
  
Nonlinear behaviors of Alfven-eigen (AE) modes and 

related anomalous transport of fast ions are important 
subjects to be understood from view point of their control to 
prevent degradation of fusion energy gain in magnetically 
confined fusion burining plasmas. The suppression of fast 
ion driven AE modes by the application of electron 
cyclotron heating (ECH) are observed in DIII-D, TJ-II and 
LHD. The suppression by electron cyclotron current drive 
(ECCD) was also identified in Heliotron J. In order to 
understand the AE stability mechanism, the wave-particle 
interaction analyzer (WPIA) was temporary installed in 
Heliotron J experiment in fiscal year of 2015. 

The WPIA was proposed for the measurement of 
space plasma in the Van Allen belt of magnetosphere and 
the origin of energetic electrons in the Van Allen belt will 
be clarified by the ERG project. The concept of WPIA is 
experimental evaluation of energy transfer rate between fast 
ions and the wave, which is summarized in Fig. 1. The 
sequence of the WPIA in laboratory plasma experiment is 
follows. The particle detection time is recorded for all 
particles detected by a detector. Then the phase of the wave 
interacting with the particles is evaluated by the timing 
information. Then the histogram of the particles is produced 
as a function of phase of the wave. If the particles interact 
with the wave and energy transfer rate is finite, a structure 
should be visible in the histogram. When the particles do not 
interact with the wave, the particle flux have no correlation 
with the wave, so a flat profile should be appear in the 
histogram. The system of WPIA for laboratory plasmas 
were developed and installed in LHD and also tested in TJ-
II so far. The demonstration to confirm the concept was 
succeeded. In Heliotron J experiment, the WPIA system 
developed in the LHD experiment was temporary installed 
for the signal of CX-NPA in Heliotron J (see Fig.2). Figure 
3 shows the component of pulse analyzer using a FPGA 
module. For the adjustment of circuit impedance, the 
isolation amplifier was utilized for this test operation, and 
the time resolution degrade to 1MHz (50MHz for FPGA 
module).  

In the first trial of WPIA in Heliotorn J, the pulse 
analysis was successfully performed, however, some 
problems to be solved appeared. 

1) Line of sight should be changed. The target should 
be passing particles, which is observable by Si-FNA 
detector. 

2) The time resolution should be improved. So the 
electro circuit have to be upgraded to adjust the 
impedance. 

3) The user interface should be built for Heliotron J 
experiment. The new system of pulse analyzer is 
under construction at this moment. 

In the next campaign, the upgraded system for WPIA 
in Heliotorn J experiment will be installed and become 
operational for fast ion physics experiment in Heliotron J. 
      
  

  
Fig. 1. Conceptual schematic of wave-particle 
interaction analyzer (PWIA). 

  

  
  

Fig. 2. Schematic of CX-NPA and Si-FNA (SSNPA) 
diagnostics in Heliotron J device. 
 
 

 
 
 
 
 
 
 
 
 
 
 
  

Fig. 3. Pulse analyzer system using NI-PXIe series was 
temporary installed in Heliotron J experiment. 
 
 

Helical axis heliotron such as Heliotron J has intrin-
sic divertor field lines and flexibility to make both helical
divertor configuration and magnetic island divertor con-
figuration. So at the first experimental campaign of He-
liotron J, two set of divertor probe arrays were installed
and particle flux asymmetry or divertor foot point move-
ment due to plasma current have been investigated1).
Unfortunately, one probe array at port 3.3 was removed
recently, since new thomson scattering system was in-
stalled there. Figure 1 shows the used probe array and
probe pin setting. Near the top of the probe array, last
closed flux surface is expect to have direct contact with
it, and sub channels along toroidal direction are prepared
there.

In this work, new divertor probe array with
calorimeters to estimate plasma heat flux is designed.
Type of calorimeters is selected to be the insulated thin
film ones, since its size could be reduced, signal-noise
ratio would be large, and mathematical model to deter-
mine heat flux would be simple. Calorimeter body vol-
ume is minimised and heat conduction loss to the support
body is also reduced. So even small heat flux would in-
duce large temperature increment and it would be easy
to detect it. For large heat flux, temperature must be
kept under the material limitation. The maximum heat
flux density expected is similar as those measured with
HDP around last closed flux surface2). For one plasma
shot, it was reported to be about 2× 106J/m2. Figure 2
shows the plasma irradiated Mo film temperature incre-
ment shot by shot of Heliotorn J. Even conduction heat
loss is designed to be minimized, radiation loss keeps file
temperature below 1300 K. This is still pessimistic ex-
pectation, since divertor plasma leg size is assumed to be
larger than film size and no conduction along film occurs.

In FY2015 experiment, old 3.5 port probe array is
re-installed to 5.5 port. Unfortunately, plasma inter-
action point on the probe array material might move
slightly. Metal impurity contents in this campaign is
reported to increase. Figure 3 shows the photo im-
age around this probe array measured during plasma
discharge shot with fast camera (Photron, FASTCAM
MC2.1). It clearly shows bright peak along expected di-
vertor leg position on the array main surface and strong
interaction occurs there. It should be noted that these is
also another bright peak at the light side of probe array
body. In the design of new probe array, carbon protecter
is prepared to prevent from this side surface plasma in-
teraction.

Fig. 1: Photo of old divertor probe array used at port
5.5. Probe pin setting was a little modified from the
original1).
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Fig. 2: Estimation of Mo thin film temperature. Green
line is for perfectly insulated film case and Red line is for
the case with radiation heat loss.

Fig. 3: Fast camera image near 5.5 port divertor probe
array.
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