicon source is an intermediate step allowing investigation of themain
technology and physics issues of high power helicon sources. These include tests with hydrogen and deuterium
gas at different pressures,magnetic field andRF power levels, spectroscopicmeasurements of theH/D
dissociation rate and Langmuir probemeasurements of electron density and temperature profiles.

Figure 12 shows the experimental set upwith themain elements; the helicon antenna [41–43] is axially
mounted on the right end side of the vacuum chamber. The cylindrical vacuumchamber (diameter 0.4 m,
length 1.8 m), is equippedwith 6magnetic coils allowing the generation of an axialmagnetic field up to
approximately 50 mT that canmimic themagnetic field configuration of Cybele.

The helicon antenna, shownonfigure 13, is based on a resonant network antenna [41–43], also dubbed
birdcage antenna. TheRAIDdevice is equippedwith a positioning system allowing for three-dimensional
measurements with internal probes (Langmuir andmagnetic probes). A spectrometer in the visible range also
equips the RAID, which allows for absolute spectroscopicmeasurements.

An experimental campaignwas performedwith a compensated Langmuir probe in collaborationwith LPSC
laboratory tomeasure the radial profile of electron density and temperature along the diffusion. Themovable
Langmuir probe is installed perpendicularly to the RAID axis at 37 cm away from the helicon antenna in the
downstream region. The probe tip is oriented perpendicularly to themagnetic field; hence the drift coefficient
defined by Popov et al [44]ψ⊥ is weak (<0.3)with respect to 1, the reference value given in [44]. As a

Figure 12.The resonant antenna device (RAID) testbed, with the helicon antenna on the right end side generating a plasma jet in the
downstream vacuumchamber.

Figure 13.Helicon antenna [41–43]which consists of a 9 leg cylindrical resonant network used for helicon excitation.
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Principles of the 2.5D PIC-MCC algorithm

• Particle losses along the 3rd dimension evaluated analytically

• Mesh is 2-dimensional

• Plasma properties along vertical axis hence not calculated

• Solely electrons are heated by an external power source

• Power absorption profile is gaussian

• Electron velocity is updated as v= vold + Dv

• Dv is sampled from a Maxwellian with Teff = 2/3 Pabs/eNmnh

• Effect on the EEDF: <v>= <vold> and <v2>= <v2
old> + <Dv2>

• Electrons do not artificially cross magnetic field lines that way

• Column of 10×10×100 cm3 in the model

• -10V at the end-plates

• Simplified chemistry: Electrons and H2
+ ions. Cross-sections from LXCAT

• Loss term for ions is added. Neutral gas density is 1020 m-3

• Algorithm parallelized with OpenMP and MPI. Multigrid solver  for Poisson



Observation of large scale rotating structures 
in the model 
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Evolution of the rotating structures over time
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Current on the LHS wall vs. magnetic field strength 
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• Physical-chemistry is simplified: 3 reactions in total

• Ionization and elastic collisions against neutrals for 
both electrons and ions



Comparison 2.5D PIC vs. fluid modeling 
(work in progress) 
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The fluid model is developed by G. Hagelaar



Rotating structures are also observed in inert 
gases (Helium here)

400G

ne f200W

19 eV 4 eV

Te

0.1 eV

0.7 eV <Eki> ji



Conclusion & perspectives

• What does destabilize the plasma?

• Not Simon-Hoh because the pressure gradient and E-field are anti-parallel

• The instability has large scale structures the size of the simulation domain

• The temperature gradient is large

• Non-linear regime

• Hence difficult to identify its type using standard analytical techniques

• What about losses on the end-plates? (vertically along the magnetic field lines) 

• Electron and ion losses are not equal

• Will perform scans vs. ion mass and magnetic field strength

• We are also investigating the effect of ionization on the arms


