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Steady-state operation of ITER and future power plants needs a detailed un-

derstanding of plasma-wall interaction (PWI) physics. Previous experiments

in tokamaks as well as in stellarators have shown that the magnetic topol-

ogy plays an essential role in the particle and heat transport in the scrape-off

layer (SOL), which is one of important PWI issues. To investigate this inter-

play, a multi-channel retarding field analyzer was developed for the W7-X

stellarator and tested on the EAST tokamak. The multi-channel retarding

field analyzer was designed for simultaneous measurements of ion and as

well electron parameters in the scrape-off layer (SOL). First results will be

shown in this paper.

With operation commencing in 2015 [1], Wendelstein 7X (W7-X) aims to demonstrate a high

performance steady-state plasma operation with a natural 3-dimensional (3D) island divertor

configuration. To investigate the interplay between magnetic topology and particle and heat

transport in the SOL, a multi-channel retarding field analyzer (MC-RFA) has been developed

for measurements of the edge plasma ion and electron temperature and density profiles, as well

as fast particles, in the upcoming W7-X experimental campaign. The basic design of the MC-

RFA was tested on the linear device PSI-2 and the commissioning of the developed MC-RFA

was done in the 2016B and 2017 campaigns of the Experimental Advanced Superconducting

Tokamak (EAST) [2] at the Institute of Plasma Physics of the Chinese Academy of Sciences in

Hefei (China).

The manipulator is located in the outer midplane. The MC-RFA probe includes two RFA

modules back-to-back oriented, each with 3 independent channels at different radial positions

and two Langmuir probe pins, one used for floating potential and one for electron temperature

and density. This set of diagnostics allows simultaneous measurements of the radial profiles of

the ion temperature, the electron temperature and density, floating potential and Mach number.
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Furthermore, in the fast particle mode fast ion and electron transport, e.g. driven by ELM events,

can be investigated. Due to capacity effects between the different grids inside the probe head,

the temperature-sampling rate is limited to 1 kHz. However, the sampling rate of fast particles

is mostly limited by the data acquisition, which had a sampling rate of 1 MHz.

To shield the RFA modules from plasma effects, the slits of the front plate have to be in the

order of the debye length [3]. Based on the observed densities in the first campaign of W7-X

in the order of 1018 − 1019 m−3 and temperatures up to 50 eV, slits with a width of 100 µm

were used. To ensure that the plasma density inside the probe head is below the space charge

limit, a distance of 4mm for the different channels and 1 mm for the low transmission grid and

therefore a transmission factor of 0.25% is used.

Figure 1: Design of the multi-channel

retarding field analyzer including 2

RFA modules, each with 3 channels,

Langmuir probe pin and floating pin.

The first grids of the RFA modules are biased nega-

tively U0 to repel the electrons from plasma. The sec-

ond grid will be biased sweeping positivly UG to mea-

sure an energy distribution of the ions, because only

particles with energy higher than eUG can overcome

these grids. The ion temperatures T a,b
i therefore can be

calculated using the measured I-U-characteristics [3]:

ja,b =
Ia,b
0

Aeff
exp

(
−(UG −U0)

ZT a,b
i

)
+ joffset

The electron density ne can be calculated using the

saturation current density in the I-U-characteristics of

the sweeping biased Langmuir probe pin [4]:

ne =
jsat

0.49cs

Where 0.49 is the sheath expansion coefficient [5] of

the Langmuir probe pins and cs =
√
(Ti +ZTe)/mi the

ion sound speed.

The manipulator is able to plunge up to 50 cm [6]

and with a maximum velocity of 2 m/s [6]. The ion tem-

perature profiles measurements reached a spatial reso-

lution of less than 0.2 mm. During commisioning, the

MC-RFA probe was able to measure up to the last closed flux surface (LCFS), so it is possible

to measure the whole radial profile in the SOL.

Figure 2 shows two radial ion temperature profiles from the ion flow side of the MC-RFA.
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During the EAST campaign ion temperature decay lengths between 3.6 mm and 6.7 mm and

ion temperatures up to 30 eV were measured.

As shown in figure 3, the ion saturation current profiles, measured by different channels with

a distance of 4 mm, fit, so that the probe is capable of multi-channel measuring. Therefore the

MC-RFA probe can be used to measure simultaneously at different fixed radial positions or to

measure several profiles e.g. to investigate radial particle and heat transport.

Figure 2: Radial ion temperature profiles

in the SOL from ion flow side, measured

with a distance of 4 mm.

Figure 3: Radial ion saturation current

profiles in the SOL from ion flow side,

measured with a distance of 4 mm.

The MC-RFA can also be used for fast particle measurements, e.g. induced from ELM burst,

as shown in figure 4. In this case the sweeping voltage UG is set at a fixed potential and the

probe head stays at a fixed parking position for time tracing.

For such fast particle measurements (e.g. during ELM burst) the radial propagation can also

be investigated. As shown in figure 5, the time trace of fast particle losses can be measured at

fixed position. In combination with other diagnostics, e.g. Langmuir probes, the radial propaga-

tion as well as the radial profile of fast particles can be investigated. On EAST measurements in

upper single-null configuration on EAST were done and in H mode plasma 3 phases could be

observed. In the pre-ELM phase, fast ions dominate initially, followed by fast electrons dom-

inating. During ELM crush the thermal ions dominate, and in the post-ELM phase fast ions

again dominate. This observation demonstrated that the radial transport dynamic of fast parti-

cles differs from those of the thermal particles and has to be investigated further.

In conclusion, an MC-RFA was developed for measurements on the EAST tokamak and the

W7-X stellarator. It was commissioned on EAST and it could be shown that multi-channel

measurements work and ion temperature profiles and fast particles can be measured. Therefore
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the MC-RFA probe will be used for experiments in the upcoming campaign of W7-X.

Figure 4: Signal from MC-RFA collector

(ions and fast electrons) and Balmer alpha

lines from divertor filter scope during

ELM events.

Figure 5: Signal from MC-RFA collector

(ions and fast electrons) and divertor Lang-

muir pin (electrons and fast ions) of fast

particles during an ELM burst, measured

at fixed position.
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